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Preface

This book is the first revision ofthe one I boldlybegan writ
ing in 1972, when I had lived in California for just two years.
Writing it was my way of getting to know a fish fauna that
was a mixture of familiar and unfamiliar elements. The fa
miliar parts were introduced fishes, most of them native to
the eastern part of this country, where I had received train
ing as a fish biologist. The unfamiliar parts were native
fishes, most of them occurring only in California. The first
edition was published in 1976, and its principal message was
that we knew astonishingly little about many of the fishes,
especially native fishes. Since that time, I have been collect
ing information to fill in knowledge gaps and to correct er
rors in the first edition. The job is far from finished, but,
given the precarious state of the native fishes, I thought it
important to summarize once again what we know about
them. I sometimes wonder if complete accounts of the sys
tematics and natural history of many native fishes can be
completed before they go extinct. Species accounts for sev
eral fishes are already obituaries, and others may become so
in the near future. I can onlyhope that the information pro
vided in this book will help to reduce the loss of our native
fishes. At the same time, managing the altered aquatic
ecosystems of California requires knowledge of the alien
fishes that now dominate many of them, including favorite
sport fishes. The adaptations of alien fishes to the Califor
nia environment and their impact on native fishes is there
fore also a major theme.

The species accounts are the most important part of this
book. They are preceded by chapters providing overviews of
the distribution, ecology, and conservation ofthe fishes, fol
lowed by a key to make identification easier. Each species ac
count is organized as follows:

Common name, Scientific name
Identification
Taxonomy
Names
Distribution
Life history

Habitat
Nonbreeding behavior
Feeding habits
Age and growth
Reproduction
Early life history

Status
Rating
Abundance
Management

References

Identification This is not a complete species description
but a compilation of features useful for separating the
species from other California fishes. Terminology is defined
in the introduction to the key.

Taxonomy This section is especially important for species
for which there is controversy or uncertainty about system
atics or that have a confusing taxonomic history. It is used
to discuss advances in our understanding ofthe systematics
of the species. Minor questions of name changes or long
settled taxonomic questions are usually mentioned in the
Names section of each species account.

Names The common and scientific names used here, with
a few exceptions, are from the American Fisheries Society's

ix
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BLM, Bureau of Land Management

CDFG, California Department ofFish and Game

DWR, California Department ofWater Resources

NMFS, National Marine Fisheries Service

TNC, The Nature Conservancy

USFS, U.S. Forest Service

USFWS, U.S. Fish and Wildlife Service

USGS, U.S. Geological Survey

The word lake in this book is reserved for true lakes and
i~ not used :0 refer to reservoirs, no matter what the agen
cles who bUIld reservoirs call them. This usage is consistent
and reflects the fact that reservoirs are very different eco
logically from natural lakes.

I use the term amphidromous to describe the basic life
history of coastal sculpins that live and spawn in streams
but have larvae that rear in an estuary (Moyle and Cech
2000).

PREFACE xi

Abbreviations Some common abbreviations found in the
book, referring to agencies, are as follows:

Illustrations Most of the pen and ink drawings in this book
are copyrighted by the artist, Chris M. van Dyck. These
drawings are available to be used for nonprofit purposes at
no cost by members of the American Fisheries Society and
others, provided a request is made in writing to the author
and the artist (1123 Kerria Avenue, McAllen, TX 78501).
Other uses should be arranged with the artist.

For length designations, the following abbreviations are
used: SL, standard length; TL, total length; FL, fork length.
All are defined in the introduction to the key in the Identi
fication chapter.

References In the species accounts, the references are num
bere~an~ listed for the most part in the order in which they
are CIted m the text, by author and date, in an effort to save
space and make the text more readable. Thus a listing like
"3. Rutter 1908" is a citation near the beginning of an ac
count, with a more complete citation to be found in the Ref
erences section at the end of the book.

Terminology The classification system used follows the
fourth edition ofMoyle and Cech (2000), which in turn fol
lows r.n0stly Nelson (1994). The result is a fairly major re
ordermg from the first edition. The terminology used to de
scribe all aspects of fish biology is also based on Moyle and
Cech (2000), reflecting new understanding of various as
pects of ichthyology. For example, I use the term shoaling
where mostAmerican biologists would use the word school
ing. I reserve schooling as the word referring to aggregations
of fishes (shoals) that are polarized and swimming in syn
chrony (schools).

To improve readability, scientific names of resident Cal
ifornia species are in most cases used just twice: once in the
key and once in the account of the species. The common
names are in any case increasingly more stable through time
than the scientific names.

range, or it is a long-established species that is only region
ally abundant.

D. Widespread and stable. The species is widely distrib
uted but seems to have reached the limits of its range. Pre
sumabl~ such species are integrated into local ecosystems.
. E. Widespread and expanding. These fish are aggressive
mvaders that are still expanding their range to all suitable
habitats in the state.

Incorporated into each Status section are opinions, usu
al~y my own, on the management needs of each species. You
will note that I have a strong bias in favor of native fishes
over alien fishes.

II. Alien species
A. Extirpated in California. The species was once estab

lished but the introduction failed. These species are men

tioned only in family accounts.
B. Small, highly localized populations. The species is es

tablished in just a handful of localities and is stable or de

clining in numbers.
C. Localized likely to become more widespread or already

widespread but not abundant in most areas. Alternately, it
may be fairly common but is declining. The species is usu
ally a recent introduction and is just starting to expand its

I. Native ~pecies

A. Extinct/extirpated. The species is gone from Califor-
nia (extirpated) or gone from the planet (globally extinct).

B. Threatened or endangered. The species is likely to be
come extinct or extirpated in the near future (<25 years) un
less steps are taken to save it. An endangered species is on a
more rapid path to extinction than a threatened species.
Most of these species are formally listed by either the state
or the federal government; some are not (but probably
should be). The formal status of each threatened species is

given in the account.
C. Special concern. The species is in decline or has a very

limited distribution, so special management is needed to
keep it from becoming threatened or endangered.

D. Watch list. The species appears to be declining but is
not yet in serious trouble. Its populations must be moni
tored to see if special protective action is necessary.

E. Stable or increasing. The species is abundant or in-

creasing in population.

STATUS SYMBOLS
NATIVE ALIEN

~ @extinctl A extirpated
extirpated

threatened!
small, @B highly localized,

endangered stable or
declining

t) special concern C limited @distribution
4$,

watch list D widespread
stable

1} stable or E aggressive
increasing invader

STATUSt) SYMBOLDISTRIBUTION
o localized
range:~_

_ present
li~!0g,~1~ilii1l4J1 former-~' ",,,...
c=J absent

@y
freshwaterA LIFE STYLE

~
SYMBOL

amphidromous

estuarine
anadromous

BASE MAP of California with
zoogeographic province lines

x PREFACE

Status In this section, I rate the status of each species in the
state and then discuss abundance trends and management

needs. My rating system is as follows:

Life history Much of the information on the habits of Cali
fornia fishes is hidden in the "grayliterature" ofunpublished
theses and reports. I have tried to be as comprehensive as
possible, but no doubt I have overlooked some of these im
portant sources of information. (Ifyou are aware of a docu
ment I have missed containing useful tidbits, please send me
a copy. Maybe I can use the information in the next edition!)
Life history information that is not referenced is based on
unpublished data or observations of my own.

Figure 1. Symb,ols used on distribution maps to indicate distribution, status, and life style of each fish species.

Distribution This section describes the distribution of each
species, focusing on California. The distribution maps pro
vided are designed only to give a general idea of the distri
bution of each species, not site-specific information (Fig. 1).
Larger distribution maps for each species are available
through the Information Center for the Environment at the
University of California, Davis (http://ice.ucdavis.edu).
Even these maps should be regarded as snapshots of the
present distribution of each species, because distributions
are changing constantly, as the landscape changes under hu
man influence, native species decline and introduced

species expand.

1990 List ofCommon and Scientific Names ofFishes from the
United States and Canada. The origins of the scientific
names come from many sources, but most frequently from

Jordan and Evermann (1896).
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Degrees mm in. 1cm = 0.39 in.
°C OF 10 0.4 1m 3.28 ft=

0 32 25 1.0 1km = 0.62mi
5 41 50 2.0 454 g = lIb

10 50 75 3.0 1 kg = 2.21lb
15 59 100 3.9
20 68 125 4.9
25 77 150 5.9
30 86 175 6.9
35 95 200 7.9
40 104 225 8.9

250 9.9
275 10.8
300 11.8
325 12.8
350 13.8
375 14.8
400 15.8
500 19.7
600 23.6
700 27.6
800 31.5
900 35.5

1000 39.4
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Distribution Patterns

The highly endemic fish fauna of California is scattered
through a diverse landscape with an incredibly complicated
geologic history. Present zoogeographic patterns must be
regarded as snapshots in time of a fauna that has shifted
about through the millennia in response to geologic and cli
matic events. Major events such as volcanic eruptions,
earthquakes, and movements of the earth's crust have al
tered entire drainage systems, creating or destroying
streams, lakes, and estuaries. Fluctuations in climate have
caused streams to flow or not flow; lakes to fill in, dry up, or
overflow; and sea level to rise and fall, alternately separating
and connecting nearby coastal drainages.

Complicating our understanding ofdistribution patterns
is the fact that California is a tough place for a freshwater fish
species to persist through time. Local and regional extinc
tions have probably been common, especially in the past
10,000 years as the postglacial climate became drier. As a re
sult, the state contains only about 66 native freshwater, estu
arine, or anadromous species within its huge area (Table 1).
On the other hand, the frequency with which populations of
fish become isolated through natural events promotes cre
ation of new species. The faunal count is nearly doubled
when incipient species are counted: subspecies, marine
fishes that enter fresh water on an irregular basis, and dis
tinctive runs of anadromous species. In patticular, migra
tory species such as threespine stickleback; river lamprey,
and rainbow trout generate numerous isolated populations
of nonmigratory forms in upstream areas, which often be
have as distinct species. In recent years, natural speciation
pnJc<~ss(~S have been overwhelmed by a combination ofwater
di,,'en,ions, habitat alterations, introduced species, and cli

change. Massive, human-caused changes to the water
occurred before the fish fauna was well documented,

another level of confusion to the zoogeographic
pa1ttelons. Nevertheless, figuring out why each native species

where it does remains a fascinating exercise.

California contains all or part of six ichthyological
provinces: Klamath, North Coast, Great Basin, Sacra
mento-San Joaquin, South Coast, and Colorado River (Fig.
2). Each province contains a group of endemic species,
demonstrating long isolation. All can be further divided
into subprovinces that contain one or more endemic species
or subspecies. Each fauna is a mixture ofspecies that arrived
in the province by different means (Moyle and Cech 2000).

Euryhaline marine species are fishes that enter the lower
reaches of streams from the ocean. A freshwater sojourn is
not essential for these species to complete their life cycles.
Usually the individuals that move into fresh water are juve
niles. Examples include starry flounder, staghorn sculpin,
and shiner perch.

Saltwater dispersants are species that spend much of
their life history in fresh water but either can move through
salt water themselves or have immediate ancestors that did
so. Thus their distribution patterns are explained in part by
movements through the ocean. All species of this type in
California are anadromous or had ancestors that were
anadromous. Examples include rainbow trout, threespine
stickleback, chinook salmon, and all lampreys.

Freshwater dispersants are species that arrived at their
present locations by freshwater routes or evolved in place
from a distant marine ancestor. They are incapable ofmov
ing long distances through salt water. Thus they have to col
onize new areas by moving through streams, and this may
not be possible until a mountain range erodes to connect
two drainages or until sea level falls, allowing streams to be
come connected on a coastal plain. Most of California's en
demic fishes are freshwater dispersants, including all the
minnows (Cyprinidae) and suckers (Catostomidae). Some
freshwater dispersant species, such as tule perch and riffle
sculpin, are members of families that contain mostly salt
water dispersants, but their own distribution patterns re
flect dispersal entirely through fresh water.
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Note: Only species that occur in fresh or brackish water on a regular basis are included.
aAbbreviations: AM, amphidromous; AN, anadromous; E, estuarine resident; F, fresh
water resident.
bAbbreviations: CL, Colorado; GB, Great Basin; KL, Klamath; NC, North Coast; SC, South
Coast; SJ, Sacramento-San Joaquin. An asterisk after the basin indicates that the species is
introduced rather than native.
CFor codes, see the Preface.

Table 1 (Continued)

Species Life style" Regionsb StatusC

Coastrange sculpin AM KL,NC,SC IE
Riffle sculpin F NC,SJ IE
Pit sculpin F SJ IE
Reticulate sculpin F KL IC
Marbled sculpin F KL,SJ ID-IE
Paiute sculpin F GB IE
Rough sculpin F SJ IC
Sacramento perch F GB*, KL*, SJ IC
Tuleperch E,F NC,SJ IC-IE
Shiner perch E NC,SC,SJ IE
Tidewater goby E SC, SJ,NC IB
Longjaw mudsucker E CL*, SC, SJ IE
Starry flounder E NC, SC,SJ IE

large, .swift rivers mostly confined between steep canyon

walls. The importance of habitat is indicated by the fact

that/when Iron Gate Darn was built across the lower Kla

math River, the reservoir created was colonized by

lake-dwelling fishes from the upper basin. Historically, the

two provinces were connected by movement of anadro

mous salmon and steelhead into the tributaries to the large

lakes.

KLAMATH PROVINCE 3

Upper Klamath Subprovince The native fish fauna (15

species) of the Upper Klamath Subprovince consists prima

rily offreshwater dispersants (12 species), most having their

closest relatives in the Great Basin. This reflects the complex

geologic history of the region, in which a large river (the an

cestor of the Snake River, now a tributary to the Columbia

River) originating in Idaho flowed into the ocean in the Kla

math region during the Eocene period and again during the

Pliocene period (Aalto et a1. 1998). Some of the species in

the subprovince have related species in the Pit River of the

neighboring Sacramento watershed, indicating ancient past

connections as well. In addition, three ofthe species are salt

water dispersants that could have invaded at almost any

time. The fishes belong to just five families-Catostomidae,

Cyprinidae, Cottidae, Salmonidae, and Petromyzontidae

and each species has its own affinities to fishes of other

provinces.

The suckers (Catostomidae) consist of three endemic

species (shortnose sucker, Lost River sucker, and Klamath

largescale sucker) usually placed in three different genera

Klamath Province

Klamath Province has three distinct subprovinces in

CaJlitornia: (1) the upper Klamath River basin above Kla

Falls, including the Lost River; (2) the Klamath River

the falls, including the Trinity River; and (3) the

River, represented by only a few tributary headwaters

state. In addition, for convenience, I include a large

(ld in Fig. 2) in this province that is largely covered

old lava flows and was historically fishless. Including

River fishes, there are only 30 native species in the

JrO\Tinc:e, 8 of them endemic (10, if those shared with the

are counted) (Table 2). Fish faunas of the upper

lower Klamath Subprovinces are surprisingly distinct

one another, presumably because the connection be

the two regions is geologically recent and because

major habitats are quite different. The upper Klamath

lbprovinc:eis dominated by large, shallow lakes and slug

,H,un_L~,whereasthe lower subprovince is dominated by

In the sections that follow, explanations of distribution

patterns are based in large part on the detailed study of

Minckley et a1. (1986), which in turn owes a debt to the work

of Robert R. Miller and Carl 1. Hubbs, who spent years

wandering about the West collecting fishes and inspecting

streams, lakes, and land forms (Hubbs and Miller 1948;

Miller 1948, 1961b, 1965, 1981; Hubbs et a1. 1974; Miller et

a1. 1991).

Table 1

Native Fishes of the Inland Waters of California

Species Life style" Regionsb StatuS:

Pacific lamprey AN,F KL, NC, SC, SJ IB,IC

Pit-Klamath brook lamprey F SJ ID

River lamprey AN KL,NC,SJ ID

Kern brook lamprey F SJ IC

Western brook lamprey F KL, NC, SC, SJ ID

Klamath River lamprey F KL ID

White sturgeon AN KL,NC,SJ IE

AN KL,NC,SJ IC
Green sturgeon

GB,KL,SJ IA-lE
Tui chub F

Thicktail chub F SJ IA

Blue chub F KL IC

Arroyo chub F GB*,SC IC

Bonytail F CL IA

Lahontan redside F GB, SJ* IE

Hitch F SC*, SJ IC-ID

California roach F SC*,SJ, NC IB-IE

Sacramento blackfish F GB*, SC*, SJ IE

Sacramento splittail E,F SJ IB

Clear Lake splittail F SJ IA

Hardhead F SJ ID

Sacramento pikeminnow F NC*, SJ, SC* IE

Colorado pikeminnow F CL IA

Speckled dace F GB, KL, NC, SC, SJ IB-IE

Mountain sucker F GB, SJ* ID

Santa Ana sucker F SC IB

Sacramento sucker F SC*, SJ, NC IE

Modoc sucker F SJ IB

Tahoe sucker F GB IE

Owens sucker F GB,SC* ID

Klamath largescale sucker F KL IC

Klamath smallscale sucker F KL IE

Lost River sucker F KL IB

Shortnose sucker F KL IB

Razorback sucker F KL IB

Flannelmouth sucker F CL IA

Delta smelt E SJ IB

Longfin smelt E NC,SJ IC

Eulachon AN KL,NC IC

Coho salmon AN KL,NC IA-IB

Chinook salmon AN KL,NC,SJ IB-ID

Pink salmon AN KL,NC,SJ IA

Chum salmon AN KL,NC,SJ IA-IB

Rainbow trout AN,F GB, KL, NC, SC, SJ IB-IE

Cutthroat trout AN,F GB,KL,NC IB-IC

Bull trout F SJ IA

Striped mullet E SC IE

Topsmelt E NC,SC,SJ IE

California killifish E SC IE

Desert pupfish F GB IB

Owens pupfish F GB IB.

Amargosa pupfish F GB IB

Salt Creek pupfish F GB IC

Threespine sticldeback AN,E,F GB*, KL, NC, SC, SJ IB-IE

Prickly sculpin AM,E,F KL, NC, SC, SJ IE

2 DISTRIBUTION PATTERNS
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bow trout. The redbands are presumably relicts of one or
more early invasions, whereas the coastal rainbows initially
invaded as steelhead (anadromous rainbow trout) after the
upper and lower rivers became connected in fairly recent
times (Pleistocene).

The lampreys (Petromyzontidae) are another fascinating
part of the upper Klamath fauna, with a complex evolu
tionary history. Four species oflamprey are now recognized
from the region, but they may represent a complex offorms
that have some gene flow among them. The Miller Lake
lamprey (Lampetra minima) is a tiny species from the
Williamson and Sycan Rivers, Oregon; the Pit-Klamath
brook lamprey is found in the Pit River as well; the Klamath
River lamprey is confined to the Upper Klamath Sub
province; the dwarf Pacific lamprey is a landlocked form of
a widespread anadromous species. The anadromous Pacific
lamprey ultimately gave rise to all these forms, but it is not
at all clear how this occurred. Presumably there were mul
tiple invasions during the various episodes of marine con
nections of the ancestral rivers. The Pit-Klamath brook
lamprey and the distinctive "Pacific" lampreys in Goose
Lal<:e (now connected to the Pit River) indicate ancient in
vasions. Further complicating the picture is the fact that the
Miller Lake lamprey and the Pit-Klamath brook lamprey
are closely related, suggesting that one is derived from the
other (D. Marlde, pers. comm.).

Overall, the fish fauna of the Upper Klamath Sub
province is remnant of a more widespread fauna that
occupied the Great Basin region in wetter times, combined
with descendants of anadromous fishes that invaded dur
ing times of ocean connection. Not surprisingly, the fishes
have long, independent evolutionary histories as well. The
suckers and lampreys in particular show evidence of
unusual arrangements of shared genes, presumably im
proving the ability of each form to adapt to changing,
often severe, local conditions. Superimposed on these
fishes are descendants of anadromous fishes that invaded
at various times.

KLAMATH PROVINCE 5

Lower Klamath Subprovince This region contains 21 na
tive species, of which 17 are saltwater dispersants, mainly
anadromous lamprey (two species), sturgeon (two
species), salmonids (six species), smelt (two species), and
sticldeback (one species) plus two amphidromous
sculpins (Table 2). The only freshwater dispersants are
Klamath speclded dace, lower Klamath marbled sculpin,
Klamath smallscale sucker, and Pacific brook lamprey. The
dace and marbled sculpin presumably invaded from up
stream during the Pleistocene, when water spilling from
Upper Klamath Lake eroded a permanent connection to the
lower river. The smallscale sucker has uncertain taxonomic
affinities, but it is tied somehow to the suckers of the Upper
Kalmath Subprovince.

(Chasmistes, Deltistes, and Catostomus, respectively).
These species have maintained their morphological dis
tinctiveness despite extensive hybridization among them.
To further complicate matters, the Klamath smallscale
sucker has also contributed genes to this hybrid complex
(Tranah 2001), although it is not included here as part of
the upper Klamath fauna because of its extreme rarity in
the basin. The shortnose sucker is similar to other species,
living and fossil, of the genus Chasmistes, all adapted for
life in large lakes of the Great Basin and having a long fos
sil history (Miller and Smith 1981). The Lost River sucker
is another lake-adapted fish that seems related to the Chas
mistes group. Similar suckers are found as fossils in the
Great Basin, in a region (ancient Bonneville Lake, Utah)
that also had connections to the ancestral Snake River. The
Klamath largescale sucker is a typical riverine sucker, sim
ilar to riverine species in the Columbia and Sacramento
drainages. Together, these species represent a remarkable
experiment in evolution as they struggle to maintain their
identities in a highly altered environment. It is possible
that the increased genetic diversity resulting from hy
bridization increases the ability of each form to persist un
der adverse conditions.

The three cyprinids, like the suckers, seem to have Great
Basin-Bonneville connections. The blue chub and the Kla
math tui chub are upper Klamath endemics. The blue chub
is quite distinctive, and its relationships to other members
of the genus Gila are uncertain. The Klamath tui chub, on
the other hand, is part of a species complex widespread
throughout the Great Basin. The speckled dace occurs in
both the upper and lower rivers and is regarded as one sub
species. However, a careful analysis of dace from different
parts of the province will probably reveal two or more sub
species, as have been found for marbled sculpin.

The three sculpins (Cottidae) of the upper Klamath are
all endemic. All three are freshwater dispersants, with ben
thic larvae rather than the pelagic larvae of sculpins capable
of dispersing through salt water. The slender sculpin (Cot
tus tenuis) and the Klamath Lake sculpin (c. princeps) are
both found only in Oregon, although the slender sculpin is
closely related to the rough sculpin of the Pit River drainage
(see discussion under Pit River). Likewise, the marbled
sculpin occurs in both the Klamath and Pit drainages, with
subspecies in the Pit, upper Klamath, and lower Klamath
Rivers (Daniels and Moyle 1984).

Trout (Salmonidae) native to the upper Klamath repre
sent two or three separate invasions by these vagile species.
Bull trout, found in a few Oregon tributaries, are otherwise

ative to the Columbia River drainage and the McCloud
'ver of California. They presumably are holdovers from

'mes when the ancient Snake River flowed through the re
on (Minckleyet al. 1986). There are two forms ofrainbow
out in the upper Klamath, redband trout and coastal rain-
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Table 2

Presence of Fish Species in Major Watersheds of the Klamath and North Coast Aquatic Zoogeographic Regions of California

Klamath
North Coast

Lower Upper Tomales Russian Gualala Garcia Navarro Big Noyo Matolle Bear Eel Mad Little Redwooda Smith

Watershed name Basin Basin Bay River River River River River River River River River River River Creek River

Subprovince number 1a 1b 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Pacific lamprey N N N N N N N N N N N N N N N N

River lamprey N* - - N* - - - - - - - N*

Pacific brook lamprey N - - N* - N*

Pit Klamath
brook lamprey N

Klamath River lamprey - N*

White sturgeon N -

Green sturgeon N* - - - - - - - - - E

American shad I - - I - - - - - - I

Threadfin shad - - - I - - - - - - - I

Common carp - - I I - - - - - - - - - I

Goldfish - I - I - - - - - - - - - - I

Golden shiner I I I
T T - I

Sacramento blackfish - - I

Hardhead - N

Hitch - - - N*

Sacramento pikeminnow - N

Blue chub - N

Tuichub - N I

California roach - - N N N - N - - - - I

Speckled dace N N - - - - - - - I

Fathead minnow - I
- - I

Lost River sucker - N*

Shortnose sucker - N*

Klamath smallscale sucker N

Klamath largescale sucker - N - - -

Sacramento sucker - - N N - - N N - - N N N - N

Channel catfish - - I

White catfish - - - I

Brown bullhead I I - I

Black bullhead - I - I - -

Eulachon N*
- - - N* - N* N*

Wakasagi I -

Longfin smelt N* - - N* - - - - - - E

Pink salmon E - - E - - - - - E E

Chum salmon N* - - - - - - - - - - - - - N*

Coho salmon N* N* N* N* ~ N* N* N* N* N* N* N* N* N* N* N*

Chinook salmon N E - N* - E - - - N* N* N* N* N* N* N*

I
N N N N N

trout N* - - - - - N* N* N* N* N*
Brown trout I I
Brook trout I I
Bull trout - Nb*

Mosquitofish - - I I
Topsmelt 0 - 0 0 0 0 0 0 - 0 0 0 0 0 0
Inland silverside - I
Threespine stickleback N N N N N N N N N N N N N N N
Brook stickleback I
Striped bass 0 0 0
Sacramento perch I I
Black crappie I I
White crappie
Green sunfish
Bluegill
Pumpkinseed
Redear sunfish
Largemouth bass
Smallmouth bass
Spotted bass I
Yellow perch I
Shiner perch 0 - 0 0 0 ? 0 0 ? 0 0 0 0 0 0 0
Tule perch - N* - - -
Tidewater goby N* ? - - - N* N* N*
Yellowfin goby - I
Staghorn sculpin N N N N N N N ? N N N N N N N
Slender sculpinb - N*
Klamath lake sculpinb N b*

Coastrange sculpin N - N N N N N N ? N N N N N N N
Prickly sculpin N - N N N N N N N N N N N N N N
Marbled sculpin N N
Riffle sculpin - N N
Starry flounder N 0 N 0 0 0 0 0 0 0 0 0 0 0 0
No. native species 21 15 12 20 8 8 9 8 7 8 9 15 14 9 12 12
No. introduced species 14 14 7 21 0 0 0 0 0 0 0 10 8 0 6 0
Total species 35 29 19 41 8 .8 9 8 7 8 9 25 22 9 18 12
Species at risk 7 7 2 7 1 1 1 1 1 2 2 4 5 2 5 6
Extinct species 1 1 0 1 0 1 0 0 0 0 0 1 3 0 0 0

Notes: Upper Klamath is also in Oregon. North Coast watersheds listed are the largest watersheds; they do not differ sufficiently from one another to be recognized as subprovinces. Records are
only for species known to have reproducing populations. Abbreviations: E, extinct native; I, introduced; N, native; ?, status uncertain (not counted in totals); 0, occasional marine visitor (not counted
in totals); *, population at risk of extinction.

aRedwood Creek watershed includes Freshwater Lagoon, now isolated from it, which contains all the exotic species.
bOregon only.
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9SACRAMENTO-SAN JOAQUIN PROVINCEDISTRIBUTION PATTERNS8

Rogue River Subprovince The Klamath Province contains 1986), resulting in a fauna that is very different from that of Table 3

this subprovince because the only native freshwater disper- other isolatedWestern basins. The relationship of this fauna Presence of Fish Species in Major Watersheds of the Sacramento-San Joaquin Aquatic Zoogeographic Region of California

sant is the Klamath smallscale sucker, which may be distinct to others is complicated and obscure, as shown when native

from the smallscale sucker in the Klamath River. The Rogue species are discussed individually. Goose Pit McCloud Central Clear Monterey Kern

River is also the southernmost drainage containing reticu- The Sacramento perch is the only member of the family Watershed name Lake River River Valley Lake Bay River

late sculpin, abundant in most coastal streams in Oregon Centrarchidae native west of the Rocky Mountains. It is dis-
Subprovince number 2a 2b 2c 2d 2e 2f 2g

and Washington. Otherwise, the Rogue contains the same tinct enough to be placed in a separate genus (Archoplites). Pacific lamprey N* E
saltwater dispersant species found in the lower Klamath The fossil record indicates the genus was once widespread

N E N
River lamprey N*

River. in the West. Some of the earliest fossils are known from Pacific brook lamprey N N* N*
Pliocene lake deposits in the Snake River Plain (in modern Pit Klamath brook lamprey N N

Klamath-Pit fish less area This is a large region that is cov- Idaho), which also contain catfish (Ictaluridae) fossils (G. Kern brook lamprey N*

ered with lava and scrubby forests. It contains no real wa- Smith 1981). Curiously, no catfish are native to any of the White sturgeon N

tersheds and was presumably without fish historically. modern faunas of California, although introduced species Green sturgeon N*

Much of the water from the region's limited rain percolates have done well.
American shad I

through the lava and emerges as the big springs that form The tule perch is the only freshwater species in the fam-
Threadfin shad I I I
Common carp I I I

the Fall River, a tributary to the Pit River. The area contains ily Embiotocidae, marine fishes found along the North Goldfish I I I

Medicine Lake, an old caldera into which trout have been American and Asian coasts of the North Pacific. The distri- Golden shiner I I I I

planted for recreational fishing. bution of tule perch within the province shows that they are Sacramento blackfish N N N

freshwater dispersants. Other freshwater embiotocids, now Hardhead N N N

extinct, are known from Pleistocene deposits in central Cal- Hitch N* N* N*

Sacramento-San Joaquin Province ifornia (Casteel 1976).
Sacramento pikeminnow N N N N N

The Sacramento blackfish and hardhead have modern
Tuichub N* N I
Thicktail chub E E E

The Sacramento-San Joaquin drainage system dominates and fossil distributions similar to that ofSacramento perch, Sacramento splittail N*
central California (Fig. 2). Historically, about half of all Cal- presumably because they both are found in warm lakes and Clear Lake splittail E

ifornia's water flowed out through its estuary. Its large size, slow-moving streams (Casteel and Hutchison 1973). Both California roach N* N* N N N

diverse habitats, and isolation have made it a center of fish are the only species in their genera (Orthodon, Mylopharo- Speckled dace N N N N

speciation. This speciation was facilitated by a complex ge- don), but the hardhead shares a common ancestry with Lahontan redside I

ologic history that isolated various sub-basins or caused pikeminnows (Ptychocheilus) (Carney and Page 1990).
Red shiner I

neighboring basins to connect to it. Within this complex Hitch and California roach also belong to an endemic;
Fathead minnow I

province are 17 endemic species (including those that have genus (Lavinia). Neither has a fossil record outside the
Mountain sucker I
Sacramento sucker N N N N N N N

colonized a few neighboring watersheds). The number of Sacramento-San Joaquin Province. Within the province, Modoc sucker N* N*

endemic forms increases to 40-50 when subspecies and hitch are largely confined to lowland and lacustrine habitats, Blue catfish I

distinct runs of chinook salmon are counted as well. In whereas roach are the most widely distributed species in Channel catfish I" I I

addition, there are 18 species shared with neighboring small streams. Genetic studies indicate that some roach pop- White catfish I I

drainages, plus 5 euryhaline marine species that occur in ulations in different subprovinces may deserve designation
Brown bullhead I I

lower reaches of streams on a regular basis. In all, 40 native as species, resurrecting species names given by J. O. Snyder
Black bullhead I I

species inhabit the province (Table 3). The Sacramento- in the early 20th century 0. Jones, pers. comm. 2001).
Delta smelt N*
Wakasagi I

San Joaquin Province can be divided into seven sub- The Sacramento splittail also has no known fossil record, Longfin smelt N*

provinces, each supporting one or more distinct fish taxa: but it is one of the most distinctive of the native minnows, Coho salmon E E N*

(1) CentralValley, (2) Goose Lake, (3) Pit River, (4) McCloud with possible affinities to Asiatic cyprinids (Howes 1984). It Chinook salmon E E N

River, (5) Clear Lake, (6) Monterey Bay, and (7) Upper Kern is a benthic feeder with an unusual capacity (for a cyprinid) Kokanee I I

River (TabId). to live in brackish water.
Rainbow trout N N N N N N N*

The Central Valley Subprovince is drained by the Sacra- The Sacramento pikeminnow has relatives in the same
Cutthroat trout I

mento and San Joaquin Rivers. The Kern, Tule, Kaweah, and genus (Ptychocheilus) in the Columbia and Umpqua Rivers
Brown trout I

Kings Rivers of the southern end of the San Joaquin Valley to the north and in the Colorado River to the east and south.
Brook trout I
Lake trout I

originally connected to the San Joaquin River only during It is most closely related to the Colorado pikeminnow, Bull trout E E

exceptionallyw~t years, when former lakes Buena Vista and which in turn is similar to fossil pikeminnows from the Rainwater killifish I

Tulare flooded into one another and overflowed into the Miocene of Arizona (G. R. Smith 1981; Carney and Page Mosquitofish I I

river. The Central Valley has been the center of speciation 1990). A southern source for Sacramento pikeminnow fits Topsmelt 0 0

for the province because of its large size, varied habitats, and with their absence from the Klamath and Rogue Rivers,
Inland silverside I I I

ancient age. Its freshwater dispersant fauna presumably be- which lie between the Sacramento and Umpqua drainages.
Threespine stickleback N N N

came isolated from the rest of the fish fauna of western The recent successful introduction of northern pil<e-
Striped bass I 0
White bass

North America 10-17 million years ago (Minckley et al. minnow into the Rogue River indicates that lack of suitable
I I
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Table 3 (Continued)

Goose Pit McCloud Central Clear Monterey Kern

Watershed name Lake River River Valley Lake Bay River

Subprovince number 2a 2b 2c 2d 2e 2f 2g

Sacramento perch N* N* E

Black crappie Ia I I I

White crappie Ia I I I

Warmouth I

Green sunfish I I I I

Bluegill I I I I

Pumpkinseed Ia I

Redear sunfish I I I

Largemouth bass I I I I

Spotted bass I I

Smallmouth bass I I

Redeye bass I

Yellow perch Ia I

Bigscale logperch I

Shiner perch 0 0

Tuleperch N N N E

Tidewater goby E N*

Yellowfin goby I

Longjaw mudsucker 0 0

Shimofuri goby I

Chameleon goby 0

Staghorn sculpin N N

Rough sculpin N

Coastrange sculpin
N

Prickly sculpin N N N

Pit sculpin N N

Marbled sculpin N

Riffle sculpin N N N

Starry flounder N 0

No. native species 9 14 7 28 14 19 4

No. introduced species 11 15 5 40 18 20 12

Total species 20 29 12 68 32 39 16

Species at risk 4 2 0 8 3 4 1

Extinct species 0 1 3 3 3 3 0

Notes: Records are only for species known to have reproducing populations. Abbreviations: E, extinct native; I, introduced; N, native; ?, status

uncertain (not counted in totals); 0, occasional marine visitor (not counted in totals); *, population at risk of extinction.

aOregon only.
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ern corner of the state, a region subject to intense mountain
building and vulcanism during the Pliocene and Pleistocene
Periods. Lava flows repeatedly changed the face of the land
scape, creating the desolate Devil's Garden area of today. In
the late Pliocene (two million years ago), the upper Pit River
drained north and west, into the upper Klamath River,
which in turn connected to the ancient Snake River, which
drained from the Great Basin. In the early Pleistocene
(about one million years ago), the Klamath connection was
dammed by lava, creating a deep lake (Lake Alturas) where
a shallow lake had previously existed. Lake Alturas eventu
ally spilled over a gap in the Adin Mountains, eroding a con
nection to the Sacramento drainage, and its bed was later

. largely obliterated by more lava flows (Pease 1965).
As a result of these dramatic changes in drainage con

nections, the Pit River Subprovince contains fishes derived
from both the Sacramento-San Joaquin and Klamath
Provinces. The Sacramento-San Joaquin fishes are all Pleis
tocene invaders that were able to pass the falls and rapids in
the deep canyon of the lower Pit River: Sacramento
pikeminnow, hardhead, California roach, and Pit sculpin
(derived from riffle sculpin). Tule perch are present in the
lower river but have not traversed Pit Falls. Fishes with an
cestors in common with the modern Klamath fauna are Pit
Klamath brook lamprey, marbled sculpin, rough sculpin,
tui chub, and redband trout. The rough sculpin is very sim
ilar to the slender sculpin of the Klamath lakes of Oregon.
The redband trout is found in isolated headwaters and
shares a common ancestry with redband trout of the Mc
Cloud River and upper Klamath Subprovince in Oregon
(Behnke 1992; Nielsen et al. 1999).

Another species found only in scattered headwaters is
the endemic Modoc sucker. It appears to be most closely
related to the Sacramento sucker. It is also found in a few
Oregon headwaters of Goose Lake.

Overall, the ichthyological history of the Pit River Sub
province can be described as follows. The ancestral, pre
Pleistocene drainage was part of the ancestral upper Kla
math drainage, which connected to a large river flowing
from the Great Basin. The ancestral fish fauna was part of a
widespread western fauna that became fragmented through
the complex geologic activity described by Mincldey et al.
(1986). Just prior to its divorce from the Klamath drainage,
the Pit drainage included one or more lakes containing
fishes similar to those that now live in the Klamath Lakes of
Oregon (and large lakes of the Great Basin). It also con
tained a stream fauna of speckled dace, marbled sculpin,
Pit-Klamath brook lamprey, Modoc sucker, and redband
trout. When the Pit and Klamath drainages became isolated
from one another, the fishes in each drainage began their in
dependent evolutionary journeys. In the Pit drainage this
evolution was perhaps hastened by two events: elimination
of the large lakes and invasion of riverine fishes from the

SACRAMENTO-SAN JOAQUIN PROVINCE

The freshwater fish fauna of the Central Valley Sub
province has been enrichedby species with fairly recent salt
water dispersant ancestors but that now show evidence of
speciation within the drainage. The delta smelt is confined
to the subprovince but belongs to a genus (Hypomesus)
widespread in estuaries, lagoons, and lakes along the Pacific
coast ofboth NorthAmerica and Asia. The more euryhaline
longfin smelt also belongs to a widespread genus (Spir

inchus), and the species itself seems to be present in a num
ber of Pacific coast estuaries. Nonpredatory lampreys, most
notably the Kern brook lamprey, have evolved from anadro
mous Pacific and river lampreys.

The runs of chinook salmon and rainbow trout/steel
head show adaptations to the unusual conditions of Central
Valley streams and are genetically distinguishable from runs
in other systems. Particularly distinctive is the winter-run
chinook salmon, which spawns in cold spring-fed streams
in the upper Sacramento River drainage.

Overall, the present Central Valley fish fauna shows evi
dence of long isolation and limited ancestry (Avise and Ay
ala 1976), with complex origins. The distinctive morphol
ogy, physiology, and life history patterns of the species re
flect an evolutionaryhistory ofadaptation to a region where
extended droughts are common, as are massive floods.

The Goose Lake Subprovince is a large, arid drainage
basin that straddles the California-Oregon border and cen
ters on Goose Lake, an enormous shallow lake. Historically,
the lake has overflowed into the Pit River and also nearly
dried up. The fishes of the lake are morphologically and ge
netically distinct, reflecting adaptations for life in its rich, al
kaline, and muddy waters and survival in remnant habitats
during periods of severe drought. The tui chub and Sacra
mento sucker have been described as subspecies. The most
distinctive fishes are the undescribed Goose Lake lamprey
and the Goose Lake redband trout. The lamprey is a bronze
colored predatory form (or forms) related to the lampreys
of the Upper Klamath Subprovince (see that account). The
redband trout is a rainbow trout that has two distinct life
history strategies: one strategy is to live in the lake, grow to
large size, and spawn in the streams, and the other is to be a
small resident ofheadwater streams. When the lake dries up
and then fills again, it can be quicldy recolonized by fish
from headwater populations. In addition, streams in the
basin support Pit-Klamath brook lamprey, speckled dace,
Pit sculpin, Modoc sucker, and California roach. The sys
tematics ofall eight native species have yet to be worked out,
especially in relation to those of similar forms in the upper
Pit River region.

The Pit River Subprovince contains 14 native species, an
interesting mixture of fish of Sacramento and Klamath ori
gin, including three endemic sculpins (Pit, rough, and "big
eye" marbled sculpin) and the endemic Modoc sucker. The
province consists of the Pit River drainage of the northeast-

The Sacramento sucker belongs to a genus (Catostomus)
widespread throughout North America, with species that
are very similar to one another. Its closest relative is proba
blythe Tahoe sucker of the Lahontan Province (G. R. Smith

1992).
The closest relatives of the Central Valley riffle sculpin

are probably sculpin (Cottus) species with low dispersal
abilities in the Great Basin and Klamath Provinces, rather
than the sculpins considered to be riffle sculpins in Oregon.
The Pit sculpin of the Pit River is a recent derivative of the

riffle sculpin.

DISTRIBUTION PATTERNS10

habitat is not a good explanation for their absence from in

tervening rivers.
Other freshwater dispersants also have close relatives in

nearby drainages. The thicktail chub was apparently closest
to the arroyo chub of the Los Angeles basin, and other
Southwestern species in the genus Gila (Barbour and Miller
1978). The speckled dace occurs in all drainages surround
ingthe Sacramento-San Joaquin Province and probablyhas
at least subspecies in each zoogeographic province. This fish
occurs in headwater streams, and so can more easily move
(or be moved) between drainages than most other species.
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Sacramento River. The lacustrine fishes either became ex
tinct (e.g., lake suckers, Chasmistes) or adapted to the lake
like environments of large, clear, spring-fed streams, Fall
River and Hat Creek (rough sculpin, marbled sculpin, tui
chub). Invading fishes seem to have eliminated the native
stream fauna, except brook lamprey and speckled dace. Pit
sculpin largely replaced marbled sculpin, except in Hat
Creek and Fall River, where the Pit sculpin seems less able
to avoid predators than the other sculpins. Sacramento
sucker replaced Modoc sucker except in streams isolated by
natural barriers. Elimination of the remaining barriers by
humans has been a major cause of endangerment ofModoc
sucker (Moyle and Marciochi 1975).

The McCloud River Subprovince contains only the Mc
Cloud River and its tributaries, sandwiched between the Pit
River and the upper Sacramento River drainages. Although
the river has two large falls that have helped to isolate its up
per watershed, the main factor responsible for its distinctive
fish fauna (seven native species) is the unusual nature of the
river itself. Ithas fairly constantyear-round flows of cold wa
ter from Mt. Shasta, much of which emanates from giant
springs. Other water from the mountain enters through
creeks of glacial meltwater that contains glacial silt, giving
the lower river a green or milky color. The river flows
through a deep forested canyon, with trees and amphibians
reminiscent more of the North Coast than of the hot Cali
fornia interior. Historically, its numerous deep pools pro
vided refuges for coldwater fishes, even at low elevations:
spring-run andwinter-run chinook salmon, steelhead trout,
bull trout, and riffle sculpin, as well as McCloud River red
band trout in the main river and tributaries above the falls.

From a zoogeographic perspective, the most distinctive
element of the McCloud River fish fauna is (or rather, was)
the bull trout, for which the closest other populations are in
tributaries to the upper Klamath River in Oregon. It is
common in the Columbia River drainage farther north.
Presumably the bull trout was found throughout the origi
nal upper Klamath-Pit River drainage during the cooler and
wetter Pleistocene and managed to colonize the McCloud
River after the Pit River became connected to the Sacra
mento River. It then disappeared from the rest of region af
ter the climate became warmer and drier, although it may
have just gone unnoticed in the spring-fed waters of the up
per Sacramento and Pit Rivers within recent times. The
unique coldwater conditions of the McCloud River also
made it the principal home of two distinctive runs of chi
nook salmon (both now gone from the river as the result of
Shasta Dam). Most distinctive genetically is the winter-run
chinook, which entered the river in winter and spawned in
spring; this strategywas possible onlybecause cold water al
lowed the embryos to incubate in the gravel during sum
mer. They could then hatch in late summer and move into

to justify calling them subspecies. The hitch was originally
described as a separate species by Snyder (1913), but his de
scription was based in part on hybrids between hitch and
roach (Miller 1945b). However, Monterey hitch do have
fewer dorsal and anal fin rays than those from the Sacra
mento drainage, even at sites where roach are absent, so
subspecific designation is probably warranted.

The nature of the freshwater dispersant fish fauna indi
cates that this subprovince probably had two separate con
nections to the Central Valley during the middle or late
Pleistocene: (1) a headwater connection between the San
Benito River (a tributary of the Pajaro River) and the San
Joaquin River, and (2) a lowland connection between Coy
ote Creek and Llagas Creek (also a Pajarotributary). The
San Benito connection came earlier and permitted Califor
nia roach, Sacramento sucker, and speckled dace to enter
the system (Murphy 1948c). The main pieces of evidence
for this early connectionare (1) the degree ofdifferentiation
of roach and sucker, compared with other fishes, (2) the
similarity of the two species to their counterparts in the San
Joaquin system, and (3) the presence of populations of
roach above impassable falls in the San Benito River (Mur
phy 1948c). Other fishes native to the Pajaro-Salinas system
are mainly lowland forms. Theypresumably entered by way
of Coyote Creek, which now flows into San Francisco Bay.
There is strong geologic evidence that the upper portion of
Coyote Creek changed course several times in the past to
flow into Llagas Creek, a Pajaro tributary (Branner 1907).
Coyote Creek also makes a plausible source for the lowland
species because it contains (or did until recently) a nearly
full complement of Central Valley fishes, despite having
long since been cut off by salt water from the main system.
The absence of hardhead from Coyote Creek helps to ex
plain their absence in Monterey Bay drainages.

From the Pajaro River, freshwater fishes presumably
spread to the Salinas and San Lorenzo Rivers through low
land connections that existed when sea level was lower, or
through recent estuarine connections between the Pajaro
and Salinas Rivers when flooding makes the surface waters
nearly fresh. The freshwater dispersant fauna of these rivers
is supplemented with saltwater dispersant fishes, mainly
Pacific lamprey, threespine stickleback, prickly sculpin,
steelhead, and coho salmon.

The Upper Kern River Subprovince is the upper Kern
River basin that contains the river and its tributaries above
the present site ofIsabella Reservoir. Only two species offish
are native to the basin, Sacramento sucker and endemic
golden trout, now regarded as three subspecies of rainbow
trout. The sucker is apparently a recent invader from the
lower Kern River, but the golden trout evolved from rain
bow trout isolated in the Upper Kern basin. Three distinct
types of trout are currently recognized, which apparently
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Lalce basin was a valley connected by a low-gradient stream
(Cache Creek, or possibly Putah Creek) to the Sacramento
system. The basin may also have drained via Cold Creek into
the Russian River. The basin at this time contained one or
more lakes that provided suitable habitat for invading Sacra
mento fishes. As the Coast Ranges rose, the gradient ofCache
Creek increased, isolating the fishes in the basin. Tectonic ac
tivity; or perhaps deposition of alluvial deposits from Scotts
Creek, may also have blocked outflow through Cold Creek.
Meanwhile, faulting caused the northwest portion of the
basin to subside, resulting in a depression containing the
main portion of Clear Lake. Volcanic activity in middle and
late Pleistocene, including that creating Mt. Konocti, further
modified the lake basin. Most dramatic was a lava flow that
blocked Cache Creek near its exit from the lake, raising the
lake level and making Cold Creek the main outlet. This
change mayhave permitted the Russian River to be colonized
by some Clear Lake fishes. Finally, in the Pleistocene a land
slide (or alluvial debris from Scotts Creek) blocked Cold
Creek, allowing the lake to spill over the Cache Creek lava
flow, reestablishing Cache Creek as the outlet.

The streams of this province contain Sacramento pike
minnow, Sacramento sucker, California roach, and rainbow
trout, which appear indistinguishable from those of the
Central Valley Subprovince. In addition, presumed Pacific
brook lamprey are present in at least one stream, Kelsey
Creek. Prior to construction of a dam on the outlet of Clear
Lake, both steelhead rainbow trout and Pacific lamprey
apparently ascended Cache Creek to spawn in tributaries to
the lake.

The Monterey Bay Subprovince consists mainly of three
major streams flowing into Monterey Bay: the San Lorenzo,
Pajaro, and Salinas Rivers. For convenience, it also includes
the small coastal drainages from Santa Cruz to San Fran
cisco. One of these (Pescadero Creek) contains California
roach. The drainages are also the southernmost habitats for
coho salmon. The Pajaro and Salinas Rivers had (until his
torical times) almost a full complement of freshwater dis
persant fishes characteristic of the Central Valley Sub
province: Sacramento sucker, California roach, hitch,
Sacramento blackfish, Sacramento pilceminnow, speckled
dace, thicktail chub, Sacramento perch, tule perch, and riffle
sculpin. The only species missing were hardhead and split
tail. Snyder (1913) failed to collect Sacramento perch, thick
tail chub, and pikeminnow from the Salinas River, but re
mains of all three are present in prehistoric archaeological
sites (Gobalet 1990), and pikeminnow are common in the
river today. This is not surprising, because the Pajaro was a
tributary ofthe Salinas River in the late Pleistocene. The San
Lorenzo River contains only suckers, roach, and dace. Of
fishes present in the Monterey Bay Subprovince, only
sucker, roach, and hitch may be well enough differentiated

the Sacramento River and out to sea when river tempera
tures were low. Spring-run chinook entered the river in
spring but did not spawn until early fall. The cold waters
and deep pools enabled large numbers of adults to summer
in the river and juveniles to rear for a year or more.

The riffle sculpin in the McCloud River is distinctive
enough to have been described as a separate species (Cottus
shasta), but its taxonomic status has never been properly
evaluated. Curiously, the closest drainage to the McCloud
River, Squaw Creek just to the east, contains Pit sculpin. The
McCloud River redband trout lives in the upper parts of the
drainage, above the reach of spawning steelhead trout,
which will hybridize with it. There are at least two distinct
forms, one of them confined to tiny Sheepheaven Creek
(Nielsen et a1. 1999).

The Clear Lake Subprovince is centered on Clear Lake,
which occupies only a small drainage basin in the Coast
Range, although it is one of the largest natural lakes in Cal
ifornia. It is regarded as the oldest lake in North America;
organic sediment has been deposited continually in one
basin for about 480,000+ years (Casteel et a1. 1977; Casteel
and Rymer 1981; Hearn et al. 1988). There are also rem
nants of a more ancient ancestral lake in the area, dating
back 1.8-3.0 million years. Subsidence of the faulted block
on which the lake rests has kept up with the sediment dep
osition, resulting in over 320 m of sediment deposits. Cor
ing samples ofthe sediment have allowed scientists to recre
ate the history of the lake and the local climate by examin
ing remains of algae, zooplankton, and fish deposited
through time (Casteel 1976).

The native fish fauna of the lake is dominated by species
otherwise found mainly in quiet waters of the Central Val
ley floor. These fishes are incapable of moving up the lake's
outlet stream, Cache Creek, as it exists today, a fast-moving
stream flowing through a steep, narrow canyon. They could
onlyhave entered the lake when the gradient between it and
the valley floor was not as steep. The fishes have thus been
isolated from the main system for a long time, and their re
mains are present in sediment deposits going back hun
dreds of thousands ofyears (Casteel et al. 1977).A number
of the fishes have diverged morphologically from the ances
tral valley forms and are recognized as separate species or
subspecies: Clear Lake splittail, Clear Lake hitch, Clear Lake
tule perch, and, possibly, Clear Lake prickly sculpin (Hop
kirk 1973). Hopkirk also described another cyprinid species
(Endemichthys grandipinnis) from the lake, but its status is

uncertain.
The geologic events that lead to the formation of Clear

Lake and to the establishment of its fish fauna are complex
(Anderson 1936; Hinds 1952; Brice 1953; Hodges 1966; Swe
and Dickinson 1970; Hopkirk 1973). In the early or middle
Pleistocene,when the Coast Range was muchlower, the Clear
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North Coast Province

evolved in isolation from one another: Volcano Creek
golden trout, Little Kern River golden trout, and Kern River
rainbow trout. The latter may have resulted from hy
bridization between an ancestral "redband" trout and later
arriving coastal rainbow trout.

15GREAT BASIN PROVINCE

third of Nevada and the Honey Lake region of California.
The main remnants of that lake today are Pyramid and
Walker Lakes, Nevada. In Nevada, the principal watershed
in this subprovince is the Humboldt River, although there
are numerous smaller ones as well, such as the isolated Sol
diers Meadow drainage, which contains desert dace (Ere
miehthys aeros). The major drainages share endemic La
hontan cutthroat trout, Tahoe sucker, Lahontan redside,
Lahontan speckled dace, and tui chub (various subspecies).
Other shared species-Paiute sculpin, mountain sucker,
and mountain whitefish-are also found in zoogeographic
regions outside California. These three species are either re
cent invaders of the system (which seems unlikely given
their isolation from their nearest relatives on the opposite
side of the Great Basin) or cryptic species in need of taxo
nomic reevaluation. Another species endemic to the sub
province not found in California is cui-ui sucker (Chas
mistes eujus), which is endemic to Pyramid Lake (sink for
the Truckee River).

The Lahontan fauna has been in place for a long time;
fossils of most modern species are present in deposits that
date at least to the Miocene. Related species are found in
other parts of the Great Basin, the Columbia River drainage
(which now includes the ancient Snake River), and the Kla
math drainage (Mincldey et al. 1986). In short, much of the
Lahontan fauna descends from a fauna that was widespread
in western North America when climate and landscape were
less rugged-although some species (e.g., mountain white
fish) could have invaded later from the Columbia drainage.
Because various basins within the subprovince also have
been isolated from one another, some localized differentia
tion of fishes has also taken place. For example, Silver King
Creek in Alpine County contains the Paiute cutthroat trout,
essentially a Lahontan cutthroat trout with few spots. Like
wise, Pyramid Lake and Lake Tahoe (Truckee watershed)
contain lake-adapted forms of Lahontan cutthroat and tui
chub.

The Owens Subprovince consists ofthe Owens River and
its tributaries, which ultimately flow into now-dry Owens
Lake. The native fish fauna consists of five endemic forms:
Owens sucker, Owens tui chub, Owens speckled dace (two
undescribed subspecies), and Owens pupfish. The sucker
and tui chub are very closely related to species in the La
hontan Subprovince, and most likely were part of the
Lahontan fauna when the Owens drainage and the Mono
Lake basin (which is between the Owens and Lahontan Sub
provinces) were all connected to the Lahontan drainage. On
the other hand, the pupfish is most closely related to the
desert pupfish of the Colorado Province, suggesting ancient
connections. This region is still active geologically, and
much ofits past history has been obscured by lava flows and
other geologic events, making the ancient history of the
fauna difficult to work out (Minckley et al. 1986).

or too alkaline to support fish. The basins are now largely
isolated, and their remnant fishes have evolved into forms
adapted to local conditions. These conditions range from
cold mountain creeks, to warm highly fluctuating streams
at low elevations, to alkaline lakes, to tiny desert springs.
Each basin therefore tends to have one or more endemic
species or subspecies, as is evident in basins (subprovinces)
all or partly in California: Surprise Valley, Eagle Lake, La
hontan, Owens, Amargosa, and Mojave. Altogether these
basins contain only 13 native species, 6 endemic to the Great
Basin, including 4 endemic to the California portions of the
Great Basin (Table 4). In addition, there are a number of
large areas, including the Mono Lake basin, that were his
torically fishless.

The Surprise Valley Subprovince contains two basins,
Surprise Valley and Cowhead Lake, in the extreme north
eastern corner ofthe state. The floor ofSurprise Valley con
tains three large, highly alkaline lakes that periodically dry
up. As far as is known, streams draining the Warner Moun
tains on the California side of this valley had no native
fishes, although it is possible that redband rainbow trout
were present before nonnative rainbows were introduced.
There are also tui chubs in at least one farm pond in the
basin, but their origin is uncertain. On the Nevada side,Wall
Canyon Creek contains an undescribed sucker (Catostomus
sp.) and speclded dace. Surprise Valley and the Cowhead
Lake basin have not been connected in recenttimes (ifever),
and the Cowhead Lake drainage should probably be treated
as a separate subprovince, or as part of the Warner Valley
drainage of Oregon. It contains an endemic tui chub sub
species in a lowland slough and speclded dace in the
streams. It is also possible that redband trout were (or are)
present.

The Eagle Lake Subprovince is centered around Eagle
Lake, a large terminal lake that once drained into Lake La
hontan (see the next section). It contains an endemic sub
species of rainbow trout (rather than cutthroat trout), the
only rainbow trout native to the Great Basin. Its ancestors
presumably crossed one of the low divides separating the
Eagle Lake drainage from the Pit River. The only other
species present are Lahontan redside, tui chub, speckled
dace, and Tahoe sucker. The tui chub may be an endemic
subspecies. Conspicuous bytheir absence are Lahontan cut
throat trout, Paiute sculpin, mountain sucker, and moun
tain whitefish.

The Lahontan Subprovince consists of four watersheds
in California on the east side of the Sierra Nevada, north to
south: Susan River, Truckee River, Carson River, and Walker
River (Table 4). Collectively, they have by far the most di
verse fish fauna of any Great Basin subprovince (eight
species in California, four of which are shared by all water
sheds). During the Pleistocene, these basins all drained into
Lake Lahontan, which occupied much of the northwestern

The Great Basin is the vast, arid region of western North
America between the Sierra Nevada and the Rocky Moun
tains, divided into numerous smaller basins. During the
Pleistocene and before, many of these basins contained
large lakes that often had aquatic connections to one an
other. Today these lakes are either dry, reduced to remnants,

Great Basin Province

distinctive enough to be described as a subspecies (Hopkirk
1973). Just how these fishes got into the Russian River has
been debated ever since Holway (1907) suggested the river
was the ancestral home of the entire Sacramento-San
Joaquin fauna, an idea quickly rejected by Snyder (l908d).
There are two geologically possible routes by which the
Sacramento-San Joaquin fauna could have entered the
Russian River, either through Clear Lake (Lake County) or
through drainage connections with San Francisco Bay.

Transfer of fish from Clear Lake was possible as a result
of a complexbutwell-documented series ofgeologic events.
Clear Lake first drained into the Sacramento River through
Cache Creek. Cache Creek was blocked by a lava flow, rais
ing the level of the lake so that it spilled into Cold Creek, a
tributary to the Russian River. Cold Creek was then blocked
by a landslide, and the drainage down Cache Creek was re
opened, as is discussed in more detail under the Clear Lake

Subprovince.
Transfer of fishes to the Russian River from San Fran

cisco Bay is possible because the bay was a river valley until
the late Pleistocene and only low divides today separate two
of its tributaries (Copeland Creek and Petaluma River)
from two Russian River tributaries (Santa Rosa and
Sonoma Creeks). This region is extremely active geologi
cally (it is on the San Andreas fault), so dramatic shifts in
drainages are possible (Wahrshaftig and Birman 1965).

A close examination of the fish fauna supports the hy
pothesis thatboth routes were involved. Hardhead and riffle
sculpin are present in the Russian River drainage, but absent
from the Clear Lake basin. Sacramento perch and Sacra
mento blackfish, once two of the most abundant species in
Clear Lake, were absent from the Russian River until intro
duced, an indication that lack of suitable habitat would not
have kept them from becoming established in more ancient
times. However, the Sacramento perch is no longer present
in the river. The California roach of the Russian River seems
to be most similar to the form in the Clear Lake basin. Al
though Russian River tule perch bear greater morphologi
cal similarity to Clear Lake perch than to Sacramento-San
Joaquin perch (Hopkirk 1973), genetically it is divergent
from both forms (Baltz and Loudenslager 1984). All other
freshwater dispersants in the Russian River are adapted for
stream living and could have entered through either route.
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The North Coast Province includes coastal drainages from
the Golden Gate on San Francisco Bayto the Smith River on
the Oregon border, but excludes the mouth of the lower
Klamath River. It is a collection of coastal streams and rivers
with largely independent zoogeographic histories but with
more faunal similarities than differences (Table 2). The ex
ception is the Russian River, a coastal stream that has "cap
tured" much of the Sacramento-San Joaquin fauna; 9 of 20
native species in the river are otherwise endemic to the
Sacramento-San Joaquin basin. Some other drainages con
tain California roach, Sacramento sucker, or both, indicat
ing past headwater connections to streams of the Central
Valley, but overall anadromous and other saltwater disper
sant fishes dominate the faunas (15 of25 species; 16 ofll if
the Russian River is excluded). There are no endemic species
to define this province, so it is basically a province of con

venience.
The Mad, Eel, and Bear Rivers share one native fresh

water dispersant, the Sacramento sucker. This sucker has
been recognized as a separate species, but there seems little
reason to consider it a distinct taxon (Ward and Fritzsche
1987). It presumably moved from the Eel River to the Mad
River (or vice versa) through their once-common estuary
(Humboldt Bay) and into the Bear River from the Eel River
byway ofheadwater connections. It is curious that only the
sucker managed to invade these drainages, because in recent
years California roach, speckled dace, and Sacramento
pikeminnow have all been successfully introduced into the

Eel River.
The next major drainage southward, the Navarro River,

contains both Sacramento sucker and California roach.
South ofthe Navarro, the Gualala River contains onlyroach.
The taxonomic identity of the two roach populations is un
certain; they have been variously listed as separate species,
as subspecies, and as not being distinct from roach of the
Central Valley. The same is true for roach from the Russian
River and tributaries to Tomales Bay (Walker, Lagunitas,
and Olema Creeks). It is likely, however, that all these pop
ulations have been isolated from one another long enough
to merit recognition as distinct taxa at one level or another.

By far the largest collection of freshwater dispersant
fishes in coastal drainages occurs in the Russian River,
which is inhabited by California roach, hitch, Sacramento
pikeminnow, hardhead, and tule perch. The tule perch is
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Table 4

Presence of Fish Species in Major Watersheds of the Great Basin Aquatic Zoogeographic Region of California

Great Basin

Surprise Eagle Susan Truckee Carson Walker Mono

Watershed name Valley Lake River River River River Owens Amargosa Mojave Lake

Subprovince number 4a 4b 4c 4c 4c 4c 4d 4e 4f 4g

Threadfin shad - - - - - I

Common carp - - Ia Ia I - - I

Goldfish - - - - I

Golden shiner - - I I I - - I

Sacramento blackfish - - Ia Ia - - I

Hitch - - - - - - - I

Tuichub N* N N N N N N* - N*

Arroyo chub - - -

Speckled dace N* N N N N N N* N

Lahontan redside N N N N N

Fathead minnow - - Ia Ia Ia

Mountain sucker - - N* N* N* N*

Tahoe sucker - N N N N N

Owens sucker - - - - - N*

Channel catfish - - - - I - I

White catfish - - - - - - - I

Brown bullhead - I - - - I - I

Black bullhead - - - Ia Ia Ia I - I

Mountain whitefish - - N N N N

Kokanee - - I - I

Rainbow trout N* N* I I I I I

Cutthroat trout I - E N* N* N* I

Brown trout
Brook trout
Owens pupfish
Amargosa pupfish
Salt Creek pupfish

Mosquitofish
Threespine stickleback
White bass
Sacramento perch
Black crappie
White crappie
Green Sunfish
Bluegill
Pumpkinseed

Largemouth bass
Smallmouth bass
Bigscale logperch
Tuleperch
Prickly sculpin
Paiute sculpin
No. native species
No. introduced species
Total species
Species at risk
Extinct species

3

2

5
3

o

N N N N
5 8 8 8 8 4 3 1 0

1 11 15 14 13 14 2 23 6
6 19 23 22 21 18 5 24 6
1 1 1 1 1 4 3 1 0

0 1 0 0 0 0 0 0 0

Notes: The Susan, Truckee, Carson, and Walker Rivers are part of the Lahontan subprovince and are shown here because of differences in alien species. The Mono Lake basin was originally fishless,
so it is placed with the other fishless regions of the Great Basin (4g). Records are only for species known to have reproducing populations. Abbreviations: E, extinct native; I, introduced; N, native;

?, status uncertain (not counted in totals); *, population at risk of extinction.
aNevada only.
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Table 5

Presence of fish species in major watersheds of the Southern California and Colorado River aquatic zoogeographic regions of California

Southern California Colorado River

San San Luis Santa Los Santa Santa Santa San Luis Big Carmel Colorado Salton

Watershed name Diego Rey Margarita Angeles Clara Inez Maria Obispo Morro Sur River River Sea

Subprovince number 5 5 5 5 5 5 5 5 5 5 5 6a 6b

Pacific lamprey E E E E N* N* N* N* N* N N

Pacific brook lamprey - - - E - - - -

Threadfin shad I I I I I ? - - I I I

Common carp I I I I I I ? I - I I I

Goldfish I I I I I I I - - I I

Golden shiner I I - I - 7 T I - - I I

Sacramento blackfish - - - I I

Hitch - I I

Sacramento pikeminnow - - - I - - - - I

Colorado pikeminnow - - - - - - - - - - - E E

Bonytail - - - - - - E E

Arroyo chub I I N* N* I I I

California roach - - - - - N

Speckled dace - - N* - I N*

Red shiner I I I - - - - - - - I I

Fathead minnow I I I
. T T T - - I I

Santa Ana sucker - - N

Razorback sucker
- - - N* E

Owens sucker
Sacramento sucker

Blue catfish I ? - I

Channel catfish I I I I

White catfish I - - I

Yellow bullhead - I I

Brown bullhead I - I

Black bullhead T T T I

Flathead catfish

Rainbow trout N* N* N* N* N* N* N* N* N* N* N*

Brown trout - - - I - - - I

Rainwater killifish I - - I

California killifish N N N N N ? - - N

Desert pupfish - - - - - - - - E N*

Mosquitofish I I I I I I I I I - I I

Sailfin molly I
- - - I

Shortfin molly - I
Porthole livebearer - - - I
Topsmelt 0 0 0 0 0 0 0 0 0 0 0
Inland silverside I I
Threespine stickleback N* N* E N* N N N N N N N
Striped bass - 0 0
White crappie

Black crappie 1 1 1 I I I - I I
Warmouth I I
Green Sunfish I I I I I I I I I I I I
Bluegill I I I I I I I I I - I I I
Pumpkinseed

Redear sunfish
Largemouth bass

Spotted bass

Smallmouth bass I I I I - - I
Redeye bass

Bigscale logperch

Mozambique
mouthbrooder

Redbelly tilapia

Blue tilapia

Nile tilapia

Shiner perch 0 0 0 0 0 0 0 0 0 0 0
Tuleperch I I
Striped mullet 0 - N N N N - 0 N N
Tidewater goby N* E E N* N* N* N* N* N* N
Yellowfin goby I I I
Longjaw mudsucker 0 0 N 0 0 0 0 0 0
Shimofuri goby I I I
Staghorn sculpin N N N N N N N N N 0 0
Prickly sculpin N - N N N N N N N N
Coastrange sculpin - - N N N
Starry flounder - 0 0 0 0 0 0
No. native species 6 5 6 9 6 8 8 6 8 5 5 4 4
No. introduced species 25 15 11 34 24 8 7 8 9 0 13 23 27a

Total speciesa 31 20 17 43 30 16 15 14 17 5 18 27 31
Species at risk 3 2 2 5 2 2 3 3 3 1 1 2 1
Extinct species 1 2 3 3 0 0 0 0 0 0 0 2 3

Notes: Because of overlapping distributions of native fishes, Southern California watersheds are not grouped into subprovinces. Records are only for species known to have reproducing popula-

tions. Abbreviations: E, extinct native; I, introduced; N, native; ?, status uncertain (not counted in totals); 0, occasional marine visitor (not counted in totals); *, population at risk of extinction.
aIncludes three species of marine fish introduced into the Salton Sea.
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South Coast Province

This province is both arid and active geologically, so it has
a somewhat limited fish fauna with a rather long and com
plexhistory (14 species occur in fresh water on a regular ba
sis). It contains about ten large watersheds and many more
smaller coastal drainages from Baja California north to

21COLORADO RIVER PROVINCE

southwestern United States, Mexico, the Caribbean, and the
Gulf and eastern coasts of North America. Fossil Cyprin
odon from Miocene deposits of Death Valley indicate that
pupfish were widely distributed even then, and they devel
oped isolated populations by being carried off on shifting
continental plates or by having coastal populations isolated
or uplifted by tectonic activity (Minckley et al. 1986). Pup
fish, with their small sizes and astonishing physiological tol
erances, survive where few other species of aquatic organ
isms can, making it easy to envision them persisting in re
gions of intense geologic activity and little permanent
water.

I divide the California portion of the Colorado River
Province into two subprovinces: Lower Colorado River and
Salton Sea. The Lower Colorado River Subprovince is basi
cally the river as it flows along the California border for
about 400 km. It was originally a fairly uniform section of
river with no permanent tributaries in California. Therefore
it supported only a few of the endemic riverine fishes: Col
orado pikeminnow, bonytail, razorback sucker, and flannel
mouth sucker. In addition, desert pupfish lived in riparian
marshes and springs, and a few euryhaline marine species,
such as striped mullet and machete, invaded the river from
the Gulf of California.

The Salton Sea Subprovince originally contained only
desert pupfish when Euro-Americans arrived on the scene.
The Salton Sea was created by the inadvertent diversion of
the Colorado River into the dry basin in the early 1900s.
However, archaeological evidence indicates that the sea nat
urally filled on occasion with water from the Colorado
River, bringing fishes with the inflowing water. Over 500
years ago the sea was a freshwater lake (Lake Cahuilla); its
abundant bonytail, razorback sucker, striped mullet, and
machete were an important source of food for the people
living around the lake (Gobalet and Wake 2000). Today it
still contains pupfish in a few places, but otherwise its fishes
are a diverse collection of alien species, many found
nowhere else in California.

The Colorado River drains much of the arid interior of
western North America, about 650,000 km2 • The river itself
is huge and muddy, fed by numerous tributaries with past
histories as independent drainages. Despite the size of the
drainage and river, this ichthyological province contains
only 32 native fishes, 16 of them widespread. Most species
are endemic; the few that are not considered endemic are
probably in need of taxonomic reevaluation. In many re
spects the most remarkable part ofthis fauna is the big river
fishes with curious morphological adaptations that allow
them to thrive in a warm, muddy, fluctuating river. The
large minnows of the genus Gila in particular show a
morphological diversity that reflects a wonderfully com
plex evolutionary history. Sporadic hybridization among
the Gila species has enhanced genetic diversity within
species while increasing genetic similarity among them.
They nevertheless maintain morphological distinctness,
allowing them to occupy diverse niches (Minckley and De
Marais 2000).

The endemic cyprinid and catostomid fishes of the Col
orado River are related to those of both the modern Sacra
mento-San Joaquin and modern Columbia River faunas
(shared genera). The big rivers in the three basins have been
isolated from one another for millions of years, so they
mainly have in common derivatives of a once widely dis
tributed ancestral fauna (Minckley et al. 1986). The desert
pupfish is also a relict of a more ancient fauna, indicated by
the broad distribution of the genus Cyprinodon across the

Pantosteus) are fishes capable of living in small, swift
streams, and both have distribution patterns throughout
the West that suggest dispersal through streams. Therefore,
it is likely that these two species entered the region by way
of stream connections to the ancient Colorado River
drainage.

Colorado River Province

Monterey Bay (Table 5). Uncertainties over the historical
distributions of some native species, distributional overlaps
in others, and the presence of a few widespread species have
made the designation of subprovinces problematic, al
though arguments canbe made for placing watersheds from
the Santa Margarita River south in one subprovince (San
Diego), the Los Angeles basin in another, and all the re
maining watersheds north to the Carmel River in a third.
Only streams of the Los Angeles basin (Santa Ana, San
Gabriel, and Los Angeles Rivers) have an endemic group of
freshwater dispersant fishes (arroyo chub, Santa Ana sucker,
speckled dace), although arroyo chub are apparently also
native to the neighboring Santa Margarita watershed, and
there is a mysterious speckled dace in San Luis Obispo
Creek. Most of the watershed is (or was) dominated by salt
water dispersants. The larger streams are (were) used for
spawning by anadromous rainbow trout, Pacific lamprey,
and possibly threespine stickleback. The trout, lamprey, and
stickleback left isolated populations in the headwaters of a
few streams, creating landlocked forms, most notably the
rainbow trout (0. mykiss nelsoni) of Baja California, Mex
ico; an undescribed (and now extinct) nonpredatory lam
prey of the Los Angeles basin; and unarmored threespine
sticldebacks of the Los Angeles basin. Sticklebacks are pres
ent in ancient fossil deposits in the region, so it is possible
that some unusual populations in this province had inland

origins.
Numerous euryhaline marine species are found in the la-

goons and lower reaches of the streams, but two species are
found only in such habitats: tidewater goby and California
killifish. The goby is endemic to lagoons of the California
coast, north to the Oregon border, but southern California
populations are genetically distinct from the rest. They
seem to disperse mainly when neighboring streams are
connected by low sea level or high-outflow events that cre
ate coastal waters with low surface salinities. The killifish
has presumablybecome distributed along the coastby mov
ing through salt water, but its ultimate origins are inlandbe
cause the genus is widespread in North American fresh and
brackish waters and is common as fossils in what is now the
Great Basin (Mincldey et al. 1986).

The origins of arroyo chub, Santa Ana sucker, speclded
dace, and California killifish in the region have long puzzled
zoogeographers. Their closest relatives are in the Colorado
River drainage (sucker, dace) and in Mexico (chub, killi
fish). Minckley et al. (1986) argue persuasively that the ar
royo chub and California killifish rode into the region on a
shifting continental plate that split from the continent far
ther south and that supports the fishes of the Mexican
plateau. Both are lowland species that were unlikely to have
ancestors capable of moving into the region through con
nections of upland tributaries. Both speclded dace and the
group ofsuckers containing the SantaAna sucker (subgenus
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The Amargosa Subprovince covers Death Valley and the
Amargosa River, which flows into it. DeathValley is the low
est and most arid place in North America, yet it still con
tains fishes, remnants of the fauna that inhabited Pleis
tocene lakes and streams. These fishes are in Amargosa
River, Salt Creek, and numerous springs flowing from fault
lines along the mountains (four species total). The water is
typically warm, often saline, and ancient in origin, perhaps
8,000 to 12,000 years old before it emerges. All the fishes are
small in size and capable of withstanding environmental
extremes. In California, the fauna consists of Salt Creek
pupfish, with two subspecies (one in the creek, one on the
hypersaline marshy floor of Death Valley); Amargosa pup
fish, with three subspecies (one in the Amargosa River, two
in tributary springs); and speclded dace. There are addi
tional subspecies ofthe Amargosa pupfish in Nevada, in the
Ash Meadows spring system, including the Devils Hole
pupfish (Cyprinodon diabolis). The geology of this area is
complex, but its ancient connections are presumably to the
ancestral Colorado River. Fossil pupfish, dating back to the
Miocene, are known from the region, however, so other pos
sibilities exist. Exhaustive and often speculative analyses of
the origin of the fauna in relation to geology are reviewed
in SoltzandNaiman (1978), R. R. Miller (1981), and Minck

ley et al. (1986).
The Mojave Subprovince, which is basically the Mojave

River drainage, contains just one species of native fish,
Mojave tui chub. The nearest relative of the chub is pre
sumably Owens tui chub. It is likely that they are both de
rived from tui chubs that lived in the large, interconnected
Pleistocene lakes that occupied the desert regions of south

ern California.
Great Basin fish less areas are the large regions of desert

and mountain that historically contained no fish and for the
most part still lack fish. The best known such area is the
Mono Lake basin. The fishes that once inhabited the
streams flowing into highly alkaline Mono Lake presumably
were wiped out by vulcanism during the past million years,
up to and including historic times (Hart 1996). Because
the basin has a number ofpermanent streams (which main
tain the lake), it has been subjected to numerous introduc
tions of fish, and at least six species now inhabit the basin.
High-elevation streams elsewhere (e.g., Rock Creek, San
Bernardino County) also contain introduced trout.
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lization. Native fishes that can survive in such waters are of
ten eliminated by predation, exotic diseases, and, perhaps,
competition. Fish assemblages in relatively undisturbed
streams, in contrast, often show a remarkable ability to re
sist invasions by introduced species (Baltz and Moyle 1992).
It is interesting to note that the number of native species in
habiting a watershed has little impact on the ability of alien
species to invade it. Some of the most species-rich water
sheds (e.g., the CentralValley) and some of the least species
rich watersheds (e.g., the Colorado River) are among the
most invaded watersheds.

A local fish assemblage is very dynamic, changing from year
to year or season to season. In relatively undisturbed bodies
of water, these changes can be fairly predictable, provided
there is adequate understanding of the life histories and
ecological tolerances of the fishes. Unfortunately, we rarely
have such an understanding and so are continually sur
prised by "sudden" changes in fish assemblages, especially
when such changes mean that a stream no longer supports
good fishing for a favored species. The first step in develop
ing an understanding of how stream fish assemblages are
structured is to realize that the fauna present in a given
area has passed through a series of selective zoogeographic
and ecological "filters" that progressively reduce the num
ber of species at a locality from the total present in a zoo
geographic province (Smith and Powell 1971).

The broadest filters are zoogeographic (Fig. 3). In the
case of California, the faunas of the different zoogeographic
provinces had their ancestral origins mostly in a widespread
fauna of the early Pliocene, an era when much of the west
ern landscape was less fragmented by high mountain ranges
than it is today and perhaps was drained by one or two large
river systems. As regions became subdivided, the faunas in
each region were filtered to a smaller subset of the original
fauna, a subset created by a combination of adaptation to
local environmental conditions and zoogeographic acci
dents. Thus regions with lakes throughout their history re
tained specialized lacustrine fishes (e.g., suckers of the
genus Chasmistes) as part of the fauna; those without lakes,
even for a short period of geologic time, lostmany of those
elements. Within a region or zoogeographic province, local
barriers serve as selective filters for faunal expansions or in
vasions. For example, falls on the Pit River prevented inva
sion by the lowland Sacramento River fauna (e.g., hitch,
blackfish) into the Big Valley region, where plenty of suit
able habitat for these fishes exists.

On a more local and shorter temporal scale, there are
physiological filters-environmental conditions that pre
vent a species from moving into a reach of stream or into a

nonguarders include all but eight freshwater dispersant
species and all anadromous species except threespine stickle
back. The broadcast spawners include all species of stur
geon, minnows, suckers, and smelt. Only two species (3%)
are livebearers. All sculpins, gobies, and pupfish show
parental care, as do threespine stickleback and Sacramento
perch. With the exception of Sacramento perch, all species
with parental care have small «100 mm SL) body size, and
most live in fairly permanent habitats (coldwater streams,
lagoons, springs). This characteristic suggests that, from an
evolutionary perspective, it pays to invest energy in pro
ducing lots ofyoung when times are good, spawning in en
vironments that are likely to have relatively low densities of
potential predators on the young.

7. Different life history stages of each species tend to
be ecologically segregated. This generality is true of most
Eastern fishes as well, but the segregation seems to be better
developed in Western fishes, among which juvenile fishes
often behave ecologically like species different from the
adults. This characteristic allows juveniles to avoid preda
tion by adults and use resources not available to adults.

8. Most species have physiological or behavioral
mechanisms that allow them to survive or avoid extreme
environmental conditions. In the species accounts in this
book, there are repeated references to the amazing ability of
various species to survive high temperatures, high alkalini
ties, and low oxygen levels-conditions common in the
summer waters of California. Other species, especially
anadromous ones, avoid the extreme conditions by migrat
ing either out to sea or up into consistently cold water in the
mountains.

9. Most species have well-developed dispersal abili
ties. In a region where streams dry up or change course fre
quently, the most successful species are those that can
quickly colonize new habitats. Most native fishes have
tremendous dispersal abilities as both juveniles and adults.
Smith (1982) found that reaches of the Pajaro River that
went dry during a prolonged drought were recolonized by
native minnows and suckers within a few months once
water returned. In the Eel River, Sacramento pikeminnow
colonized most of the suitable habitat in over 400 km of
stream in less than 15 years, from a single introduction into
a headwater region (Brown and Moyle 1993). All the salt
water dispersant species have considerable capability to col
onize coastal streams.

10. The more a stream or lake has been altered by hu
man activity, the more likely it is to be dominated by in
troduced fishes. Over a third of the fish species found in
California's inland waters were introduced into them,
mostly from the eastern United States. Introduced fishes
dominate many bodies ofwater in the state because they are
better adapted than native fishes to warm, impounded, and
often nutrient-rich waters that are the by-product of civi-

relatively easy to distinguish from one another. This charac
teristic reflects distinctive morphologies, related to feeding
habits and habitat preferences, and a high degree of ecolog
ical segregation among the species. In contrast, fish assem
blages in Eastern streams tend to have large numbers of sim
ilar species, particularly among minnows and darters (Per
cidae), although the overall morphological diversity is just as
great or greater because of the large number of species.

3. Local species richness is low. A typical assemblage of
native fishes contains one to seven species, although rich
ness may be higher in large lakes and some rivers. In con
trast, Eastern streams and lakes often have assemblages in

excess of 25 species.
4. In streams with access to the sea, anadromous

fishes are important members of fish assemblages. Four
teen anadromous fishes, with numerous independent runs,
spawn in coastal streams and rivers. They, and their juve
niles, are often among the most abundant stream fishes, and
they can be important sources of energy for stream eco
systems. Other saltwater dispersant fishes-such as mullet,
sculpins, and gobies-are also frequently important.

5. Almost all species spawn in the spring (March,
April, May). Most precipitation in California falls in winter
and spring. Much ofit falls as snow in the Sierra Nevada and
becomes runoff in spring. Most California fishes have re
productive cycles keyed to this seasonal abundance ofwater
and spawn within a three-month period. Most apparent ex
ceptions to the spring-spawning rule are fishes that have ex
tended spawning seasons and can spawn a month earlier or
later if conditions are right. Some runs of anadromous fish
(e.g., fall run chinook salmon) also spawn at different times
to take advantage of special conditions.

6. Most species exhibit little parental care. Most Cal
ifornia fishes (75%) do not guard their embryos or young;
56 percent are broadcast spawners over open substrates and
19 percent bury their embryos and then abandon them. The
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The native freshwater fishes of California have been evolving
in isolation for millions of years. The general environment
to which they have adapted is a harsh one. The climate has
fluctuated tremendously over both long and short periods of
time, from verywet to very dry. The landscape is geologically
unstable, with rapidly rising and eroding mountain ranges,
active volcanoes, and shifting continental plates (a major
cause ofearthquakes). Even on a seasonalbasis, streams fluc
tuate from raging, cold torrents in spring to warm trickles in
autumn. Not surprisingly, the few fishes that have managed
to persist in this environment show adaptations in their
morphology, physiology, behavior, and life history patterns
to deal with environmental extremes (Moyle and Li 1979;
Moyle et al. 1982; Moyle and Herbold 1987). The distinctive
nature ofthe fish fauna, as well as the assemblages (commu
nities or zones) ofwhich they are a part, is shown by the fol
lowing generalities that characterize it. Examples of these
generalities-as well as exceptions to them-will be found
in later sections of this chapter that describe the ecology of
fish assemblages in and around the state.

1. A majority of native fishes have a life history strat
egy characterized by large body size and high fecundity.
About 52 percent of all inland fishes have an adult body size
greater than 20 cm SL with associated high fecundity (egg
production) in females. This pattern is particularly preva
lent among the freshwater dispersant minnows and suckers
(20 of 26 species) and anadromous salmonids and stur
geons (all species). All of these fish have potential life spans
in excess of 5 years (some in excess of 30 years). In terms of
numbers and biomass, in most environments these large
fishes are the dominant species, even during their early life
history stages. In contrast, a majority of fishes in streams of
eastern North America are small and short-lived (Moyle

and Herbold 1987).
2. Local fish faunas are morphologically diverse. Except

for early life history stages, native fishes in each drainage are
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that contained redband rainbow trout. The rainbow trout
assemblage has now been extended, through planting, to in
clude most streams and lakes of the Sierras; only rarely are
species other than salmonids present in these waters. At
lower elevations the presence of this assemblage has occa
sionally been extended downstream into sections normally
inhabited by the pikeminnow-hardhead-sucker assemblage
as the result of poisoning operations followed by planting
ofhatchery trout. These extensions normally last only a few
years, after which the treatment has to be repeated if artifi
cially large trout populations are to be maintained (Moyle
et aI. 1983). Rainbow trout habitat has also been created at
low elevations in cold waters flowing from dams. Often
these waters, because of their low temperatures and swift
currents, naturally exclude native minnows and suckers
without further human intervention.

A further result of human manipulation of the rainbow
trout assemblage has been to increase its complexity
through the introduction of brook trout and brown trout.
Brook, brown, and rainbow trout compete for food and
space but may coexist by living in slightly different places
and by adopting different feeding strategies. When all three
species occur together, brook trout tend to be found in cold,
spring-fed tributaries of the main stream, feeding equally
on surface and bottom foods. Brown trout tend to be found
in pools of main streams, feeding mostly on bottom inver
tebrates and other fish, while rainbow trout are more likely
to be in the riffles, feeding on surface insects and drift. Dif
ferent breeding times and places may also allow the species
to coexist.

California roach assemblage. Streams containing this
assemblage are small, warm tributaries to larger streams
that flow through open foothill woodlands of oak and
foothill pine. In the San Joaquin Valley, these streams are lo
cated in a narrow elevational band in the foothills in much
of the same region that contains the pikeminnow-hard
head-sucker assemblage (Fig. 4). The streams are usually in
termittent during summer, so fish are often confined to
stagnant pools that may exceed 30°C during the day. Dur
ing winter and spring the streams are swift and subject to
flooding. The main permanent native resident is California
roach. Because of their small size and tolerance of low oxy
gen levels and high temperatures, roach survive where most
other fishes cannot. However, predatory green sunfish have
replaced California roach in some areas, such as tributaries
to the upper San Joaquin and Fresno Rivers. During winter
and spring, Sacramento suckers, pikeminnows, and other
native minnows may use these streams for spawning. If the
pools are sufficiently large and deep, their young-of-year
will survive the summer in them.

Pikeminnow-hardhead-sucker assemblage. Most of
the streams inhabited by the fishes of this zone have average
summer flows of >300 liters/sec; deep, rocky pools; and
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some confidence (Fig. 4), but in tributaries to the Sacra
mento River, the overlap among regions with distinct as
semblages (often called zones) is fairly broad (Fig. 5). Usu
ally four fish assemblages can be recognized in Central Val
ley streams: (1) rainbow trout assemblage, (2) California
roach assemblage, (3) pikeminnow-hardhead-sucker as
semblage, and (4) deep-bodied fishes assemblage.

Rainbow trout assemblage. This assemblage is found in
clear streams at high elevations, where stream gradients are
high (usually a total drop of 3.0 m or more for every kilo
meter of stream). The water is swift and permanent, with
more riffles than pools. The water is also cold, seldom ex
ceeding 21°C, and is saturated with oxygen. The bottom
materials are predominantly cobbles, boulders, and bedrock.
The banks are well shaded and frequently undercut; logs
and root wads often extend into the water, creating pools
and other cover. Aquatic plants, submerged or emergent,
are few, except where the streams flow through boggy
alpine meadows. The dominant native fish are rainbow
trout, but sculpin (usually riffle sculpin), Sacramento sucker,
and speclded dace are often part ofthis assemblage, together
or separately. In some streams they may be joined by Cali
fornia roach.

When trout, sucker, dace, and sculpin are found together,
the resulting assemblage shows a high degree of structure
(species segregation in use of food and space). Sculpin and
speckled dace feed by picking invertebrates from the bot
tom, whereas rainbow trout feed primarily on drifting in
sects, both terrestrial and aquatic (Li and Moyle 1976). The
trout also capture larger or more active benthic prey than
the other two species, and they will prey on other fishes if
given the opportunity. The aggressive and predatory behav
ior of large trout presumably regulates the distribution and
abundance of sculpin and dace (unless the trout are regu
larly removed by anglers). Sculpin segregate from dace by
ambushing larger invertebrates among the rocks, whereas
dace browse on smaller forms. Sculpin also typically live and
feed in swifter water than dace, although this is partly be
cause dace are excluded from productive riffle areas by
sculpins (Baltz et aI. 1982). Suckers live by grazing on at
tached algae, detritus, and associated aquatic insects. They
have few direct interactions with other fish species, but
small trout will follow large suckers around, picking up
small insects disturbed by the suckers' feeding. The fact that
small suckers are largely confined to shallow water suggests
they are avoiding predatory trout (Baltz and Moyle 1984).

The rainbow trout assemblage has been extended by hu
mans in streams of the Sierra Nevada. Prior to extensive
trout planting programs in the late 19th and early 20th cen
turies, most streams and lakes in elevations above 1,800 m
were without fish. The only major exceptions to this were
the upper reaches of the Kern River, where golden trout
evolved, and those tributaries to the Pit and McCloud Rivers

distinct, and this circumstance is presumed to be the result
of evolution to minimize energetically expensive competi
tive interactions. How fishes divide available food and space
among coexisting species is therefore often predictable
through the study ofmorphology. The bladelike pharyngeal
teeth of Sacramento pikeminnow, for example, reflect their
piscivorous nature, while the molarlike pharyngeal teeth of
hardhead, a species usually found with pikeminnow, reflect
reliance on hard-shelled invertebrates and algae. Despite the
usefulness of morphology in predicting ecological segrega
tion, dissimilar species may still compete for limited re
sources. Thus riffle sculpin exclude the morphologically
dissimilar speckled dace from riffles as the result of compe
tition for hiding places under rocks (Baltz et aI. 1982).
Where sculpins are absent, dace are abundant in riffles.
Clearly, understanding how a fish assemblage is structured
requires taking very little for granted-even obvious mor
phological differences among species.

The previous chapter on distribution dealt largely with
the zoogeographic filters through which each regional as
semblage has passed. This chapter therefore deals largely
with the physiological, ecological, and behavioral filters that
structure assemblages. The sections that follow are brief de
scriptions of selected fish assemblages, the interactions
among species making up the assemblages, and relation
ships of the species to their local environments. They rep
resent only a small fraction ofthe assemblages present in the
state and were chosen because they contain many, if not
most, of the species in each zoogeographic province, and
also because I was familiar enough with them to describe
them with some confidence. The descriptions are generali
ties, like the statements in the introduction to this section.
Anyone who has spent time studying anyone of the assem
blages will realize that each assemblage rarely conforms pre
cisely to the picture presented here. Assemblages vary in
species composition from year to year and from place to
place. Furthermore, the behavior of each species is flexible,
in relation both to other species and to the environment.

Sacramento-San Joaquin Province

Central Valley Streams

Streams of the Central Valley have headwaters, historically
without fish, in mountainous areas. They plunge downward
through steep canyons and deep pools in the foothills be
fore flowing into sluggish rivers or lakes on the valley floor.
The distinct habitats found in mountains, foothills, andval
ley floor contain distinct assemblages of fish that can have
wide or narrow zones of overlap, depending on the gradi
ent of the stream and other environmental conditions. In
streams of the San Joaquin Valley, distributional overlap
among assemblages is narrow enough to be mapped with
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NATURAL COMMUNITY

OBSERVED COMMUNITY

lake because the species lacks the physiological capabilityto
survive under those conditions. The result of these filters is
division of local faunas into warmwater and coldwater fish
assemblages. Rainbow trout are physiologically incapable of
living in warm waters preferred by Sacramento blackfish,
just as blackfish are physiologically incapable of persisting
in the cold, swift streams favored by trout. A yet finer filter
is behavioral-the interactions among species that affect lo
cal distribution patterns. Avian predators, for example, may
exclude small fish from some shallow streams; competition
from Sacramento suckers may prevent Modoc suckers from
using lowland streams to which they would seem well
adapted. A final filter, often unrecognized, is the human
(anthropogenic) filter-human activities that change the
nature oflocal environments or bring in new species.

In short, every local fauna is a product of both ancient
and recent events and continues to change. Fishes that have
been living together for eons are usually morphologically

zoogeographic barriers
(thousands of years)

:--... bi~i;gi;~i i~t~;~;ii;_,;; .-..-:
: (hundreds of years) :
L .. .. .. .I

Pleistocene events
(millions of years)

natural disturbance
, (tens of years) ,L .. .... .1

POTENTIAL FISH FAUNA

Figure 3. Each local fish fauna is the result of the screening of a
regional fish fauna through a series of filters (dotted boxes) that
act on different time scales. Most modern fish assemblages have
been altered to a greater or lesser degree by human activity, even
assemblages in apparently pristine environments.

r -.- ,

: human disturbance :

r ~~--- --- ---- -----_ .. --- .. a_a'

physiological factors :
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deep, rock-bottomed pools. Where they are found, however,
they are abundant. Other native fishes that may live here are
tule perch, speckled dace, California roach, riffle sculpin,
and rainbow trout. Introduced species (especially small
mouth bass and green sunfish) may colonize this zone, but
they generally become abundant only if dams stabilize the
flow regime, because native fishes are better adapted for liv
ing through periods ofextreme high flow and extended cool
flows. Presumably native fishes find instream refuges from
high-velocity water or move to stream edges to avoid being
flushed downstream.

In the San Joaquin drainage this assemblage can be
sharply separated from assemblages above and below it,
largely because most streams occupied by the assemblage
become warm or intermittent (or both) in summer. In more
permanent streams of the Sacramento Valley, however,
species replacement is not as common as species addition.

SACRAMENTO-SAN JOAQUIN PROVINCE
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assemblage
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DISTRIBUTION
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wide, shallow riffles (Moyle and Nichols 1973; Brown and
Moyle 1993). Water quality is usually high (high clarity, low
conductivity, high dissolved oxygen, summer temperatures
19-22°C), with complex habitat created by stream mean
ders and riparian vegetation (Brown 2000; Marchetti and
Moyle 2000a,b). Some streams, however, may become in
termittent in summer, or at least have such reduced flows
that fish are confined to pools. Summer water temperatures
in such streams may exceed 25°C and may track air tem
peratures closely. In Sierra Nevada foothill streams of the
San Joaquin drainage, the pikeminnow-hardhead-sucker
assemblage occupies a narrow altitude range, from 27 to 450
m above sea level (Fig. 4). The range is much wider in
streams of the Sacramento Valley foothills (Fig. 5).

Sacramento pikeminnows and Sacramento suckers are
usually the most abundant fishes of this assemblage. Hard
head are largely confined to cooler waters in reaches with

Figure 5. Distribution of fishes in Deer Creek, Tehama County, the largest tributary to the Sacramento River without a major dam in
its upper reaches. The different fish assemblages are regions of overlap of the distributions of different sets ofnative species. Note that
introduced species are present in abundance in only two highly disturbed areas: Deer Creek Meadows in the upper reaches, and the
lowermost reaches, where water has been diverted for irrigation.
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Figure 4. Fish assemblages of the San Joaquin River drainage. The lower re~ches of the Mer~ed: Tuol~mne, and .Stan~slaus Rivers are
included in the deep-bodied fishes assemblage because in-channel gravel pIts and othe:' artifiCIal h~bItats contam ah~n fishes, Ho:v
ever these reaches are regulated by releases from reservoirs to enhance salmon spawmng and reanng, so they contam many natIve
stre~m fishes as well, in a zonelike progression downstream from the dam. After Moyle and Nichols (1974).
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supporting dense riparian forests and a wide variety ofwet
lands, filled with water in response to winter rains and
spring snowmelt. In most years, inundation occurred be
tween February and April, sometimes extending well into
summer in wet years. The flooded areas were presumably
immensely productive of small invertebrates with rapid life
cycles, such as chironomid midges and water fleas (Clado
cera) (as are now found on the limited areas still available
for flooding). Not surprisingly, the native fishes were
adapted for using the flooded areas. Small salmon moving
downstream would tarry until the waters started to recede,
growing rapidly and protected from predation by the dense
vegetation. Juveniles of stream-spawning cyprinids and
suckers also moved in and out of the floodplain to feed and
grow. Adult splittail, Sacramento blackfish, and perhaps
thicktail chub moved onto flooded areas to spawn, their em
bryos sticking to the vegetation, hatching in time to take ad
vantage of the abundance of small prey.

Perhaps the most productive year-round habitats for
adult deep-bodied fishes historically occurred in Kern,
Buena Vista, and Tulare Lakes of the San Joaquin Valley
floor. These were huge, shallow, interconnected lakes that
filled each year with snowmelt waters from the Kern, Tule,
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Figure 7. Conceptual model of the feeding habits of the principal species in a foothill stream in the Sacramento-San Joaquin water
shed.
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disturbed sections of stream that are without introduced
fishes or heavy fishing pressure. The actual relationships
among the species vary from place to place with the relative
abundance of each species.

Deep-bodied fishes assemblage. Before the Sacramento
and San Joaquin Rivers were reduced in flow and confined
between levees, a unique assemblage of fishes occupied the
warm waterways of the valley floor, including sluggish river
channels, oxbow and floodplain lakes, swamps, and sloughs.
The fishes of this assemblage were found in a variety of
habitat types ranging from stagnant backwaters and shal
low tule beds to deep pools and long stretches of slow
moving river. Deep-bodied fishes (Sacramento perch, thick
tail chub, tule perch) and juvenile fishes predominated in
the weedy backwaters while specialized adult cyprinids
(hitch, blackfish, splittail) occupied the large stretches of
open water. Large pikeminnows and suckers also lived here
in abundance, migrating upstream to spawn in tributaries
in spring. Anadromous salmon, steelhead, and sturgeon
passed through the zone on their way upstream to spawn.

A key habitat contributing to the abundance of the na
tive fishes was the floodplains along the Sacramento and
San Joaquin Rivers and their larger tributaries. These areas,

pikeminnows are hunters of large invertebrates, especially
crayfish and small fish, including sculpins, juvenile
cyprinids, and suckers. They feed most intensively around
dawn and dusk, when prey have a hard time seeing them
coming, and cruise about large pools during the day, cap
turing occasional prey with a sudden rush. They will also
feed on moonlit nights.

Hardhead poke about the bottom for aquatic insect lar
vae, occasionally rising to the surface to take drifting insects.
The feeding habits oflarge (~20 em TL) adult hardhead are
similar to those of smaller fish, but they are more omnivo
rous, often browsing on filamentous algae and large hard
shelled invertebrates, especially crayfish. Like pikeminnows,
they spend a great deal of time cruising about deep pools,
but they are usually closer to the bottom.

Rainbow trout, when present, are most abundant in the
riffles, where they take advantage of large rocks that break
the flow. Usually a favorable spot behind a rock will be de
fended as a feeding territory by one trout against others of
its kind (and probably against other species as well). The
trout feed primarily on drifting insects, but they also pick
up a few bottom invertebrates and small fish. In pools trout
are found mostly in turbulent inflowing waters where they
have first chance at insects that float in. Like trout, sculpins
and speckled dace are found mostly in riffles and behave as
they do in the rainbow trout assemblage, although sculpins
tend to be absent from lower elevations and may be re
placed in warmwater riffles by dace. Another bottom
oriented fish found in this assemblage at times is tule perch;
individuals hang out under deep cover in pools but often
forage in faster water.

This description of resource subdivision by the fishes
is obviously an idealized picture of interactions in un-

pool
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Figure 6. Cross section of a pool containing the pikeminnow-hardhead-sucker assemblage in the Sacramento-San Joaquin drainage.

Thus rainbow trout live in much of the zone in the larger
and colder streams. Many anadromous fishes (mainly chi
nook salmon, steelhead rainbow trout, and Pacific lamprey)
have (or had) major spawning grounds in the zone, and
their young are often part of the assemblage. Juvenile fall
run chinook salmon, however, usually move downstream
within a. few months after hatching to avoid high summer
temperatures, but young spring-run chinook and steelhead
may spend ayear or more in the cooler upper reaches of this
zone. Pacific lamprey spend the entire five to seven years of
the ammocoete (larval) stage of their life cycle in muddy
backwaters, migrating downstream only when they meta
morphose into the predaceous adult stage.

Species in the assemblage show a high degree of segrega
tion in their use of space and food (Figs. 6 and 7). Large
Sacramento suckers stay on the bottom in deep pools feed
ing on algae, detritus, and associated small invertebrates.
They may move into shallower or swifter water to feed at
night. Juvenile suckers and cyprinids remain throughout
the day and night in shallow water of stream edges, the
smallest fish in the shallowestwater. The distribution ofsmall
fishes is a careful balancing act between avoidance ofpreda
tory pikeminnow in deep water and avoidance of predatory
herons and kingfishers in shallow water. Fish less than 3 em
long are too small for most vertebrate predators to eat, but
fish between 3 and 15 em are perfect prey for both large fish
and predatory birds. They thus tend to congregate in water
of intermediate depth (50-90 em) close to deep cover.

Small pikeminnow feed mainly on aquatic insects from
both the bottom (benthos) and the surface and water col
umn (drift). Small schools ofjuvenile pikeminnow are com
monly seen swimming close to the edges of pools and runs,
foraging on anything small that falls into the water. Large
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(3) pikeminnow-hardhead-sucker assemblage, (4) intro
duced warmwater fishes assemblage, and (5) rough sculpin
marbled sculpin assemblage (Fig. 8).

The rainbow trout assemblage is basically the same as
the various combinations of one to three species that make
up this assemblage in the Central Valley. It occupies cold
high-elevation tributaries, and rainbow (or redband) trout
are the most abundant species. The trout are often joined by
Pit sculpin and Sacramento sucker.

The Pit sculpin-dace-sucker assemblage occupies
the small, numerous second- and third-order streams in
the drainage; it is similar to the one described as part of the
rainbow trout assemblage in Central Valley streams, where
four species are present. However, in Pit streams, trout are
usually a minor part ofthe assemblage (perhaps a recent de
velopment caused by removal of riparian vegetation by
grazing livestock). The streams have summer temperatures
of 20-25°C, moderate gradients, and numerous pools.
They may become intermittent in dry years. The most
abundant fishes are speckled dace in pools and Pit sculpin
in riffles, but they are usually joined by Sacramento suckers
and rainbow' or brown trout. Sometimes the local assem
blage also contains California roach and juvenile Sacra
mento pikeminnow.In a few small, isolated streams, Modoc
suckers are present rather than Sacramento suckers. These
streams are also characterized by unusually high densities of
speckled dace.

The pikeminnow-hardhead-sucker assemblage is vir
tually the same as that found in the Central Valley. This as
semblage is characteristic ofthe canyon sections ofthe main
Pit River and the lower reaches of its larger tributaries. In
most areas, it is characterized by rainbow trout, Pit sculpin,
and speckled dace as well as the distinguishing species. This
assemblage once occupied the Big Valley reaches of the Pit
River as well, but there it has been replaced by an intro
duced warmwater fishes assemblage. which consists of
largemouth bass, golden shiner, bluegill, green sunfish,
brown bullhead, channel catfish, and Sacramento sucker. It
is similar in composition to the present-day deep-bodied
fish assemblage of the Central Valley.

The rough sculpin-marbled sculpin assemblage is the
most distinctive fish assemblage of this region. It occurs in
spring-fed streams that are cold, deep, and clear and that are
extraordinarily constant in their characteristics, reminiscent
of lacustrine habitats. The largest examples of these streams
are Fall River and lower Hat Creek. Other species character
istic of this assemblage are tui chub, rainbow trout, and
Sacramento sucker. Species such as pikeminnow, hardhead,
and Pit sculpin are remarkably rare. Pit sculpin are appar
ently excluded from the rivers because of their inability to
avoid predators on pale, sandy stream bottoms, while rough
and marbled sculpins not only avoid predation but segregate
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Streams of Pit River Subprovince

The Pit River has a fish fauna similar to that of the Central
Valley, but some species are lacking while other species are
endemic to the watershed. There are five definable assem
blages, mostly variations on the Central Valley theme,
but with one that is an original composition: (1) rainbow
trout assemblage, (2) Pit sculpin-dace-sucker assemblage,

Kaweah, and Kings Rivers. During the wettest years, they
would be united as one giant lake, but even during mod
erately wet years, Tulare Lake would cover roughly 80,000
ha (120 X 40 km) (Haslam 1989). In years of extreme
drought, the lakes may have dried up completely or nearly
so. Most of the time, however, they supported immense
populations of fish, providing a steady source of food for
the native peoples and huge flocks of piscivorous birds.
Archaeological and anecdotal evidence indicates that
Sacramento perch, thicktail chub, Sacramento blackfish,
Sacramento pike-minnow, and Sacramento sucker were
the most abundant fishes in the lake (Ellis 1922; Gobalet
and Fenenga 1993). The pikeminnows, suckers, and black
fish apparently migrated up the inflowing streams to
spawn in spring and were harvested there by the Yokut
people and by early Euro-American settlers. Despite the
presence of commercial fisheries for turtles, frogs, and fish,
the lakes were diked and drained for agriculture in the late
19th century (Haslam 1989). The fish were confined to
ditches and sloughs and then largely replaced by alien
species, such as white catfish and common carp. The lakes
reappear in exceptionally wet years when floods rush down
the old river channels again, and they are quickly colonized
by fish, mostly alien species.

The other habitats once occupied by this assemblage
have also changed drastically. Most of the water flows
through human-modified channels, and the once vast tule
beds have been reduced to remnants. The native fishes have
consequently either been extirpated or else reduced to a mi
nor part of the fauna, living mostly in the least disturbed
sloughs. The dominant fishes today are all alien species:
largemouth bass, white and black crappie, bluegill, thread
fin shad, striped bass, bigscale logperch, red shiner, inland
silverside, white catfish, black and brown bullhead, and
common carp. Other alien fishes are present in lesser num
bers. The alien fishes feed on alien invertebrates, such as
Corbicula clams and crayfish, and live among alien plants as
well. The fish~s still form distinct assemblages associated
with different sets of habitat conditions (Brown 2000) but
the assemblages cannot be regarded as stable entities be
cause the waters they occupy are continually changing in
quality and quantity and the assemblages shift as other alien
species become established.
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San Francisco Estuary
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Fig.ure 9. San Francisco Estuary.ynder present management, the Delta (shaded) is essentially maintained as a freshwater ecosystem,
SUIsun Bay and Marsh as a brackish water ecosystem, and San Francisco Bay as a marine system. Yolo Bypass becomes part of the Delta
when it floods during wet years, and it then becomes a major spawning and rearing area for fish. Amajor factor affecting the way fresh
water moves through the estuary is pumping in the south Delta to send water down the California Aqueduct and the Delta Mendota
Canal.

Today's Delta still consists of islands surrounded by lev
eed channels. The islands are intensively farmed and the
channels are dredged. The levees surrounding each island
are artificially maintained to keep out floodwaters, a task
made increasingly difficult because most Delta islands are
now below sea level. In places, it is possible to stand on the
deck of a high boat and peer over a levee to see farmland
several meters below water level. The islands are "sinking"
because agricultural practices over the past century have al
lowed the peaty soil to oxidize, turning organic matter into
carbon dioxide and contributing to the "greenhouse effect"
that is leading to global warming. Every year a few centi
meters of soil vaporize or blow away as dust, and every year
island surfaces become lower. The probability of island
flooding has been reduced somewhat by numerous up
stream dams that store much of the runoff (except during
really wetyears). The dams release their captured water dur
ing summer, so flows through the Delta are higher than they
would have been historically. Much of this water does not
flow in a normal downstream pattern through the Delta but
instead flows across the Delta thanks to the insatiable thirst
of the huge pumps of the State Water Project and the fed
eral Central Valley Project in the south Delta. This peculiar
flow pattern makes the Delta a freshwater environment all
year round in most years. At times it also results in the lower
San Joaquin River actually having a net flow backwards, to
ward the pumps, for many days. As if change in flow pat
terns were not enough, there are also hundreds of un
screened irrigation diversions within the Delta, constant
addition of pollutants (especially agricultural chemicals),
and continual invasions of alien species. Overall, the Delta
and the rest of the estuary have become a suboptimal envi
ronment for most native fishes, as well as an environment
that is likely to keep changing dramatically if diversions,
pollution, and invasions are not better regulated (Herbold
et al. 1992; Bennett and Moyle 1996).

Delta fishes are virtually the same as those in Suisun Bay,
although the bay is more likely to contain euryhaline ma
rine species and the early life history stages of estuarine
dependent species such as striped bass, delta smelt, and
longfin smelt. The importance of Suisun Bay as a rearing
area for the fishes is related to its salinity, which in turn is
tied to freshwater outflow. The annual success of a number
of species is tied to the amount of low-salinity water in Su
isun Bay, as measured by the position of the 2-ppt bottom
salinity isohaline (Jassby et al. 1996); the further "down
stream" the isohaline, the more likely the young of Delta
fishes will be to have high survival rates. Unfortunately, the
value ofSuisun Bay as a nursery area has been compromised
by invasions of alien copepods, amphipods, shrimp, crabs,
and clams, which now dominate both the benthos and the
plankton. In particular, the overbite clam, Potamocorbula
amurensis, has become so abundant in Suisun Bay in recent
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The San Francisco Estuary (Sacramento-San Joaquin Estu
ary) is the largest estuary in California; it has a unique and
complicated physical structure, which influences how it is
used by fish. It consists of three distinct segments: the Delta,
Suisun Bay, and San Francisco Bay (Fig. 9). The Delta is the
uppermost part of the estuary, the footprint of what was
once a vast, varied wetland, dissected by meandering chan
nels ofthe unitedwaters ofthe Sacramento and San Joaquin
Rivers. The Delta narrows between two headlands before
connecting with Suisun Bay, a large, shallow, and highly
productive expanse of brackish water, strongly influenced
by tides. The bay and its associated marshes (mainly Suisun
Marsh on its north side) have been major nursery areas for
fishes living in the estuary. Suisun Bay is connected to San
Pablo Bay, as the upper portion of San Francisco Bay is
called, through a long, narrow channel, Carquiniz Straits.
San Francisco Bay is basically a marine environment, al
though salinities can be appreciably diluted by fresh water
during high-outflow years, allowing freshwater fishes to
move into tributary streams.

When river flows were high in spring, the historical Delta
was a morass of flooded islands and marshes. In late sum
mer, when river flows were low, the islands and marshes,
protected by natural levees deposited by floods, were often
surrounded by saline water pushed upstream by tides. The
Delta merged imperceptibly with freshwater marshes that
once covered the valley floor; its fishes were a mixture of
fresh-and saltwater species. Besides native freshwater fishes
such as thicktail chub, hitch, blaclcfish, and pikeminnows, it
contained fishes that live nowhere else in the system (delta
smelt), anadromous fishes that spent part of their life cycle
there (white sturgeon, chinook salmon, longfin smelt,
Pacific lamprey), marine fishes that spent juvenile stages
there (staghorn sculpin, starry flounder), and freshwater
fishes that could tolerate salinities of 15-20 ppt or higher
(Sacramento perch, tule perch, splittail, prickly sculpin).
Most fishes fed on abundant crustaceans, especially opos
sum shrimp (Neomysis mercedis), amphipods (Corophium
spp.), and cyclopoid copepods. Because some native fishes
are extinct and all others are reduced in numbers, and be
cause the Delta oftoday bears only a superficial resemblance
to the Delta ofyesteryear, we have only limited understand
ing ofhow native fishes interacted with each other and their
environment. We know only that they were enormously
abundant, and so were important as food to native peoples
and supported the commercial fisheries ofthe 19th century.

from each other in microhabitat use and diet (Daniels 1987;
Brown 1991). Streams with this assemblage also contain a
number of endemic invertebrates, including the endangered
Shasta crayfish (Pascifasticus fortis).
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Clear Lake

used by either natives or other exotics, mainly nonnative
barnacles and hydroids (Matern 1999).

Three bottom-feeding omnivores in the system are
common carp, adult splittail, and Sacramento sucker. Their
diets contain a large amount of detritus of uncertain food
value, as well as a variety of small benthic invertebrates.

Among the more abundant piscivores in the Delta are
striped bass, white catfish, channel catfish, and largemouth
bass. This group preys on smaller resident and migratory
fishes, such as juvenile salmon and steelhead. They presum
ably replaced a suite of native piscivores including Sacra
mento perch, thicktail chub, Sacramento pikeminnow, and
steelhead.

In some respects, the limited feeding and habitat segre
gation among the fishes, native and nonnative, reflects their
ability to adapt to the presence of other fishes. Indeed, most
native and alien fish populations show some concordance
in their fluctuations in response to long-term environmen
talvariation (Meng and Moyle 1995). Persistent, predictable
assemblages of fishes are lacking, however, and there is
little evidence of strong interactions among most species.
Even striped bass, the top predator in the system (with the
exception ofhumans) , feeds largely on its own young under
most circumstances. Historically, juvenile striped bass and
many other fishes fed mainly on abundant opossum
shrimp. When opossum shrimp declined, juvenile bass and
other alien species switched to a more generalized diet
(Feyrer 1999). In contrast, native fishes switched to alterna
tive prey species, suggesting greater specialization. Never
theless, the natives still seemed to suffer greater declines in
abundance than the aliens.

Clear Lake is now the largest natural freshwater lake com
pletelywithin California's borders. It is perched in the coast
range at an elevation of 402 m, with a surface area of about
17,670 ha, an average depth of6.5 m, and a maximum depth
of 18 m. Sediment deposits show the lake to have been
highly productive for thousands of years, the result of its
warm (summer temperatures of 20-25°C), shallow waters,
well mixed by summer winds. Heavy summer blooms of al
gae were no doubt present even before the arrival of civi
lization, making the lake belie its modern name. Although
the name Clear Lake may have reflected wishful thinking on
the part of early real estate salesmen, it is likely that histor
ically the algae blooms were not as severe or as persistent as
they are today. Native peoples who lived by the lake knew
better and called it Konocti (woman mountain) after the
dormant volcano that sits along one shore. They appreci
ated the lake's green productivity and harvested the abun
dant fishes and birds.

The original native fish fauna consisted of ten resident
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years that it has converted the system from one in which
most energy flows through plankton to one in which it flows
through the benthos (and is tied up in the large biomass of
clams). As a result there is less zooplankton available for fish
or mysid shrimp, probably resulting in decreased growth
and survival of a number of species.

Not surprisingly, the fish fauna of the Delta and Suisun
Bay is today in a general state of decline. Even if the Delta en
vironment was more conducive to fish life, it is unlikely that
fish assemblage structure and composition would remain
predictable through time. The present fauna is a conglomer
ation of40 or so freshwater, estuarine, and euryhaline marine
species, about half of them introduced. The introduced
species tend to be the most abundant fishes. Native fishes
are an increasingly minor part of the fauna, although the es
tuary is the principal or only habitat for delta smelt, longfin
smelt, and Sacramento splittail. Species segregation is not
well developed, given the changing nature of both environ
ment and fauna, and groups of co-occurring species are at
best temporary alliances. However, well-established species
do differ somewhat in salinity preferences, feeding habits,
distribution patterns, and seasonal movements. Because eco
logical differences among species in the upper estuary are
poorly defined, it is easiest to describe the fishes in terms of
loose feeding guilds: planktivores, small benthic predators,
bottom-feeding omnivores, and piscivores.

There are currently six principal planktivores in the
Delta, besides larval fishes. Delta smelt and threadfin shad
feed in open water on copepods in freshwater regions
whereas longfin smelt feed in open water on copepods and
opossum shrimp in brackish areas. Delta smelt tend to live
in main channels (or Suisun Bay); threadfin shad tend to
concentrate in the warmer backwaters in the upper Delta.
The ecology and feeding habits of juvenile striped bass are
similar to those oflongfin smelt, but they eventually switch
to feeding on other fish (Fig. 10). American shad are also
plankton feeders, but they only enter the upper estuary on
a seasonal basis, whereas hitch and inland silversides con
sume plankton in shallow sloughs or along the edges of
channels. Silversides may move offshore to feed at times and
compete directlywith smelt and other pelagic species. They
also prey on eggs and larvae of other fish.

Small benthic predators include native prickly sculpin,
tule perch, starry flounder, juvenile white sturgeon, juvenile
splittail, and staghorn sculpin, as well as introduced yel
lowfin goby, shimofuri goby, bigscale logperch, and juvenile
catfishes. Important prey for this group are amphipods (es
pecially Corophium species) and opossum shrimp. The na
tive and introduced fishes have the potential to be in direct
competition if any of their benthic prey becomes limiting,
because their habitat requirements and feeding habits over
lap widely. The invading shimofuri goby may owe its aston
ishing success in part to its exploitation of food sources not
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Figure 10. Food web involving striped bass in the Sacramento-San Joaquin estuary. Although adult ~ass will eat virtually an~ fish in
the estuary, their principal prey is juvenile striped bass, which in turn depend heavily on opossum shnmp and ~ther plankt.omc crus
taceans. The opossum shrimp is a predator on small zooplankton, which in turn feed largely on algae, bactena, and detntus. From

Kegley et al. (1999).
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basses; smallmouth bass tend to be dominant at the upper
end, largemouth bass in more lacustrine areas, and spotted
bass in intermediate habitats.

Epilimnetic habitat occupies the well-lighted, well
oxygenated surface waters away from shore and above the
thermocline. The fish fauna here is perhaps the most vari
able from reservoir to reservoir. Because its primary means
of supporting fishes is the zooplankton to which it is home,
it contains three main types of fish: (1) plankton-feeding
larvae of littoral fishes, especially bluegill and other cen
trarchids; (2) plankton-feeding adult fishes; and (3) fishes
that prey on the plankton feeders. The population biology
of planktonic larval fishes in reservoirs is poorly under
stood, but it is likely that plankton-feeding fishes, notably
threadfin shad, reduce their numbers through predation
or through the reduction of zooplankton populations.
Threadfin shad are the typical plankton-feeding residents of
this habitat despite the fact that they were not introduced
into the Central Valley until 1959. Other zooplankton graz
ers that may occupy this zone, mostly in reservoirs that lack
threadfin shad, are hitch, tui chub, wakasagi, and American
shad. Striped bass are the chiefepilimnetic predator in some
reservoirs, although their inability to spawn in most means
that they must be introduced on a regular basis. Fish from
other zones also prey on epilimnetic fish, especially those
that venture close to shore.

Hypolimnetic habitat occupies the cold (>20°C) water
below the thermocline in reservoirs deep enough to stratify
during summer months. The main inhabitants are rainbow
trout, which often enter the epilimnion in the evening or at
night to feed on whatever forage fish are most abundant.
Kokanee salmon are also commonly present, but they stay
in the cold depths in the summer months, feeding on zoo
plankton.

Deepwater benthic habitat is on the bottom, below the
thermocline and usually below the limits of light penetra
tion. It is the one zone in which native fishes, especially
pricldy sculpin and Sacramento sucker, may predominate.
White and channel catfish also may live in this zone, but
they usually move into littoral areas to feed at night.

Power supply reservoirs are uncommon compared with
water supply reservoirs because they are dedicated solely to
providing a constant flow ofwater for running electric gen
erators. Examples include the chain of five reservoirs on the
lower Pit River (Britton is the largest) and Kerckoff and
Redinger Reservoirs on the San Joaquin River. These reser
voirs typically are not drawn down during summer but are
maintained at a fairly constant level, although this level may
fluctuate by 1-3 m on a daily or weekly basis. Short-term
fluctuations in water level inhibit the development of an as
semblage of introduced littoral fishes because there is lim
ited habitat for nesting or cover for juveniles. Because ofthe
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Water supply reservoirs have many purposes but mainly
supply water for irrigation and urban uses. They are filled
during winter and spring and drained during summer. The
size of the minimum pool left at the end of each year is de
termined by the balance between water supply and demand.
These reservoirs support mainly introduced fishes, al
though Sacramento sucker usually manage to remain abun
dant in them. In many cases, native hardhead and pike
minnowwere extremely abundant in these reservoirs for the
first ten years or so after filling. These fish colonized from
the dammed streams and developed large populations be
cause of the initial scarcity of introduced predators and
competitors. As populations of introduced fishes, especially
centrarchid basses, grew, hardhead and pikeminnow popu
lations showed little recruitment and eventually died out,
even though they remained abundant in streams feeding
the reservoirs. In a few reservoirs, hitch or tui chubs, often
introduced as forage for game fish, have remained abun
dant. The exact species composition of each reservoir varies
with the history of the introductions, but some nonnative
species are now almost universal in occurrence: bluegill,
green sunfish, largemouth bass, spotted bass, smallmouth
bass, common carp, golden shiner, threadfin shad, black
crappie, brown bullhead, white catfish, channel catfish,
western mosquitofish, and rainbow trout (hatchery strains).
It is possible to divide typical midelevation reservoirs into
four broad habitats, each with a more or less distinct sum
mer fish assemblage: (1) littoral, (2) epilimnetic, (3) hy
polimnetic, and (4) deepwater benthic. These assemblages
are not stable entities but change in response to reservoir
drawdowns, which can affect reproductive success or force
species from their normal habitats.

Littoral habitat occurs along the edges, down to the
depth of light penetration or to the upper limits of the
thermocline, whichever comes first. It is the habitat most se
verely affected by fluctuating water level, because it may be
alternately flooded or exposed within relatively short peri
ods of time. Despite the fluctuations, large numbers of fish
are found here. Bluegill, largemouth bass, and golden shin
ers (or occasionally tui chubs, hitch, or inland silversides)
live close to the surface near shore. Mosquitofish stay in the
flooded grass in very shallow areas. Brown bullheads, white
catfish, channel catfish, and carp stay near the bottom. Black
crappie cluster around submerged boulders and logs dur
ing the day, moving out into open water to feed on plank
ton and fish in the evening. Reproduction is a problem for
most fishes, because a sudden drop in water level may ex
pose a nest of embryos, and a sudden rise can submerge it
to unfavorable depths. The types of fishes occupying this
habitat may change in an upstream direction, because most
reservoirs become more riverine near their main inflowing
river. This is particularly noticeable among centrarchid

---------~---------

Central Valley Reservoirs

Ever since Europeans settled in California, the rivers of its
great Central Valley have been a source ofboth admiration
and frustration. They were admired for their abundant
flows and potential for making the rich soils of the valley
floor yield crops, but their fluctuations from raging spring
floods to quiet summer tricldes made the success of
farming endeavors frustratingly unpredictable. The set
tlers' response was to build dams and store the water in
reservoirs. Construction of dams, always a major activity
in the Central Valley, gained momentum with the advent
of major dam building by the federal Central Valley
Project starting in the 1940s and the State Water Project in
the 1960s. Reservoirs are now one of the major fish habi
tats in California, although one of the least studied from a
community or ecosystem perspective. The nature of each
reservoir and its fish fauna is determined by its elevation,
size, location, and water quality. In general, reservoirs are
less productive per unit surface area than are lakes, be
cause their deep, steep-sloped basins and fluctuating
water levels greatly limit habitat diversity and productiv
ity. Although the agencies that build reservoirs may call
them lakes (e.g., Lake Shasta), such names are deceptive
and raise expectations that the reservoirs will be as pro
ductive of fish as are natural lakes. Because reservoirs are
decidedly not lakes, in this volume they are labeled truth
fully (e.g., Shasta Reservoir).

California reservoirs vary from clear, oligotrophic, cold
water impoundments at high elevations to turbid, eu
trophic, warmwater impoundments at low elevations. Most
lie at middle elevations in the foothills. These reservoirs of
ten support warmwater fishes in surface and edge waters
and salmonids in deeper, cooler water. Salmonid popula
tions can be lost, however, during periods of drought, when
reservoir levels are low. In some warm reservoirs they are
maintained mainly by planting trout or salmon to create a
winter fishery. The midelevation reservoirs are of two main
types, with different fish communities: water supply reser
voirs and power supply reservoirs.

ample, the inland silverside, introduced in 1967, quickly be
came the most abundant fish in the lake. In shallow water it
largely replaced bluegill as the dominant fish, just as bluegill
apparently replaced the small minnows once so abundant
there. The most recent introduction (1985) has been a
pelagic planktivore, threadfin shad (Anderson et al. 1986),
which has become enormously abundant, causing major
changes to the ecosystem and possibly threatening the per
sistence of Clear Lake hitch (Colwell et al. 1997). The shad
died off in a cold winter but reestablished and at times is
even more abundant than the silverside.
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species, distributed among three broad habitat types: (1)
shallow-water habitat, from the shore down to the limits of
rooted aquatic plant growth, probably seldom deeper than
4 m; (2) offshore benthic habitat, consisting of the bottom
below the limits of aquatic plant growth; and (3) open wa
ter habitat, the water column away from shore, from surface
to bottom. Native fishes living in the three habitats were ba
sically lake-adapted variants of species that originally made
up the deep-bodied fishes assemblage in the Central Valley.
They probably formed distinct assemblages, unlike the
modern, more amorphous conglomeration of species.

The shallow water assemblage was dominated numer
ically by large numbers of young-of-year cyprinids: hitch,
Sacramento blackfish, thicktail chub, and Clear Lake split
tail. These "greenback minnows" and "silversides" greatly
impressed early visitors with their large, flashing shoals.
Presumably these fish fed on small planktonic organisms or
invertebrates associated with the large beds of tules and
other aquatic plants. Not surprisingly, three other fish
species living here were piscivores: Sacramento perch,
thicktail chub, and Sacramento pikeminnow.Young-of-year
tule perch were also common, picking small invertebrates
from aquatic plants and the bottom. Threespine stickle
backs may have been abundant among the plants and in the
tule beds, as were the larvae and small juveniles of species
lil<:e hitch and splittail.

The offshore benthic assemblage, consisted mainly of
pricldy sculpin (an invertebrate predator), Sacramento
sucker (a grazer on algae, detritus, and invertebrates), and
tule perch (a benthos picker). These fishes presumably sub
sisted on huge populations of midge larvae that once occu
pied the bottom. They were preyed upon by Sacramento

perch.
The open water assemblage was made up of schools of

juvenile and adult hitch, splittail, blackfish, and Sacramento
perch. The hitch, splittail, and perch fed on zooplankton
and emerging midges, whereas blackfish fed almost exclu
sively on phytoplankton. All were pursued by large pil<:e
minnows and thicktail chub.

Besides these year-round residents, early records indi
cate that anadromous steelhead rainbow trout and Pacific
lamprey entered through the lake's outlet, Cache Creek, and
then spawned in tributaries. Such migrations were haltedby
the construction of Rumsey Dam in 1914.

Today native assemblages of fish in each habitat have
been largely replaced by poorly defined assemblages of in
troduced species. At least 16 introduced fishes are now es
tablished in the lake, and only 4 of the native species still
maintain large populations: hitch, blackfish, tule perch, and
prickly sculpin. Although each introduced species has
definite habitat and food preferences, both the lake habitat
and composition of the fish fauna are still changing. For ex-
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rapid turnover of the water, these reservoirs may also have
lower summer temperatures than water supply reservoirs at
the same elevations. In many respects, they are like giant
stream pools, and, as a consequence, they may favor native
stream fishes (Vondracek et al. 1988b). The most abundant
fishes are hardhead, Sacramento pikeminnow, and Sacra
mento suckers, all of which spawn in inflowing streams.
Their young are abundant in littoral areas of the reservoirs,
often cruising about in large schools and preyed upon by
adult pikeminnows. In Britton Reservoir, tule perch are
abundant as well, with adults feeding mainly on benthos
and young-of-year on zooplankton; rough sculpin and
marbled sculpin live on the reservoir bottom, also feeding

on benthic insects.

North Coast Streams

North of San Francisco Bay there are dozens of streams that
flow directly into the ocean without entering a major river
system. These streams are highly variable in physical char
acteristics, ranging from warm, intermittent streams to
permanent, cold-flowing streams. Because they drain low
mountain ranges that do not develop snow packs, North
Coast streams have flow patterns that reflect rainfall. They
may be raging torrents in winter and spring (in response to
rainstorms) but quiet trickles in the summer. Most also have
high gradients and flow rapidly to the sea, although a few
larger streams meander across floodplains in their lower
reaches. All North Coast streams were drastically altered by
the mammoth rainstorms of 1955 and 1964, which caused
massive erosion of heavily logged, steep slopes all along the
coast, burying streambeds and estuaries with gravel and de
bris. Many deep, narrow, meandering channels were con
verted overnight to wide, shallow, braided channels, with
little habitat for pool-dwelling fishes such as juvenile coho

salmon.
Despite variation in temperature regime, flow, and lo

cality, North Coast streams are similar in the composition
of their fish faunas, which consist largely of anadromous
species and euryhaline freshwater and marine species. The
major exception is the Russian River, which contains most
of the freshwater dispersant species found in Central Valley
streams. However, other streams also contain freshwater
dispersants (California roach, Sacramento sucker, or both)
that have entered coastal drainages through former con
nections with interior systems. Usually three intergrading
fish assemblages may be recognized: (1) resident trout, (2)
anadromous fishes, and (3) estuarine fishes.

The resident trout assemblage occupies the uppermost
reaches of larger watersheds. Typically, it occurs above nat
ural barriers that halt upstream migration of anadromous
fishes or in streams accessible only to steelhead. The water
is cold, swift, and well oxygenated; rocky riffles are the pre-

dominant habitat type. Rainbow trout are the most com
mon fish, although cutthroat trout occur in a few streams
from the Eel River northward. Usually no other species are
present. Smaller streams that contain only juvenile steel
head or coastal cutthroat trout (or both species) are similar.

The anadromous fishes assemblage exists as far up
stream as fishes can migrate and downstream to reaches in
fluenced by tidal action. Although the water in stream
reaches occupied by this assemblage is also cold and fast
flowing, pools become increasingly large and frequent as
the streams approach the sea. Between pools there a!e long
stretches of shallow riffles over rock, gravel, or sand, used
for spawning by coho salmon (and chinook salmon in
larger streams, such as the Eel and Mattole Rivers), rainbow
trout (steelhead), and Pacific lampreys. Young coho salmon
and trout usually spend a year or two in streams before mi
grating to sea, but ammocoetes of lampreys live in silty
backwaters and stream edges for at least four to five years.
This assemblage may also contain nonmigratory threespine
sticldeback, as well as prickly and coastrange sculpin. The
sculpins are most abundant close to the stream mouths be
cause both have larval stages that live in estuaries or large,
quiet pools. Large prickly sculpins, however, are often found
many kilometers upstream, although in low numbers.

The only native freshwater dispersant species likely to be
part ofthis assemblage are California roach and Sacramento
sucker. They are found in creeks tributary to Tomales Bay,
Gualala River (roach only), Navarro River, Eel River (sucker
only), Bear River (sucker only), and Mad River (sucker only).
California roach, however, have been introduced into the Eel
River, as have pikeminnow and speckled dace (Brown and

Moyle 1996).
At present, ecological interactions among species in the

anadromous fishes assemblage appear minimal, presum
ably because environmental fluctuations (especially the cy
cle of floods and droughts) may keep the populations of
most fishes from reaching numbers at which food and space
are limiting. There is some broad segregation byhabitat. Ju
venile steelhead and coho are found mainly in the smaller,
colder streams, whereas coho are usually most abundant in
pools and steelhead in the riffles. These species segregate in
part as a result of aggressive interactions and in part by size.
In larger reaches of the Eel River, California roach, three
spine stickleback, Sacramento sucker, and juvenile steelhead
showed wide overlaps in diet and use of space until
pikeminnows invaded. These predators now keep smaller
fishes out of much of the pool habitat they previously used,
limiting them to pool edges and riffles. As a result, a greater
degree of spatial segregation (less overlap in microhabitat
use) has developed among the four species (Brown and
Moyle 1991). The pikeminnows also appear to be depress
ing chinook salmon populations through predation on out

migrating young.

Prickly and coastrange sculpin are two similar species
with similar life history strategies (amphidromy). In most
streams they seem to show little ecological segregation and
occupy the same riffles in about equal numbers. In the
Smith River, however, they segregate by both depth and
velocity, with prickly sculpins concentrating in deep, slow
pools and coastrange sculpin concentrating in shallow, swift
riffles (White and Harvey 1999).

The estuarint: fishes assemblage occupies reaches of
streams influenced daily by tides. The fishes consequently
experience reversing currents, fluctuating temperatures,
and salinity gradients on a daily basis. In some streams, such
as the Navarro River, the zone with the assemblage may be
4-5 km long, but more often than not it is less than 1 km in
length, usually ending at the first rocky riffle. The middle
sections are generally slow moving and shallow, but they oc
casionally have depths of 2-3 m. At the lower ends there are
almost invariably lagoons behind wind-and-wave-piled
sand bars. Often wave action will seal the lagoons in sum
mer, separating them from the sea. The bottoms are mostly
sand or mixed sand and silt.

Species most common here (although not necessarily
all in one stream) are threespine stickleback, pricldy
sculpin, coastrange sculpin, staghorn sculpin, topsmelt, starry
flounder, and tidewater goby. Marine species are frequently
present as well in the lowermost reaches. The sticklebacks
are usually migratory forms that spend much of their life
in the estuary or ocean migrating into fresh water to spawn.

In each stream, species tend to segregate according to
salinity tolerances, as illustrated by fishes found in this
zone of the Navarro River in August 1973. Starry flounder,
the sculpins, and threespine stickleback were common
throughout, from completely fresh water to the mouth.
Sacramento suckers disappeared before the salinity reached
1 ppt, although the largest concentration of adults ob
served was just above the reach of salt water. California
roach dropped out at about 3 ppt, where shiner perch and
topsmelt started to become common. At 9-10 ppt, bay
pipefish suddenly appeared, living in beds of filamentous
algae. Staghorn sculpins were also first found here. Closer
to the ocean, at salinities of 23-28 ppt, staghorn sculpin,
shiner perch, and bay pipefish were abundant, and two
marine species, penpoint gunnel and saddleback gunnel,
made their appearances. Although no attempt was made
to sample the lagoon just above the mouth, later sampling
indicated that it contained more marine and euryhaline
fishes, together with young salmonids. In the spring,
the brackish parts are used for spawning by marine fishes
such as Pacific herring. Although the fish species found in
the Navarro River may not be typical of those in every
coastal stream, a downstream change in species is typical
of every stream with lower reaches long enough to possess
a salinity gradient. Lagoons are also frequently important

rearing areas for juvenile steelhead, cutthroat trout, and
coho salmon.

Klamath Province

Lower Klamath River

The lower Klamath drainage consists of the Klamath River
below Klamath Falls, the Trinity River, and more than 200
smaller tributary streams. The system is, on the basis of its
physical characteristics and fish fauna, essentially a large
coastal stream. Although second in size in California only to
the Sacramento River, it lacks the warm, lowland habitat
that fostered evolution of the more complex fauna of the
Sacramento-San Joaquin system. Instead, it contains cold,
fast-flowing, rocky-bottomed streams throughout most of
the watershed. In addition, the river's geologic history has
made colonization by freshwater dispersant fishes difficult.
Thus the fish fauna is dominated by anadromous and am
phidromous fishes: Pacific lamprey, threespine stickleback,
green sturgeon, American shad (introduced), eulachon,
chinook salmon, coho salmon, steelhead rainbow trout,
coastal cutthroat trout, coastrange sculpin, and prickly
sculpin. As indicated for North Coast streams, salmonids in
the lower Klamath system presumably segregate by various
means, feeding on aquatic and terrestrial invertebrates in
different microhabitats. They spend anywhere from a few
months to two years in the streams before moving out to
sea. The roles of other anadromous fish are less well under
stood. Eulachon larvae are rather quickly washed into the
estuary, whereas young green sturgeon and American shad
may spend ayear or more in the deep pools ofthe main river
before going to sea.

In addition to anadromous fishes, there are abundant
species that spend all or most of their life cycle in fresh wa
ter: nonanadromous rainbow and cutthroat trout, marbled
sculpin, brown trout (introduced), speckled dace, and Kla
math smallscale sucker. The assemblages are as described
for coastal streams: (1) a resident trout assemblage in the
upper reaches of tributaries, (2) a mixed anadromous
fish-resident fish assemblage in the main river and most
tributaries, and (3) an estuarine fishes assemblage in the
lower 5-6 km of river. A fairly typical combination of
species making up the assemblage in tributary streams is ju
venile steelhead, suckers, dace, and both species of sculpin,
although marbled sculpin replace the coastal species up
stream. The four to five species segregate much as species do
in the rainbow trout assemblage of Central Valley streams.
Juveniles of other anadromous species may join on a sea
sonal basis, with actual numbers varying considerably from
year to year, depending on the number of adult spawners in
the previous year. The carcasses of spawned-out adult
salmon and lampreys are an important source of energy for
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more in open water than adult brown trout, and they feed
on drifting terrestrial and aquatic insects.

The structure of this assemblage may have made it per
sistent through time and resilient in the face of natural dis
asters. However, addition of brown trout to the system
seems to have made more than one "steady state" possible.
In the original assemblage all species spawned in spring, as
water levels rose from melting snow. As a consequence,
their nuritbers probably increased and decreased in syn
chrony; if a year or series of years had poor conditions for
spawning or survival of early life history stages, all would
suffer. Replacement of spring-spawning cutthroat trout by
rainbow trout probably did not alter the assemblage much
because rainbows also spawn in spring. However, brown
trout (which were introduced after rainbow trout were es
tablished) spawn in late fall. If their embryos survive the
scouring of winter floods (Erman et al. 1988), juveniles
will emerge from the gravel sooner than those of spring-
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meroptera) and stoneflies (Plecoptera). Speckled dace are
found, often in large numbers, in the slower water of shal
low riffles and runs, where they feed on the bottom on lar
val dipterans and early instars of mayflies and caddisflies
(Tricoptera). Joining dace in these habitats are juvenile
suckers, which hug the bottom in small schools, feeding on
crustaceans and small insects. Larger suckers live in deeper
water, especially on the bottoms of pools, feeding on algae,
detritus, and small insect larvae. Lahontan redsides also fi=··
vor pools and· concentrate in swift water at the upstream
ends of pools, where they eat drifting insect larvae and
winged adult insects. Juvenile redsides are found in slower,
shallower water at pool edges or in runs. Brown trout and
rainbow trout juveniles live in all habitats except deeper
pools occupied by predatory adult brown trout. Juveniles of
the two trout species use essentially the same microhabitats
and food (drifting insects) and so probably compete for
space and food. In contrast, adult rainbow trout tend to live

/---.

Fig ure 11. Three-dimensional diagram, generated byprincipal components analysis, of spatial niches of fishes ofMartis Creek, Placer
and Nevada Counties. Each globe represents the spatial niche of each species or life history stage as defined by three habitat axes (fac
tors). Factor 1 represents position in the water column, with the top (2) being the surface and the bottom (-2) being the stream bot
tom. Factor 2 represents water column velocity, where 2 is high-velocity habitat and -2 is low-velocity habitat. Factor 3 represents sub
strate, where 2 is rocks and boulders (coarse substrate) and-2 is silt and sand (fine substrate). The dark plane in the middle represents
median conditions for factor 1, so fish above the plane will be at least halfway up the water column while fish below it will be close to
or on the bottom. Thus Paiute sculpin (SCP) may be seen to live on the bottom in high-velocity areas among rocks and boulders. Ab
breviations: A, adult; J, juvenile; BT, brown trout; RS, Lahontan redside; RT, rainbow trout; SCP, Paiute sculpin; SD, speclded dace; TS,
Tahoe sucker. From Moyle and Vondracek (1985).

SURFACE

Great Basin Province

Streams of the drainage of ancient Lake Lahontan rush
down the steep eastern slopes of the Sierra Nevada, slowing
occasionally to meander through alpine meadows. Eventu
ally they empty into large lakes or desert sinks. The turbu
lent flows ensure that stream water temperatures remain
low enough to support trout even at low elevations, and the
low temperatures have limited the success of introduced
warmwater fishes. In streams, the native fish assemblages
are largely intact, although native cutthroat trout have been
largely replaced by rainbow, brown, and brook trout. The
ecology of the native fishes is fairly well understood, prima
rily because of intensive studies of two small streams: Sage
hen Creek (Seegrist and Gard 1972; Erman 1973, 1986;
Gard and Flittner 1974; Decker 1989) and Martis Creek
(Moyle and Vondracek 1985; Strange et al. 1992).

Fish assemblages are hard to define because, as streams
increase in size and habitat diversity, native fish species are
added but seldom removed. In addition, the single native
trout, Lahontan cutthroat trout, has been replaced by three
nonnative species. Headwaters usually contain only trout,
most commonly brook trout that are replaced by rainbow
and brown trout at lower elevations. Usually the first species
other than trout to appear in a downstream direction is
Paiute sculpin.As gradients decrease and pools and runs be
come more common, Tahoe sucker and speckled dace join
in, followed by Lahontan redside in deeper pools. In larger
streams, the assemblage is filled out by mountain sucker,
mountain whitefish, and tui chub.

The native fishes of Lahontan streams are morphologi
cally diverse, and this characteristic presumably reduces
competition for food and space among species and results
in a well-defined assemblage structure (Fig. 11). In Martis
Creek, SCUlpin are primarily found in swift riffles, where
fast, shallow water seems to exclude other fish except trout.
They consume aquatic insects, especially mayflies (Ephe-

Lahontan Streams

similar to riffle habitat. In recent years, introduced species
have become more important than natives in the lakes and
reservoirs: wakasagi, yellow perch, and pumpkinseed in
Copco and Iron Gate Reservoirs, and Sacramento perch
in Clear Lake Reservoir and the Lost River. Fathead min
nows especially have experienced a population explosion
in the lowland lakes in recent years, so the ecosystem may
be undergoing further dramatic changes. The key to restor
ing the health of the lakes and streams of the upper Kla
math basin is restoration of conditions that favor native
fishes, especially improving stream flows, reducing nutri
ent input from the watershed, and restoring marshlands

and riparian areas.
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the food webs of these tributary streams, so the number of
spawning fish may also indirectly affect the abundance of
resident species, as well as the food available to their own
young. In short, for biological reasons alone, the fish as
semblages of Klamath tributaries are highly dynamic.

Construction of reservoirs on the main river and gravel
pits along its side have permitted invasion of warmwater
fish assemblages in recent years-a combination of intro
duced species (e.g., yellow perch, fathead minnow, pump
kinseed sunfish, largemouth bass, and brown bullhead), na
tive species washed downstream from the upper Klamath
River, and the original resident fishes.

Upper Klamath River

The upper Klamath drainage has fish assemblages that are
very different from those of the lower Klamath drainage.
The fauna is dominated by freshwater dispersant fishes
rather than anadromous fishes. This makeup is due in part
to the geologically recent connection between the two sys
tems and in part to large, shallow lakes of the upper Kla
math basin (Upper and Lower Klamath Lakes and Tule
Lake), which have no counterparts in the lower Klamath
River. Historically, chinook salmon and steelhead entered
this region, spawning in tributaries to the large lakes in Ore
gon. They can now reach only the base of Iron Gate Dam in
California. The dams that created Copco and Iron Gate
Reservoirs have, however, extended downstream the habitat
suitable for upper Klamath fishes.

Four species of upper Klamath fishes are primarily lake
dwellers: Klamath Lake sculpin (Cottus princeps), slender
sculpin (c. tenuis), shortnose sucker, and Lost River sucker.
The two sculpins are not yet recorded in California but can
be expected from Klamath River reservoirs. The two suck
ers spawned in large numbers in the Lost and Klamath
Rivers, but the young were quickly washed into the lakes,
presumably to assume the planktonic and benthic feeding
habits of the adults. Native fishes that are found in streams
as well as lakes include a complex ofnonmigratorylampreys
related to the Pacific lamprey, rainbow trout, Klamath
largescale sucker, blue chub, Klamath tui chub, speckled
dace, and marbled sculpin. The lampreys include both non
predatory brook lampreys and predatory forms adapted for
living in large lakes and rivers and preying on large suckers
and minnows. The Klamath largescale sucker is the typical
bottom-feeding sucker ofthe system. Blue and tui chubs are
(or were) the most abundant fishes in Klamath and Tule
Lakes. Just how the two rather similar species segregate eco
logically is not clear, because both are opportunistic omni
vores. Blue chubs, however, will ascend farther up small
tributary streams than tui chubs. Speckled dace and mar
bled sculpin are primarily stream dwellers but will also live
in rocky-bottomed shallows of lakes, where conditions are
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pulex) and copepods (Epischum and Cyclops). From the ev
idence available, however, it appears that the two species oc
cupy slightly different habitats. Tui chubs seldom venture
far from shore and appear to make regular, diurnal, vertical
migrations, possibly following diurnal migrations of zoo-

Fig ure 12. Habitat zones and feeding relationships of Lake Tahoe fishes before (top) and after (bottom) the introduction of the
plankton-feeding opossum shrimp, Mysis relicta. The major food categories are benthic organisms, flying insects, zooplankton, and
fish. There are two forms oftui chub in the lake, bottom-feeding obesus and zooplankton-feedingpectiniJer. The food data are modi
fied from Miller (1951) and other sources.

------1.5 meters~-----

feeders (kokanee salmon and pectinifer tui chub) and one
predator (rainbow trout) that live in open waters. The rela
tionship between introduced kokanee and native chub
needs to be explored in detail because they are both pelagic
planktivores, especially on cladocerans (mostly Daphnia

-----1.5 meters-----

about in large schools. They feed equally on bottom, sur
face, and midwater invertebrates and are perhaps the most
numerous fish in the lake. Paiute sculpin live under rocks
during the day but come out to forage at night on larger
benthic invertebrates, especially midge and caddisfly larvae.
Tahoe suckers are present mostly as juveniles «10 cm TL).
They are also most active at night, browsing on detritus, al
gae, and small invertebrates. They are the one species that
seems to feed on a regular basis in more exposed sandy-bot
tomed areas, as well as in rocky areas. Rainbow trout and
brown trout are the main piscivores, moving in to forage in
the evening. They capture mostly suckers and redsides, the
two species most likely to be out in the open. Dace and
sculpin form only a very small part of their diet.

Besides these permanent inhabitants of shallow water,
young-of-year ofmost other fishes can be found here at one
time or another. Large aggregations ofyoung-of-year fishes
are especially likely to be found along marshy shores, where
the emergent plants provide a measure of protection.

The deepwater benthic assemblage has two distinct
types of habitat: thin beds of aquatic plants and plant-free
areas. The aquatic plants-mostly Cham, filamentous al
gae, and aquatic mosses-grow on lower-gradient slopes
down to depths of about 150 m. Most plants are present at
depths of between 67 and 116 m, with the largest concen
trations at 100-116 m (Frantz and Cordone 1967). The
plant-free habitat is in water deeper than 150 m, on steep
sloped areas at intermediate depths, and on sandy bottoms

at depths ofless than 33 m.
Fishes that make up this association are lake trout, Paiute

sculpin, the obesa form of the tui chub, large Tahoe sucker,
and mountain whitefish. Lake trout mostly cruise about
near the bottom, foraging among aquatic plants as well as in
plant-free areas. Their usual prey are other deepwater fishes,
in the following order of importance: Tahoe sucker, Paiute
sculpin, tui chub, and mountain whitefish (although opos
sum shrimp have become a major component of their diet
since the introduction). Suckers are probably the most com
mon fish taken, because they are large and almost continu
ously active, grazing the bottom in schools on algae, detri
tus, and invertebrates, Sculpins are abundant wherever they
can capture detritus-feeding invertebrates (snails, am
phipods, chironomid larvae) and each other. Some obesa tui
chubs move into this association during the day, returning
to shallower water «15 m) at night. Their food is predom
inately snails, which live in large numbers on the aquatic
plants, although various bottom-dwelling invertebrates are
also common in their diet. Mountain whitefish are also
probably found in association with beds of aquatic plants,
and they seldom venture into deep, plant-free areas. Feeding
is mostly during the day, on snails, dragonfly larvae, and
other plant-dwelling or bottom-living invertebrates.

The midwater assemblage consists of two plankton
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Lake Tahoe

Lake Tahoe is one of the largest high-mountain lakes in the
world (surface area, 304 km2 ), remarkably deep (maximum
depth, 501 m; mean depth, 313 m) and clear (the bottom
formerly could be seen at a depth of 20-30 m). It is 36.4 km
long and 20.9 km wide, and it lies at an altitude of 1,899 m
above sea level. The total area of its watershed, including the
surface of the lake, is only 830 km2. It drains through the
Truckee River into Pyramid Lake, Nevada.

The native fishes are the same as those that occur in La
hontan streams, except that a plankton-feeding form (pec
tinifer) of tui chub is present, as well as a benthic-feeding
form (obesa), and the stream-adapted mountain sucker is
absent. Major changes in the fish community wrought by
humans so far have been complete replacement of Lahon
tan cutthroat trout with alien lake trout, rainbow trout, and
brown trout and addition ofkokanee salmon. Introduction
of opossum shrimp (Mysis relicta) also caused profound
changes in the ecosystem, which affected fish populations
(Fig. 12). Despite similarities between the fish fauna of Lake
Tahoe and Lahontan streams, the ecological relationships
among species in the lake are somewhat different from
those in the streams. This fact was first revealed by R. G.
Miller (1951), who recognized three distinct fish assem
blages: (1) shallow water, (2) deepwater benthic, and (3)

midwater (Fig. 12).
The shallow water assemblage lives mostly in water less

than 10 m deep in rocky-bottomed areas. It is composed of
six species: speckled dace, Lahontan redside, Paiute sculpin,
Tahoe sucker, rainbow trout, and brown trout. Dace live
among rocks, swimming about in loose aggregations. They
feed on invertebrates, such as small snails and blackfly lar
vae, that live on the surface of the rocks. They tend to hide
during the day, becoming active at night. In contrast to dace,
redsides are diurnal and surface oriented, and they swim

spawning trout. As a result, they have a competitive advan
tage over other juvenile trout because they are larger and
have established territories. More important, theywill be rel
atively immune from the factors causing poor reproductive
success in spring spawners. Thus when other species have
depressed populations, brown trout mayflourish (Strange et
al. 1992). Furthermore, brown trout predation on other
fishes may keep populations of native fishes from rebound
ing even when favorable conditions for spawning return.
The native fish assemblage can resume its dominance only if
brown trout reproduction fails for several winters in succes
sion or if heavy fishing significantly reduces the numbers of
adults. In Martis Creek, the ascension of brown trout re
sulted in the near elimination of speckled dace and Lahon
tan redside from the stream and a great reduction in the pop
ulations of other species (Strange et al. 1992; Strange 1995).
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sea was created in the summer of 1905 when, during a flood,
the entire Colorado River started flowing through and en
larging the Alamo Channel, a canal dug to bring irrigation
water to the Imperial Valley. The river continued to empty
into the sink until February 1907, when its flow was finally
diverted back into its former channel through a massive
earth-moving effort. The level of the sea is maintained
through inflow of agricultural wastewater from the Imper"
ial and Coachella Valleys. Accumulation of nutrients from
100 years of agricultural drainage has made the sea ex
tremely eutrophic, with high levels of nitrogen and phos
phorus (Gonzalez et a1. 1998).

In addition to nutrients, the water being drained into the
sea has a high salt content. Rapid evaporation rates result in
steadily increasing salinity, although wet years or increased
irrigation runoff may temporarily cause itto decrease or sta
bilize. The change in water chemistry through time is re
flected in changes in the sea's fish fauna. In 1915, the fishes
were the same freshwater species found in the Colorado
River. At present, they are mainly saltwater species intro
duced from the Gulf of California, plus tilapia species that
can tolerate high salinities (Table·7). Given that salinity is
currently increasing at a rate of 0.5 ppt/year, the marine
species are likely to die out in the near future, initially as the
result of salinities too high for survival of eggs and larvae
(45-50 ppt). Ultimately, tilapia and perhaps sailfin mollies
will become the principal species and will remain abundant
in the sea until about the mid-2000s, assuming they are not
fipt wiped out by pollution-related events. Once tilapia and
mollies disappear, the sea will become a high-salinity system
without fish. Numerous nonnative fishes-including sub
tropical species such as porthole livebearers, mollies, and
tilapia-will continue to exist, however, in low-salinity
drains and streams that flow into the sea and show shifting
segregation from one another by habitat and temperature
preferences (Schoenherr 1979). Native pupfishes are likely to
continue to exist only in special, intensely managed refuges.

The three main sport fishes in the Salton Sea-bairdiella
or Gulf croaker (Bairdiella icistia), orangemouth corvina
(Cynoscion xanthulus), and sargo (Anisotremus davidsoni)
-were introduced between 1949 and 1956 from the Gulf of
California. They will not be treated in this book beyond the
brief discussion here because they are marine fish with no
tolerance oflowsalinities and because their long-term per
sistence in the Salton Sea is unlikely. Brocksen and Cole
(1972) demonstrated that embryos and larvae of these
fishes do not survive well at salinities greater than 40 ppt.
Stephens (1990) has shown that they cannot spawn at salin
ities greater than 45 ppt. At present, these fishes still support
a fishery, but its maintenance until the sea becomes too salty
even for adults will require a hatchery program.

At the same time the three saltwater sport fishes were in
troduced' two other marine introductions were also suc-

portion ofthe river was an ecologically uniform, deep, slug
gish channel with fluctuating flows and no large tributaries.
The bottom was presumably shifting sand, supporting few
benthic organisms. In the main channel were bottom
feeding razorback sucker and pelagic bonytail, both species
with bizarre body shapes adapted for moving about in
strong currents. The unusual morphology of these fishes
may have allowed them to feed in places where food was
most abundant, such as on logs and rocks swept clean offine
material by swift currents or in the water column (Stanford
and Ward 1986). Preying on these two species, as well as on
their own young, were giant Colorado pikeminnow. Desert
pupfish mayhave been found in the shallow backwaters and
marshes on the river's edge, along with juveniles of the na
tive riverine species. The only other fishes present were rare
stragglers from upstream-such as woundfin (Plagopterus
argentissimus), speckled dace, and flannelmouth sucker
and euryhaline wanderers from the Gulf of California
such as striped mullet and machete.

Today these native fishes are extinct or rare in the Cali
fornia portion of the river. The river and reservoirs contain
instead a conglomeration of at least 44 introduced species.
About 20 of these species are common, including common
carp, red shiner, threadfin shad, several catfishes, large
mouth bass, smallmouth bass, striped bass, bluegill, green
sunfish, warmouth, black crappie, mosquitofish, and tilapia
of mixed origins. Obviously this is an unstable, artificial as
semblage of fishes that will keep changing as long as hu
mans keep changing the nature of the river and introducing
new species into it. However, Minckley (1982) found that
the complex of species used most of the food resources
available and showed some segregation by diet. Ohmart et
a1. (1988) indicated that there was also considerable segre
gation by habitat, with a distinct group of species found in
the main channel and another in backwaters. Within these
habitats there is further segregation by depth, water veloc
ity, and substrate. Nevertheless, overlaps among species in
both diet and habitat are more the rule than the exception.

The Salton Sea is the largest inland body of water within
California, with a surface area of about 980 km2

• It fills the
bottom of the Salton Sink in the Imperial Valley at an ele
vation of 71 m below sea level. The sea is shallow (maxi
mum depth, 15 mj mean depth, 10m), warm (summer tem
peratures, 26-33°C), and saline (1999 salinity, 44 ppt). Al
though overflows from the Colorado River have filled the
sink many times in the past, the bodies of water so created
have eventually dried up, given an evaporation rate of about
1.8 m/year. The most recent natural predecessor, Lake
Cahuilla, supported Native American fisheries before it
dried up about 500 years ago (Gobalet 1992). The present

Salton Sea

Tahoe
sucker

Speckled
dace

Tui
chub

Rainbow Lahontan
trout redside

Source: P. B. Moyle (unpublished data).

Colorado Province

deep water with the trout is the Tahoe sucker, which is sel
dom preyed upon by the trout, apparentlyas a consequence
of its bottom-dwelling habits. It feeds largely on benthic in

vertebrates.
At the present time, Eagle Lake trout populations are en

tirely maintained by hatchery plantings. Spawning fish are
trapped as they run up Pine Creek, the lake's only perma
nent tributary. This operation is necessary because flows of
the creek have been greatly reduced by a long history of
poor land management, making it difficult for adult trout
to ascend to good spawning areas and for juveniles to make
it back down again. Major restoration work is now under
way. In any case, key spawning and rearingareas now con
tain a large population of introduced_brook trout. Tahoe
sucker and Lahontan redside also spawn in Pine Creek, but
they do not have to ascend so far; they may also be capable
of spawning in the lake itself, like tui chubs.

Table 6

Diets (Percent Volume) of Adult Eagle Lake Fishes, July 1986

. Colorado River

The short section of the Colorado River that borders Cali
fornia bears little resemblance to the great river of a hun
dred years ago. Flows have been reduced and confined be
hind dams, forming large impoundments, such as Havasu
Reservoir. The formerly heavy silt load is reduced, the reser
voirs acting as settling basins, but in its place are salts, fer
tilizers, ~nd other products of irrigated agriculture. Not sur
prisingly, the fish fauna has changed drastically, more so
than in any other river system in California.

The original fauna was simple because the California

Number of fish 121 104 104 32 48

Plankton
Daphnia 9 60 3 17 3

Leptodora 23 0 0 0 1

Hyalella 34 12 12 17 47

Benthos
Ephemeroptera 7 0 0 0 2

Helobdella 6 0 0 0 0

Trichoptera 1 22 1 60 22

Other 15 1 0 6 12

Fishes 5 0 0 0 0

Algae 0 5 2 0 6

Detritus 0 0 82 0 7
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Eagle Lake

Eagle Lake is the only large natural lake in California, be
sides Lake Tahoe, that contains Lahontan fishes, and it may
be the only large lake that contains solely native species. The
second largest freshwater lake completely within California
(8,900 ha), Eagle Lake is alkaline (pH 8.4-9.6) and mostly
less than 5 m deep, although it has a maximum depth of
23 m. It is fairly productive, supporting large beds ofaquatic
plants in shallow water. The surface waters usually reach
21°C in the summer, and the lake surface often freezes in
winter. Strong winds prevent development of a permanent,
well-defined thermocline in summer, but the deep water
nevertheless normally remains less than 21°C.

Only five species of fish live in the lake: Eagle Lake rain
bow trout, tui chub, Tahoe sucker, Lahontan redside, and
speckled dace. The redside and dace inhabit the waters close
to the shore, especially where there is cover (rocks, tule
beds). Dace feed mainly on small benthic invertebrates;
mainlyamphipods (Hyalella azteca) and chironomid lar
vae, whereas redsides concentrate on zooplankton (Table
6). Large shoals of young-of-year tui chubs are also found
here beginning in mid-July, and they also feed on zoo
plankton. Large tui chubs live in open waters, feeding
mainly on benthic invertebrates and organic debris. The
chubs in turn are the main food of trout, especially in late
summer when high surface temperatures confine trout to
deeper areas. Trout also consume large numbers of leeches
and larger zooplankton species. The only species that shares

plankton. They are in deep waters (but off the bottom) dur
ing the day, moving into surface waters at night. This move
ment in part follows the contours of the bottom, since they
are also closer to shore at night than they are during the day.
Kokanee, on the other hand, seem to be widely distributed
in open waters, remaining close to the surface continually
except when surface waters become too warm in August and
September. During these months large schools of kokanee
are found at depths of 15-40 m (Cordone et a1. 1971). Rain
bow trout are also widely distributed in open waters, where
they feed partly on plankton and partly on fish, especially
tui chubs. The trout commonly move into shallow water to
feed on the abundant minnows during evening.

The long-term stability of these assemblages is not
known because the dominant species are aliens and be
cause additional species keep being introduced. Thus the
dominant predator is the alien lake trout, the dominant
planktivore is the alien kokanee, the dominant zooplankter
is the opossum shrimp, and the dominant benthic grazer is
the signal crayfish (Pascifastacus lenuisculus). Largemouth
bass are now found in the shallow, warm marginal habitats,
where they may be an important predator on juvenile na

tive minnows.
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Sources: Evermann (1916); Coleman (1929); Dill (1944); Walker (1961); S. Keeney, CDFG (pers. camm. 1999). The information for 1400 is

based on fish from archaeological sites (Gobalet 1994).

Notes: Abbreviations: A, abundant; C, common; R, rare. Species found only in freshwater drains or streams feeding the sea are not included.

Mozambique tilapia may represent a hybrid complex of forms.
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energy and are unlilzely to be sustainable. They also do not
really address the ever-increasing nutrient levels. In the
short run, the sea is lil<ely to shift to a system dominated by
herbivorous or omnivorous fishes with high salinity toler
ances, mainlytilapia and mollies, which will be preyed upon
mainly by birds. Gonzalez et al. (1998) suggest that eu
trophication of the sea could be alleviated at least tem
porarily by harvesting tilapia in large amounts, because the
fish have the capacity to take up large amounts of nitrogen
and phosphorus. In the long run, the sea is lil<elyto turn into
an ecosystem based on brine shrimp and brine flies, like the
Great Salt Lake or Mono Lake (University of California
Mexus Border Water Project 1999).

a trajectory toward simplification, one that ultimatelywill be
without fish. Major studies are under way to find ways to save
the "dying" sea, although until it actually dries up completely
it will continue to be rich in life, if not in fish.

Because demand for fresh water by humans outside the
basin is increasing, conservation measures are likely to re
duce the amount of water flowing in, accelerating the in
crease in salinity. Proposed solutions to the problems, how
ever, involve making all or part of the sea less saline through
such schemes as exchange pumping of water from the
Salton Sea with water from the Gulf of California or diking
off large sections of the sea to contain fresher inflowing
water. Such solutions are enormously costly in money and

worms are the main item in the diet ofbairdiella and sargo,
which are in turn fed on by orangemouth corvina. The lat
ter species, achieving weights of 14.5 kg in the sea, is an im
portant object of the sport fishery, although tilapia harvest
may now be more important in terms of numbers and bio
mass (S. Keeney, CDFG, pers. comm. 1999).

At present, tilapia (mainly Mozambique tilapia) are the
most abundant fish in the sea. Their populations undergo
enormous fluctuations as the fish die in huge numbers from
various causes (S. Keeney, pers. comm. 1999). In winter, die
offs may occur because of stress induced by low tempera
tures (1l-14°C). When temperatures of the sea are high,
die-offs of tilapia and bairdiella are related to oxygen deple
tion, although the immediate cause of death is often stress
induced diseases and parasitic infections. Toxins released
from algal blooms may also cause death, as may agricultural
and industrial wastes entering via the drains. The fish kills
are of concern not only for aesthetic reasons (tilapia popu
lations at least have amazing powers of recovery) but also
because the fish, dead and alive, are eaten by large numbers
of migratory waterfowl. Living tilapia carrying type C botu
lism organisms in their guts have been implicated in the
deaths of thousands of birds, including brown and white
pelicans, grebes, and cormorants. Massive die-offs of birds
and fish are indicative of a very unstable ecosystem that is on
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cessful: longjaw mudsucker (Gillichthys mirabilis), a small
bottom fish, and pile worm (Neanthes succinea), a major
food organism for fish. In the early 1970s, Mozambique
tilapia (now a presumptive hybrid with other tilapia
species), redbelly tilapia, and sailfin mollies invaded. The
two tilapias became very abundant and apparently elimi
nated desert pupfish-the one native fish still present
from the sea itself. Large die-offs of tilapia in 1988-1990
gave pupfish another temporary foothold in the sea (K.
Nicol, CDFG, pers. camm. 1991), but they are now gone
again, barely persisting in inflowing streams and drains (S.
Keeney, CDFG, pers. camm.1999).

The food web established deliberately through intro
duction of marine fishes and other organisms is relatively
simple (Wallzer 1961). Primary production is by abundant
planktonic algae, mainly diatoms, dinoflagellates, and green
algae. These are fed upon by zooplankton, mostly rotifers,
copepods, and larval stages of bottom invertebrates. Young
tilapia presumably feed directly on abundant zooplankton,
although adults are more omnivorous and feed on algae and
benthos as well. Tilapia in turn are important prey of cor
vina, providing a plankton-based food web. However, the
base of the food web leading to corvina, sargo, and bairdiella
usually appears to be organic matter, which decays and
forms fine detrital ooze, the main food of pileworms. Pile-

Table 7

Changes in the Fish Fauna of the Salton Sea

Year Ca. 1400 1916 1929 1942 1957 1976 1999

Salinity (ppt) <20? <20 34 35 35 40 44

Number of species 6 6 6 6 8 10 10

Colorado pikeminnow C

Bonytail A C

Razorback sucker A C C

Rainbow trout R R

Common carp A C C

Striped mullet C A C A R R R

Desert pupfish C R A A C R R

Western mosquitofish A A R
Longjaw mudsucker C C C

Machete R C

Threadfin shad A R R

Sargo C A C

Bairdiella A A A

Orangemouth corvina A A C

Sailfin molly A C

Mozambique tilapia A A

Redbelly tilapia C C?

I010958            .



Change

Table 8

Changes in the Fish Fauna of Clear Lake, Lake County

1872 1894 1929 1941 1950 1963 1973 1998

Native species
Pacific lamprey N P
Threespine stickleback* N P
Rainbow trout C C C
Thicktail chub A C C P
Clear Lake splittail A A A A R R
Sacramento pikeminnow* A A A P R R
Sacramento sucker* A A A P C R
Sacramento perch A C A C C R R R
Sacramento blackfish A A A A A A A A
Hitch A A A A A A A C
Tule perch A A N P N C C C
Prickly sculpin C C N P N A A A

Introduced species
Common carp A A A A A A A
Brown bullhead A A A A A A A
White catfish A A A A A A A
Channel catfish C N N C C C
Largemouth bass C C C C C A
Bluegill A A A A A A
Black crappie A P A A A C
Mosquitofish C P C A C
Green sunfish P C C C C
Goldfish P?··~ P C C
White crappie A A C
Golden shiner C C R
Redear sunfish R R
Inland silverside A A
Threadfin shad A

Total number of species 12 15 17 18 18 20 19 20

Percent native species 100 80 59 44 44 40 26 25

Sources: Based on information from Stone (1876); Jordan and Gilbert (1894); Coleman (1930); Lindquist et al. (1943); Murphy (1951); Cook
et al. (1966); Colwell et al. (1997); and P. B. Moyle and CDFG (unpublished records).
Notes: Abbreviations: A, abundant; C, common; N, not recorded but probably present; P, present; R, rare; *, native species found in inflowing
streams that are likely to be in the lake on occasion.
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doctrine results in large amounts ofwater being diverted to
flood-irrigate pasture and alfalfa in summer, an extravagant
use of water in a desert climate (Reisner 1986). Lil<:ewise,
large quantities of water are needed to flush salts from irri

gated land on the west side of the San Joaquin Valley and in
the Coachella and Imperiai Valleys, sending salts and toxic
materials such as selenium into the rivers. The result is
much less water available to fish and reduced quality of the
water that remains.

Dams and diversions affect fish in many ways, usually
simultaneously, so faunal changes are inevitable when a

water project is built. Among the ways in which they affect
fish are the following: (1) blocking migrations, (2) dewater

ing streams and lakes, (3) changing temperature and flow

Project, together with power companies and urban water
agencies, have dammed virtually every large stream. The
only drainage with more extensive alterations in the West is
the Colorado River, but most of its dams and diversions are
upstream from California. Even so, a good chunk of Col
orado River water goes to California farms and cities.

The biggest single consumer of water in California is

irrigated agriculture, which takes 70-80 percent of stored
water in the state and also pumps great volumes of ground
water. Large amounts are wasted because of an antiquated
system of water laws, especially those governing riparian
water rights. A landowner with riparian rights along a
stream can divert as much water as desired to water crops

on his or her own land, but the water cannot be sold. This

From our society's perspective, water in California is poorly

distributed. Most precipitation falls in the northern half of
the state in mountainous or coastal areas, whereas most
people live in the southern half of the state in deserts and
dry valleys. Furthermore, most precipitation occurs during
winter and spring, whereas the greatest demand for water,
for irrigation and power production, occurs during the
long, hot summer. The solution to this distribution prob
lem has been to build dams, diversions, and aqueducts, to

store the water and carry it to distant places for use as
needed. From the Gold Rush era onward, dam building has
been a major activity in California, with a major peak in the
early 20th century, although the biggest dams were built in
the intervalfrom the 1940s through the 1960s (Fig. 13). The
Los Angeles metropolitan area, for example, imports its
water from the Mono Lake basin (about 430 km distant),
the Owens Valley (about 380 km), the Colorado River
(about 390 km), and the Feather River (about 600 km). The

most massive alterations took place in the Central Valley,
where the federal CentralValley Project and the State Water

drainage or one body of water. Species that are in the most
trouble today come from a wide variety of habitats, but a
majority occur either in small, isolated springs and creeks
or in big rivers, especially in drier regions of the state. The
reason for this is that very small and very large aquatic sys
tems are most vulnerable to damage by humans (Moyle and
Williams 1990). The human factors that have negative ef
fects on the abundance of native fishes are, in order of over
all importance, (1) water diversions, (2) habitat modifica
tion, (3) pollution, (4) alien species, (5) hatcheries, and (6)

exploitation. The main purpose of this section is to describe

how these factors have affected the fishes.

Water Diversions

California has undergone, and continues to undergo, mas
sive changes in its aquatic ecosystems. Resilient natural sys
tems, reasonably predictable in structure, are rapidly being
replaced by highly altered systems, unpredictable in struc
ture and dominated by alien species. Native fishes, the best
known components of the natural aquatic systems, are rap
idly being lost (Moyle and Williams 1990). Of 67 species, 7
(10%) are extinct in the state or globally, 13 (19%) are offi
cially listed as threatened or endangered (as of 2001), and

19 (29%) are listed as Species ofSpecial Concern, which will
need to be listed soon if present trends continue (Table 1).
This means that 58% of all inland fish species of California
are extinct or in serious decline. In addition, a number of
subspecies ofmore widely distributed species are in trouble,
including two that are extinct and nine formally listed as
threatened or endangered. These numbers can change rap

idly because species can decline in abundance and go exe

tinct within very short periods of time. The last thicktail
chub was seen in 1957, the last Tecopa pupfish in 1965, the
last Colorado pikeminnow in California in 1967, the last

Clear Lake splittail in 1972, the last bull trout in California
in 1975, the last High Rock Spring tui chub in 1989. In the
same period at least 16 species of fish were successfully in
troduced into the state. In short, California is losing about
one native species or subspecies of fish every five or six
years, on the average, and gaining an alien species about
once every two years! Introduced species are abundant in
their native ranges as well, so the result of this "trade" is a

net loss of species worldwide. The changes in the California
fish fauna are reflected in the changes in the fishes in Clear
Lake and the San Joaquin River at Friant, localities for which

long-term records exist (Tables 8 and 9).
The rapid decline ofthe native fish fauna is caused byin

teractions among natural and human factors. The main
natural factor that makes species prone to extinction in Cal

ifornia is their limited range; most are confined to one
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Historical fishless area
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FormerChinook
salmon streams

- SNEP studY area

irrigation or industrial and municipal consumption. This
naturally leaves less water available for fish downstream
from dams. Friant Dam cut offvirtually all flow to the lower
San Joaquin River, effectively turning it into an agricultural
drain, largely unsuitable for native fishes or for passage of

migratory fishes. Closure of the dam was the final and ma
jor blow to San Joaquin spring-run chinook salmon. In the
words of George Warner, a biologist involved in the desper
ate efforts to save this run, "the triclde of water [in the San
Joaquin River] soon disappeared in the sand, stranding
salmon migrants more than one hundred miles from the

sea. The tragic conclusion to the history of the 1948 spring
run was that the only beneficiaries of our efforts to salvage

+
&0 100

Figure 14. Two major changes in
fish distribution in Central Cali
fornia. The dark lines show areas
formerly accessible to chinook
salmon and steelhead rainbow
trout that are now blocked by
dams, while the shaded area indi
cates the formerly fishless region
of the Sierra Nevada now occu
pied by alien fish, mainly trout.
The Sierra Nevada Ecosystem Pro
ject (SNEP) study area roughly de
limits the Sierra Nevada range.
From Moyle and Randall (1998);

reprinted by permission of Black
well Science, Inc.

Dewatering Streams and Lakes

Even blockage of within-river migrations may create
problems. Blockage of the migrations by numerous dams
on the Colorado River mayhave been responsible for the ex
tirpation in California waters of Colorado pil<eminnow, and
blockage of spawning migrations of bull trout by McCloud

Dam on the McCloud River may have led to the extirpation
ofbull trout in the state.

One of the main reasons for the construction of dams,
reservoirs, and irrigation diversions is to catch runoff and

send it, via aqueducts, to locations where it can be used for
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Figure 13. Number of large dams constructed in California,
1850-1980, by decade. From Yoshiyama et al. (1998).
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Amounts of stream lost to steelhead are even greater be
cause they spawn in smaller tributaries to main rivers, but
their former distribution is too poorly known to estimate
the actual number of kilometers lost. The culmination of
these blockages were Friant and Shasta Dams. Friant Dam,
finished in 1948, completelyprevented a large run of spring
run chinook salmon from reaching their holding and

spawning grounds in the upper San Joaquin River. This dam
completed a process ofblocking upstream access by salmon
in the San Joaquin drainage that began with the construc
tion of LaGrange Dam on the Tuolumne River in 1894. No
attempt was made to find ways to get the salmon over or
around these dams, so a run that was probably in excess of

500,000 fish per year was completely lost.
In the Sacramento River, closing of Shasta Dam in 1942

cut off access by both winter- and spring-run chinook

salmon to major spawning areas; however, the two runs
were saved from extinction by coldwater releases from the
dam, creating some new habitat. This fortuitous circum
stance was largely negated by completion of Red Bluff
Diversion Dam in 1964, which diverted Sacramento River
water into canals of the Tehama-Colusa Irrigation District.
This dam had salmon ladders to allow fish to pass. Unfor
tunately they were poorly designed, making it difficult for
upstream migrants to find them. Peculiarities of construc

tion also made the dam a major cause of death of young
salmon that had to pass over it on their way to sea. The re
sult was a steady decline in wild Sacramento River salmon.
Attempts to reverse the decline have involved leaving
the dam gates open during periods of salmon migration,
allowing free passage of fish. Similarly, Copco Dam cut off
access by chinook salmon and steelhead to the upper Kla
math basin, resulting in extirpation of the runs that went

into Oregon.
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regimes, (4) entrainment, (5) creation of reservoirs, (6) al
tering upstream areas, and (7) altering estuaries.

Blocking Migrations

One of the most immediate effects of dams is in blocking
up- and downstream movements offish. In the Sacramento
San Joaquin watershed, dams deny chinook salmon access
to>1,800 km of stream they once used-more than 80 per
cent of their former habitat (Fig. 14; Yoshiyama et a1. 1996).

TABLE 9

Changes in the Fish Fauna in the San Joaquin River at Friant,
Fresno County

1898 1934 1941 1971 1985

Native species
Splittail X
Hitch X X X
California roach X X X
Hardhead X X X
Sacramento

pikeminnow X X X
Sacramento blackfish X X X
Chinook salmon X X X
Tule perch X X X
Sacramento sucker X X X X X
Rainbow trout X X X X X
Priddy sculpin X X X X X
Threespine

stickleback X X X X X
Kern brook

lamprey N N N X X
Pacific lamprey N N N X X

Introduced species
Brown trout X X X X
Common carp X X X X
Bluegill X X X X
Smallmouth bass X X N X
Brown bullhead X X
Mosquitofish X X
Green sunfish X X
Largemouth bass X X

Total number of species 14 17 21 14 14

Percent native species 100 77 62 43 43

Sources: Based on information from Rutter (1903); Needham and
Hanson (1935); Dill (1946); Moyle and Nichols (1974); and Brown
and Moyle (1993).
Notes: This was originally a transitional reach between valley floor
and foothills, so it had a high diversity of native fishes. After 1941
flow in the reach was regulated by releases from Friant Dam, con-
verting it into a coolwater trout stream containing trout that are
mostly of hatchery origin. Abbreviations: N, probably present but
not recorded; X, present.
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Changing Temperature and Flow Regimes

Rivers below dams inevitably have altered temperature and
flow regimes. Dams on the Sacramento and Colorado
Rivers made river flows below the dams more constant,
eliminating flood flows in winter or spring and converting
the turbid, warm rivers of summer into cold, clear streams

suitable for trout and salmon. In the Colorado River, the re
sult was creation of an endangered fish fauna, with extinc

tion of most native species in the California portion of the
river. In the Sacramento River, cooler summer waters have
made both juvenile and adult salmon year-round residents;
distinctions between fall-, latefall-, winter-, and spring-run

races have become increasingly blurred as a result. These
runs evolved to take advantage of special conditions in trib

utaries and the predictable, highly seasonal patterns of flow
in the river-conditions and patterns that are now signifi
cantly altered. The continuing decline of all four runs in the
Sacramento River indicates that, overall, the altered flow

a valuable resource were the raccoons, herons, and egrets"

(Warner 1991, p. 65).
Less dramatic but perhaps just as devastating to native

fishes have been the cumulative effects of the dewatering of

small streams by many smaller dams scattered around Cal
ifornia. For example, construction of Hidden Valley Dam
on the Fresno River in the 1970s converted the stream be
low the dam from a rather attractive sandy-bottomed
stream dominated (95%) by native fishes to a series of stag
nant pools dominated by common carp and other intro

duced species (81%) in 1985 (D. 1. Miller et al. 1988).
The effects of dewatering often take a long time to be felt,

especially if flows are reduced but not cut off completely.
One of the most dramatic examples of such a delayed out
come was the fall in the level of Pyramid Lake, Nevada, fol
lowing diversion of most of the flow of the Truckee River
(in California) for irrigation. The sandy delta exposed at the
mouth ofthe river by the declining lake level prevented both
Lahontan cutthroat trout and cui-ui sucker (Chasmistes cu
jus) from spawning in the river. The trout are present in the
lake only because of the planting of a nonnative strain; the
suckers are listed as endangered. The suckers survived only

because they are extraordinarily long lived, with life spans
of 40-50 years (Scoppetone 1988). Only massive conserva
tion efforts, including restoration of flows during the
spawning period, have permitted them to reproduce in re
cent years. Similar reduction in flows of inlet streams dur
ing periods when they are used for spawning was at least
partially responsible for the extinction of Clear Lake split
tail in Clear Lake, Lake County. Splittail were either

stranded as adults during spawning runs or stranded as
newly hatched juveniles, unable to return to the lake (Cook

et al. 1966).
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components of the ecosystem, such as juvenile salmon.
Sometimes these juveniles are replaced in part by progeny
of trout that live in the reservoir and use the stream for
spawning. In the McCloud River, brown trout, rainbow
trout, and kokanee from Shasta Reservoir use the river for
spawning (Sturgess and Moyle 1978). Other upstream mi
grants are less welcome. A barrier was constructed on Hat
Creek (Shasta County) to prevent Sacramento suckers from
moving up from Britton Reservoir. There was indirect evi
dence that the grazing activities of large suckers dislodged
aquatic plant beds, which are prime habitat for the inverte
brates eaten bythe creek's famous trout.

Altering Estuaries

Habitat Modification

One common justification for building dams is that "water
flowing into the ocean is wasted." This attitude reflects a
profound ignorance of the value of estuaries, which require

large amounts of fresh water to function. They are major
nursery areas for juvenile salmonids and other fishes; inver
tebrate food organisms are abundant, so the fish can grow
rapidly before going to sea. Species such as longfin smelt,
white sturgeon, and striped bass spend all or most of their
lives in estuaries. Their early life history stages often grow
and survive best in the zone where fresh water and salt wa
ter mix, where food production is high. In the San Francisco
Estuary, reduced inflows of fresh water move this mixing

zone upstream, away from the productive shallows of Su
isun Bay and into the deeper and less productive river chan
nels. The result is reduced survival of young, coupled with
their increased vulnerability to entrainment when they are
in the river channels (Jassby et al. 1995).

The decline of fishes in the San Francisco Estuary can be
observed on a smaller scale in numerous small coastal estu
aries. The tidewater goby, which lives only in small coastal
lagoons, is disappearing as populations blink out one at a
time, usually following diversion or alteration of inflowing
streams needed to maintain estuarine conditions. The same

lagoons are increasingly unsuitable for rearing of juvenile
salmonids (such as steelhead and coastal cutthroat trout),
accentuating decline of these fishes caused by other factors
operating upstream.

Most of California's major inland waterways today bear lit
tle resemblance to the streams and lakes encountered by
the first European explorers and settlers. The once turbu

lent and muddy lower Colorado River is now a giant irri
gation ditch and drain, carrying salts and other agricultural
wastes to Mexico and occasionally to the Gulf of Califor
nia. The former giant lakes ofthe San Joaquin Valley are to-

Reservoirs are hard on the native fish fauna because they
favor lake-adapted alien species over native stream-adapted
forms. Thus pikeminnows and hardhead became rare in

most water supply reservoirs in the Sacramento-San Joaquin
drainage after an initial 5-10 years of abundance. Young

that were trapped in reservoirs when they filled managed to
grow up, but their young were unable to survive, presum
ably because they were devoured by introduced predators,
especially largemouth and smallmouth bass.

Reservoirs have benefited some native fishes. Prickly
sculpin and Sacramento sucker are permanently established
in a number of Central Valley reservoirs, as are hitch and tui
chub. Sacramento perch, virtually extinct in their native
habitat, are extremely abundant in a number of all<aline
reservoirs outside their native range, such as Crowley Reser

voir on the Owens River. Reservoirs operated solely for
power production may actually favor native fishes because
they usually remain full and create conditions that might be
found in a giant riverine pool. Thus Britton Reservoir on the
Pit River is dominated by Sacramento sucker, hardhead,

Sacramento pikeminnow, tule perch, and other native fishes,
despite the presence of introduced species such as large
mouth bass and white crappie (Vondracek et al.1988b).

Altering Upstream Areas

Creation of Reservoirs

duct, but it cannot retain larval fish. Even its success at
screening larger fish is limited. Mortality rates of "rescued"

fish are probably high, if not during transport then to pred
ators after the fish have been trucked back to the estuary.
Managers of salmonid hatcheries on the Sacramento and
San Joaquin Rivers have long recognized the problems ju
venile salmon and steelhead have in migrating through the
Delta; they achieve higher survival rates of their fish by
trucking them around the Delta and releasing them in such
places as Berkeley Marina on San Francisco Bay. A problem
with diversions, including the pumps in the Delta, is that
their direct effects are hard to distinguish from the indirect
effects of water removal, such as a change in hydraulics
(Bennett and Moyle 1996).

A subtle effect of dams is their isolation of stream reaches
upstream of the reservoir. If a stream located above a dam
should lose its native fish fauna through natural or human
made disasters, there is no way it can be naturally recolo
nized from other nearby systems. For example, California

roach are now largely absent from the small streams of the
upper San Joaquin River above Friant Dam, with no hope
of natural recolonization (Moyle and Nichols 1974). When
salmon runs are blocked, a stream loses a major source of
nutrients (from salmon carcasses) as well as other major

Entrainment

Fish are entrainedby a diversion when they are carried away
in the diverted water, usually to some place where chances
of survival are low, such as the cooling system of a power
plant or an irrigation ditch. Entrainment of outmigrating
salmon and steelhead smolts has long been recognized as a
factor contributing to the decline of fisheries. A great deal
of effort has therefore been devoted to designing, installing,
and maintaining fish screens on water diversions-with
limited success. Young salmonids are actually more easily
screened from diversions than most other juvenile fishes be

cause they are fairly large (usually >50 mm) and are strong
swimmers. Species with a helpless larval stage can suffer

large losses of the larvae to entrainment. This seems to be
one of the main reasons why populations of most fishes
have declined in the Sacramento-San Joaquin Delta since
1970 or so. Large numbers of young are entrained in (1)
pumping plants of the State Water Project and the Central
Valley Project, (2) hundreds of small unscreened diversions
taking water to irrigate Delta islands, and (3) the cooling in
takes of power plants. The John F. Skinner Fish Protection
Facility at the pumps ofthe State Water Project screens hun

dreds of thousands of larger fish from the California Aque-

and temperature regimes have not improved conditions for
chinook salmon (Yoshiyama 1999; Yoshiyama et al. 2000).

These runs increasingly depend on fish of hatchery origin.
In some regulated streams, a small change in tempera

ture regime can result in a major change in the fish fauna.
Development of the North Fork Feather River for hydro
electricity resulted in a series of dams that raised summer
temperatures in parts of the river. Reaches that were prob

ably once dominated by rainbow trout and anadromous
fishes now favor native coolwater fishes (hardhead, pike

minnow, sucker), and attempts to alter this situation by
periodically poisoning native fishes and planting large
numbers of trout have largely failed (Moyle et al. 1983).

In a few streams, the altered flow and temperature
regimes can benefit fisheries. For example, 12 km of Putah
Creek (Solano and Yolo Counties) are used to conveywater
from Berryessa Reservoir to Putah Diversion Dam, where
most is diverted into Putah South Canal. The 12-km stretch
has low but constant flows in winter and high flows in sum
mer, when agricultural and urban water demand is highest.
The result is a coldwater stream that supports a substantial

population of large, wild rainbow trout, as well as abun
dant riffle sculpin, threespine stickleback, and Sacramento
sucker. Increased flows in summer allow CDFG to plant the
stream heavily with hatchery trout, making the stream one
of the most popular fishing spots in the region. The sum
mer bait fishery for hatchery trout does not seem to affect

the populations of wild trout in the creek.
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day vast cotton farms. The Sacramento-San Joaquin Delta,
once an enormous tule marsh dissected by meandering
river channels, has been transformed into islands of farm
land protected by high levees from water that flows by in
dredged channels. Much ofthe LosAngeles River is a cement
lined drainage canal. Streams in mountain meadows have
been stripped of riparian vegetation by livestock, and their
banks collapsed by sharp hooves. Other small streams have
been turned into straight ditches through channelization.
Thus it is not surprising that habitat modification is a
major cause of changes in California's fish fauna. Different
species are affected by different types of habitat change,
however, so it is worthwhile to consider separately the ef
fects of (1) stream channel alterations, (2) draining of
streams and lakes, (3) grazing livestock, (4) logging, (5)
mining, and (6) watershed changes.
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mittent, unsuitable for downstream passage of juvenile
trout from more permanent spawning and rearing areas up
stream. As a result, Eagle Lake trout survive only because
CDFG captures most fish attempting to move upstream to
spawn, spawns them artificially, and rears their young in
hatcheries for 1-2 years for reintroduction into the lake.

For many streams, such as Pine Creek, the damage done
by livestock is reversible, provided animals are excluded
from using the creek area on a continuous basis and other
well-known stream restoration techniques are applied
(Minshall et al. 1989). This type of restoration is increasing
in California, despite the reluctance of some managers of
public land to reduce grazing allotments or engage in the
expensive fencing of stream corridors.

Like grazing, continuous logging activity in some areas has
altered streams to such an extent that we hardly know what a
natural stream looks like. Logging, and the road building on
steep slopes associated with it, can alter flow regimes (usually
exaggerating both high and low flows); increase erosion,
sedimentation, and turbidity; compact streambeds; increase
water temperatures; create barriers to fish migration (e.g.,
by causing landslides); and reduce the amount of logs and
other debris in streams that are important for creating habi
tat structure. Removal oftrees and compaction ofsoil bylog
ging equipment tend to increase winter and spring runoff,
resulting in more damaging floods. At higher elevations,
snowmelts more quickly in the aqsence ofshade; this reduces
the length of the ruhoff season and increases peal< flows.

In some situations, vegetation removal may actually cre
ate year-round flows in normally intermittent streams, im
proving the streams for some fish species. Large spring
floods, however, may offset any gains by increasing stream
bank erosion, silting in pools and riffles (or, alternately, by
scouring and compacting them), decreasing water clarity,
and creating barriers of fallen trees and logs. Poor logging
practices-such as using streambeds for roadways or clear
cutting steep hillsides-exaggerate these effects, just as
careful logging practices-such as leaving a wide buffer of
uncut forest along streams (including fishless seasonal trib
utaries) and selective cutting of timber stands-can mini
mize them. Thus Burns (1972) found that careless logging
along the Noyo River (Mendocino County) caused a 42 per
cent decrease in young steelhead biomass and a 65 percent
decrease in young coho salmon biomass, yet careful logging
along other similar streams temporarily increased produc
tion of juveniles of these two species. However, the contin
ued decline of coho salmon in the Noyo and other rivers,
even in areas that have not been clear-cut, reflects the need
to leave large trees in the riparian zone. These trees eventu-

Logging

• They remove the riparian plants that provide cover for
fish, are a major source ofinsect food, stabilize stream
banks, and keep water temperatures cooler through
shading.

• They eat aquatic plants, removing cover for fish and
invertebrates in the process, and stir sediments from
the stream bottom, lowering the ability ofalgae to cap
ture sunlight by decreasing water clarity and covering
rocks with sediment.

• They trample banks, causing undercuts (important as
cover for fish) to cave in. Bank collapse also increases
erosion, filling pools and riffles with silt. This results in
shallower, more uniform stream channels and less
habitat for fish.

• They compact soils in meadows around streams, re
ducing their ability to hold water and increasing the
rapidity of runoff. This results in downcutting of the
streambed, in some cases by as much as 2-4 m below
its original level, replacing a meandering stream with
a gully. In some areas, the compaction changes wet
meadows into dry sagebrush flats and permanent
streams into intermittent ones.

• They pollute the water with their feces and urine.

their large biomass of plants, are also a source of nutrients
for aquatic systems, such as the San Francisco Estuary, sup
porting food chains that lead to fish.

Grazing Livestock

Grazing by livestock in riparian areas has severely damaged
thousands of miles of California streams. It has been going
on for 300-400 years, so in many areas undamaged streams
hardly exist, and the public perception ofa "natural" stream
is often of one that is denuded ofmuch of its riparian cover.
Willow Creek is a common name for California streams
yet creeks with this name often have few willows along their
banks. Although livestock densities on rangeland are usu
ally expressed in terms of acres per animal, in fact the ani
mals concentrate along streams, where there is water and
succulent vegetation (Minshall et al. 1989). The effects of
livestock are many and far reaching:

Not surprisingly, streams with heavy grazing pressure
have reduced fish populations, especially of the larger fish
favored by anglers. A classic example of this is Pine Creek
(Lassen County), the principal tributary of Eagle Lake and
spawning stream of Eagle Lake rainbow trout. More than a
century of heavy grazing of meadows around the stream
converted most of them to sagebrush flats and caused much
of the stream to cut a channel 1-3 m deep, with rounded,
sloping banks. The lower reaches became warm and inter-

Draining of Streams and Lakes

The ultimate reduction in fish habitat in California through
dewatering was the drainage of Tulare, Buena Vista, and
Kern Lakes on the floor of the San Joaquin Valley. These
huge, shallow lakes supported a small commercial fishery
for turtles and native minnows in the 19th century. Unfor
tunately, they were drained for farmland before anyone was
able to take a close look at the fish fauna.

On a smaller scale, continuous drainage and diking of
wetlands that border lakes and streams have negative effects
on fish populations. Some, such as splittail, require flooded
vegetation for spawning, whereas others, such as hitch, use
flooded marshes as cover for their young. Marshlands, with

used in the channel to keep vegetation cleared between the
levees; gravel was mined from the bed; car bodies, waste
concrete, and other trash were dumped on the levees.

Despite all this activity, fish populations managed to
maintain themselves in the little water remaining (from
sewage effluent and other similar sources), and they staged
a spectacular comeback when the University of California
began maintaining its portion of the channel as a natural
area. Regrowth of willows and other vegetation provided
cover for fish and food for beaver, which built numerous
dams that created additional pools favored by fish. The fish
populations that built up included not only alien game
fishes such as largemouth bass, bluegill, and white catfish,
but also native fishes such as Sacramento blackfish,
pikeminnow, sucker, hitch, and tule perch., The long-term
survival of these fish depend on releases from upstream
dams to provide enough water to keep the stream alive. In
the drought years of 1990 and 1991, flows were turned off
and most fish perished. Only action by a local environmen
tal group, the Putah Creek Council (working with the uni
versity and the city of Davis), kept the creek from drying up
completely (Moyle et al. 1998). In the late 1990s, a series of
wet years led to recovery of native resident fish and to re
turn of chinook salmon, Pacific lamprey, and steelhead to
spawn successfully. These fish are now protected by an
agreement that will keep the stream flowing even during
drought years.

Dredged channels of the Sacramento-San Joaquin Delta
are examples of stream channel alterations on a mammoth
scale. The channels are inhabited by a variety of fishes, but
it is mainly introduced species that survive in such altered
environments. When levees are breached and floodplains
restored, flooded areas are heavily used by juvenile salmon,
splittail, and other native fishes. Similar negative effects
were observed when sloughs along the lower Colorado
River were drained as part of a large channelization project
(Beland 1953a).
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Stream Channel Alterations

Humans have been altering the channels of California's
streams ever since the first Spaniard stepped off a boat,
shovel in hand. Today straightening and dredging of stream
channels is being carried out in the name of flood control.
The idea is to move water as fast as possible, so it will not
flood lands surrounding the channel (the floodplain)
ignoring the fact that this increases the probability of
flooding downstream. Channelized sections of Rush Creek,
Modoc County, when compared with nonchannelized sec
tions, contain fewer fish overall, much smaller trout, and
fewer individuals of the rare Modoc sucker; only Pit sculpin
and speckled dace manage to maintain large populations in
channelized sections (Moyle 1976). The decrease in size and
numbers of fish was caused by reduction of habitat diver
sity, especially the elimination of pools.

A classic example of a stream much abused in the name
of flood control is lower Putah Creek (Yolo and Solano
Counties). Flooding of surrounding lands was a natural an
nual event for this creek, resulting in the rich alluvial soils
prized by farmers. The flooding, of course, was otherwise
unacceptable to farmers and to inhabitants of farming
towns, such as Davis. Over the course of a century, the creek
was increasingly straightened and confined between levees,
although in the first half of the 20th century it maintained
a reputation as a fine fishing stream, especially for intro
duced smallmouth bass. Some farmers actually fed their
workers sturgeon, salmon, and other fish caught from the
creek. In 1957, Monticello Dam was finished, capturing
most of the flow in Berryessa Reservoir. About 12 km of
creek below the dam were maintained as a water delivery
channel to Putah Diversion Dam and Putah South Canal.
Valley reaches below the diversion dam, however, were
largely written off as fish habitat. Bulldozers were regularly

I010962            .



Mining

The first really drastic alterations of California streams were
those ofgold miners, who, in their frantic search for tinybits
of metal, despoiled hundreds of miles of streambed by
placer and hydraulic mining. In the process of digging up
the streambeds and banks, they destroyed large salmon runs
in Sierra Nevada streams and turned shady, pool-and-riffle
trout streams into long, shallow, exposed runs. Some
streams are still nearly barren of fish. The South Fork Yuba

ally fall into creeks, creating cover that is especially impor
tant during periods of high flow in winter. Indeed, there is
growing realization that overwintering habitat is one of the
key limiting factors for coho salmon and presumably other
fishes (see the coho salmon account, p. 247).

An example of a stream devastated by logging is Bull
Creek, now in Humboldt Redwoods State Parle It originally
flowed through a large watershed heavily forested by coast
redwoods and other old-growth trees and had a fairly nar
row channel full of deep pools. It supported large runs of
coho salmon and steelhead, as well as other native fishes.
Virtually all the large redwoods on the floodplain, except for
some groves near the Eel River, were removed first, creating
a sunny, exposed area with a shallow stream flowing
through a braided channel. Then in the 1950s most trees
were removed from the steep slopes of the upper drainage,
and large-scale erosion ofhillsides took place, sending huge
quantities of rock and gravel downstream and making re
forestation of the hillsides extremely difficult. The eroded
material was deposited in the downstream reaches, creating
an even more extensive exposed, gravelly floodplain and
eliminating most large pools.

The massive nature of the erosion can be easily seen in
Cuneo Creek, a tributary to Bull Creek, where it is possible
to stand on the buried remains of an old bridge and look
at a newer bridge several meters overhead; there is report
edly another bridge buried several meters below the bridge
in the stream channel! As a result of habitat burial, coho
salmon disappeared from the drainage, steelhead numbers
were reduced, and introduced California roach and Sacra
mento pikeminnow invaded. Following the devastation,
private owners of the watershed generously sold it to the
California state park system, which is now undertaking to
restore Bull Creek. Restoration will have been accom
plished when a large run of coho salmon again spawns in
the creek.

The need for such restoration attempts on other coastal
streams is indicated by the fact that at least half have lost
their coho populations in the past 50 years, and there are
now fewer than 5,000 wild coho spawning in the state in
most years (Brown et al. 1994). Virtually all former coho
streams have a history of heavy logging in their drainages.

57POLLUTION

• In 1971, fishes inhabiting the lower Pajaro River, in
cluding a run of steelhead, were virtually wiped out by
failure of the sewage treatment plant at Watsonville,
which released large amounts of raw sewage.

• Three years earlier, a similar kill took place in the Pa
jaro when a farmer washed his crop-spraying gear in
the river, releasing highly toxic pesticides (Lollock
1968). This disaster apparently was responsible for
eliminating the last tule perch living in Monterey Bay
drainage streams.

• Bury (1972) recorded a kill of more than 2,500 Pacific
lampreys, rainbow trout, Klamath smallscale suckers,
and speckled dace in a small stream in Trinity County,
due to a spill of 2,000 gallons of diesel oil.

• A kill of several hundred rainbow trout in Mill Creek,
Mendocino County, occurred inAugust 1973, when an
airplane carrying a load of fire-retardant chemicals
and clay accidentally dumped the load into the stream
rather than on a small wildfire burning nearby (H. W.
Li, pers. comm.).

Pollution

and shallow for juveniles during the summer. Most holding
habitat for adult spring-run chinook and summer steelhead
was eliminated. In South Fork Trinity River, the spring run
of chinook salmon abruptly decreased from around 11,000
fish to 0-350 fish (Campbell and Moyle 1991). Deep pools
in these drainages are gradually being scoured out again,
but because land management practices have not changed
much, devastating floods can be expected again.

The fact that fish declines are tied to multiple and cu
mulative abuses of the land and water has encouraged a
growing watershed protection movement. Increasingly,
agencies such as USEPA and CDFG are working with
watershed-based citizen groups to solve problems, as those
living within watersheds come to recognize that protection
and restoration ofwatershed processes are in their own best
interest. The symbol of a healthy watershed is often the re
turn ofnative fishes-especially spectacular forms like coho
and chinook salmon (Moyle et al. 1998; House 1999).

One of the sad realities of California is that water not used
directly for one purpose or another is likely to be polluted
to some degree. Pollution is especially hard on the native
fishes. In foothill streams ofthe San JoaquinValley, most na
tive fishes are able to live only in clear, unpolluted sections.
The exception is Califorpia roach, which can live in large
numbers in streams polluted with effluent from small-town
sewage disposal systems. Fish kills from various types of
pollution are common:

Watershed Changes

doned mines; these substances become a permanent source
of pollution in streams. The Coast Range, for example, is
riddled with mercury mines from the 19th century, which
continue to leach toxic metals into creeks, contaminating
the fish and food webs ofwhich they are part. In Clear Lake,
Lake County, spoils from the Sulphur Bank Mine rest on the
shore and are a major source of mercury in the lake. Con
cern over its potential effects on human health and on the
Clear Lake ecosystem were significant enough for the mine
to became a USEPA Superfund site in 1991 (Webber and
Suchanek 1998).

The reduction or alteration of stream fish faunas rarely has
a single cause. Often it is hard to identify exactly why a
stream once rich in life has become relatively barren. The
causes are usually rooted in long-term, multiple abuses of
the entire watershed: too much grazing by livestock, re
moval oftrees by logging, road building on unstable slopes,
poorly regulated mining, heavy use by off-road vehicles,
urban development, dams and diversions, and so on. Coastal
drainages of southern California contain many streams
degraded by debris torrents. These are semiliquid land
slides that rush down mountain watercourses following
heavy rains on lands that have been destabilized by multi
ple factors and from which much ofthe vegetation has been
removed by intense fires (also of human origin). To a cer
tain extent such torrents are natural, but their frequency
has undoubtedly increased with increased human abuse of
the land.

In the San Francisco Bay area, the multiple effects of ur
banization have drastically changed both stream habitats
and the fish fauna (Leidy and Fiedler 1985). At upper eleva
tions of the streams, where watersheds are protected for
water supply purposes, native fishes predominate in well
shaded streams with high water quality. At low elevations,
streams are often confined to concrete channels or are un
shaded, silt-bottomed ditches containing polluted water.
Such habitats are dominated by alien species.

In northern California, coastal streams, such as the Eel
and Trinity Rivers, are still recovering from the disastrous
floods of 1955 and 1964. These floods resulted from
extraordinarilyheavy winter rains that ran quickly offland
scapes that naturally do not retain much water. The natural
tendencies to shed water quicldy and erode were accentu
ated by years of overgrazing, poor logging practices, and
road building on unstable slopes. The result was massive
landslides, which filled streambeds and pools with loose
gravels throughout the drainages. Enormous flows greatly
widened stream channels and eliminated most riparian veg
etation. Habitat for anadromous fish was greatly reduced
when sections of stream subsequently became too warm

River at MalakoffDiggins, for example, contains only sparse
populations of pikeminnow, hardhead, and suckers, and
few rainbow trout; other species that should be found there
are not (Gard 1994). Hydraulic mining also sent millions of
cubic meters ofgravel and debris into the Sacramento River,
raising its bottom by as much as 9 m. Not surprisingly, this
practice increased flooding of surrounding lands and re
sulted in a ban on hydraulic mining in 1884. Curiously, the
influx of all this material was probably responsible for the
astonishingly rapid establishment of striped bass and
American shad in the river, because both species produce
semibuoyant embryos that seem adapted for silt-laden en
vironments, unlike the embryos of the native fishes, which
stick to the bottom or are buried in gravel.

Today many streams are once again attracting gold min
ers, using suction dredges to extract tiny bits of gold from
worked-over river gravels. In most areas, these activities are
highly localized and brief in duration, and they seem to
have little effect on resident fishes, except where dredgers
burrow (illegally) into streambanks (Harvey 1986). Where
adult spring-run chinook salmon and summer steelhead
hold over summer, dredging can disturb the fish, causing
them to swim about and use energy reserves needed for
spawning. When they do spawn, redds built on the gravel
spoils from dredging are more likely to be scoured during
high flows than redds built on undredged gravel areas (Har
vey and Lisle 1999). Where dredging activity is common,
these fishes tend to disappear, although poaching by
dredgers (who usually camp by the streams) may be a ma
jor factor as well.

Another well-established mining activity in streams is
gravel removal. In low-gradient reaches of large streams,
gravel is an abundant, valuable, and even renewable re
source, washed in with each flood. Dams, however, reduce
or eliminate recruitment of gravel, and modern extraction
techniques can remove enormous amounts fairly quickly.
Although most gravel mining takes place in summer, when
flows are low, it nevertheless can alter streambeds and chan
nels, eliminate fish from the extraction areas, and send silt
downstream. In some areas, such as lower Tuolumne and
Merced Rivers, gravel extraction has created big pits in the
channel, which remain because dams upstream eliminated
most floods and gravel recruitment. These pits are inhab
ited by largemouth bass, smallmouth bass, channel catfish,
and other alien fishes, which support a local fishery. Unfor
tunately, they are also major predators on juvenile salmon,
which must pass through the pits on their way downstream.
One study estimated that 67 percent of juvenile salmon
passing through the lower Tuolumne were consumed by
such predators (EA Engineering, Science, & Technology
1990, unpubl. study).

A major long-term consequence of hard rock mining is
the leaching of heavy metals and acidic water from aban-
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Alien Species
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Table 10

Alien Species Established in California

Year of Principal reason Present
Species introduction Origin for introduction status

Goldfish 1860s(?) Japan Ornamental IID
American shad 1871 EUSA Food lIC
Brook trout 1871 or 1872 EUSA Sport lID
Common carp 1872 Europe Food lID
Brown bullhead 1874 MUSA Food IID
White catfish 1874 EUSA Food IID
Smallmouth bass 1874 MUSA Sport/food IID
Striped bass 1879 EUSA Food/sport lIC
Lake trout 1889(?) MUSA Sport/food lIC
Yellow perch 1891 MUSA Sport/food IIC
Channel catfish 1891(?) MUSA Food/sport lID
Golden shiner 1891(?) EUSA Forage lIE
Warmouth 1891(?) MUSA Sport/food lIC
Largemouth bass 1891 or 1895 MUSA Sport/food lID
Black crappie 1891 or 1908 MUSA Sport/food lID
White crappie 1891 or 1908 MUSA Sport/food lID
Green sunfish 1891 or 1908 MUSA Mistake IID
Brown trout 1893 Europe Sport IID
Arctic grayling 1906 and 1970 MUSA Sport IIA
Bluegill 1908 MUSA Sport lID
Tench 1922 Europe Food lIB
Western mosquitofish 1922 EUSA Insect control IIE
Spotted bass 1936 SEUSA Sport IIE
Black bullhead 1930s EUSA Sport/food IID
Kokanee 1941 WCanada Sport IID
Yellow bullhead Ca. 1940 EUSA Sport/food IIC
Redear sunfish Ca. 1950 and 1954 SEUSA Sport IID
Red shiner Ca. 1950 MUSA Bait lIE
Bigscale logperch 1953 SWUSA Hitchhiker lID
Fathead minnow 1953(?) MUSA Forage/bait lIE
Threadfin shad 1954 SEUSA Forage IID
Rainwater killifish 1950s EUSA Hitchhiker irc
Wakasagi 1959 Japan Forage lIE
Blue tilapia Early 1960s Africa Aquaculture lIC
Nile tilapia Early 1960s Africa Aquaculture lIC
Mozambique tilapia Early 1960s Africa Aquaculture lIE
Redeye bass 1962 SEUSA Sport lIC
Flathead catfish 1962(?) SEUSA Sport lID
Yellowfin goby Early 1960s EAsia Ballast water IIE
Sailfin molly Early 1960s SEUSA Ornamental IIC
Shortfin molly Early 1960s Mexico Ornamental lIB
White bass 1965 EUSA Sport lIE
Redbelly tilapia Late 1960s Africa Weed control lIC
Inland silverside 1967 SEUSA Insect control IIE
Oriental weatherfish Late 1960s EAsia Ornamental lIB
Blue catfish 1969 MUSA Sport lIC
Porthole livebearer Early 1970s Mexico Ornamental lIB
Shirnofuri goby Ca. 1980 Japan Ballast water lIE
Grass carp 1985 EAsia Weed control lIB
Northern pike 1980s MUSA Sport lIB
Shokihaze goby Ca. 1995 Japan Ballast water lIB

Source: Based on Dill and Cordone (1997).

Notes: The list is in chronological order. Source codes: E, eastern; M, Midwestern; SE, southeastern; W, western.
Status codes are defined in the Preface; A, recently extirpated; E, abundant and invading new areas.

tent, introductions of fishes may also have been necessary,
because so many aquatic habitats altered or created in the
past 150 years are poorly suited for native fishes. The 51 alien
freshwater fishes of California have a worldwide origin, al
though most of them (36) are from other parts of North
America (Table 10). There are four species from other parts
of western North America, four species from Africa, three
species from Europe, and seven species from eastern Asia.

The first official introduction into Californiawas made in
1871, when American shad were carried across country on
the newly completed transcontinental railroad. The next
decade brought a spate ofintroductions from the East Coast,
carried in special railroad cars, the largest of their day,
specially built to transport fish. On return trips from
California, the cars usually carried rainbow trout and chi
nook salmon from the McCloud River and other localities.
Most introductions were sponsored by the U.S. Fish Com
mission and its state counterpart, the California Fish
Commission, with help from groups such as the California
Acclimatization Society and entrepreneurs such as Julius
Poppe, who brought in common carp (Dill and Cordone
1997). Members of these organizations were convinced that
California fisheries would be greatly improved with the in
troduction of "superior" nonnative fishes. In the 1870s, 11
species were successfully introduced, and many other intro
ductions failed. In following decades, there was a steady
stream of official and unofficial introductions into the state,
with a peak (13 species) in the 1960s. However, introduc
tions have increasingly been deliberate, unauthorized ac
tions or by-products of other human activity, mainly trade.
C::DFG has not authorized any since 1972, except for the use
of sterile, triploid grass carp for weed control in canals of the
CoachellaValley. CDFG did give a permit in 1982 to a Lassen
County rancher, allowing him to raise Mozambique tilapia
in High Rock Spring. Technically, this was not an introduc
tion because tilapia were already present in southern Cali
fornia waters. Yet the result was extinction of tui chub and
speckled dace endemic to the spring.

Illegal introduction of fishes-not only bringing in new
species but also transferring already established species to
newlocalities-is a growing problem in the state. Thus white
bass were moved by anglers to Kaweah Reservoir in the San
Joaquin drainage from Nacimiento Reservoir on the coast.
Because of the potential of this predator to devastate popu
lations of salmon and other fishes, several million dollars
were spent on its eradication (N. Villa, CDFG, pers. comm.).
A similar operation was necessary to eradicate northern pike
from Frenchman Reservoir on the Feather River. Soon after
this eradication effort, pike appeared in Davis Reservoir
(1994), on another Feather River tributary. In 1997 the reser
voir was poisoned with rotenone, in an enormously costly
and contentious procedure, but the pike reappeared in 1999.
Present plans are to contain the pike within Davis Reservoir
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• The biggest fish kill in recent years was the 1991 Can
tera spill on the upper Sacramento River, where a rail
road tank car of soil fumigant plunged into the Sacra
mento River, spilling its highly toxic cargo. About 65
km of high-quality trout water was denuded of its an
imallife.

The introduction of alien species into California was in
evitable, both because Europeans have seldom been satisfied
with the flora and fauna native to newly settled areas (Crosby
1986) and because a fundamental Western value seems to be
that nature can always be improved upon. To a certain ex-

Fish kills such as these, with a variety of causes, can, if re
peated in one stream system, permanently alter the nature
of its fish fauna. Streams do have remarkable powers of re
covery from spills oftoxic materials-provided the material
is not persistent and the spills are not chronic (Payne and
Associates 1998). However, "rapid" recovery of a fishery
may take several years, and such a long interval can be dev
astating to a local economy dependent upon the fishery.

Although direct fish kills by pollution are common,
more significant to fish populations are chronic, nonlethal
forms of pollution that decrease growth, inhibit reproduc
tion, or prevent migration. Laboratory studies of persistent
pesticides, such as DDT, have shown that low levels can have
such effects on salmon and trout, but the subtle nature of
the effects usually makes it difficult to link the decline of a
fish population to pesticide levels. Thus an increase in pes
ticide levels from rice paddies draining into the Sacramento
River during the 1980s was, according to laboratory toxic
ity studies, enough to account for the continuing decline of
striped bass populations (Bailey et aI. 1994). Larval striped
bass are sensitive to the rice pesticides, which were present
in the water, and many of them showed deformed livers, in
dicative of toxicity (Bennett et aI. 1995). However, when
pesticide levels dropped owing to a change in agricultural
practices, the bass did not recover, suggesting that multiple
factors were suppressing the bass population.

Unfortunately, some of the biggest pollution-related dis
asters may be yet to come, thanks to pollutants from toxic
waste sites. Particularly worrisome is Iron Mountain Mine
on Spring Creek, a tributary to the Sacramento River. Wa
ter leaching from this mine is highly acid and laced with
heavy metals, including copper, zinc, and cadmium. Large
amounts are retained behind an earthen dam, from which
the water is allowed to trickle into the river. If the dam
should fail or be overwhelmed by flood, an enormous kill of
Sacramento River fishes, including salmon and steelhead,
would almost certainly result.
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Aquaculture is a growing industry in California, and there are
frequent proposals to bring in new species for culture pur
poses or to move species already present to new areas. The
main fishes raised in artificial systems in California are
channel catfish, striped bass (or striped bass-white bass hy
brids), and rainbow trout, although golden shiners, fathead
minnows, and red shiners are raised for bait, and goldfish,
koi, and various tropical fishes are reared for the aquarium
industry. The problem with fish farms is that they leak fish;
invariably whatever species is being grown escapes into local
waters. This is the most likely method by which Mozam-
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Aquaculture

in improving fisheries has been mixed, and in some cases
forage fishes may actually decrease the growth and survival
of young game fishes by competing with them for food.

Bait

Biological Control

Western mosquitofish and, more recently, inland silverside
were introduced to help control mosquitoes and gnats by
feeding on the larvae. The success of both species in insect
control is a subject for debate,although careful use of mos
quitofish in rice paddies as well as in urban ponds and
ditches has proven to be an acceptable alternative to insec
ticides. Mosquito control is likewise one reason given for in
troducing the Mozambique mouthbrooder, although it has
also been justified as a sport fish, weed control agent, aquar
ium fish, and aquaculture species. The weakest of these rea
sons is probably weed control, and as a result other fishes
(mainly other tilapia species and grass carp) have been in
troduced to check aquatic weeds in ponds and canals. Be
cause aquatic plants that are weeds in one body ofwater can
be essential habitat for fish in another, there is considerable
concern over the introduction of fishes, especially grass
carp, for weed control. In California so far, the only grass
carp permitted are sterile triploids in the Coachella Valley.

Golden shiner, red shiner, and fathead minnow are the only
legal bait fishes in California, and they have become wide
spread as the result of repeated introductions by irrespon
sible anglers who dump t~eir leftover minnows into what
ever water they are fishing. Golden shiners are especially
successful, and their establishment in smalllal<es often leads
to the decline of trout and other species, because of the
shiners' tendency to reducethe amount ofzooplankton and
other available food. Various native minnows (such as Cal
ifornia roach, hitch, and tui chub) have also become estab
lished in waters outside their native ranges, presumably as a
result of illegal use as bait.

Fishing

Most of the deliberate introductions into California were
meant to improve sport and commercial fishing and to pro
vide cheap food for the people of the state. One of the most
successful introductions of this type was common carp,
which was considered in the late 1800s to be superior in
both sporting and culinary qualities to most other fish
(Moyle 1984). It is curious that this fish was introduced into
waters already supporting large numbers ofnative, carplike
fishes, just as it is curious that brook trout, lake trout, brown
trout, kokanee, and grayling were introduced into a state
with perhaps the most diverse salmonid fauna in North
America. More understandable were the introductions of
catfishes, basses, and sunfishes, which now form the back
bone of California's warmwater fisheries, because native
cyprinids were simply not acceptable to Euro-American an
glers. The only widely accepted warmwater game fish native
to California is Sacramento perch, which declined quickly
during the 20th century. Unfortunately, some anglers still
consider bringing in new fish to be a good way to improve
fishing. This misconception has resulted in the disastrous
introduction of northern pil<e and the spread of other non
native fishes to new waters, such as white bass to Kaweah
and Pine Flat Reservoirs and yellow perch to Lafayette
Reservoir.

An area in which fish introductions have had major
but until recently largely unnoticed-impacts has been
trout introductions into high-elevation lakes and streams.
With a few exceptions (e.g., Lake Tahoe, the upper Kern
River), waters at elevations over 2,000 m were originally
fishless, including over 4,000 lakes in the Sierra Nevada (Fig.
14). Thanks to continuous introduction programs from the
19th century (by coffeepot and horseback) to the present
(by airplane), trout are now abundant in all alpine areas,
radically changing the ecology of lakes and streams (Moyle
and Randall 1998). The most conspicuous result has been
the decline of amphibians such as mountain yellow legged
frog (Rana muscosa) and Yosemite toad (Eufo canorus) that
depend on deep lakes for overwintering; they presumably
are eaten when they venture too far from shore.

Forage

The results of introducing game fishes have often been dis
appointing, especially in reservoirs. In many instances, the
disappointed fisheries managers concluded that growth and
survival of the game fishes would be improved if more food
was provided. Additional fishes were therefore introduced
as forage. These fishes have generally been small zooplank
ton feeders (such as threadfin shad, wakasagi, and inland sil
verside), although native fishes (such as tui chub, hitch, and
threespine sticldeback) have also been tried. Their success

Figure 15. Spread of inland silverside
from its site of first introduction
(Clear Lake) to southern California,
1967-1984.

deliberately because of American perceptions that the na
tive fish fauna is inadequate to satisfy the needs of a grow
ing state. This perception was dominant during the late 19th
and early 20th centuries despite the abundance of salmon,
trout, and large cyprinids, all of which were harvested in
large numbers. It is still a common attitude among anglers,
although increasingly uncommon among fisheries biolo
gists. Reasons given for introducing fish fall into the follow
ing categories: (1) improving fishing by introducing new
and better species; (2) improving fishing by improving the
forage base for harvested species; (3) providing bait for an
glers; (4) providing biological control of aquatic pests; (5)
providing better species for aquaculture; and (6) providing
homes for pet fish. In addition, a number of small species
have been transported into the state as a by-product of
other human activities, such as dumping of ballast water.
By-product introductions, however, must now be regarded
as deliberate introductions because the industries and indi
viduals involved have no excuse for not knowing their
activities may be bringing in new species. These fishes are
best regarded as a form of pollution, discharged into the

environment.

1968 - 71 Introduction into
San Jose Reservoirs

1975 - 80 Spreads Through
San Joaquin Valley

1967 Introduced, Clear Lake

1975 Abundant in Delta

1972 Cache & Putah Creeks

Perris Res. 1984

Silverwood Res. 1981
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rather than to try to eliminate it (CDFG 2000). It is too late
for an eradication program for Sacramento pikeminnow
and California roach, which were introduced, probably by
anglers, into the Eel River drainage, where they have major
effects on native fishes (Brown and Moyle 1996).

Increasingly, fishes are being introduced into new areas
by aqueducts that bridge drainages. The aqueduct connect
ing the Owens Valley to the Los Angeles basin has transferred
Owens suckers to the Santa Clara River, where they have hy
bridized with Santa Ana suckers. The California aqueduct,
which takes water from the Sacramento-San Joaquin Delta,
has successfully transported a wide variety offishes to south
ern California, including native species such as tule perch,
hitch, blackfish, and prickly sculpin. The aqueduct has
also contributed to the rapid spread of alien species. For
example, the inland silverside was introduced into Clear
Lake in 1967 and was present in southern California by 1984
(Fig. 15). The spread of silversides was enhanced by anglers
who moved them to numerous reservoirs on the unproven
assumption that they are good forage fish for bass.

Despite the importance of water projects in distributing
fish across California, most species have been introduced
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Pets

Impacts of Alien Fishes

63HATCHERIES

Hybridization between two closely related species or sub
species has been a problem primarilywhen fish are trans
ferred from one drainage system in California to another.
The Mojave tui chub is now an endangered species because
it has hybridized in most of its natural range with intro
duced arroyo chub, and the hybrids are almost identical
with pure arroyo chubs (Hubbs and Miller 1943). Results
are similar when Lahontan cutthroat trout or golden trout
hybridize with introduced coastal rainbow trout.

Hybridization

Disease is a poorly understood mechanism by which one
species can replace another. Alien species, unless they have
gone through several generations ofquarantine, are likely to
bring their diseases and parasites with them. These in turn
may kill or weaken native fishes not immune to them. This
outcome has been especially noted in salmonids; even mov
ing strains of one species from one place to another can have
severe effects on native populations. Disease or parasites are
often suspected as causes offish declines, but are rarely doc
umented, especially in California.

Disease

Hatcheries

tilapia) into natural waters, because they may eliminate or
change the composition of aquatic plant communities im
portant in the life cycles of other fishes.

Fish hatcheries have long been a solution for maintenance
of fisheries in the face of massive water development and
heavy exploitation. The basic assumption behind hatcheries
is that they can produce fish to replace those lost through
human machinations and thereby permit activities to con
tinue that deplete wild populations. Historian Michael
Black (1995) has found that salmon and steelhead hatch
eries are part of the failed serialistic policy of fisheries man
agement agencies, which have tacitly agreed to keep trying
to find new technological solutions to the problem of de
clining fish populations (including better hatcheries, fish
ladders, trucking fish around problem areas, and genetic en
gineering), rather than addressing the root causes. When
one policy fails another is tried, until the fish are gone
(which, of course, is one solution to the problem). Because
salmon and steelhead populations in the state have col
lapsed despite the presence of many hatcheries, large and
small, the value of hatcheries has been questioned. In fact,
there is growing recognition that the decline of wild stocks
of salmon and steelhead, or their failure to recover from de-

Habitat Interference

Habitat interference occurs when an alien species changes
habitat characteristics by its activities and the change forces
native forms to leave or suffer reduced populations. Com
mon carp are the main villains in this category because they
root bottoms, digging up aquatic plants and greatly in
creasing the amount of suspended matter in the water.
Fishes (including many game fishes) that require clear wa
ter for feeding or breeding may have their populations re
duced or eliminated. In California the effect of carp is diffi
cult to assess because they live mostly in disturbed habitats.
Habitat alteration continues to be the main objection to the
introduction ofherbivorous fishes (e.g., grass carp, redbelly

Predation

tition for space and food from introduced brown, brook,
and rainbow trouts, although disease, predation, and hy
bridization may also have played a role.

Predation by alien species on native fishes is another mech
anism commonly invoked to explain the disappearance of
species. In reservoirs, this is the most likely mechanism by
which smallmouth and largemouth bass eliminate pil<e
minnows and hardhead. Before bass are introduced, these
cyprinids can be abundant, but once bass are established
they gradually disappear, because no young are recruited. In
the South Yuba River, young-of-year hardhead are found
mainly above a barrier to smallmouth bass invasion, al
though larger hardhead are common below the barrier. The
young cyprinids school in shallow water and are thus ex
tremely vulnerable to bass predation. Predation by green
sunfish is probably responsible for local extinctions of
California roach, although habitat change may also playa
role. The sunfish invade intermittent roach streams, which
are ecologically similar to their native Midwestern streams,
and become trapped with the roach in summer pools.
Under these circumstances they can easily eliminate the
roach. In the Eel River, predation by introduced pike
minnow is responsible for major changes in community
structure and seems to be a significant factor in depressing
chinook salmon populations.

Particularly vulnerable to predation by alien species are
larval and early juvenile stages, during the first few days to
weeks after hatching. In the Colorado River, natural repro
duction of native cyprinids and suckers seems to be largely
prevented by the abundance of alien fishes, such as red
shiner, in habitats required as nursery areas by larval fish
(Minckley 1991a). Likewise, in Putah Creek, recruitmentof
juvenile fish from larvae seems to occur mainly in reaches
where alien fishes are scarce (Marchetti and Moyle 2000).

Competition

Competition between two species for a resource (usually
food or space) in limited supply, which results in one
species being eliminated, is frequently invoked as a cause
for faunal changes. Yet it is in fact very difficult to demon
strate. If an alien species can survive in an undisturbed en
vironment, it is likely to reach some sort of population
equilibrium with species already present, reducing popula
tions of the native fishes but not eliminating them. Thus
the introduction of golden shiners into a California trout
lake usually results in decreased growth and reproduction
of the trout population, but the trout seldom disappear al~

together. However, native California fish species that seem
to have been eliminated from their natural ranges because
of competition from introduced species include Sacra
mento perch and Lahontan cutthroat trout. The disap
pearance of the perch from the Sacramento-San Joaquin
system was gradual (not obviously correlated with envi
ronmental changes), yet the species is very successful in a
wide variety of ponds, reservoirs, and lakes into which it
has been introduced. The common denominator among
these waters is the absence of ecologically similar but more
aggressive species, particularly black crappie and bluegill.
It is likely that competition takes place for nest sites, food,
or both. Predation on young-of-year perch may also be in
volved. Elimination of Lahontan cutthroat trout from its
native streams is apparently also due to aggressive compe-

habitats modified by human activity, whereas native fishes
persist in undisturbed areas. In the San Joaquin River sys
tem, for example, the aggressive, predatory green sunfish is
widely distributed in foothill streams. In undisturbed re
gions they occur only as scattered large adults, while native
minnows remain abundant. If a stream section is dammed,
bulldozed, or otherwise changed, the sunfishes quicldy take
over and native fishes become uncommon (Moyle and
Nichols 1974). In Deer Creek, Tehama County, introduced
warmwater fishes dominate on the Sacramento Valley floor,
where the channel has been altered and water diverted, and
in a section ofheavily grazed and fished meadow where in
troduced brown trout dominate. In other reaches of the
stream, native fishes predominate (Fig. 5) and apparently
actively "resist" the invasions of nonnative species (Baltz
and Moyle 1993). The most abundant fishes in most reser
voirs are aliens, even though the streams feeding them may
be dominated by natives. All these disturbed habitats would
contain native species if alien species were absent, indicat
ing that biotic interactions between the two groups in al
tered habitats favor introduced species. These interactions
include (1) competition, (2) predation, (3) habitatinterfer

ence, (4) disease, and (5) hybridization.
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Alien fishes have radically changed the nature of California's
fish fauna because they are the most abundant fishes in
many waterways. Nevertheless, the invaders have been only
partially responsible for reduction of the native fish fauna.
By and large, alien species are most abundant in aquatic

By-product Introductions

At least five species of fish and numerous invertebrates have
been introduced into the state as by-products of human ac
tivity, and more can be expected. Bigscale logperch came in
with a shipment oflargemouth bass. Rainwater killifish first
probably arrived as eggs on oyster shells. Yellowfin and shi
mofuri gobies apparently were flushed into estuaries with
ballast water from cargo ships, as were numerous inverte
brates. Rapid transport of organisms around the world in
clean ballast water is a growing problem, resulting in major
changes in estuarine and bay ecosystems. The problem is
particularly acute in San Francisco Bay, where a new species
becomes established, on average, once every 12 weeks; the
Bayhas been called the "most invaded estuary in the world"
(Cohen and Carlton 1998, p. 555). Within the state, the
transport of fishes by canals is also a type ofby-product in

troduction, with far-reaching consequences.

Owners of aquarium fishes who have tired of their charges
and released them in (or flushed them into) the nearest lake
or stream are probably responsible for most wild goldfish
populations and for guppies that frequent sewage treatment
plants. The single records of a number of tropical fishes
from waters around the state are also the result of such in
troductions. These fishes rarely survive for long, either
killed by unfavorable environmental conditions or eaten by
predators. However, "escaped" pets may occasionally sur
vive for long periods of time; an example is the 1.3-m-long
alligator gar caught in the Delta in 1991. Releases ofpet fish,
such as sailfin mollies, into warm desert springs where they
can survive have posed a major problem for desert fish con
servation' because the alien fishes compete with or prey on
native fishes and eat endemic invertebrates as well.

bique tilapia, sailfin molly, and porthole livebearer became
established in southern California and blue catfish became es
tablished in the Central Valley. As mentioned, the extinction
of High Rock Spring tui chub and speckled dace in 1989
seems to have resulted from the establishment oftilapia in the

spring-escapees from an aquaculture operation.

I010966            .



cline, maybe partially due to the negative effects ofhatchery
reared fish on wild fish and fisheries. This section deals
mainly with the problems created by hatcheries for anadro
mous fish.

The ways in which hatchery fish and wild fish interact are
complex, and negative effects ofhatcheryfish onwild fish are
not always intuitively obvious; this may explain why it has
taken so long to figure them out. The effects ofhatchery fish
on wild fish can be divided into ten categories: (1) genetic ef
fects, (2) spawning interference, (3) spread of disease or par
asites, (4) juvenile predation, (5) juvenile competition, (6)
life history effects, (7) oceanic effects, (8) harvest effects, (9)
other management effects, and (10) changes in public atti
tudes. These factors rarely operate independently of one an
other or in the absence of other outside effects.

65HATCHERIES

disrupt social hierarchies in wild fish. The closer a stream or
estuarine rearing area is to carrying capacity, the more lilzely
hatchery fish are to have a negative effect. Theymay displace
wild fish to areas where they are more vulnerable to preda
tion or force them to emigrate at smaller sizes than they
would normally.

Life History Effects

Hatcheries often select for particular phenotypes (e.g.,
early spawning) or have practices (e.g., timing ofrelease of
juveniles) that change the life history traits of local wild
populations as the result of interactions between wild and
hatchery fish. In New Zealand, there is evidence that re
peated releases of large i numbers of hatchery chinook
salmon (of California origin!) into a stream caused wild
populations to shift from a stream-type life history strategy
to an ocean-type life history strategy, with potentially lower
survival. Essentially, the flood of hatchery fish into the
stream, and the resultant low survival of fish that stayed in
the stream and had to compete with them, selected for ju
veniles of wild fish that went out to sea at a younger age.

Populations with a strong hatchery influence may also
produce more small jack males than those without such
influence, although the reason for this maybe related more
to heavy size-selective fishing on hatchery stocks than to
any other factor. Given that being a jack male is an evolu
tionarily viable alternative life history strategy in salmon,
and that jack males are usually not spawned in hatcheries,
selection should be in the opposite direction. A related
problem is that wild populations of salmon often contain
runs or subpopulations with different life history strate
gies. Hatcheries typically focus on the run with the life his
tory strategy that is easiest to rear in a hatchery. In Califor
nia, hatcheries have long focused on fall-run chinook
salmon because of their comparative ease of culture
perhaps at the expense of other runs. For example, the
Feather River Hatchery has supposedly been rearing both
spring- and fall-run chinook, but hatchery practices have
pretty much allowed the two runs to merge, to the point
that they are no longer truly distinguishable in the Feather
River (Yoshiyama et al. 1998).

Oceanic Effects

Ocean conditions seem to affect the growth and survival of
hatchery and wild fish in similar ways, although survival at
any given size or age is usually lower in hatchery fish. How
ever, it is possible that, during times of low ocean produc
tivity, competition for limited resources by large numbers
of hatchery fish may further reduce growth and survival of
wild populations, especially those whose levels are already
depressed (e.g., endangered stocks).

Hatchery juveniles released into streams may cause preda
tion mortality of wild fish to increase directly or indirectly.
Juvenile salmon and steelhead released from hatcheries are
typically larger that their wild counterparts and may there
fore prey directly on wild fish in streams. For example,
Sholes and Hallock (1979) monitored the release of 532,000
yearling chinook salmon in the Feather River and estimated
that they consumed perhaps 7.5 million smaller wild fish.
More indirectly, the presence oflarge numbers of hatchery
juveniles in a stream or estuary may also help to sustain
large populations of other predators (such as striped bass,
rainbow trout, or pikeminow), resulting in increased pre
dation on wild juveniles. This effect maybe particularly im
portant for salmonids that spend a year or more in fresh wa
ter before going to sea. It is worth noting that juveniles of
hatchery origin are generally more vulnerable to predation
in the wild than their wild counterparts, so successful hatch
ery operations depend on releases either of huge numbers
of small juveniles or of juveniles of large size in order to
sustain fisheries. Recent studies in British Columbia, for
example, have indicated that mortality rates ofwild juvenile
salmonids greatly increased once large numbers ofhatchery
smolts were released; the principal cause of the increased
mortalitywas the large numbers of small sharks attracted to
the estuary by concentrations of naive hatchery fish.

Spread of Disease or Parasites

The crowded conditions in which hatchery fish live make
them exceptionally vulnerable to epidemics of diseases and
parasites, which may spread to wild populations. Use in
hatcheries of fish from outside a region may introduce new
diseases, as has happened with the spread of whirling dis
ease among trout populations in the western United States.
Hatchery fish selected for disease resistance may carry dis
ease into the wild to infect wild fish that are not resistant.
The spread of disease through hatchery effluent or from
aquaculture operations (especially salmon net-pen opera
tions) is always a possibility, no matter how "clean" a hatch
ery operation seems to be.

Juvenile Predation

cessful at gaining mates than wild males. Nevertheless,
hatchery fish, especially if they make up a high percentage of
the spawners, can disrupt the breeding systems ofwild fish
through their activities, depressing production of wild
fish. The net result is an overall decrease in production.

Juvenile Competition

Juvenile hatchery salmon and steelhead released into a
stream may compete with wild fish for food and space and

Member populations (often runs in different streams) are
assumed to be more likely to interbreed or interact with
other populations within an ESU than with neighboring
populations outside the ESU. If climatic and geologic con
ditions were stable for a long enough period, each ESU
would presumably become a classic biological species.

One method adopted to maintain the genetic distinc
tiveness of local stocks is to use streamside hatcheries that
spawn only local fish. Unfortunately, if survival rates to
adulthood in the hatchery-reared fish are lower than those
for wild fish and the wild fish population is small, the hatch
ery may wind up becoming a sink for wild fish, resulting in
decreased spawning in the wild. This has happened in a
number of instances in Idaho and Oregon and no doubt
also in California, especially with coho salmon. Once the
populations become low, of course, there is the added temp
tation to bring in outside fish to meet production quotas.

The above scenario might be best regarded as an indirect
genetic effectbecause any factor that reduces population size
in wild fish creates the danger of reducing genetic diversity
within the population. Other problems discussed here
such as competition, predation, and disease-have the
added complication of reducing genetic diversitywhen they
reduce effective population size (the number ofwild spawn
ers) to extremely low levels.

Genetic changes in hatchery stocks are important to un
derstand because they affect the nature of the interactions
with wild fish. Hatchery workers and the hatchery environ
ment select for fish that are adapted for survival in hatchc

eries; five to seven generations of hatchery rearing are usu
ally enough to cause major changes in the ability of a fish
species to survive in the wild. Despite the lower ability of
hatchery fish to survive (and, if they do survive, their poor
ability to compete with wild fish while spawning), their
sheer numbers can overwhelm even strong differences in
fitness between hatchery and wild stocks. There is certainly
a greater awareness than ever before of the genetic changes
that hatcheries wreak on salmon and steelhead, and more
and more effort is being made to use breeding techniques
that maximize genetic diversity. Nevertheless, the selective
pressures in a hatchery are always going to be different from
those in the wild, and the results of these differences will
manifest themselves in the behavior and survival of fish that
are released.

Spawning Interference

Fish of hatchery origin that come to natural streams to
spawn compete with wild fish for mates or for spawning
sites. Fleming and Gross (1994) indicate that coho salmon
of hatchery origin may have much lower spawning success
and embryo survival than wild fish in the same stream.
Hatchery males are generally less aggressive and less suc-
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Genetic Effects

Genetic effects are generally divided in turn into (1) direct
effects of hatchery fish on wild fish, (2) indirect effects of
hatchery fish on wild fish, and (3) genetic effects of hatch
eries on hatchery fish (Waples 1991b). The direct genetic ef
fects of hatchery fish are mainly the result of interbreeding
and introgression with wild fish. These effects are still not
as well understood as they need to be, but there is good rea
son to think that the genetic distinctiveness of local wild
stocks or runs may be lost when there is massive intrusion
of hatchery fish. Indeed NMFS refused to list coho salmon
from the lower Columbia River as a threatened species be
cause of evidence of extensive introgression of domestic
and wild stocks. For wild fish genetic distinctiveness is pre
sumed to reflect local adaptation (Taylor 1991), which is
important for long-term survival of populations. Hatchery
populations maybe either less diverse genetically than local
wild populations (because of hatchery practices) or more
diverse (because of the use of fish from outside sources). In
either case, an artificially changed genetic makeup of local
stocks may make it harder for them to adapt to a changing
environment, an important characteristic in an era of cli
mate change. For example, alteration of genetic material
that "programs" juvenile coho salmon to emerge a few days
or weeks later than is optimal for a system could potentially
greatly decrease survival rates. Such problems are lilzely to
be especially severe when natural populations are already
low. It is important to recognize, however, that local adap
tation may not be as precise as it is sometimes made out to
be and that regional adaptations with considerable varia
tion are probably the norm. Indeed these are partly the
basis for the Evolutionarily Significant Unit (ESU), the pre
ferred currency of salmonid conservation. An ESU is a geo
graphic group of populations that share common genetic,
life history, ecological, and other traits and that seem to be
on a common evolutionary trajectory (Waples 1991a,b).
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Changes in Public Attitudes

The presence ofhatcheries can be a deterrent to restoration
of self-sustaining populations of salmon and steelhead be
cause voters often view hatcheries as permanent solutions
for saving them (Black 1995). Their presence has reduced
the likelihood that expensive alternative solutions, such as
habitat restoration and the removal of dams, will be insti
tuted. This is still a problem (although less so than was for
merlythe case). Thus there is a major ongoing program to
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• Fishing in human-made habitats such as reservoirs
was more productive than fishing in natural streams
and lakes.

• Fish hatcheries could sustain fisheries for salmon,
trout, striped bass, or any other species deemed im
portant enough to rear.

• Modern technology and human ingenuity could fix
any problem and even improve upon nature: fish could
be screened from diversions, brought over dams with
fish ladders, encouraged with artificial reefs of old car
bodies and tires, or even genetically engineered to sur
vive water of poor quality.

fisheries have been sacrificed in favor of wasteful irrigation
practices, urban sprawl, and logging, grazing, and mining
practices that degrade the environment rather than sustain
it. Fish and fisheries are even sacrificed to recreation, be
cause streams are diverted to water golf courses in the
desert, casinos and hotels are built alongside delicate alpine
lakes and streams, and hillsides wash into streams after be
ing scarred by road building and off-road vehicles.

For years the extravagant use of California's limited wa
ter at the expense of its natural fish populations was justi
fied using a number of rationalizations:

• The native fishes were mostly trash fish, either of no
use to humans or, worse, competitors or predators of
useful fish.

Unfortunately these rationalizations have not held up
well. The promise that fish and fisheries would be main
tained in the face of continued water development has not
been kept. The problems are exacerbated during long peri
ods ofdrought, when fish populations are naturally stressed
and human competition for limited supplies of water is
most intense. Even though water supplies to cities and farms
maybe drastically cut back, streams and rivers still suffer the
most. Fish populations decline and often do not recover
well, even when wet years return. The results of such a
short-sighted water policy can been seen in the plummet
ing sales of sport-fishing licenses, the closure of sport and
commercial fisheries for salmon and steelhead, the in
creased number of endangered species, and the rapid rate at
which the native fish fauna is being depleted by extinctions.

The following chapter describes how the native fish
fauna, and the fisheries it supports, can be restored.

Conclusions

the number of eggs produced, during a time when survival
of eggs and larvae is low because of diversions and the pres
ence of pollutants. A similar situation has existed for chi
nook and coho salmon taken by commercial and sport fish
eries off the California coast. The fishery maintained a high
rate of exploitation of wild salmon populations already
stressed by water diversions and degradation of their
spawning streams. A major problem has been that larger
and older fish are captured in fisheries, so runs consisted
mainly of three-year-old fish. If spawning should fail, ow
ing to natural or unnatural conditions, there would be few
fish left to return in following years as four- or five-year
oIds, which are needed to keep the run viable. Reductions in
the salmon fishery in recent years have resulted in a positive
response in some populations, especially in chinook
salmon, but the lack of recovery of coho salmon demon
strates the importance of other factors in their decline.

Sport fishing and (to a lesser extent) commercial fishing
can also be major factors shaping freshwater fish commu
nities. Fishing is highly selective for both species and size of
fish. Sport fishing is aimed primarily at large carnivores,
whereas freshwater commercial fishing is aimed at large
fishes not reserved for sport fishing, such as common carp
and Sacramento blackfish. If sport fishing removes a large
percentage of fish at the top of a food chain, the population
structure of the species making up the lower links is bound
to change. In simple systems, such as farm ponds contain
ing only largemouth bass and bluegill, excessive harvesting
of top carnivores (bass) may irreversibly change the system,
unless fishing imbalances are continuously corrected. Thus
the harvesting of large-size largemouth bass from a pond
may cause. a population explosion among their prey
(bluegill). The bluegill in turn may greatly reduce the insect
and zooplankton populations needed to support young
bass, resulting in fewer bass than before and large numbers
of stunted bluegill.

The fish fauna of California is changing rapidly. Streams,
lakes, and estuaries that once supported a unique and valu
able collection of native fishes are being replaced by canals,
ditches, reservoirs, and polluted lagoons that support
mainly hardy exotic fishes-often with flesh so laced with
toxic residues they are unfit to eat. Rich and self-sustaining

Overexploitation of a species always has the potential to
drive its populations to very low levels, perhaps even to ex
tinction, especially if other factors are also causing them to
decline. One of the most dramatic examples of this ten
dency in California was the fishery for white sturgeon in the
late 19th century, which caused a severe depletion of the
population. The fishery was shut down in 1916 and not re
opened until 1954. The sturgeon was exceptionallyvulner
able to overfishing because of its large size, longevity, and
late age of maturity. In recent years, fisheries have probably
contributed to the continuing decline of both striped bass
and chinook salmon. In the case of striped bass, removal of
large females from the population by fishing has reduced

Exploitation

Benefits of Hatcheries

Although this discussion has focused on negative aspects of
hatcheries, they do have their benefits, ifused wisely. Hatch
eries that rear domesticated trout to plant in roadside
streams, reservoirs, and urban ponds provide angling op
portunities that might otherwise be lacking, and they do
little damage to wild populations of trout. Such fish, in fact,
are designed to be caught by virtue of their genetic back
ground and methods of rearing. Small-scale streamside
hatcheries can be a useful tool for rehabilitating runs of
anadromous fish depleted by habitat destruction, provided
habitat restoration is taking place at the same time. Such
hatcheries can become local institutions, increasing aware
ness ofproblems and involving local people in conservation
efforts (House 1999). The assumption, of course, is that
streamside hatcheries will be abandoned once runs are
again healthy. Even large salmon and steelhead hatcheries
may still have their place for maintaining fisheries, provided
all fish released are marked and means are developed to har
vest selectively those of hatchery origin. An undeniable be
nefit of such hatcheries is public education. The large runs
offall- run chinook salmon generated by the Nimbus hatch
ery in the lower American River, for example, create a pub
lic spectacle in an urban area, both in the river and at the
hatchery. Such events can be used to create public interest
in salmon conservation in general.

artificially rear striped bass to plant in the Delta, fueled by
the frustration of anglers over the slowness of ecosystem
recovery efforts-even though there is little evidence that
the program will actually do any good. In contrast, with
salmon and steelhead restoration there is a growing appre
ciation of the need for watershed conservation as a long

term solution.
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Other Management Effects

Because of their availability in large numbers, fry and smolts
from hatcheries are often used as the principal experimen
tal animals to assess emigration and survival rates in re
sponse to regulated flows or other manipulations of regu
lated streams. Management recommendations based on
these studies may not be suitable for wild fish and may
thereby cause further declines. This outcome is currently a
major subject of discussion in the management of outflows
in San Joaquin River tributaries and for Delta outflows on
the San Joaquin side, where all studies of smolt survival have
been carried out with hatchery fish. An additional compli
cation is that many of the fish used have come from a hatch
ery (Nimbus) on the Sacramento side, and some ofthese fish
have later returned to spawn in the San Joaquin tributaries.
This situation further complicates efforts to save native San
Joaquin strains of chinook salmon (if any still exist).

Harvest Effects

Salmon ofhatchery origin can sustain much higher harvest
rates than those of wild origin, so high harvest rates in
mixed-stock fisheries can result in further depression of de
pleted natural stocks. The presence of large numbers of
hatchery fish can create a demand for a fishery in order to
avoid the "waste" of fish of hatchery origin, making it diffi
cult to manage mixed-stock fisheries to sustain wild popu
lations of salmon and steelhead. This may be what is hap
pening in rivers of the Central Valley today, now that har
vest restrictions, intended to protect endangered stocks, are
returning large numbers of fall-run chinook of presumed
hatchery origin to rivers and streams. Small streams that
have not seen salmon for decades have suddenly produced
spawners, and this seems to be a positive development.
However, the potential exists for hatchery fish to overwhelm
remainingwild stocks in the rivers. This is regarded as a ma
jor problem in Norway, where Atlantic salmon escaping
from aquaculture operations are entering spawning streams
in large numbers to compete with native strains for spawn

ing sites.
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A Conservation Strategy

Ecosystem Protection

69WHY PROTECT NATIVE FISHES?

Genetic Diversity

Conservation biologists are increasingly recognizing that
protecting genetic diversity within species is important for
conserving them. Genetic diversity is needed to enable
species to adapt to environmental change, and the adap

tiveness represented by genetic diversity can be of immense
value to humans. This relationship is especially easy to see
in anadromous fishes, which all have their southernmost
populations in California. Their populations have adapted
to the often harsh conditions that naturally exist here: warm
water, fluctuating flows, extended droughts, extreme sea-

Fishes are the most noticeable components of aquatic
ecosystems, and their declines reflect ecosystem deteriora
tion. Protection and restoration of ecosystems are desirable
because of the myriad benefits provided by intact aquatic
ecosystems, such as clean water, flood control, recreation,
fisheries, and spiritual renewal. Thus protecting smelt and

splittail can help protect and restore estuarine ecosystems.
Protecting southern races of steelhead and Santa Ana suck
ers provides incentive to restore some of the most degraded
streams in California. Protecting coho salmon provides ad
ditional protection for old-growth coastal forests. Protect
ing summer steelhead and spring chinook salmon necessi
tates protection for the remote canyons in which they spend
the summer, as well as for long stretches of stream between

the canyons and the ocean. Protecting tidewater gobies pro
tects coastal lagoons. Protection of coastal cutthroat trout
provides additional protection for the unique Smith River,
as well as other North Coast streams and coastal lagoons.

In short, the health of these species is closely tied to the
health of some of the most important aquatic ecosystems in

California. Protecting species can therefore provide moti
vation and symbolism for broad environmental conserva
tion, desirable for the sake of many other species, including
humans.

supported dipnet fisheries and was (and still is, to a limited
extent) an important traditional food for Native Americans.

A more immediate value of delta and longfin smelts, given
their comparatively low populations, is that their require
ments are similar to those of other fishes of the San Fran
cisco Estuary, such as striped bass, that have high economic
value. Thus protecting smelt may also protect the fisheries
for striped bass, shad, and other species, because all require
a functioning estuary. In short, protecting obscure fishes
can help keep ecosystems functioning---;-even disturbed
ones. This and other more general economic arguments
are discussed in Moyle and Moyle (1995) and Moyle and
Cech (1999).

extinct because we cannot predict their economic value in
the future.

One reason to expect "worthless" fishes to increase in
value is that most conventional sport and commercial fishes
are in decline. This is particularly true of anadromous
fishes-even fall-run chinook salmon, steelhead, and white
sturgeon, which are mainstays of fisheries. Runs of these
three fishes, increasingly supported by hatchery produc
tion, are remnants of what was once an astonishingly di
verse fishery for anadromous fishes: four species of salmon,
two species of sea-run trout, three species of smelt, and two

species of sturgeon. There were separate fisheries for dis
tinct runs of these species as well, such as the four runs of

chinook salmon in the Sacramento and San Joaquin Rivers,
or summer and winter steelhead in the Eel River. Each
species and each run used riverine resources in a different
way, greatly increasing total production of fish. In the 1800s
and early 1900s, before anyone was aware of the complexity
of California's anadromous fish populations, almost con
tinuous fisheries existed for "salmon;' "sturgeon," and
"smelt." If one run or species had low returns as a result of
natural disaster, other runs or species would not, and fish
eries were thus able to remain economically viable.

Today most of these options are gone. Not only is total
yield a fraction ofwhat it was, but dependence on a few runs
of fish means that fisheries are much more likely to suffer
irregular fluctuations between "boom" and "bust" years. In
short, restoring and maintaining a diversity of species and
runs results in more fish and more stable fisheries.

Another important economic argument is the long-term
value of fisheries. In California, fisheries have consistently

been sacrificed for mining, logging, grazing, and farming.
In the short term, trading off fisheries for these other in
dustries might seem worthwhile, because their annual re
turns in dollars are enormous compared with the annual
values of fisheries. Yet mines are depleted, often becoming
toxic waste sites; many logged areas regenerate slowly or not

at all; and overgrazed hillsides become gullied. Even irri
gated agriculture eventually declines as soils become saline;
salinization in many areas is inevitable, whether it takes 5,
50, or 500 years. In contrast, fisheries can go on indefinitely,
climate permitting. Anadromous fish keep coming back,

year after year, bringing the productivity of the ocean to
streams and to human society. In fact, fisheries and other in
dustries that depend on wildlands and water are not neces
sarily mutually exclusive. But other industries must give
more consideration to how their operations affect fisheries
now and in the future.

Finally, it is worth noting the value of many small
species, such as the three smelt species (Delta smelt, longfin
smelt, and eulachon). All three were harvested by commer
cial fisheries in the 19th century, and similar species are still
highly valued as food around the world. The eulachon long

Economics

The perception that most native fishes are valueless is nar
rowly European-American, the product of a culture that
seems to regard only boneless fillets oflarge fish as fit to eat.

Native Americans ate most local fishes and especially fa
vored the large cyprinids and suckers (Schulz and Simons
1973; Lindstrom 1996). Asian immigrants found these same
fishes similar to species they were accustomed to eating in
Asia and thus have a long tradition of harvesting native
fishes. Commercial fisheries for Sacramento blackfish har
vest thousands of pounds each year for Asian-American
markets. In short, the value of many fishes is simply not ap
preciated, although this view is likely to change in the future

given the increased popularity of fish as food for all seg
ments of society. Indeed this is a good reflection of the
concept of safe minimum standard, which translates in this
situation to the idea that we should not let any species go

Of all California's native fishes, only 11 species, mostly
salmonids, contribute to important fisheries today. Another
12 once harvested are now in such low numbers that they
no longer have much economic value. Most of the rest are
known mainly to ichthyologists and sometimes to fisheries

managers (usually as pests, forage, or endangered species).
Ifmost of California's native fishes-but especially the rarer
species-became extinct tomorrow, no fisheries or eco
systems would collapse due to their absence. So why bother
to protect them? Many arguments have been developed at
length (e.g., Norton 1987; Moyle and Moyle 1995), but
some of the more salient reasons fall into five overlapping
categories: (1) economics, (2) ecosystem protection, (3) ge

netic diversity, (4) aesthetics, and (5) morality.

Why Protect Native Fishes?

68

As the human population of California grows, native fish
populations decline, reflecting a general deterioration of

aquatic habitats. But this downward trend does not have to
continue. In fact, it is reasonable to assume that a Califor
nia supporting healthy populations of native fishes will be
a much healthier state for humans as well-with water safe
for drinking and swimming, and fish that are safe to observe

and eat.
Because the state's native fishes are most abundant and

diverse in relatively healthy environments (Moyle et al.

1998), they can serve as surrogates for most (but by no
means all) native aquatic biota in conservation actions. The
use of fish as a focus for aquatic conservation is necessary

because ofthe sheer size of California and the enormous di
versity of its aquatic environments. Fish also tend to rouse
greater public sympathy for conservation actions than do
plants, insects, or even amphibians. At present, however,
they are not doing very well: more than 70 percent of the
native fishes have less than 10 percent of their habitat in wa
ters under some kind of formal protection (Moyle and
Williams 1990). For most fishes, "less than 10 percent"
means "none." The native fish fauna is in decline because

hundreds of local actions, large and small, have degraded
unprotected habitat. These actions are so pervasive that
change is taking place very rapidly. Consequently, protec
tion of aquatic diversity statewide requires hundreds of lo
calized conservation actions, which will be most effective if
they are carried out within the context of a statewide strat
egy. Otherwise there are likely to be, for example, hundreds

of kilometers of trout streams protected but very few kilo

meters of streams for California roach.
This chapter presents a conservation strategy by dis

cussing (1) why it is important to protect native fishes, (2)
how to prevent future problems, and (3) how to protect na

tive fishes statewide.
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sonality of suitable habitats. Such hardy fish were created
through thousands of years of evolution, and their genetic
heritage cannot be recreated or even maintained in hatch
eries. They are valuable not only because they can survive in
the increasingly stressed habitats of California but also be
cause theymaybe needed to help maintain fisheries in more

northern areas.
Globalwarming is occurring so rapidly that most species

will not be able to adapt through local genetic changes;
they will need genes from populations already adapted to
warmer conditions. California fishes are clearly a reservoir
of such valuable genetic information; losing populations of
these species is thus like throwing out a valuable insurance
policy for fisheries in Oregon and Washington as well as
California. Wild stocks are also valuable for the growing
aquaculture industry, because they contain the genetic in
formation needed to develop strains of fish with disease re

sistance and other characteristics.

Aesthetics

Among the best reasons for saving species are aesthetic
ones. We want them to be around so that we and our de
scendants can glimpse them in natural settings. Our culture
has a particularly strong appreciation for salmon, dating
back at least 10,000 years to the time when the first images
of salmon appeared on the walls ofEuropean caves. Chinese
culture has a similar appreciation of carp. The strength and
beauty of these fish and their struggle upstream to spawn,
in the face ofwaterfalls, predators, and fishermen, have long
been a source of inspiration. A stream packed with spawn
ing salmon is awe inspiring; an encounter with wild salmon
or steelhead in a forest stream or remote canyon pool can
be an unforgettable experience. Even quiet encounters with
species like hardhead and tule perch in a clear, warm, rock
bound pool can be fascinating. Hardhead and tule perch
have an additional aesthetic consideration: they are species
that occur only in California-part of a unique fauna that
helps define why California is such a special place for hu
mans to live. To understand and appreciate endemic fishes
is to understand the dynamic and severe nature of Califor
nia's environment and to appreciate the evolutionary forces
that created its present-day fauna. Such understanding can
help us to live with the environment rather than constantly

trying to control it.

Morality

For centuries the dominant ethic of our society toward wild
creatures was, for the most part, if it does not have value to
humankind, it can be ignored or destroyed. There is a grow
ing movement to change that basic ethic, a movement rooted
in religions of both the East and the West. Books have been

70 A CON S E R VA T ION S T RAT E G Y

written on the subject (e.g., Ehrenfeld 1981; Norton 1987;

G. Snyder 1990), but the often beautiful and complex argu
ments boil down to deep-seated feelings that it is simply
wrong to eliminate species and ecosystems from this earth
when we have the knowledge and power to prevent their loss.

Prevention

One of the first steps in any conservation strategy is to pre
vent the development of new problems that are likely to
confound other efforts. In general, prevention is best ac
complished by applying the precautionary principle to new
initiatives: do not undertake new actions or policies unless
it has been proven they will do no permanent, irreversible
harm to aquatic environments. This approach also applies
to "new" actions under old policies, such as constructing
homes in floodplains. Obviously-given the state's massive
urbanization, high demand for storedwater, and intense use
of agricultural, forest, and range lands-the precautionary
approach is difficult to adopt. Yet some actions lend them
selves to immediate application of this principle better than
others. Such immediate actions could include halting inva
sions, reducing the use of pesticides and other pollutants,
adopting sensible land use practices, and improving water
distribution and allocation practices.

Halting Invasions

Aquatic ecosystems in California are continually disrupted
by invasions of alien species. Expensive habitat restoration
efforts can be negated by an invasion, and the costs of re
covering endangered species are greatly increased when
alien species suppress their populations. Some steps that
should be taken to halt new invasions include the following:

o Prevent the discharge from ships of ballast water that
contains estuarine or freshwater organisms. At the
same time make the shipping industry and port au
thorities responsible for damage caused by new ballast
water invaders. Amajor step in this direction was a state
law passed in 1999: AB 703, the Ballast Water Manage
ment for Control of Nonindigenous Species Act.

o Ban the use of live fish as bait in the inland waters of
California, especially commercially raised minnows.

o Limit the planting of trout in alpine lakes to reservoirs
and lakes within easy walking distance of roads; erad
icate fish from selected high-elevation watersheds to
permit recovery of amphibians and invertebrates.

o Educate anglers about the dangers and costs of mov
ing fish around; strongly enforce existing laws against
unauthorized movement of fishes.

o Set up an interagency Alien Species Response Team
with funding and authority to quickly take appropri
ate action to halt new invasions while they are still con
trollable.

o Require the aquaculture, aquarium, and horticultural
industries to take responsibility for the potentially in
vasive species they sell by, as appropriate, banning
some species, labeling others, making contributions to
invasive species control and prevention programs, and
providing facilities where people can return unwanted
fishes and invertebrates.

Reducing the Use of Pesticides and Other Pollutants

In some respects, the waters of California are cleaner than
they were 30 years ago, thanks to the federal Clean Water
Acts of 1960,1965, and 1972 and related state acts. These
acts resulted in dramatic reduction of point-source pollu
tion' especially industrial waste and sewage. Unfortu
nately, heavy metals, pesticides, and other toxic contami
nants continue to pour into our waters, mainly from such
nonpoint sources as farms, mines, construction sites, log
ging areas, and urban and suburban drains. The myriad
ways to prevent further toxic effects and to reduce the
amount and variety of contaminants are covered in many
other documents (e.g., Kegley et a1. 1999), and it is clearly
in our best interests to do so. Healthy fish indicate healthy
waters.

Adopting Sensible Land Use Practices

Any human activity on land has the potential to affect
water in the streams and lakes into which the land drains.
Many of our practices-such as channelization, construc
tion of levees, development on floodplains, destabiliza
tion of hillsides through vegetation removal, and ditching
and draining of marshlands-cause direct and dramatic
changes in the way streams and rivers work, usually to our
long-term detriment (Mount 1995). There is a growing re
alization that "business as usual" in use of the land cannot
continue, especially ifwe value fish, riparian areas, and wet
lands. The best signs of this awareness are the citizen-based
watershed groups that have sprung up around the state,
even for such seeminglylost causes as the Los Angeles River.
Such groups need to be nourished, especially with funding,
so they can work to improve land use practices. On a big
ger scale, the multiagency CALFED organization recog
nizes that restoration of the San Francisco estuarine eco
system will require changing land use practices throughout
the CentralValley, the Sierras, and the San Francisco Bayre
gion, in part by preventing uses that have been permitted
in the past.

Improving Water Distribution and Allocation Practices

Prevention of the wasteful use of water, particularly on
agricultural lands, must be an important part of any strat
egy to protect aquatic ecosystems. Unfortunately Califor
nia water law, combined with heavy state and federal sub
sidies of developed water, encourages its extravagant use,
for example to flood-irrigate alfalfa during times ofdrought.
Landowners with riparian water rights are allowed to use as
much water as they need on their land but are not allowed
to sell it, so they have little incentive to conserve. Water from
federal and state water projects is typically sold to farms and
cities at prices far below the actual costs of ~torage and de
livery (including the costs of dams and other infrastruc
ture). Prevention ofwater waste will be most effective ifthere
are financial incentives not to waste it, requiring major
changes in the waywater is valued and allocated. Various pro
posals exist for reform ofwater law andwater allocation (e.g.,
water marketing), but none is likely to be instituted until Cal
ifornia faces another drought-induced crisis. An· additional
motivation for reform has been recent mandates requiring
federal projects to provide large amounts of water for envi
ronmental purposes, beyond minimum downstream flow
schedules, such as the 800,000 acre-ft/year required from the
federal Central Valley Project for fish and wildlife. How this
water should be used is still a matter of controversy, but at
least its allocation sets a precedent in acknowledging that
prevention of further declines and extinctions of native
fishes depends on having sufficient water in the system.

Protection

Although stopping or reducing environmentally destruc
tive practices is important, such action must be combined
with active protection of species, faunas, habitats, water
sheds, and regions. The proposal put forth in this section
(Moyle and Yoshiyama 1994; Moyle 1995) covers five tiers
of protection, each offering progressively more protection,
but also being more difficult to implement, than the pre
ceding one. The tiers are not mutually exclusive; they are in
teractive and complementary.

Tier ( Endangered species. Protect under state and/or
federal endangered species acts (ESAs) or other legislation
all aquatic taxa lil<ely to be extirpated from California
within the next 20-30 years. This includes those native
fishes classified as status IE in this book (Table 1).

Tier 2: Species clusters or assemblages. Provide special
management for clusters of declining species (including
reptiles, amphibians, and invertebrates) that inhabit the
same aquatic habitats or watersheds. The cluster could also
be a natural assemblage of organisms in which the assem
blage is disappearing even if the component species are still
fairly common (Moyle et a1. 1998).
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Tier 1: Endangered Species Protection

The federal ESA is one of the strongest environmental laws
ever written (Orians 1993). The California state law is
weaker but still provides considerable protection for listed
species. The power of the two ESAs is being tested continu
0usly in conflicts over water diversion and land use, but res

olution of the conflicts has usually resulted in improved
habitats for fishes. Examples include the following:

Tier 3: Habitats. Development and implementation of a
system ofprotected aquatic habitats, called Significant Nat
ural Areas (SNAs), that provides systematic, statewide pro
tection of aquatic biodiversity. Examples of all habitats

listed in Moyle and Ellison (1991) should be included.
Tier 4: Watersheds. Develop a statewide system of pro

tected watersheds, called Aquatic Diversity Management
Areas (ADMA), to enhance biodiversity through protection
ofnatural processes in complete ecological units. Eventually
all watersheds in the state should be managed in ways that

include some element of protection for aquatic life.
Tier 5. Bioregions. Develop and implement manage

ment schemes for multiple watersheds in a region with uni

fying biological features (bioregion). This approach would
involve managing entire landscapes or ecosystems for nat
ural values, recognizing humans as part of the landscape.

Although this strategyhas been developed specifically for
California, it is applicable to other regions as well, especially
in the western United States. The number of tiers could be
increased to encompass state, country, continent, and planet,

but higher tiers are beyond the scope of this book
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Threatened Assemblages Assemblages of species, such as
those discussed in the Ecology chapter, represent natural
biotic units on which protection efforts can focus. As pop
ulations of species and habitats become increasingly frag
mented, not only do species become threatened with ex
tinction but the natural assemblages of fishes (and other

organisms), with all their interactions, become threatened
as well. Thus in Putah Creek, Yolo and Solano Counties,
there exists a compressed transitional (foothill-mountain)
assemblage of fishes below Putah Diversion Dam, contain

ing eight resident species and three anadromous species.
This rich assemblage has become increasingly rare in the
Central Valley. When flows below the dam were reduced
during a period of drought, extirpation of the assemblage
became likely. In deciding a court case brought in an effort
to increase flow to the stream, the judge ruled that the in
tegrity of this assemblage, even though it contained no en

dangered species, was protected under both Section 5937 of
the Fish and Game Code (fish must be maintained in "good
condition" below a dam) and the Public Trust Doctrine
(Moyle et al. 1998). In May 2000, all the parties involved in
the lawsuit signed an accord that provided for increased

flows down the creek to protect the native fish assemblage.

of species may be needed to provide motivation to under
take necessary ecosystem recovery efforts. An example of a
cooperative arrangement to protect a species cluster is the
ongoing restoration of the fishes of Goose Lake, a large al
kaline lake that straddles the California-Oregon border.
The lake and its tributaries contain four endemic fishes (see
the Distribution Patterns chapter). In 1992, after a pro
longed drought, Goose Lake dried up. As the lake desic

cated, USFWS staffbegan a status review of the four species,
preparatory to recommending their emergency listing as
endangered, based on species accounts in Moyle and

Yoshiyama (1992) and observations of local biologists (N.
Kanim, USFWS, pers. comm. 1993). However, the listing
was held in abeyance while the Goose Lake Fishes Working
Group (an informal association of regional agency biolo
gists) worked with local landowners, interest groups, univer
sitybiologists, and representatives ofland management agen
cies to see if alternatives to listing could be found. The coop
eration of landowners was essential for protection of the

fishes, because most possible refuges were on private land or
on public land leased for grazing. The efforts of the working
group were successful in demonstrating that (1) there was
general willingness to cooperate with recovery efforts, (2)
there were more refuges for the fishes than had been previ
ously supposed, and (3) funding was available for stream
restoration and other recovery programs (G. M. Sato, BLM,
pers. comm. 1993). When the drought ended and the lake
refilled, the four Goose Lake fishes quickly recovered, demon
strating that formal listing of them may not be necessary.

for "special concern" status, and species not yet in serious
trouble but indicative of special habitat conditions. Al
though their recommendations dealt only with fishes, they
also recommended that the clusters be expanded to include
other aquatic vertebrates (especially amphibians) and in
vertebrates. These are situations in which Habitat Conser
vation Plans, a special tool for dealing with the management
of endangered species on private land under the ESA, might
be especially appropriate.

Unfortunately, even with the best of intentions, man
dated protection oflisted species can result in measures that
may harm unlisted species. For example, managing the
flows of the Sacramento River for endangered winter-run

chinook salmon may reduce the amount ofwater needed to
support the other three runs of chinook salmon in the river
(all of which are in decline), as well as other native fishes
(Moyle et al. 1995). USFWS recognized this dilemma, and,
following the 1993 listing of delta smelt as a threatened
species, it appointed a Delta Native Fishes Recovery Team
(rather than a delta smelt recovery team). The charge to the

team was to "address the Delta ecosystem as a whole, con
sidering the declines of other native fishes in addition to

delta smelt, ... [which] may require active management to
restore sustainable populations" (M. 1. Plenert, USFWS,
letter to P. B. Moyle, 31 March 1993).A cluster plan was de
veloped that included delta smelt, longfin smelt, Sacra
mento splittail, green sturgeon, Sacramento perch, spring
run chinook salmon, San Joaquin fall-run chinook salmon,
and late fall-run chinook salmon (USFWS 1996). Even in
this situation, however, actions to protect listed species

legally have precedence over actions to protect nonlisted
species. Thus one justification for listing additional species,
such as Sacramento splittail (listed in 1999), is that such list
ings provide a stronger legal foundation for a multispecies
or ecosystem approach to management of the estuary (NHI
1992; Fiedler et al. 1993).

Occasionally clusters of species may be treated together
when fishes in the cluster are all threatened by one major
factor, even if the species are not all parts of the same eco
system. For example, the formal listing of all species of fish
and endemic invertebrates in the springs and streams of the
Amargosa River region (California and Nevada) is recom

mended by Moyle and Yoshiyama (1992) because most de
pend on the outflows of springs fed by deep and ancient
aquifers. The water in these aquifers is now being mined by
local agriculture and is proposed to be mined on a massive
scale by the city of Las Vegas (McPhee 1993). Such mining

may dry up many, or all, of the spring sources (Moyle et al.
1995).

Clusters of Declining Species Ideally clusters of declining
species should be managed together, before any become
listed under the ESA. However, the threat oflisting clusters

Clusters with Listed Species Moyle et al. (1995) recom
mended 15 clusters of California fishes for joint manage
ment. Each of these clusters contains species that usually

co-occur on a regular basis; they include not only species
recommended for listing, but also species already listed as

threatened or endangered, declining species recommended

Systematic protection of biodiversity beyond what the

ESAs can provide is clearly needed.

• The act comes into play only when a species is on the
verge of extinction and recovery is likely to be expen

sive and controversial.

• The uncompromising nature of many of the act's pro
visions almost automatically leads to confrontation

over methods of implementation.

• Measures taken to protect listed species have prece
dence over measures to protect unlisted species, even
though the unlisted species may be in trouble as welL

• Measures to save listed species are likely to focus on
"quick fixes" and technological solutions, such as
transplants and captive rearing, rather than on eco

system protection measures.

Recovery of a species under the ESA means only that
it has achieved a population size such that it can rea

sonablybe expected not to go extinct; it does not mean
that it has self-sustaining populations that are ecolog

ically significant.

• The number of species qualifying for listing in places
such as California generally exceeds the capacity of
state and federal agencies to handle the complex list
ing process for all species, especially if the number is

constantly increasing (as it is).

Tier 2: Management of Species Clusters or Assemblages

One response to criticisms of the ESAs is to intensively
manage groups of declining species that seem to have
broadly similar ecological requirements and that co-occur
in limited geographic areas. If a number of species are pro

tected simultaneously, the ecosystem of which they are part
will also be protected, along with poorly known or less
charismatic organisms that also live there. Three basic
strategies use the cluster approach to protect threatened
ecosystems: (1) have multiple species in the cluster listed
under the ESA, (2) develop a management plan to prevent
listing, and (3) protect the cluster as a threatened commu

nity or assemblage of organisms.

The federal ESA is a powerful tool for conservation of
aquatic species. Yet relying on it has several disadvantages:

A CONSERVATION STRATEGY

• The listing ofdelta smelt as threatened in both the state
and federal ESAs has been a major factor in motivat
ing disparate interest groups to join together to find
ways to restore habitats and natural hydraulics to the
San Francisco Estuary. The smelt is endemic to the es
tuary, from which large quantities ofwater are diverted

southward for agricultural and urban users (Moyle et

al. 1992).

• The listing of tidewater goby provides significant pro
tection for coastal lagoons up and down the state and
may ultimately provide some protection for water

sheds that drain into the lagoons.

• The listing of coho salmon has focused attention on
the poor condition of hundreds of coastal watersheds
and has been a key factor in the settling (more or less
in favor of fish) of a number of disputes over logging

and land use practices.

• The listing of various species and subspecies of pup
fish has been a key factor in protecting desert spring

and stream ecosystems in California and Nevada.
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Tier 3: Habitats

Small areas ofunusual or exceptionally pristine habitat have
long been protected by public agencies (e.g., the Research
Natural Areas of USFS) and private groups (e.g., the pre
serves of The Nature Conservancy), although the focus of
such areas is usually a terrestrial (plant) feature. These are
traditional nature preserves. Many of these areas, protected
and unprotected, have been catalogued by CDFG as SNAs.
I have adopted the term to apply to small aquatic habitats
or habitat segments that merit special protection because of
their native fauna and flora. Aquatic SNAs are of two basic
types: (1) small, isolated, and fairly pristine waters and (2)
segments of streams, often below dams, that are dominated
by native fishes or that contain important native elements
not protected elsewhere. Examples of the first type include
spring systems, small intermittent tributary streams, vernal
pools, and small isolated lakes. Because of their size, hence
vulnerability, these SNAs need special and nearly complete
protection, often including fencing. Protection is likely to
include fairly intensive management to keep out invasive
species and livestock or to restore populations extirpated
through natural processes. The latter approach may be nec
essary ifthe SNA is isolated from similar areas that normally
would have been a source for natural recolonization. The
size of these SNAs, however, also makes them relatively easy
to protect. Some examples ofpotential SNAs ofthe first type
include the following:

1. In previous publications I have included SNAs as ADMAs, with SNA-ADMAs having areas ofless than 50 km2 and watershedADMAs hav
ing areas of 50 km2 or more. I have subsequently decided that is it less confusing to have ADMAs apply only to watersheds.
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2. An ADMA must be large enough to contain the
range and variability of environmental conditions neces
sary to maintain natural species diversity. An ADMA that
is too small will ultimately fail even if correct environmen
tal conditions are present. The actual size of an ADMA will
depend on the biota being protected, but50 km2 seems like
a reasonable minimum size for most watersheds. There is
no maximum size. A riverine biota may require ·several
thousand square kilometers, encompassing much of a
drainage. ADMAs must have their water sources protected,
including aquifers and extreme headwaters.

3. ADMA integrity must be protected from edge and
external threats. Reducing edge and external threats is a
continual challenge to designers of natural areas, and it is
largely in order to reduce these threats that ADMAs should
encompass entire watersheds. Edge threats result from the
gradient ofhabitat qualitybetween the ADMA and adjacent
areas. The less distinct the boundary, the more lil<ely the
ADMA will suffer from habitat degradation (due to, e.g., ac
cess roads or the aerial spread of pesticides) and invasions
of unwanted species. Edge threats are likely to be particu
larly severe in low-elevation ADMAs, where watershed
boundaries are not sharp or defined by steep, rocky ridges.

External threats do not recognize boundary lines and in
clude such factors as pollutants, diseases, and introduced
species. Theypose a particularly severe problem for ADMAs
because agents that affect the biota in any part of a drainage
may eventually be carried by the water throughout its en
tirety (Moyle and Sato 1991). A particularly insidious ex
ternal threat to aquatic systems is pumping of groundwater
from aquifers distant from the springs and streams that the
aquifers feed. Thus pumping of groundwater in Nevada
may eventually dry up springs essential for survival ofpup
fish and spring snails (Hydrobiidae) in California. Species
that are typically good invaders-such as green sunfish,
common carp, red shiners, and bUllfrogs (Rana catesbeiana)
-have tremendous dispersal abilities, can work their way
over low barriers, and can survive in a wide variety ofhabi
tats, even those in fairly good condition.

Edge and external threats will always be problems for
ADMA management, but they can be reduced by creating
large ADMAs, improving management of adjacent water
sheds, and constructing barriers to prevent invasions of un
wanted species. Ideally barriers should block entry of non
native species but not of native migrants. For California
streams, the best barrier to invasion is often a natural flow
regime, because native species are generally well adapted to
living under fluctuating conditions (Baltz and Moyle 1993;
Moyle et al. 1998).

have been envisioned as museums that freeze present con
ditions and exclude all human use except scientific study.
Conceptually, they are based on equilibrium models of
ecology that have been largely replaced by more dynamic
(stochastic) models (Fiedler et al. 1993). Refuges, in con
trast, are areas intensively managed for select groups of
species, such as waterfowl, or areas set aside to protect eco
nomically important or endangered species without too
much concern for maintaining native biotic communities
(Williams 1991). In practice, areas labeled "preserves" and
"refuges" run the gamut from highly artificial environments
to highly protected natural areas. The two terms are used
rather loosely, often meaning different things to different
agencies and people. Therefore I prefer the term AquaticDi
versity Management Area (ADMA) (Moyle and Yoshiyama
1992, 1994; Moyle 1995).

AnADMAis a watershed that has as its top management
priority the maintenance of aquatic biodiversity.l Other
uses are permitted, but they are secondary to, and must be
compatible with, the primary goal. The key to maintenance
of ADMAs is flexibility, recognizing that active manage
ment is needed to maintain or enhance biodiversity and
that an ADMA is likely to change through time. ADMAs are
not necessarily pristine environments, but they are usually
reasonable approximations of them.

The characteristics of ADMAs given here are derived
from the ongoing debate on how nature preserves should be
designed (Moyle and Sato 1991). Unfortunately, most debate
over preserve design has centered on terrestrial systems and
has paid little attention to the special problems ofprotecting
aquatic environments. Therefore, the six criteria listed here
are those used for design of preserves in general, although
they are discussed in the context of aquatic systems (Moyle
and Sato 1991). These ideas owe much to the concept ofkey
watersheds developed by Thomas et al. (1993) for streams of
the Pacific Northwest that produce anadromous fish.

1. An ADMA must contain resources and habitats nec
essary for persistence of the species and communities it
is designed to protect. This criterion assumes that all life
history stages of all organisms (not just fish) are known-a
degree ofknowledge that is simply not attainable. Design of
anADMA therefore should be based on the largest and most
mobile species, on the assumption that their habitat needs
will also encompass those ofless well-known species. This
means that ADMAs will largely be based on the needs of
fish, amphibians, and macroinvertebrates (including mi
gratory species that are present for only part of their life cy
cle), and on the needs of conspicuous riparian organisms
(trees, birds, mammals).Protection ofbiodiversityhas traditionally centered around

setting up preserves and refuges. Preserves are areas, usually
small (like SNAs), set aside to protect communities of na
tive organisms in order to ensure the survival of species by
minimizing negative human impacts. Historically preserves

Red Hills roach, a peculiar but undescribed sub
species (or species) of roach. Although on BLM land,
the area is unprotected and is used for off-road
vehicle recreation. Horton Creek flows into New Don
Pedro Reservoir.

• The McCloud River between McCloud Dam and
Shasta Reservoir (Shasta County) is a large, cold river
that supports mostly native organisms, including rain
bow trout, riffle sculpin, and many invertebrates and
amphibians. Even though some key components ofthe
system (chinook salmon, bull trout) are missing, the
natural elements remaining merit special protection;
much of the river is in a TNC preserve.

• Putah Creek below Putah· Diversion Dam (Yolo and
Solano Counties) depends on flow releases to maintain
its habitats, yet it manages to support a remarkably di
verse native fish fauna, including tule perch and small
runs of chinook salmon, Pacific lamprey, and steel
head.

• Big Tujunga Creek below Big Tujunga Dam (Los An
geles County) is the only place left in the Los Angeles
River watershed that supports native fishes, mainly
Santa Ana suckersand arroyo chubs.

• Lagunitas Creek (Marin County), despite having sev
eral dams in the watershed, supports remnant runs of
coho salmon and steelhead, plus a rare native shrimp
(Syncarus pacificus) and a largely native fish fauna
(Moyle and Smith 1995).

SNAs are included as a tier in order to promote recogni
tion of the fact that some aquatic systems or areas do need
the intense protection and management normally associ
ated with traditional nature preserves. Most SNAs are small
but can protect unusual fish or invertebrates and associated
communities of organisms that might otherwise be over
looked or that are part of watersheds that are otherwise in
poor condition.

Tier 4: Watersheds

The second type of SNA typically has highly disturbed
aquatic habitats above and below it, but circumstances
(usually fortuitous and artificially maintained) make the
stream segment important for native aquatic organisms.
Some examples are the following:

A CONSERVATION STRATEGY

• Indian Creek, is a small tributary to a northern Cali
fornia stream. Because of its location it has been rela
tively inaccessible to livestock that roam the area, and
as a consequence it has maintained a lush riparian
community. The stream itself contains abundant na
tive fishes (mainly California roach and rainbow
trout) as well as large numbers of the increasingly rare
foothill yellow-legged frog (Rana boylei) and the Pacific
pond turtle (Clemmys marmorata).

• Crystal Spring (Shasta County) is a large spring area
that overflows a lava dike into Hat Creek. The spring
area contains a diverse aquatic flora and fauna, in
cluding endemic rough and marbled sculpins and
Shasta crayfish (Pascifastacus fortis). It is privately
owned, by a power company.

• Stump Spring (EI Dorado County) is a seasonal spring
that flows into the Cosumnes River. It contains no fish,
but it is one ofthe few localities known for an endemic
genus of stonefly (Cosumnoperla), which has larvae
that are subterranean for most of the year. It is located
in Stanislaus National Forest.

• Six Bit Gulch (Tuolumne County) is the principal
reach of the Horton Creek drainage, which contains
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4. An ADMA should have interior redundancy of habi
tat to reduce effects of localized species extinctions due
to natural processes. This criterion to a degree reiterates
criterion 2, but the need for local redundancy cannot be
overemphasized. Aquatic species frequently occur as small
populations in narrow habitat types, where populations
come and go in relation to natural events and demographic
processes. Adequate local redundancy therefore will allow
recolonization to occur quickly and naturally. Thus the best
ADMAs are those large enough to include multiple exam
ples of all habitat types covered in Moyle and Ellison (1991).

5. Each ADMA should be paired with at least one other
ADMA that contains most of the same species but is far
enough distant that both are unlikely to be affected by a
regional disaster. Large disasters-volcanic eruptions,
earthquakes, pesticide spills, forest fires-can fundamen
tally alter the integrity of an ADMA. Therefore, sources of
species must exist for biotic reconstruction, ifnecessary. For
streams, this requirement means creating ADMAs in sepa
rate drainages with similar characteristics and biotas. For
species inhabiting temporary ponds, this may mean pro
tecting ponds at widely separated localities. Thus the Con
servancy fairy shrimp (Branchinecta conservatio), endemic
to central California, is well protected because TNC has sev
eral widely separated vernal pool preserves in Tehama,
Merced, and Solano Counties (Eng et al. 1990). Greater
replication ofADMA types increases chances for long-term
survival of native organisms. However, some ADMAs will
not be replicable if they contain highly localized endemics
(e.g., desert springs with pupfish subspecies, Goose Lake).

6. An ADMA should support populations of organisms
large enough to have a low probability of extinction be
cause of random demographic and genetic events. Small
populations of organisms can become extinct as a result of
natural fluctuations. Small populations can also experience
"bottlenecks" that greatly reduce genetic variability and,
consequently, their ability to adapt to changing environ
mental conditions. This is particularly a problem in setting
up small watershed ADMAs, where fish and invertebrate
populations may frequently be driven to low levels by ex
treme high flow events or droughts. Under natural condi
tions, populations from different watersheds eventually mix
again-something that is not possible in an isolated ADMA
unless enough of a drainage is included to permit natural
recolonization events (Zwick 1992). For some California
fishes, localized extinctions caused by artificial isolation are
already occurring (1. R. Brown et al. 1992).

The foregoing rules imply that California watersheds
vary widely in their suitability for becoming ADMAs. Very
few watersheds contain all their native organisms living un
der relatively natural conditions, especially natural flow
regimes; many are highly degraded and contain only frag
ments oftheir native biota. The idealADMA is a pristine en-
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groups make their own ADMA recommendations in order
to encourage systematic, official efforts at watershed pro
tection.

No matter how complete, a system of ADMAs by itself
will not protect California's aquatic biodiversity in the long
run. This is because theADMA system as proposed is a frag
mented one, with pieces scattered across the landscape,
mostly unconnected to one another. Such fragmentation of
aquatic habitats ultimately leads to loss of biodiversity
through local extinctions without recolonization (Zwick
1992). There is also the danger that conferring special pro
tection on selected watersheds will justify the granting of
less protection to other watersheds. What an ADMA system
can do (as can protecting endangered species singly or in
clusters) is provide a minimum level of biodiversity insur
ance until biodiversity can be managed on a broader scale.
As Noss (1992, p. 241) points out, "Biodiversity can be con
ceived of as a nested hierarchy of elements at several levels

+

unique ecosystems with endemic organisms, such as Eagle
Lake (Lassen County), (2) are critical habitat for threatened
or endangered species, (3) have high IBI scores, and (4) have
the right combination of size, low degree of human distur
bance, location, and intact fish assemblages to be the best
representative of a particular aquatic ecosystem. Each
ADMA description should include a statement of how
much ofit is already protected under de facto ADMAs (e.g.,
watersheds in parks and natural areas) and what parts are
most threatened with degradation, so that limited person
nel, time, and money can be used most efficiently for ac
quisition and management. As many ADMAs (or parts of
them) as possible should be incorporated into established
systems of protection, such as wilderness areas or national
parks. Ideally the formation of a system of ADMAs should
be a statewide effort, coordinated by the state Resources
Agency, but ADMA designation does not have to wait for
such official blessing. I suggest that regional environmental

Figure 16. A rating of Sierra Nevada watersheds
using an index of biotic integrity (W-IBI). High
scores indicate greater suitability for special man-
agement to benefit native aquatic organisms. From
Moyle and Randall (1998); reprinted by permis
sion of Blackwell Science, Inc.

vironment, but realistically all watersheds have been altered
by humans in some manner-some severely so. Ifhighly al
tered watersheds are all that are available to protect certain
species or habitats, they should be included in a system of
ADMAs, and efforts should be made to restore them to
more natural conditions, even if such efforts might involve
removal of dams. Such ADMAs, however, will probably
contain a remnant native biota coexisting with introduced
species. A rating system developed by Moyle and Sato
(1991) recognizes the need for managing habitats that range
from pristine to degraded, with highest priority given to the
most pristine areas as ADMAs to prevent their further
degradation.

A more systematic way of rating the suitability ofwater
sheds for ADMAs was developed by Moyle and Randall
(1998) for the Sierra Nevada, using a watershed-based in
dex of biotic integrity (W-IBI). The W-IBI is essentially a
composite score of ratings for six variables that indicate the
resemblance of present conditions in a watershed to pre
sumed pristine conditions. The variables are (1) abundance
of native ranid frogs, (2) abundance of native fishes, (3)
presence of native fish assemblages, (4) distribution of
anadromous fishes, (5) distribution oftrout, and (6) abun
dance of stream fishes, native and introduced. The W-IBI
permits scoring of large watersheds on a 100-point scale
with 100 representing pristine conditions (not achieved by
any watershed)-and therefore their ranking in terms of
suitability for large-scale conservation efforts (Fig. 16).
Similar IBIs can be developed for other California regions
(Moyle and Marchetti 1998).

I regard creation of a system of ADMAs (or some simi
lar system of protected watersheds) as essential to provide
minimum protection for California's aquatic biodiversity
for the next 50-100 years. ADMAs are needed to ensure that
we have the Leopoldian pieces available for ecosystem
restoration, when and if our society changes its dominant
value system and decides to live with nature rather than
constantly contending with it (G. Snyder 1990). ADMAs
should also serve as standards against which degradation of
other areas can be measured. For these functions to be real
ized on a statewide basis, a system of ADMAs must be es
tablished that includes representatives of the 160 habitat
types described in Moyle and Ellison (1991).

The first step in the process of systematically creating an
ADMA system is to identify potential ADMAs in each re
gion of the state. This can best be done using expert opin
ion combined with a systematic method of identifying the
"best" watersheds, such as the use of a specially developed
IBI. The list of potential ADMAs would be a source of in
formation for management agencies and for concerned cit
izens who want to form watershed conservation groups or
find support for existing ones. Highest priorities should be
given to assigning ADMA status to watersheds that (1) are
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Using the Key

• Recognize that keys in this book (or elsewhere) will not
work every time; there is simply too much variability
in fish morphology and in human perception. Accu
racy can be improved by comparing the specimen to
pictures and to the more detailed descriptions in each
species account.

• Accuracy of identification improves with familiarity
with fish and with keys, so practice using keys on com
mon fish, including making scale and fin ray counts.

• For larval and juvenile fish, consult Wang's (1986)
monumental work or its promised successor.

The characters needed to identify California fishes are pre
sented in Fig. 17, appear within the key itself, or are de
scribed below. For more precise definitions of the charac
ters used in taxonomy, Hubbs and Lagler (1958) should be
consulted.

Standard length (SL) is the distance from the tip of the
snout or lower jaw (whichever sticks out farther) to the end
of the .vertebral column. The end of the vertebral column
can be found by flexing the tail and noting the slight pro
jecting ridge that is present just in front of the caudal fin.

Total length (TL) is the greatestlength that can be meas
ured, from the tip ofthe snout or lower jaw to the end of the
longest ray ofthe caudal fin when the upper and lower lobes
are squeezed together. Total length mustbe used carefully,
because the tips of the caudal fin can be frayed or broken,
especially in preserved fish.

Fork length (FL) is the distance from the tip of the snout
or lower jaw to the middle of the fork of the caudal fin. This
measurement is commonlyused by fisheries workers because
it is easier to measure than standard length and less variable
than total length. However, many fish lack forked tails.

• If it is crucial for identification to be accurate, speci
mens (preferably more than one) of the species should
be kept for careful identification in the laboratory, us
ing a microscope or hand lens to make important
counts of fin rays or scales. It is a good idea to keep
voucher specimens, preserved in formalin or alcohol.
Photographs of freshly caught fish can also be helpful.
The use of digital cameras to take photographs of fish
in the field is an increasingly useful practice because of
the ease with which photos can be compared on a com
puter screen. For small fish, counts of fin rays and
other structures are sometimes more easily performed
from digital photos than from the actual specimen!

Identify the fish using more than one source. A good
backup for the keys and descriptions in this book is
Page and Burr (1991).

Identification of fish taken from California's waters is often
tricky. Some groups of species, such as sculpins or juvenile
cyprinids, are naturally hard to tell apart. Individuals occa
sionally lack supposedly definitive characteristics because of
injury, colors that fade in turbid waters, or simply natural
variation. Hybridizat;ion among species is common, espe
cially in disturbed waters or among introduced species. In
Oroville Reservoir, for example, a "black" bass caught by an
angler may be a smallmouth, largemouth, spotted, or redeye
bass-or potentially any cross between members of the four
species! Location is often a good clue for identification, but
it is not as reliable as it might be because so many fishes have
been moved around or because similar species have over
lapping ranges. A sculpin caught on the east side ofthe Sierra
Nevada, for example, is a Paiute sculpin, but one caught in a
North Coast stream has about an equal probability ofbeing
either a prickly sculpin or a coastrange sculpin.

The following are some suggestions for identifying fish
in California:

coastal rain forests, fog, and big runs of salmon. Ideally an
artistic or literary tradition has developed as part of this
bioregional identity, such as the rich literature, from Mark
Twain to Gary Snyder, that focuses on the Sierra Nevada. Art
and literature help local people identify with a region and
with its natural attributes, and such identification in turn
leads to an increased desire for ecosystem protection on a
broad scale.

One of the best examples of an ongoing attempt at bio
regional planning and restoration is CALFED, the massive
joint federal-state-stakeholder effort to solve the ecological
problems of the San Francisco Estuary. CALFED planning
encompasses the entire watersheds of the Sacramento and
San Joaquin Rivers, although it focuses mainly on the areas
below major dams, between Shasta Dam on the Sacramento
River and Friant Dam on the San Joaquin River. CALFED
recognizes the region as an ecosystem with integrated parts;
thus restoration of estuarine biota and function requires
"fixing" problems upstream as well. CALFED anticipates
spending several billion dollars reversing past damage (e.g.,
moving back levees to recreate floodplains) and appreciates
that local watershed groups must be involved in the process.
Although the driving force behind CALFED is providing a
reliable water supply for the San Joaquin Valley and south
ern California, it may well have the beneficial effect not only
of improving environmental conditions in major waterways
ofnorthern California but also of increasing regional aware
ness of the great value, aesthetic and economic, of natural
habitats and naturally functioning ecosystems. CALFED is a
grand experiment that, if successful, may well provide an ex
ample ofbioregional restoration for other regions to follow.

Although the development of CALFED, the numerous
watershed groups, favorable environmental laws, and other
recent actions give reason for optimism, I feel obligated to
end this chapter on a darker note. In the long run no con
servation scheme will work if the astonishing growth rate of
California's human population is not curtailed and ifwe do
not implement more sustainable methods of managing our
wild, agricultural, and urban lands. We, as individuals, must
be willing to get by on much less, so fish (and other crea
tures) can have more. In the long run, this policywill benefit
us and our descendants as well, bykeeping the planet livable.

Tier 5: Bioregions

To be truly successful, biodiversity protection must be inte
grated within landscape-scale environmental protection
based on the understanding that human health and well
being are tied to environmental health (Noss 1992; Barnes
1993). One way to approach biodiversity protection at this
scale is through the use of the bioregion as the unit of man
agement. Bioregions are human constructs. We look at a
broad area of land and decide that internal similarities in
biological and human-created features combined with dif
ferences from surrounding areas merit its recognition as a
distinct entity. Examples include the Sierra Nevada, Central
Valley, North Coast, or Klamath bioregions. Obviously
bioregions can overlap, with boundaries that are deliber
ately vague, although if drawn on maps they usually follow
major watershed boundaries. One key aspect of a bioregion
is that the people living there identify with it and its attri
butes, for example, with the Klamath bioregion as having

78 A CONSERVATION STRATEGY

of biological organization. Familiar levels of organization
are genetic, population-species, community-ecosystem,
and landscape. Generally speaking, as level of organization
ascends from gene to landscape (and beyond, to biosphere),
so does the spatial scale at which these elements occur." The
first four tiers ofbiodiversity protection provide for protec
tion only at the lower three levels of this nested hierarchy,
over a short (50-100 years) time frame. Real and lasting
protection, however, can only occur at higher levels of or
ganization (Franklin 1993), represented by the fifth and

sixth tiers.
Watersheds are the next logical unit on which to focus

conservation efforts (Reeves and Sedell1992; Naiman et al.
1993). In California, DWRhas divided the state into hydro
logic basins that can be used as a basis for watershed
oriented landscape management. Each watershed should be
evaluated at some scale for its natural attributes and have a
management plan that can be used by citizens and various
levels of government to assist in making land use decisions.
Watersheds could also be managed as clusters, preferably as
sociated with an ADMA watershed in order to maximize
protection of aquatic biodiversity.
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form, because the teeth have to be dissected out of fresh
specimens. They are present on pharyngeal arches in the
lower half of the pharyngeal region, just behind the gill rak
ers. There are two sets of pharyngeal teeth in each fish, one
on each side. The teeth are in one or two rows, and their
numbers are presented as a formula, for example 1,4-4,1,
where the 1 is the number ofteeth in the upper (minor) row
and 4 is the number in the lower row. Jenkins and Burkhead
(1994) present a good discussion on using pharyngeal teeth
for identification of cyprinids. .

USING THE KEY 81

Scales below the lateral line are counted from the ori
gin of the anal fin up to the lateral line, preferably by fol
lowing one scale row, not including the lateral line scale.

Scales before the dorsal fin are the total number of scale
rows that cross the back of the fish before the dorsal fin and
behind the posterior dorsal end of the head. The end of the
head is often marked with a line that separates the scaled
from the unsealed portion.

Pharyngeal tooth counts can be important for the
definitive identification of cyprinids but are difficult to per-

BODY
DEPTH

DORSAL FIN

are counted; the one or two rudimentary rays that may be
present in front of the first principal ray are ignored.

Lateral line scales are the scales bisected by the lateral
line, extending from the edge of the opercular opening to
the base of the tail. The count represents the number of
body scale rows, so it may be taken even if the lateral line is
not visible. The count in such cases is called scales in the lat
eral series. In fishes that lack scales but that possess a visible
lateral line (sculpins), lateral line pores maybe counted; they
are small openings visible with a hand lens.

Scales above the lateral line are counted from the ori
gin of the dorsal fin (first dorsal fin if there is more than
one) down to the latera1line, not including the lateral line

scale.

SPI NOUS
DORSAL FIN

BELLY

FIN MEMBRANE

FIN SPINES

LATERAL

NAPE

PELVIC FIN

SACRAMENTO PERCH

HEAD LENGTH l
SNOUT
LENGTH

OPERCULUM

ORBIT
LENGTH

PECTORAL

,...---------- TOTAL LENGTH

1--------- STAN DAR D LEN GT H ----------.

CUTTHROAT TROUT

Figure 17. Important features and measurements of a soft-rayed fish (top) and a spiny-rayed fish (bottom).

Body depth is the greatest depth that can be measured,
excluding the dorsal and anal fins.

Head length is the distance from the tip of the snout to
the most distant point at the edge of the operculum.

Fin spines are unbranched, unsegmented supports for
fins that, if present, are on the leading edge of the fin. The
smallest spines and most anterior spines may be hard to see.
In sculpins the main spine in the pectoral fin is fused with
the first ray, so counts are given as fin "elements" to avoid
double-counting the first structure.

Fin rays are counted at the base of each ray to avoid
counting branches (rays tend to fan out toward the fin edge).
In soft-rayed fins that have an angular shape and a straight
anterior edge, as in minnows and suckers, onlyprincipal rays
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20a. Sn.out st~ongly flattened (like duck's bill); mouth lined with sharp teeth; body elongate; northern pike, Esox lucius
(Flg.20) : Esocidae (pikes)

20b. Snout not flattened; teeth m mouth small or absent; body various. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

2la. Scales present on head; caudal fin rounded or square. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . 22
21b. Scales absent from head; caudal fin forked, often only slightly 24

22a. Th~rd ray of anal fin unbranched; anal fin modified to intromittent organ in males (Fig. 21) Poeciliid~e (livebearers), p. 90
22b. ThIrd ray of anal fin branched; anal fin not modified in males ............................................•.... 23

23a. Body deep, depth divisible into body length less than 3.5x; caudal peduncle deep and compressed; back behind head
arched Cyprinodontidae (pupfishes) p 90

23b. Bod,r depth ~ivisible into body length more than 3.5x; caudal peduncle not deep and compressed; back behind head ,.
straight or slIghtly rounded . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . FundulIdae (killIfishes), p. 90

24a. Mouth usually subterminal, with fleshy papillose lips;? dorsal fin with 10 or more principal

rays : ' Catostomidae (suckers), p. 87
24b. Mouth usuallytermmal, WIth smooth lips; dorsal fin usually with fewer than 10 principal rays Cyprinidae (minnows), p. 86
25a. Distinct scaled ridge present along base of dorsal fin E b' t 'd ( fp h) 925b N h' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. m 10 OCI ae sur erc es , p. 3

. 0 suc ndge present. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
26a. Anal fin spines 1-2 .. . 27
26b. Anal fin sines 3 or m . .. .

p ore. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . 28
27a. One stout dorsal fin spine' dorsal fin single .... ' Cypnmdae (carp and goldfish), p. 86
27b. Four or more spmes on dorsal fin; dorsal fin divided into two distinct sections Percidae (perches and darters), p. 93

Figure 20. Northern pike (Esocidae), 540 mm SL,
Lake County, Minnesota. Fish print by Christo
pher M. Dewees.

Figure 18. Oriental weatherfish (Cobitidae), 95
mm SL, China. From Nichols (1943); courtesy of
The American Museum of Natural History.
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Figure 19. Spotted sleeper (Eleotridae), 57 mm
SL, Mexico. CAS 51006.

6. Northern pike became esta~lis.hed in Davis Reservoir, Plumas County, from an illegal introduction. A major effort by CDFG is under way
to control ~nd eventually ehmmate them because of their potential hazard to salmon populations.

7. ~oth the blgmouth buffalo and the shortnose sucker have terminal mouths, but they can be distinguished from cyprinids by their comb
l~ke ~haryngeal teeth, lack of spines in the dorsal and anal fins (possessed by carp and goldfish), lack of barbels (carp) large size and dis-
tmctlve appearances. ' ,

Family Key

Key to the Inland Fishes of California

2. Machete are marine fish that occasionally enter thelower Colorado River. They were once common in the Salton Sea (Walker et al. 1961).
3. Oriental weatherfish have been reported as established in the Westminster Flood Control Channel, Orange County (St. Amant and Hoover

1969). I have no recent confirmation that they are still present.
4. Eels of various species of Anguilla have been captured in California waters, but they are undoubtedly nonbreeding animals that have es

caped from ponds where they were being raised for food (McCosker 1989).
5. A single spotted sleeper, normally found in streams and estuaries ofMexico and Central America, was taken from a canal in the Imperial

Canal (Hubbs 1953).

1a. Mouth with true jaws; gill cover (operculum) present 2
lb. Mouth jawless, a round sucking disc; no operculum present Petromyzontidae (lampreys), p. 84

2a. Sides with 5 rows ofbony plates; upper lobe of tail much longer than lower (heterocercal) Acipenseridae (sturgeons), p. 85
2b. Sides without 5 rows ofbony plates; tail lobes about equal (homocercal) 3

3a. More than 30 branchiostegal rays (fanlike bones) on underside oflower jaw; machete, Elops affinis2 •••••••• Elopidae (tarpons)
3b. Fewer than 30 branchiostegal rays (fanlike bones) on underside of lower jaw. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

4a. Scales on belly form a sharp, sawtoothed ridge; vertical, adipose eyelids present Clupeidae (herrings), p. 85
4b. Belly smooth and usually rounded; no vertical, adipose eyelids 5

Sa. Adipose fin present . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
5b. Adipose fin absent. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

6a. Scales absent, chin barbels present Ictaluridae (catfishes), p. 85
6b. Scales present, chin barbels absent 7

7a. Small fleshy or scaly appendage (axillary process) present at base of each
pelvic fin Salmonidae (trout, salmon, whitefish), p. 88

7b. Axillary processes absent .................................•............................. Osmeridae (smelts), p. 88

8a. One side of body unpigmented; both eyes on one side of head; starry flounder, Platichthys
stellatus Pleuronectidae (flounders)

8b. Both sides ofbody pigmented; eyes on opposite side of head 9

9a. Body encased in bony plates; snout long and tubular; bay pipefish, Syngnathus leptorhynchus Syngnathidae (pipefishes)
9b. Body not encased in bony plates; snout blunt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

lOa. Body smooth, long and slender (eel-like) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . 11
lOb. Body not eel-like. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

lla. 5-6 barbels on each side of jaw; oriental weatherfish, Misgurnus anguillicaudatus3 (Fig. 18) Cobitidae (loaches)
lIb. Barbels absent. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

12a. Dorsal fin extends from tail region to head Pholididae (gunnels), p. 91
12b. Dorsal fin extends from tail region to middle of body Anguillidae (eels)4

13a. Pelvic fins united to form a sucking disc Gobiidae (gobies), p. 93
13b. Pelvic fins separated, not forming a sucking disc. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

14a. Dorsal fin consists of 3-5 unconnected spines followed by a soft-rayed fin; caudal peduncle
narrow Gasterosteidae (sticklebacks), p. 91

14b. Dorsal fin spines and rays connected to others by membrane; caudal peduncle various 15

15a. Scales absent; pectoral fins large and rounded Cottidae (sculpins), p. 93
15b. Scales present; pectoral fins not as above. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

16a. Two distinct, widely separated dorsal fins present. . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . 17
16b. Dorsal fin single or divided into two sections that touch or are barely separated 19

17a. Caudal fin rounded; pelvic fins in front of pectoral fins; spotted sleeper, Eleotris picta (Fig. 19)5 Eleotridae (sleepers)
17b. Caudal fin forked; pelvic fins well behind pectoral fins 18

18a. In head-on view, mouth shaped like wide, inverted V with distinct peak in center oflower jaw; stripes on side, if
visible, multiple and narrow; striped mullet, Mugil cephalus Mugilidae (mullets)

18b. Mouth not a distinct V in head-on view; single wide band on sides Atherinopsidae (silversides), p. 91

19a. No spines present in dorsal fin. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
19b. Spines present in dorsal fin 25
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Figure 23. Diagrammatic disc ofa lam
prey, showing position of tooth plate.
After Vladykov and Follett (1962).

Acipenseridae, Sturgeon Family

1a. 1-2 middorsal scutes (bony plates) behind dorsal fin; 23-30 scutes in row on each side
ofbo~y : green sturgeon, Aeipenser medirostris

lb. No mIddorsal scutes behmd dorsal fin; 38-48 scutes in row on each side white sturgeon, Aeipenser transmontanus

9a. Caudal fin pale, pigmentation along edge only, San Joaquin drainage Kern brook lamprey, Lampetra hubbsi
9b. Caudal fin dark, evenly pigmented except for margin 10

lOa. Supraoral tooth plate usually with 3 cusps, Pit and upper Klamath River
drainage Pit-Klamath brook lamprey, Lampetra lethophaga

lOb. Supraoral tooth plate with 2 cusps, coastal drainages western brook lamprey, Lampetra riehardsoni

1a. Last ray of dorsal fin long and threadlike; single black spot near operculum threadfin shad, Dorosoma petenense
1b. Last ray of dorsal fin not elongated; either more than one or no black spots present near operculum 2

2a. Row ofblack spots on side; scales in lateral series more than 55 American shad, Alasa sapidissima
2b. No black spots on side; scales in lateral series fewer than 55; marine Pacific herring, Clupea harengeus pallasii

Clupeidae, Herring Family

Ictaluridae, Catfish Family

1a. Tail forked 2
lb. Tail square or rounded. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
2a. Anal fin rays 30-36; margin of anal fin nearly straight blue catfish, letalurus fureatus
2b. Anal fin rays fewer than 30; margin of anal fin rounded 3

3a. Anal finrays 24-29; small dark spots usually present on sides channel catfish, letalurus punetatus
3b. Anal fin rays 19-23; no dark spots on sides white catfish, Ameiurus catus

Figure 22. Pseudobranch on the inner surface of
a striped bass operculum.

Figure 21. Westernmosquitofish, showingintro
mittent organ (gonopodium).LNTROMITTENT ORGAN

PSEUDO BRANCH

IDENTIFICATION84

8. Also listed in some references as "Percichthyidae."
9. The Klamath brook lamprey, L. falletti, is now included within the Klamath River lamprey.

Petromyzontidae, Lamprey Family

1a. Eyes and sucking absent or poorly developed (ammocoetes) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
1b. Eyes and sucking disk well developed (adults) . . . . . . . . . . . . .. . . . . . . . . . . . . .. . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

2a. Trunk myomeres (segments) more than 66; body and head darkly pigmented; light spot in center
of tail Pacific lamprey, Lampetra tridentata

2b. Trunk myomeres fewer than 67; body and head not darkly pigmented; no light spot in center of tail 3

3a. Trunk myomeres 58-67 4
3b. Trunk myomeres 51-57 nonpredatory brook lampreys, Lampetra spp.

4a. Trunk myomeres 63-67 river lamprey, Lampetra ayersi
4b. Trunk myomeres 58-65 (usually 60-63), upper Klamath River Klamath River lamprey, Lampetra similis

Sa. Tooth plates on oral disc conspicuous and well developed, with distinct points 6

5b. Tooth plates poorly developed and blunt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

6a. TL greater than 28 em Pacific lamprey, Lampetra tridentata
6b. TL less than 28 em 7

7a. Supraoral tooth plate (in center of disc) with 3 cusps, 4 inner lateral tooth plates on each side (Fig. 23) . . . . . . . . . . . . 8
7b. Supraoral tooth plate with 2 cusps, 3 inner lateral tooth plates on each side river lamprey, Lampetra ayersi
8a. Trunk myomeres 66 or more Pacific lamprey, Lampetra tridentata
8b. Trunk myomeres fewer than 66 Klamath River lamprey, Lampetra similis9

28a. Well-developed pseudobranch (gill-like structure) present on inner surface of
operculum (Fig. 22) Moronidae8 (temperate basses), p. 92

28b. Pseudobranch absent or inconspicuous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

29a. Dorsal and anal fins long and pointed at rear; one nostril present on each side of head; lateral line
interrupted Cichlidae (cichlids), p.93

29b. Dorsal and anal fins rounded; two nostrils present on each side ofhead; lateral line
continuous Centrarchidae (sunfishes and basses), p. 91
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1a. Mouth terminal; lips thin, with few or no papillae
1b. Mouth subterminal; lips usually thick, with distinc~~~~ili~~ ::::::::::::::::::::::::::::::::::::::::::::::::::: ~
2a. Dorsal fin long, 23-30 rays; lateralli~e scales 36-39; southern California bigmouth buffalo, Ietiobus eyprineUus I3

2b. Dorsal fin short, 11-12 rays; laterallme scales 73-SS; Klamath system shortnose suclrer Ch . t b . .. . . . . . . . . . . . . . . ~, asmls es revlrostns

3a. Upper and lower h?s separated by deep indentations at corners of mouth; median notch oflower lip shallow (Fig. 25B) . . 4
3b. Upper an~ lower hps not separated by deep indentations; margin of lip continuous; median notch of lower lip moderate

to deep (FIg. 25A) .
4a. Pigmentatio~ pre~ent on membranes between rays of ca~~~l'~~;' ~~{~r~';;~~;s~'a~'~~s~'~~ ~~{~i~.~~~ ~ 's;~;l~';o~~" ....

southern Cahforma . . . . . . . . . . . . . . . . .. .. S'.. . ., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. anta Ana sucker, Catostomus santaanae
4b. PIgmentatIOn absent .or very sparse on membranes between rays of caudal fin; axillary process at base of pelvic fins well

developed; Great Basm . . . . . . . . . . . . . . . . . . k. . . . mountam suc er, Catostomus platyrhynehus

Sa. Well-deve~oped, sharp-edged ndge on back before dorsal fin; Colorado River razorback sucker, Xyrauehen texanus
5b. No such ndge present. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

6a. Distinct ~ump on snout; lips thin, papillae only moderately developed; Klamath Basin .. Lost River sucker, Catostomu~ ~uxatus
6b. Snout WIthout hump; lips thick and papillose ............................................................... 7

7a. Lateral line scales more than SO7b. Lateral line scales fewer than SO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

Sa. Media~ indentation on low:r lip moderate, 2 or more rows of papillae crossing its midline; 5-6 rows of papillae on
upper hpj lower Klamath River Kl h... . amat smallscale sucker, Catostomus rimieulus

Sb. MedIa~ mdentatIOn on lower hp deep, usually only 1 row of papillae crossing its midline; 2-6 rows of papillae on
upperhp 9

9a. Dorsal fin r~ys 12-13, fin falcate; adults with large fles~; {~~~s· ~~'l~~~r'l~~~;'~~~~~;;~~~~~~~ ~~~;~~: .

Colorado RIver . . . . . . . . . . . . . . . . . . . . .. . . Flannel th k' C I .. . 14. . mou suc er, atostomus atlpmms

Catostomidae. Sucker Family

Figure 24. Frontal view of a hardhead, showing frenum.

lSb. Caudal ped~ncle s~o~t an.d thick, depth of peduncle divisible less than 3x into distance from insertion of anal fin
t~ base of tarl at mIdlme; m fish over 50 mm SL, greatest body depth divisible less than 4x into SL . . . . . . . . . . . . . . . . . . . 20

19a. SIdes with wide dark band between 2 pale bands; anal fin rays S-10; intestine, when viewed from side, has one
S-shaped bend. . . . . . . . . . . . . . . . . . . . . . . . . L h t d'd R' h d' ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. a on an re SI e, Ie ar somus egreglUs

19b. SIdes usually wIthout 3 bands; anal fin rays 6-9, usually 6-7; intestine, when viewed from side, has 2-3 S-shaped
bends C l'I:' h L ..' .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. a 1l0rma roac , avmla symmetneus

20a. Laterall~ne scales more than 65; body depth usually one-firth or less ofTL; Klamath river system .... blue chub, Gila eoerulea
20b. Laterallme scales fewer than 65; body depth usually one-fifth or more ofTL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

21a. Snout does not overhang mouth; anal fin rays usually S (7-9); gill rakers usually more than S tui chub, 5iphateles bieolorI2

21b. Snout overhangs mouth; anal fin rays usually 7; gill rakers 9 or fewer; southern California arroyo chub, Gila orcutti

12. LR~teradlli~e scales in Klamath tui chubs are fewer than 54. The extinct thicktail chub, 5iphateles crassicauda ofthe Sacramento-San Joaquin
Iver ramage keys out here. '

13. Btgmouth buffalo were introduced into southern California reservoirs and the lower Colorado River but are probably no longer pres t
14. F andneRil~outhbsuckers are present ~elow Davis Dam, Nevada-Arizona, and may occasionally be fou~d in the California reach of the ~~l~

ora 0 vel' a ove Havasu ReserVOIr.

IDENTIFICATION86

10. A few speckled dace without barbels may key out here, but note the thick caudal peduncle and overhanging snout.
11. Clear Lake splittail, P. ciscoides, now extinct, will also key out here.

1a. Dorsal fin long, with stout, serrated "spine" at front. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
1b. Dorsal fin short, without "spine" 3

2a. Conspicuous barbels present on each side of mouth; 32 or more lateral line scales present common carp, Cyprinus earpio
2b. Barbels absent or tiny; lateral line scales fewer than 32 goldfish, Carassius auratus

3a. Fleshy keel (ridge) present between pelvic and anal fins golden shiner, Notemigonus erysoleueas
3b. No such keel 4

4a. Barbels present (may be tiny, at end of maxilla) 5
4b. Barbels absent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

Sa. More than 90 scales along lateral line; deep bodied tench, Tinea tinea
5b. Fewer than 90 scales along lateral line; slender bodied . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

6a. Upper lobe of caudal fin longer than lower; anal fin rays 7-9; body silvery, no speckles ... splittail, Pogoniehthys maerolepidotus
6b. Caudal fin symmetrical; anal fin rays 6-7; body not silvery, usually speckled .. speckled dace, Rhiniehthys oseulus (see also 17a)

7a. Small ridge of skin (frenum) connects upper lip to snout (Fig. 24) hardhead, Mylopharodon conoeephaius
lo

7b. Frenum absent S

Sa. Caudal peduncle extremely long and narrow bonytail, Gila elegans
Sb. Caudal peduncle normal 9

9a. Upper lobe of caudal fin longer than lower lobe Sacramento splittail, Pogoniehthys maerolepidotus
ll

9b. Caudal fin symmetrical 10

lOa. Mouth large, straight, and terminal; maxillary reaches middle of eye or beyond; snout pointed. . . . . . . . . . . . . . . . . . . . . . 11
lOb. Mouth small, usually subterminal or angled upward; maxillary does not reach middle of eye; snout blunt 12

11a. Dorsal and anal fin rays 9; Colorado River drainage Colorado pikeminnow, Ptyehoeheilus lucius
lIb. Dorsal and anal fin rays 7-S; Sacramento-San Joaquin drainage Sacramento pikeminnow, Ptyehoeheilus grandis

12a. Lateral line scales tiny (>90); mouth terminal; head of adult flattened Sacramento blackfish, Orthodon mierolepidotus
12b. Lateralline scales small to large «60), mouth and head various. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . 13

13a. Head wide between eyes, flattened on top; mouth terminal; lateral line scales with dark edges and spot
at base grass carp, Ctenopharyngodon idella

13b. Head narrow between eyes, not flattened on top; mouth various; lateral line scales plain 14

14a. Scales along lateralline fewer than 40 red shiner, Cyprinella lutrensis
14b. Scales along lateralline more than 40 . . . . . . . . . . . .. .. . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .. . . . . . . 15

15a. Anal fin rays 10-14; posterior edge of extended anal fin forms oblique angle to lateral line hitch, Lavinia exilieauda
15b. Anal fin rays 7-9; posterior edge of extended anal fin forms perpendicular angle to lateral line . . . . . . . . . . . . . . . . . . 16

16a. Maximum body depth less than 2x caudal peduncle width; scales on back distinctly outlined; scales behind head
crowded; adults with horizontal dark bar on dorsal fin fathead minnow, Pimephales promelas

16b. Maximum body depth more than 2x caudal peduncle width; scales on back various; scales behind head uniform;
no dark bar or spot on dorsal fin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

17a. Eyes small; distance between eye and tip of snout more than 1.5x width of eye; body usually speclded; dark band usually
connects eye to snout speckled dace, Rhiniehthys oseulus

17b. Eyes moderate to large, distance between eye and tip of snout less than 1.5X width of eye; body not speckled;
no dark band on snout. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IS

lSa. Caudal peduncle moderate, depth of peduncle divisible more than 3X into distance from insertion of anal fin to base
of tail at midline; in fish over 50 mm SL, greatest body depth divisible more than 4x into SL . . . . . . . . . . . . . . . . . . . . . . . . 19

4a. Anal fin rays 23-27; chin barbels whitish yellow bullhead, Ameiurus natalis
4b. Anal fin rays fewer than 25; chin barbels dark. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

Sa. Anal fin rays 12-15; lower jaw projects beyond upper jaw flathead catfish, Pylodietis olivaris
5b. Anal fin rays 17-24; jaws even. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

6a. Membranes between anal fin rays black; body not mottled; whitish bar present at base
of tail black bullhead, Ameiurus melas.

6b. Membranes between anal fin rays same color as or lighter than rays; body mottled; no whitish bar present at base
of tail brown bullhead, Ameiurus nebulosus

Cyprinidae, Minnow Family
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Figure 27. Arctic grayling, 25 cm SL, Alaska.

Salmonidae, Salmon and Trout Family

1a. Dorsal fin long (17+ rays); dorsal fin base longer than head length Arctic grayling, Thymallus arcticus17 (Fig. 27)
lb. Dorsal fin short «l7rays); dorsal fin base shorter than head length 2

2a. Mouth small, subterminal, maxilla does not reach middle of eye; scales large
«100 in lateral line) mountain whitefish, Prosopium williamsoni

2b. Mouth large, terminal, maxilla reaches past middle of eye; scales small (>100 in lateral line) 3
3a. SL less than 12 cm (juveniles) 4
3b. SL greater than 12 cm (adults) 14

4a. Parr marks absent, maximum size 5 cm SL pink salmon, Oncorhynchus gorbuscha
4b. Parr marks present, maximum size 10-12 cm SL 5

Sa. Anal fin rays 8-12; anal fin higher than length of base 6
5b. Anal fin rays 13-19; anal fin longer than high . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

6a. Dorsal fin with conspicuous dark spots or with darkened anterior ray. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
6b. Dorsal fin without dark spots or darkened anterior ray . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

7a. Parr marks wide (combined width greater than or equal to combined width of spaces between parr marks);red or
yellow spots present on live wild fish 8

7b. Parr marks narrow (combined width less than combined width of spaces between parr marks); no red or yellow
spots present on live wild fish 9

8a. Parr marks 8-9; adipose fin oflive fish plain; tip of chin with dark pigment brook trout, Salvelinus fontinalis
8b. Parr marks 10-12; adipose fin of live fish orange; tip of chin plain brown trout, Salmo trutta

9a. Mouth large, maxillary extending beyond posterior margin of eye; teeth present on rear of tongue; dorsal fin rays
8-11 (usually 10); red slash present along inner edge oflower jaw cutthroat trout, Oncorhynchus clarki

9b. Mouth moderate, maxillary does not extend beyond posterior margin of eye; no teeth on tongue; dorsal fin rays 10-13
(usually 11-12); slash marks usually absent from lower jaw rainbow trout, Oncorhynchus mykiss

lOa. Distance from tip of snout to base of dorsal fin about one-half SL; parr marks narrow vertical bars; central Sierra
Nevada lake trout, Salvelinus namaycush

lOb. Distance from tip of snout to base of dorsal fin less than one-half SL; parr marks irregular blotches;
McCloud River (extinct) bull trout, Sal~elinus confluentus

11a. Parr marks short, only a few reaching below lateral line, if at all . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
11b. Parr marks large, most reaching below lateral line :......................... 13

12a. Parr marks small and faint, usually entirely above lateral line; sides of living fish below lateral line iridescent green;
uncommon chum salmon, Oncorhynchus keta

12b. Parr marks sharply defined, usually a few extending slightly below lateral line; sides of living fish below lateral
line silvery sockeye salmon and kokanee, Oncorhynchus nerka

13a. Parr marks wider than interspaces; adipose fin with clear area at base chinook salmon, Oncorhynchus tshawytscha
13b. Parr marks narrower than interspaces; adipose fin completely speckled coho salmon, Oncorhynchus kisutch

14a. Anal fin rays 13-19; anal fin base longer than length oflongest ray 15
14b. Anal fin rays 8-12; anal fin base shorter than length oflongest ray. . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .. . . . . . . . . . . . 19

15a. Large black spots on back and tail. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

17. Grayling, an introduced species, is most likely now extirpated from California. The last known population was in Lobdell Reservoir, Mono
County.

Figure 26. Cutaway view of dorsal sur
face of Tahoe sucker head, showing well
developed frontoparietal fontanel.

B
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Osmeridae, Smelt Family

1a. Mouth small, maxilla does not reach past middle of eye 2
lb. Mouth large, maxilla usually reaches beyond posterior margin of eye 4

2a. Head length more than 4x eye diameter and more than 2.5x longest anal fin ray; scales in lateral series 66-73;
marine surf smelt, Hypomesus pretiosus

2b. Head length less than 4x eye diameter and less than 2.5X longest anal fin ray; scales in lateral series 53-60 3

3a. One or no chromatophores (pigment spots) between mandibles: dorsal fin rays 9-10, anal fin rays
15-17 delta smelt, Hypomesus transpacificus

3b. Ten or more chromatophores between mandibles; dorsal fin rays 7-9; anal fin rays 13-15 wakasagi, H. nipponensis

4a. Pectoral fin, when depressed, reaches, or nearly reaches, pelvic fin base; operculum without concentric
striations longfin smelt, Spirinchus thaleichthys

4b. Pectoral fin, when depressed, reaches about halfway to pelvic fin base; operculum with concentric
striations eulachon, Thaleichthys pacificus

15. Modoc suckers are sympatric only with Sacramento suckers, from which they can be readily differentiated by their short dorsal fin (10-11
rays) and generally small size at maturity.

16. Klamath largescale suckers, Lost River suckers, and shortnose suckers are highly variable in morphology and are often hard to tell apart
at small sizes.

9b. Dorsal fin rays 9-11, fin not falcate; adults without large fleshy lobes on lower lips; caudal peduncle moderate
in width ····························· 10

lOa. Skin-covered opening on top of head (frontoparietal fontanel) small or absent; adults usually less than 20 cm TL;
middle Pit River Modoc sucker, Catostomus microps15

lOb. Frontoparietal fontanel well developed (Fig. 26); adults usually greater than 18 cm TL;
Great Basin Tahoe sucker, Catostomus tahoensis

11a. Dorsal fin rays usually 10 or fewer; belly dusky; Owens River Owens sucker, Catostomus fumeiventris
11b. Dorsal fin rays usually 11 or more; belly white to yellow 12

12a. Dorsal fin rays usually 11, occasionally 12; Klamath River Klamath largescale sucker, Catostomus snyderi16

12b. Dorsal fin rays usually 12 or more, rarely 11; Sacramento-San Joaquin basin Sacramento sucker, Catostomus occidentalis

Figure 25. (A) Mouth of a typical sucker (Sacramento sucker); (B) mouth
of a Pantosteus-type sucker (mountain sucker).
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1a. Anal fin spines 5 or more _., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
lb. Anal fin spines 3 4
2a. Dorsal fin spines 11-13; dorsal fin base much longer than anal fin Sacramento perch, Archoplites interruptus
2b. Dorsal fin spines 5-10; dorsal and anal fin bases about equal in length 3
3a. Dorsal fin spines 7-8; length of dorsal fin base equal to or greater than distance from origin of dorsal fin

to eye black crappie, Pomoxis nigromaculatus
3b. Dorsal fin spines 5-6; length of dorsal fin base less than distance from origin of dorsal fin

to eye white crappie, Pomoxis annularis

1a. Three dorsal spines threespine stickleback, Gasterosteus aculeatus
1b. Five dorsal spines brook stickleback, Culea inconstans

Atherinopsidae, Silverside Family

1a. SL more than 10 em; marine topsmelt (adults), Atherinops affinis
lb. SL less than 10 em ; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

2a. Pigment spots on bottom of caudal peduncle between anal fin base and caudal fin base in 2 rows; fewer than 3 dorsal
scale rows outlined by pigment inland silverside, Menidia beryllina

2b. Pigment spots on bottom of caudal peduncle not in distinct rows; more than 3 dorsal scale rows outlined by pigment;
coastal estuaries topsmelt (juveniles), Atherinops affinis

Figure 28. Scales of pupfish: (A) desert pupfish;
(B) Owens pupfish. After Miller (1948).

2b. Scales in lateral series 28 or fewer; anal fin rays 8-10; intestine long and coiled; origin of dorsal fin in front of origin
of anal fin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

3a. Dorsal fin with 12 or more rays sailfin molly, Poecilia latipinna
3b. Dorsal fin with fewer than 12 rays. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

4a. Dorsal fin rays usually 10-12; scales in lateral series usually fewer than 26 variable platyfish, Xiphophorus variatus
4b. Dorsal fin rays usually 7-9; scales in lateral series 26-28 5

Sa. Mature fish usually greater than 40 mm TL; males nearly equal in size to females; no red or green on body
or fins shortfin molly, Poecilia mexicaria

5b. Mature fish usually less than 40 mm TL; males much smaller than females; males usually with red or green
on caudal fin guppy, Poecilia reticulata23

Gasterosteidae, Stickleback Family

Centrarchidae, Sunfish Family

Pholididae, Gunnel Family24

1a. Pelvic fins present; V-shaped markings on back, marine saddleback gunnel, Pholis ornata (Fig. 29A)
1b. Pelvic fins absent; back plain, marine penpoint gunnel, Apodichthys flavidus (Fig. 29B)

23. Guppies can be expected almost anywhere in the state where there is warm water. The presence of breeding populations in natural or
seminatural waters has not been confirmed, but substantial populations exist in some sewage treatment ponds, such as that on the cam
pus of the University of California, Davis.

24. Gunnels are maine fish that occasionally occur in the upper reaches of coastal estuaries.
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Fundulidae, Killifish Family

18. Paiute cutthroat trout, O. clarki seleniris, have few spots anywhere on the body but possess parr marks as adults.
19. Ifbasibranchial teeth are present, they can be detected by gently feeling the base of the trout's tongue between the gills, with a finger.
20. Golden trout and redband trout are now considered to be subspecies of rainbow trout and will key out here.
21. Rainwater killifish resemble female mosquitofish (Poeciliidae), from which they can be distinguished by number ofdorsal rays (9-14 ver

sus 6-7 on mosquitofish).
22. Eastern mosquitofish, Gambusia holbrooki, may also be present in the state. It has 7 dorsal fin rays, as opposed to 6 dorsal fin rays on the

western mosquitofish.

1a. Fourto eightlarge black spots on each side porthole livebearer, Poeciliopsis gracilis
lb. Sides without black spots. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

2a. Scales in lateral series 29-32; anal fin rays 6-7; intestine short, without coils; origin of dorsal fin behind origin
of anal fin western mosquitofish, Gambusia affinis22

Cyprinodontidae, Pupfish Family

Poeciliidae, Livebearer Family

1a. Number of scales in lateral series more than 30; SL up to 115 mm California killifish, Fundulus parvipinnis
lb. Number of scales in lateral series fewer than 30; SL less than 41 mm Rainwater killifish, Lucania parva.21

1a. Dorsal fin equidistant between base of caudal fin and snout; pelvic fins small, usually with 7 rays. . . . . . . . . . . . . . . . . . . . 2
1b. Dorsal fin closer to base of caudal fin than to snout; pelvic fins reduced or absent, usually with 6 or fewer rays. . . . . . . . . 3

2a. Scales with spinelike projections on circuli; interspaces between circuli not reticulated (Fig. 28A); southern
California desert pupfish, Cyprinodon macularius

2b. Scales without spinelike projections on circuli; interspaces between circuli reticulated (Fig. 28B);
Owens Valley Owens pupfish, Cyprinodon radiosus

3a. Scales in lateral series 27-34; scales before dorsal fin 22-33, usually 25-30 Salt Creek pupfish, Cyprinodon salinus
3b. Scales in lateral series 25-26; scales before dorsal fin 15-24, usually 17-19 Amargosa pupfish, Cyprinodon nevadensis

15b. No such spots on back and tail (but fine speckling may be present on back) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

16a. Spots on back large and oval; more than 160 scales in lateral line; exaggerated hump on back of adult
males pink salmon, Oncorhynchus gorbuscha

16b. Spots on back small and round; fewer than 150 scales in lateral line, hump of spawning males low. . . . . . . . . . . . . . . . . . . 17

17a. Gums oflower jaw black; spots present on both lobes of tail; anal fin rays 15-17 .... chinook salmon, Oncorhynchus tshawytscha
17b. Gums of lower jaw white to gray; spots present on upper lobe of tail only, or absent; anal fin rays

12-15 coho salmon, Oncorhynchus kisutch

18a. Gill rakers short and stout; 19-26 on first gill arch; uncommon chum salmon, Oncorhynchus keta
18b. Gill rakers long and slender; 30-40 on first gill arch sockeye salmon and kokanee, Oncorhynchus nerka

19a. Body with dark spots on light background; teeth present on shaft ofvomer (detectable as line of teeth running down
middle of roof of mouth) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

19b. Body with light spots (e.g., red, orange, green) on dark background; teeth absent from shaft ofvomer. . . . . . . . . . . . . . . . 23

20a. Dark spots on sides, each surrounded by pale halo; spots usually absent from caudal fin (a few may be present on
dorsal edge) brown trout, Salmo trutta

20b. Dark spots on sides without halos; caudal fins usually heavily spotted18 ••••.•.•••.••.•••.••..••••.••..•••••.•.•• 21

21a. Basibranchial teeth present; 19 red slash marks present along inner edges oflower jaw; scale rows between lateral line
and base of dorsal fin 32-48; maxillary extends well beyond posterior edge of eye cutthroat trout, Oncorhynchus clarki

21b. Basibranchial teeth absent; red slash marks absent from lower jaw; scale rows between lateral line and base of dorsal
fin 25-32; maxillary does not extend beyond posterior edge of eye except in some large
(50+ em) fish ; rainbow trout, Oncorhynchus mykiss20

22a. Tail deeply forked; leading edges of pelvic and anal fins not distinctively pigmented; central Sierra
Nevada lake trout, Salvelinus namaycush

22b. Tail not deeply forked; leading edges of pelvic and anal fins white or cream colored 23

23a. Back mottled with wormlike markings; dorsal and caudal fins marbled ; brook trout, Salvelinus fontinalis
23b. Back with pale spots, not mottled; dorsal and caudal fins not marbled bull trout, Salvelinus confluentus
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1a. Maxillary bone usually does not extend past posterior margin of eye. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
lb. Maxillary bone extends past posterior margin of eye, nearly reaching opercular opening. . . . . . . . . . . . . . . . . . . . . . . . . . . 6

2a. Numerous barbels around mouth Shokihaze goby, Tridentiger barbatus28

2b. No barbels present around mouth 3
3a. Dark bands present on leading edge of dorsal fin 4
3b. No dark bands on leading edge of dorsal fin 5

4a. First ray of pectoral fin separated from rest of fin for about halflength of ray (Fig. 30); edges of ray with tiny
serrations chameleon goby, Tridentiger trigonocephalus

4b. First ray of pectoral fin separated from rest of fin only at tip; edges of ray smooth shimofuri goby, Tridentiger bifasciatus
Sa. First dorsal fin with pigmented tip and 8 spines; scales large, fewer than 50 in lateral

line yellowfin goby, Acanthogobius flavimanus
5b. First dorsal fin with clear tip and 6-7 spines; scales tiny, more than 60 in

lateral line tidewater goby, Eucyclogoblus newberryi
6a. Dorsal fins widely separated; anal fin elements 9-14; second dorsal fin elements

9-14 10ngjawIIludsucker, Gillichthys mirabilis
6b. Dorsal fin edges nearly touching; anal fin elements 15-18; second dorsal fin elements 14-18 .... arrow goby, Clevelandia iOS29

Embiotocidae, Surfperch Family

1a. Dorsal spines 10 or fewer; estuaries shiner perch, Cymatogaster aggregata
lb. Dorsal spines 15 or more; fresh water tule perch, Hysterocarpus traski

Percidae, Perch and Darter Family

1a. Mouth small, upper jaw (maxilla) does not reach to below eye; snout overhangs
upper lip bigscale logperch, Percina macrolepida

lb. Mouth large, upper jaw extends to or past eye; snout does not overhang upper lip yellow perch, Perea flavescens

Cichlidae, Cichlid Family27

1a. 8-12 gill rakers on lower half of first arch; lateral line scales 28-30; in adults, head wider than body;
egg layer redbelly tilapia, Tilapia zilli

lb. More than 13 gill rakers on lower half of first arch; lateral line scales 30-35; head not wider than body in adults;
mouthbrooders . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

2a. Mouth in breeding males enlarged, reaching eye, so top ofhead becomes concave; caudal fin plain; dorsal fin without
pale upper edge; dark blotches or no markings on sides Mozambique tilapia, Oreochromis mossambicus

2b. Mouth in breeding males not enlarged, top of head not concave; caudal fin with irregular pigment pattern; dorsal fin
with pale upper edge; sides of adults plain but juveniles often have 7-10 vertical bars Blue tilapia, Oreochromis aureus

1a. Spine on operculum large, branched, and sharp staghorn sculpin, Leptocottus armatus
lb. Spine(s) on operculum small and simple (Fig. 31) 2

2a. Pelvic rays 3 3
2b. Pelvic rays 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

3a. Cirri (small soft tufts) present on head; marine sharpnose sculpin, Clinocottus acuticeps31

3b. No cirri on head; middle Pit River drainage rough sculpin, Cottus asperrimus

Gobiidae, Goby Family

Cottidae, Sculpin Family30

27. The three species in this key are apparently the ones most widely distributed in southern California. The Nile tilapia is apparently also
present but difficult to tell from the blue and Mozambique tilapia. Hybrids among the species are common, so identification is difficult.

28. Shokihaze gobies appeared in the San Francisco Bay estuary in the 1990s in brackish water. They are uncommon (so far). Chameleon
gobies are marine (introduced) and are included because of their past confusion with shimofuri gobies.

29. The arrow goby is an occasional marine visitor to the lower reaches of coastal streams along the entire coast. It rarely reaches 5 cm SL,
whereas the longjaw mudsucker reaches 20 cm S1.

30. Sculpins are highly variable. Keying results should be carefully checked with species descriptions and distributions.
31. Sharpnose sculpins have been collected once in fresh water in Del Norte County.
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Figure 29. (A) Saddleback gunnel, 14 cm SL;
(B) penpoint gunnel, 9 cm SL, both Navarro River,
Mendocino County.

4cm
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Moronidae, Temperate Bass Family

1a. Body depth less than one~thirdSL; head 5x longer than second anal fin spine striped bass, Morone saxatilis
lb. Body depth more than one-third SL; head 3x longer than second anal fin spine white bass, Morone chrysops

25. Sunfishes that seem to be intermediate in their characteristics between two species may be hybrids. Hybrids most likely to be encountered
are warmouth-b1uegill, green sunfish-bluegill, green sunfish-redear sunfish, bluegill-redear sunfish, and green sunfish-pumpkinseed.
The hybrids are usually dark but highly colored sterile males.

26. Spotted bass are easily confused with largemouth bass when the jaw reaches the margin ofthe eye; spotted bass have regular rows ofspots
below the lateral stripe, a small patch of teeth on the tongue, and small irregular scales along the bases of the dorsal and anal fins. These
characters are lacking in largemouth bass.

B

4a. Scales large, 53 or fewer in lateral series; body depth usually more than one-third SL; sunfishes25 ..••••..•.••.••••••• 5
4b. Scales small, 58 or more in lateral series; body depth usually less than one~thirdSL; basses 9
Sa. Teeth present on tongue; upper jaw (maxilla) extends beyond middle of eye warmouth, Lepomis gulosus
5b. No teeth on tongue; upper jaw does not extend beyond middle of eye. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
6a. Pectoral fins short and rounded, contained about 4x in SL; mouth large, upper jaw extends to middle

of eye green sunfish, Lepomis cyanellus
6b. Pectoral fins long and pointed, contained less than 3x in SL; mouth small, upper jaw does not reach middle of eye ..... 7
7a. Dorsal fin with black blotch on base oflast few rays; gill rakers long and slender (>2X longer than

wide) bluegill, Lepomis macrochirus
7b. Dorsal fin without black blotch; gill rakers short and stubby (about 2x longer than wide) 8
8a. Rear portion of dorsal fin speckled; living adults with scarlet spot on opercular flap, and blue and orange stripes

on cheek pumpkinseed, Lepomis gibbosus
8b. Rear portion of dorsal fin without speckles; living adults with orange or red margin on opercular flap, and without

conspicuous stripes on cheek redear sunfish, Lepomis microlophus
9a. SL more than 10 cm 10
9b. SL less than 10 cm (young-of-year) 13

lOa. Upper jaw extends behind eye; soft and spiny portions of dorsal fin with narrow connection, so spiny portion appears
strongly convex; lateral stripe well developed largemouth bass, Micropterus salmoides

lOb. Upper jaw does not extend behind eye; soft and spiny portions of dorsal fin with broad enough connection that spiny
portion appears gently rounded; lateral stripes various 11

lla. Lateral band present;lateralline scales fewer than 67 spotted bass, Micropterus punctulatus26

lIb. Lateral band absent; lateral line scales more than 67 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
12a. Rays in rear portion of dorsal fin usually 13-15; 12-13 scale rows above lateral line smallmouth bass, Micropterus dolomieu
12b. Rays in rear portion of dorsal fin usually 11-12; 7-10 scale rows above lateral line redeye bass, Micropterus coosae
13a. Distinct lateral band of botches present. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
13b. No distinct lateral band present . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
14a. Caudal fin without strong banding or bicolored, with dark band running along outer edge; no orange coloration

present on fins largemouth bass, Micropterus salmoides
14b. Caudal fin tricolored, with black band in the middle and tips of fin pale; orange on tail usually present near caudal

peduncle spotted bass, Micropterus punctulatus
l5a. Narrow vertical bars present on sides, extending below lateral line; dorsal fin rays 11-12 redeye bass, Micropterus coosae
15b. Narrow vertical bars on sides absent or indistinct; dorsal fin rays 13-15 smallmouth bass, Micropterus dolomieu
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diet of detritus and algae. The role of ammocoetes in the
ecology ofstreams remains largely unstudied, although they
are often found in the stomachs of predatory fishes.

One of the most fascinating aspects of lamprey biology
is the frequent evolution of nonpredatory species from
predatory ones. The nonpredatory species are generally
small as adults, and their rasping plates are reduced in size
and number. The larval portion of their life cycle is like that
ofthe predatoryforms except that it tends to last longer, and
the ammocoetes thus tend to growlarger (Hardisty and Pot
ter 1971). The adults, however, do not migrate after meta
morphosis but remain in their home streams, where they
spawn and die without feeding. The nonpredatory adult
stage allows lampreys to live in smallstreams, where few
large fishes are present for food or where distances to large
bodies ofwater are great. Both predatory and nonpredatory
lampreys are common in California, but their taxonomy is
complex. Most nonpredatory lampreys on the Pacific coast
are derived from river lamprey, which are small in size and
capable ofliving in freshwater as adults. However, in the up
per Klamath drainage there is a taxonomically difficult
group of predatory and nonpredatory lampreys that are all
derived from Pacific lamprey. Pacific lamprey normally re
quires a period in salt water to complete its life history, but
freshwater populations are known (Beamish 1980).

Classification and identification of lampreys depend
largely on the number, structure, and position of the horny
plates (usually labeled teeth or laminae) on the sucking disc.
The plates are named according to their position (anterior,
posterior, or lateral) in the three concentric circles that can
be visualized on the disc (Fig. 32). They are described in de
tail by Vladykov and Follett (1962) and Hubbs and Potter
(1971). Lamprey identification, particularly of small adults,
should be performed with care. Ammocoetes can be identi
fied with the aid of Richards et aI. (1982) and Wang (1986).

Lampreys, Petromyzontidae

Lampreys are specialized aquatic vertebrates, eel-like in
form but lacking the jaws and paired fins oftrue fishes. They
are distantly allied to the long-extinct ostracoderms, among
the earliest known vertebrates, which were heavily armored
creatures that sucked organic ooze from ocean, lake, and
river bottoms (Moyle and Cech 2000). Lil<e these ancient
jawless fishes, lampreys have a persistent notochord, a car
tilaginous skeleton, a single nostril, a small brain, and two
semicircular canals in each side of the head, rather than the
usual three.

Survival of lampreys into modern times has depended
on their ability to prey on the jawed fishes that replaced their
ancestors. An adult lamprey will latch onto the side of a
large fish with its suckerlike mouth and rasp a hole with its
powerful tongue, which is covered with sharp, horny plates
("teeth"). The feeding lamprey extracts blood and body
fluids from fish and drops off when satiated. Although the
gaping wound left by the lamprey may be fatal, many fish do
survive lamprey attacks. It is not unusual to find fish with
two or more lamprey scars. Under normal conditions lam
prey and their prey coexist successfully; lampreys maintain
their populations without destroying those of their prey.
However, when sea lampreys (Petromyzon marinus) in
vaded the Great Lakes, they nearly succeeded in wiping out
the large fishes, presumably because the fish were not
adapted to their style of predation.

The predatory portion ofthe lamprey life cycle is usually
short (6-19 months) compared with the portion spent as
larvae (ammocoetes) in streams (3-7 years). Generally,
adults migrate upstream from a large body of water into a
tributary stream to spawn. They build a nest in a gravel
bottomed area, spawn, and usually die. The embryos hatch
and the ammocoetes are carried downstream to mud- or
sand-bottomed backwaters and stream edges. They burrow
into the bottom and spend the next few years growing on a

6
7

DORSAL SPINES

AX ILLARY PRICKLES

PALATINE TEETH

Figure 30. Upper part ofpectoral fin in two species of Tridentiger.

94 IDE N T I FIe AT ION

~A

1fi ( 23 ) Prickly sculpin Cottus asper4a. Long anal fin (15-18 rays) and second dorsa n 19- rays , 5
4b. Short anal fin (usually <15 rays) and second dorsal fin «20 rays) .

Sa. No axillary prickles present '.' : : .
5b. Patch of tiny prickles present underneath pectoral fin (axillary pnckles; FIg. 31) .

6a. Dorsal fins separated; dark patch present on front of first dorsal fin; two median pores on chin; east .side of . . .
PalUte sculpm, Cottus beldmglSierra Nevada .

6b Dorsal fins joined; no dark patch on front of first dorsal fin; one median pore on chin; Klamath and PIt .
· marbled sculpin, Cottus klamathensls (some)drainages .

7a Two conspicuous saddle marks on back; no dark spot on first dorsal fin; coastal .,
· coastrange sculpm, Cottus aleutlcusdrainages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

7b. Saddle marks absent or diffuse; dark spot on first dorsal fin; interior drainages : : .
8a Dorsal fins obviously connected; lateral line does not reach end of caudal peduncle (mcomplete): dorsal spmes .

· marbled sculpm, Cottus klamathensls (some)
8b. ~:;;~r ~n~ '~~t' ~~~~~~~e'd ~~ 'c~~~~;t~d'~~l; ~~ b~~~; 'l~~~r'ai ii~~ ~~~~il~ 'c~~~i~;e; dorsal spines usually 8-9 . . . . . . . . . . . ~
9a. Mouth large, usually wider than body behind pectoral fins :.......... 1
9b. Mouth small, narrower than body behind pectoral fins; Rogue River drainage reticulate sculpm, Cottus perplexus

lOa First dorsal fin with 8-9 spines; dorsal fins separate (may touch at base); lateral line pores usually more. than 3~; .,
· .., PIt sculpm, Cottus pltenslspalatine teeth absent; PIt River dramage : .

lOb First dorsal fin with 7-8 spines; dorsal fins connected; lateral line pores fewer than 32; palatme teeth .usually .
'. nffle sculpm, Cottus gulosuspresent (Fig. 31); Central Valley dramages .

Figure 31. Characters used foridentifying sculpins.

~----------------------~--- -
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Great wriggling masses of lampreys are often seen as
cending barriers and fish ladders on coastal streams in the
early spring.... In many cases the flow is too great for the

other fishes, especially sharks. In the mouth of the Rogue
River, Oregon, sea lions consume migrating lampreys in
large numbers (10). Despite far-flung oceanic records, it is
unlikely that Pacific lampreys normallywander far from the
mouths of their home spawning streams, because their prey
is most abundant in estuaries and other coastal areas. The
oceanic phase apparently lasts 3-4 years in British Colum
bia (9), but it may be shorter in more southern waters.
Landlocked forms spend the predatory phase (ofunknown
duration) in lakes or reservoirs., feeding on suckers and
other large fishes (11). In Goose Lake the major prey seems
to be tui chubs, although redband trout were presumably
once important prey as well (17).

Adults, 30-76 cm TL, usually move up into spawning
streams between early March and late June. However, up
stream movements in January and February have also been
observed (19, 21), and movements into July have been ob
served in northern streams. Tn the Trinity River some mi
gration has also taken place in August and September (12).
It is quite possible that Pacific lamprey in large river sys
tems, such as the Klamath and Eel, have a number of dis
tinct runs, like salmon. One indication is that many lam
preys migrate upstream several months to a year before they
spawn (9, 19), hiding under stones and logs until fully ma
ture. In the Klamath River there may be at least two distinct
runs: a spring run that spawns immediately after the up
stream migration and a fall run, which holds over and
spawns in the following spring (22).

Most upstream movement takes place at night and tends
to occur in surges, although small numbers may move up
stream more or less continuously over a two- to four-month
period. In the Santa Clara River (Ventura County) first
movement occurs after winter rains breach the sand bar
blocking the lagoon at the mouth in January, February, or
March; within 6-14 days, the first lampreys reach a fish lad
del' 16.8 km upstream (19). Although lampreys typically
move upstream during periods of high flow, they will mi
grate under a wide range of flows-25 to 1,700 m 3/min
in the Santa Clara River (19). Lampreys can move consid
erable distances, stopped onlybymajor barriers, such as Fri
ant Dam on the San Joaquin River and Scott Dam on the Eel
River. How far upstream lampreys originally migrated in
California is not known, but I have observed them spawn
ing in Deer Creek (Tehama County), about 440 km from
salt water. Presumably migrations of 500-600 km were once
not unusual.

The remarkable ability of Pacific lampreys to surmount
less formidable barriers is described by Kimsey and Fisk
(20, p. 6):

Distribution Pacific lampreys are found in Pacific coast
streams from Hokkaido Island, Japan (16), through Alaska,
and down to Rio Santo Domingo in Baja California (18).
Malibu Creek, Los Angeles County, seems to be the southern
most point of regular occurrence in California, despite
some records from the Santa Ana River (5) and a single am
mocoete taken from the San Luis Rey River (San Diego
County) in 1997 (28). However, there are also recent records
from Rio Santo Domingo, Baja California (18). In general,
lampreys today have a scattered or disjunct distribution
south of San Luis Obispo County (5), although there are
regular runs in the Santa Clara River (19). In the ocean they
have been captured from waters near Japan to Baja Califor
nia (6, 7). Dwarf, landlocked forms have been identified
from the upper Klamath River (4, 8) and from Goose Lake,
Modoc County; these forms may be separate species. A re
cently (1963) landlocked population exists in Clair Engle
Reservoir on the Trinity River, Trinity County.

Names Lampetra is apparently derived from the Latin words
lambere, to suck, and petra, stone, although the Oxford Eng
lish Dictionary indicates that it may just be an "etymologiz
ing perversion" ofthe word lamprey, ofuncertain origin. The
words refer to the lamprey habit of clinging to stones in
streams with their suckerlilze mouths. Tridentatus (three
toothed) is a reference to the structure of the supraorallam
inae. Lampreys are frequently called eels by fishermen, and
large runs oflampreys are responsible for the name Eel River.

populations have individuals that remain resident, rather
than going to sea, much like rainbow trout. In the Trinity
River, for example, there may be two distinct forms of
Pacific lamprey, one smaller and paler than the other, that
represent either separate runs or resident versus migratory
individuals (26).

The Pacific lampreywas formerly placed in the genus En

tosphenus, now recognized as a subgenus that includes the
Pacific lamprey and its nonpredatory derivatives. However,
studies of mitochondrial DNA indicate that the genus
should probably be resurrected for the group thatincludes
Pacific lamprey, Pit-Klamath brook lamprey, and Klamath
River lamprey (27). Ifthis designation is adopted, river lam
prey, western brook lamprey, and Kern brook lamprey
would remain in the genus Lampetra.

Life History Pacific lampreys, with the exception of land
locked populations, spend the predatory phase of their life
in the ocean. They attack a wide variety of fishes, including
various salmon and flatfishes (9). In British Columbia
14-45 percent of salmon in different runs had scars from
lamprey attacks (9), but similar data are not available from
California. Lampreys themselves are often observed with
parts of their tails missing, indicating that they are prey for

Taxonomy Pacific lampreys have given rise to landlocked
populations throughout their range, despite the difficulties
adults have in living in fresh water (1). A number of these
populations have been described as separate species, some
predatory (e.g., 1. similis, 1. minima), some nonpredatory
(e.g., 1. lethophaga). There is often considerable overlap in
characters among the Pacific lamprey and its derivatives, as
well as between predatory and nonpredatory forms, so the
interrelationships among the species require close exami
nation, especially in the upper Klamath basin (2, 3, 29).
Studies using mitochondrial DNA show promise in resolv
ing the issues (27). A particular problem is the taxonomic
status of the dwarf predatory lamprey inhabiting the iso
lated waters of Goose Lake, first noted by Carl Hubbs in
1925 (17). Studies by C. Bond (unpublished) indicate that
the Goose Lake lamprey represents a distinct taxon. Given
its long isolation from other Pacific lamprey populations, as
well as its distinctive appearance and ecology, it is quite
likely that the Goose Lake lamprey deserves recognition as
a full species. Molecular studies also suggest that this lam
prey is distinct from lampreys in the Klamath River (25).

It is possible that Pacific lampreys within one stream sys
tem have more than one run (22) or that some upstream

The second dorsal is continuous with the caudal fin. Adults
have 62-71 body segments (myomeres). The horizontal di
ameter of the eye is 2-4 percent of the total length, and the
length of the oral disc is usually 6-8 percent of the total
length. The dorsal fins are higher in males than in females,
and males lack an anal fin, which is conspicuous in fe
males. Males also possess small genital papillae. Ammocoetes
have 68-70 segments between the anus and the last gill
opening (15). The body and lower half of the oral hood are
usually dark and well pigmented, although there is typically
a pale area associated with a ridge in the caudal region.

Spawning adults are typically dark (usually a greenish
black color) on top but paler on the belly, frequently a
golden color. Newly metamorphosed individuals are silvery
in color. Adults in Goose Lake are a shiny bronze color.

LAMPREYS, PETROMYZONTIDAE96

Pacific Lamprey. Lampetra tridentata (Gairdner)

Figure 32. Pacific lamprey. Top: Ammocoete, 12 cm TL, San Joaquin River, Fresno County.
Middle: Dwarf form, 24 cm TL, Clear Lake Reservoir, Modoc County. Bottom: Sucking disc,
adult, after Vladykov and Follett (1962).

Identification Any large (>40 cm TL) adult lamprey in Cal
ifornia belongs to this species. However, dwarf (15-30 cm
TL) landlocked populations also exist, and these should not
be mistaken for recently transformed, silvery individuals of
anadromous populations. Sharp, horny plates (teeth) are
present in all areas of the sucking disc, more than in any
other California lamprey (4). The most distinctive plate is
the crescent-shaped ~upraoral lamina with three sharp
cusps, the middle cusp smaller than the two lateral cusps.
There are also four large, inner lateral plates on each side.
The middle two are tricuspid, the outer two bicuspid (for
mula 2-3-3-2). The tongue ends in 14-21 small points
(transverse lingual lamina), the middle one slightly larger
than the others. The two dorsal fins are slightly separated.
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fish to move across the barrier in one attempt. They solve
the problem by swimming until tired, then attaching
themselves to the bottom and sides and resting for awhile.
When recovered, they make another attempt and move
upstream several more feet. In this manner, by successive
spurts and resting periods, they move over various ob
structions until they reach their spawning grounds.

.J

99PIT-KLAMATH BROOK LAMPREY

drainages, however, may have been independently derived
from a predatory member of the Pacific lamprey complex
and thus may represent separate taxa. A form from the Kla
math River was described. as a species, 1. folletti (5), but the
species has not been widely recognized (6). Technically, 1.
folletti should continue to be recognized as a species until its
designation has beenformally refuted in a thorough analy
sis. e. Bond (8) indicated that brook lampreys in the Goose
Lake drainage differ from those in the Pit River drainage
and may deserve separate taxonomic recognition. The Pit
Klamath brook lamprey may have given rise to the preda
tory dwarfMiller Lake lamprey (1. minima) of the Klamath
basin (7).

Distribution The Pit-Klamath brook lamprey is limited to
the Pit River system in northeastern California and the up
per Klamath River of south-central Oregon, above the Kla
math lakes (1,2). In Oregon the only recorded populations
seem to be in Crooked Creek, a tributary to Agency Lake,
and the Sprague River system, a tributary to the Williamson
River. However, distributional records should be treated
with a certain amount of skepticism until the taxonomy of
Klamath-region lampreys has been worked out.

etal.1993. 6. Hubbs 1967. 7. McPhail and Lindsey 1970. 8. Hubbs
1971. 9. Beamish 1980. 10. Jameson and Kenyon 1977. 11. Coots
1955. 12. Moffett and Smith 1950. 13. Long 1968. 14. I<roeber
and Barrett 1960. 15. Wang 1986. 16. Morrow 1980. 17. Hubbs
1925.18. Ruiz-Campos and Gonzalez-Guzman 1996. 19. ENTRIX
1996.20. Kimsey and Fisk 1964. 21. Trihey and Associates 1996a.
22. Anglin 1994. 23. Richards and Beamish 1981. 24. Michael
1984. 25. M. Docker, University of Northern British Columbia,
pers. comm. 1999. 26. T. Healey, CDFG, pers. comm. 1995.
27. Docker et al. 1999.28. C. Swift, pers. comm. 1999.29. Lorion
et al. 2000.

Names "The name lethophaga, figuratively referring to the
elimination offeeding as adults, is formed by combining the
Latinized expression leth ... a forgetting or forgetfulness ...
[and] phag-, to eat" (1, p. 151). Other names are as for the
Pacific lamprey.

Life History The principal habitats of this species are in low
gradient reaches of clear, cool (summer temperatures rarely
reach 25°C) rivers and streams with sand-mud bottoms or
edges. Trout are frequently in the same waters, as are marbled
and rough sculpins and speckled dace. The ammocoetes bur
row into soft bottoms, often among aquatic plants (2), where
they presumably feed on algae and detritus. The time spent

Populations of the Goose Lake lamprey should be moni
tored because Goose Lake is susceptible to drying during pe
riods of drought and because its tributary streams are all al
tered and diverted. Fortunately, small populations persist in
at least one reservoir in the drainage (25). It is of major im
portance to develop an understanding of the taxonomy and
life history requirements of this form for conservation pur
poses. Likewise, the landlocked "Pacific" lampreys of the up
per Klamath drainage must be both studied and monitored.

Identification This is a small «21 cm TL), nonpredatory
lamprey (1). Their disc resembles that of Pacific lamprey,
but the plates (teeth) are smaller and fewer. The lateral cir
cumoral plates typically number 1-2-2-1 or 2-3-3-2, but
cusps are frequently missing. The posterior circumoral
plates number 9-15, many with just one cusp. The supra
oral plate has 3 cusps, although the middle one may be de
generate or missing. Infraoral teeth are usually 5. The cusps
on the transverse lingual lamina are filelike and difficult to
see. The mouth is small and puckered, with disc length less
than 5 percent of total length. When the disc is expanded, it
is narrower than the head (3). Trunk myomeres number
60-70. The gut is atrophied in mature specimens. Adults
tend to be dark gray on top but brass to bronze ventrally.

Pit-Klamath Brook Lamprey,
Lampetra lethophaga Hubbs

References 1. Beamish and Northcote 1989. 2. Bailey 1980,
1982.3. Bond and Kan 1973.4. Vladykov and Kott 1979. 5. Swift

Taxonomy This nonpredatory species was described by
Hubbs (1) from specimens collected in scattered localities
in two drainages, the Pit and the Klamath. It is closely re
lated to the Pacific lamprey (4). Populations in the two

Status ID (anadromous form). Ie. (Goose Lake form).
Anadromous Pacific lampreys are still present in most of
their native areas, but large runs that once characterized
streams such as the Eel River seem to have largely dis
appeared. Certainly the once-common "great wriggling
masses" are rarely seen. Unfortunately, little attention has
been paid to lampreys, and there is only anecdotal evidence
(mainly from Native American fishermen) that runs in
North Coast streams are much smaller than they used to be.
They have been eliminated from many streams in the ur
banized southern end oftheir range, but they are remark
ably persistent, as indicated by the continuing runs up the
Santa Clara River (19), which has relatively undisturbed
upper reaches. In Putah Creek (Yolo and Solano Counties)
they managed to maintain small runs following construc
tion of the Solano Project, which dried up much of the
lower creek. Pacific lamprey are usually absent from highly
altered or polluted streams. In October 1979 Wang (15) col
lected lampreys from the Napa River that were "intoxicated"
with wine spilled into the river! Presumably other pollu
tants have had worse effects.

Despite their predaceous habits, they seem to have little
effect on fish populations and are at times themselves im
portant prey of sea lions. Lampreys were highly esteemed as
food by a number of Native American tribes in California
(14) and are still considered a delicacy in some European
countries. There is a major need to examine the status of the
species throughout its range, as well as to study its biology
to see, for example, ifmultiple runs exist in some rivers, like
those of chinook salmon and steelhead, or if landlocked
strains are present in larger river systems.

stream to a suitable area of soft sand or mud. Ammocoetes
burrow tail first into the sand or mud and begin lives as filter
feeders, sucking organic matter and algae off the substrate
surface. They do not stay in one area for their entire growth
period. Active ammocoetes can be trapped at almost any
time of the year (12, 13). In the Trinity River ammocoetes of
sizes down to 16 mm colonized areas from which they had
been eradicated during the winter high-water period (12).
Most movement takes place at night. The length of the am
mocoete stage is uncertain, but it probably lasts 5-7 years.
Ammocoetes reach 14-16 cm TL when they start the dra
matic metamorphosis from reclusive, detritus-feeding lar
vae to active, predatory adults. They develop large eyes, a
sucking disc, silver sides, and dark blue backs; they also
demonstrate radical changes in internal anatomy (7). There
are dramatic changes in physiology, such as development of
the ability to tolerate abrupt transfer into sea water, which is
lethal to ammocoetes (23). Downstream migration begins
when transformation is completed, seemingly during high
outflow events inwinter and spring, perhaps coincident with
the upstream migration of the adults.

LAMPREYS, PETROMYZONTIDAE98

Both sexes help construct a crude nest, 35-60 cm in di
ameter, by removing the larger stones from a gravelly area
where current is fairly swift and depths are 30-150 cm. Wa
ter temperatures are typically 12-l8°C. On 10 April 1991, I
observed lampreys spawning in a rocky riffle of the lower
American River; the mean depth of 34 nests was 59 cm
(range, 30-82 cm), and the mean water column velocity
over nests was 64 cm/sec (range, 24-84 cm/sec). Another
lamprey nest was observed among silt-covered cobbles in a
backwater, where the mean water column velocity was only
11 cm/sec (depth 44 em). In Putah Creek, on 5 May 1999,
the mean depth of 26 nests on a gravelly road crossing was
50 cm (range, 36-73 cm), and mean water column velocity
was 29 em/sec (range, 17-45 em/sec). In Deer Creek I ob
served nest construction at depths up to 1.5 m. To remove
a stone during nest construction, the lamprey latches on to
the downstream side and swings vigorously in reverse.
Sometimes, two will pull simultaneously on the same stone.
Usually the combination of lamprey pulling and current
pushing is enough to move the rock downstream. The final
result is a shallow depression with a pile of stones at the
downstream end.

For the spawning act, the female attaches to a rock on the
upstream edge of the nest, while the male attaches himself
to the head of the female, wrapping his body around hers.
Occasionally, they mayboth attach to rocks, but remain side
by side (15). Both lampreys then vibrate rapidly, and a small
white cloud of eggs and milt is released. The fertilized eggs
are washed into the gravel, especially at the downstream end
of the nest, where they adhere to the rocks. After spawning
the lampreys loosen rocks from above the nest, causing silt,
sand, and gravel to cover the eggs. Spawning is repeated on
the same nest a number of times until both sexes are spent.
Because several pairs often spawn in the same area, males
may mate with more than one female (15). Usually, both
sexes die shortly thereafter. However, some adults were
found to survive and spawn again a year later (at a larger
size) in Washington streams (24). The presence oflive adult
lampreys in downstream migrant traps on the Santa Clara
River (19) suggests that repeat spawning also occurs in Cal
ifornia. If the fecundity of Pacific lampreys is similar to that
of eastern sea lampreys, each female, depending on her size,
lays 20,000-200,000 eggs.

The embryos hatch in about 19 days at 15°C. After hatch
ing ammocoetes spend a short time in the nest gravel. Even
tually they swim up into the current and are washed down-
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Status ID. This designation is based on their limited range
in rivers that have been severely modified by dams, diver
sions, and pollution. There is a real need for regular, sys
tematic surveys of the upper Klamath basin for lampreys
and other native fishes, to determine their status more ac
curately. A particular need for this species is to determine
the habitat required for spawning and for ammocoetes.

References 1. Vladykov and Kott 1976b. 2. Vladykov and Kott
1979.3. Coots 1955.4. Docker et al. 1999. 5. Robins et al. 1991.
6. C. Bond and T. Kan, unpubl. ms.1991. 7. Lorion et al. 2000. 8.
J. Boyce, Humboldt State University, pers. comm. 2001.

(teeth) of the oral disc are well developed (1, 2) but become
progressively blunter in spawning individuals. The middle
cusp of the transverse lingual lamina is well developed.
There are 3 large lateral plates (circumorals) on each side,
the outer 2 bicuspid, the middle one tricuspid. The supra
oral plate has only 2 cusps that often appear as separate
teeth, whereas the infraoral plate has 7-10 cusps. The eye is
large compared with that of other California lampreys, the
diameter being 1-1.5 times the distance from the posterior
edge of the eye to the anterior edge of the first branchial
opening. The number of trunk myomeres is high, averaging
68 in adults, 67 (range, 65-70) in ammocoetes. Adult river
lampreys are dark on the back and sides, silvery to yellow on
the belly. The tail is darkly pigmented. As they become sex
ually mature, the gut degenerates and the two dorsal fins
grow closer together, eventually joining. Ammocoetes can
be recognized by their pale heads (especially around the gill
openings), a prominent line behind the eye spot, and a tail
with a lightly pigmented center (3).

Ufe History There is no specific information on the biology
of this species, although adults seem to live in the Klamath
River itself, as well as in lakes and reservoirs, where they prey
on the native suckers and cyprinids.

in the Central Valley, but their biochemical similarity to 1.
tridentata (4) suggests they are not 1. similis.

Figure 34. Klamath River lamprey adult and disc, 16.7 em TL, Seiad Creek, Siskiyou County.

I em

Names The name similis comes from the close resemblance
of this species to dwarf Pacific lamprey. Other names are as
for the Pacific lamprey.

Distribution This species was described from the upper
Klamath River and Upper Klamath Lake in southern Ore
gon. However, it appears to be widespread in the lower Kla
math and Trinity Rivers and tributaries (8). The predatory
lampreypopulation in Copco Reservoir, Siskiyou County, is
presumably this species (3). Lamprey ammocoetes identi
fied as 1. similis have been collected from the Merced River

River Lamprey, Lampetra ayresi (Gunther)

Identification The river lamprey is small (average TL of
spawning adults about 17 cm) and predaceous, with an oral
disc generally at least as wide as the head. The horny plates

4em

References 1. Hubbs 1971. 2. Moyle and Daniels 1982. 3. Page
and Burr 1991. 4. Docker et al. 1999.5. Vladykov and Kott 1976b.
6. Robins et al. 1991. 7. Lorion et al. 2000.8. C. Bond, pers. comm.

Status IE. The Pit-Klamath brook lamprey is widely dis
tributed in at least the Pit River watershed and seems to be
in no danger. Some human changes in streams may actually
benefit them; in Rush Creek, Modoc County, large numbers
of ammocoetes were found in a silty-bottomed pool imme
diately below a channelized section. They were also com
mon in muddy-bottomed irrigation diversions from the
creek.

plate), and 18 teeth in the posterior field below the mouth.
There are 8 velar tentacles. Trunk myomeres number 58-65
(usually 60-63). The disc length is about 9 percent ofthe to
tal length, and the disc is as wide or wider than the head. The
horizontal diameter of the eye is about 2 percent of total
length. Coloration is similar to that of the Pacific lamprey,
although this lamprey is often more heavily pigmented.
Ammocoetes have not been described.

back and belly; united, thick, and frilled dorsal fins; and en
larged anal fin.

Taxonomy Five species oflamprey have been described from
the upper Klamath basin: 1. tridentata (dwarf Pacific lam
prey), L. lethophaga (Pit-Klamath brook lamprey), 1. minima
(Miller Lake lamprey),1. folletti (Modoc brook lamprey), and
1. similis. The dwarf, landlocked Pacific lamprey is the pre
sumptive ancestor of the others. The Pit-Klamath brooklam
prey seems to be generally accepted as the standard non
predatory lamprey of the upper Klamath and Pit River
drainages, and the Miller Lake lamprey is accepted as an un
usually small predatory species. The other forms are more
controversial. The Modoc brook lamprey was described as a
nonpredatory species (1) but has not been widely accepted as
distinct (4,5,6). In contrast, the Klamath River lamprey is dis
tinct not only morphologically but also biochemically (4, 7).

Figure 33. Pit-Klamath brook lamprey adult and disc, Ash Creek, Modoc County.

LAMPREYS, PETROMYZONT1DAE100

I em

as ammocoetes seems to be at least 4 years, based on an analy
sis of size classes. Maximum size is about 21 cm.

Metamorphosis probably takes place in autumn. Spawn
ing does not begin until early spring but may occur anytime
during summer. Some populations, although transforming
into the adult form, do not develop nuptial features charac
teristic of"normal" spawners: dark, contrasting coloration of

Klamath River Lamprey,
Lampetra similis (Vladykov and Kott)

Description The Klamath River lamprey is a small (14-27
em TL, mean 21 cm) predatory lamprey with strong,
sharply hooked cusps on the oral plates (2). Like the Pacific
lamprey, it has 3 strong cusps on the supraoral plate. It has
13 teeth in the anterior field above the mouth, 4 inner lat
eral plates on each side with the typical cusp formula of 2
3-3-2,20-29 cusps on the transverse lingual lamina (tongue
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Figure 35. River lamprey. Adult,
unknown locality, from Lee et al.
(1980).

References 1. Vladykov and Follett 1958.2. Wydoski and Whit
ney 1979. 3. Richards et al. 1982.4. C. Bond, Oregon State Uni
versity, pers. comm. 5. Beamish 1980. 6. Beamish and Youson

1987. 7. Roos et al. 1973. 8. Beamish and Neville 1995. 9. Wang
1986. 10. Beamish and Neville 1992. 11. R. Leidy, USEPA, pers.
comm. 1999. 12. M. Fawcett, pers. camm. 1998.

Names Ayresi is after William O. Ayres, who first recognized
it as a species. Ayres was a San Francisco physician who was
the first to describe a number of California's freshwater

fishes. Other names are as for the Pacific lamprey.
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Names Hubbsi is after Carl 1. Hubbs, one of the great
ichthyologists of the 20th century, and the description is
published in a festschrift volume in his honor (1). Other
names are as for the Pacific lamprey.

Life History Principal habitats of the Kern brook lamprey
are silty backwaters of rivers emerging from the 'Sierra
foothills (mean elevation 135 m, range 30-327 m). Ammo

coetes are usually in shallow pools and along edges of runs
where flows are slight. They favor substrates that are a mix
ture of sand and mud at depths of 30-110 em, where sum
mer temperatures rarely exceed 25°C (2). This habitat also
characterizes the lightless siphons of the Friant-Kern Canal,

where ammocoetes are abundant at times. Presumably
siphon populations do not contribute to the survival of the
species, because adults derived from them wind up in the

aqueduct itself. Adults in natural environments seek riffles
with gravel for spawning and rubble for cover.

Distribution This species is endemic to the east side of the

San Joaquin Valley. Kern brook lampreys were first collected
from the Friant-Kern Canal but have since been found in
the lower Merced, Kaweah, Kings, and San Joaquin Rivers
(2). Ammocoetesfound in the San Joaquin River between
Millerton Reservoir and KerckoffDam probably also belong
to this species (3), as do those collected in the Kings River
above Pine Flat Dam (Fresno County). In 1988 ammocoetes

and adults were collected from the siphons of the Friant
Kern canal when they were poisoned as part of an effort to
eradicate white bass from the system.

Figure 36. Kern brook lamprey adult and disc, 11.7 em TL, Merced River, Merced County.

Description The Kern brook lamprey is nonpredatory, with
poorly developed plates (teeth) on its oral disc. Adults are
8-14 em TL, ammocoetes 11-15 em. The number oftrunk

myomeres is 51-57 (1,2) with a mean of 54. The supraoral
plate typically has 2 cusps. Between 3 and 4 (usually 4) lat
eral teeth are visible on each side of the disc, each with a sin
gle cusp (1). The disc is narrower than the head. The sides
and dorsal region are gray-brown, and the ventral area is
white. The dorsal fins are unpigmented, but there is some
black pigmentation restricted to the area around the noto
chord in the caudal fin.

I em

Taxonomy This brook lamprey was thought to be derived
from the Pacific lamprey, based on its dentition (1). Bio
chemical evidence, however, indicates that it is most closely
related to the river lamprey, as are most other brook lam-
preys (4).

Kern Brook Lamprey,
Lampetra hubbsi (Vladykov and Kott)

from saltwater and enter the ocean in late spring. Adults ap
parently spend only 3-4 months in salt water, where they
grow rapidly to 25-31 cm TL.

River lampreys feed on a variety of fishes that are 10-30
cm TL, but most commonly herring and salmon (5,7,8).
Unlike other lampreys in California, river lampreys typi
cally attach to the back ofthe host fish, above the lateral line,
where they feed on muscle tissue. Feeding continues even
after the death of the prey. The effect of river lamprey pre

dation on prey populations can be significant; in Canada, it
is considered to be a major source of salmon mortality (8).
River lampreys can apparently feed in fresh water, and a
landlocked population may exist in upper Sonoma Creek,
Sonoma County (9).

Adults migrate back into fresh water in autumn. The ex
tent and timing of migrations in California are poorly
known, although a mature adult found at Cape Horn Dam
(25 May 1992) on the Eel River must have moved at least

250 km upstream. They spawn during February through
May in tributary streams. While maturing, river lampreys
shrink about 20 percent in length (5). They dig saucer
shaped depressions in gravelly riffles for spawning. Fecun
dity estimates from two females from Cache Creek (Yolo
County) were 37,300 eggs (17.5 em TL) and 11,400 eggs (23
em TL) (1). Adults die after spawning. Ammocoetes remain
in silty backwaters and eddies to feed on algae and micro

organisms. The length ofthe ammocoete stage is not known,
but it is probably 3-5 years, so total life span is likely to be
6-7 years.

River lampreys are capable of hybridizing with western
brook lampreys under artificial conditions, but hybrids
have not been observed in the wild. Apparently, a major bar
rier to hybridization is the slightly larger size of river lam
preys (10).

Status ID. Trends in populations of river lamprey are un
known for the southern end of its range, but it is likely that
the species has declined, along with the decline of suitable
spawning and rearing habitat in the lower reaches oflarger
rivers. However, river lamprey are easy to overlook, so the
species may be more abundant than indicated. It is abun

dant in British Columbia, but there are relatively few
records from California. Its distribution, abundance, life

history, and habitat requirements should be investigated in
California.

LAMPREYS, PETROMYZONTIDAE

Distribution River lampreys have been collected from large
coastal streams from 20 km north of Juneau, Alaska, to San
Francisco Bay (1, 2). In California most records are for the
lower Sacramento-San Joaquin River system, but they have
not really been looked for in most other streams. They are

present in the Napa River, Sonoma Creek, and Alameda
Creek, tributaries to San Francisco Bay (11), and in the

lower Sacramento and San Joaquin Rivers, especially the
Stanislaus and Tuolumne Rivers. A number are captured
every year in the fish rescue facilities in the south Delta.
They also appear to be regular spawners in Salmon Creek
and in tributaries to the lower Russian River (Sonoma
County) (12). In the Eel River a single adult female was col

lected at Cape Horn Dam. Outside California, they also ap
parently exist as widely scattered, isolated populations. In
Oregon they are known only from the Columbia and
YaquinaRivers (separated by 182 km) (4). Likewise, they are
known only from two large river systems in British Colum
bia, in the center of their range (10).

Taxonomy In 1855, William O. Ayres described the river
lamprey as Petromyzon plumbeus from a single specimen
collected in San Francisco Bay. Unfortunately, that name
had already been given to a European lamprey. So in 1870

A. Guntherrenamed it P. ayresi. In 1911 C. T. Regan decided
this species and the European river lamprey, Lampetra flu
viatilis, were identical. This diagnosis was accepted until
1958, when careful redescription of the river lamprey by V.
D. Vladykov and W. I. Follett showed that it is indeed a dis
tinct species, L. ayresi (1).

Life History The biology of river lampreys has not been
studied in California, so information in this account is
based on studies in British Columbia (5, 6), where the tim

ing of life history events may not be the same owing to
colder water or other factors.

Ammocoetes begin transformation into adults at about
12 cm TL, during summer. The process of metamorphosis
takes 9-10 months, the longest known for any lamprey (6).

Lampreys in final stages congregate immediately upriver
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Status ID. Western brook lampreys are probably more
common than records indicate because special effort has to
be made to collect them and to separate ammocoetes from
those of other species. However, it is unlikely that they can
withstand severe pollution or habitat changes, so they are
probably now restricted to less disturbed sections of
streams. Systematics of the various populations assigned to
this species merit investigation, because a number of the
more isolated ones may deserve species status.

their biology in California. Except for an early study by
Hubbs (13), most information comes from studies in Wash
ington (7, 8). Ammocoetes are most abundant in back
waters and pools of streams where silt and sand are mixed
and populations can be as dense as 170 per square meter (7).
Ammocoetes live 4-5 years in British Columbia and 3-4
years in Washington and California (7, 10, 13). Fastest
growth and largest size (13-18 cm) are achieved in Califor
nia (7) on a diet of algae (especially diatoms) and organic
matter (10). Ammocoetes begin transforming in the fall and
are mature in spring.

Spawners move into gravel riffles for spawning, where
they construct nests slightly shorter than adult lengths. In
MarkWest Creek, Sonoma County (April 1994), brook lam
preys constructed nests 15-20 cm in diameter in a gravelly
riffle about 15 cm deep (15). Each nest pit was occupied by
2-4 individuals, although the largest lamprey (assumed to
be female) did most of the excavating (15). Spawning be
gins when water temperatures exceed lODC (7). Spawning
behavior is similar to that described for Pacific lamprey (7,
9). The spawning season is apparently fairly short (March
April) in Coyote Creek, Alameda County (13), but it lasts as
long as 6 months where flow conditions are more constant
in Washington (7). Females produce 1,100-3,700 eggs,
which hatch in about 10 days (10).

References 1. Vladykov and Follett 1962. 2. Vladykov 1973.
3. C. Bond and T. Kan, unpubl. ms. 1991. 4. Richards et al. 1982.
5. C. Bond, Oregon State University, pers. comm. 1998. 6. Swift
et al. 1993. 7. Schultz 1930.8. McIntyre 1969.9. Morrow 1980.
10. Wydoski and Whitney 1979. 11. Robins et al. 1991. 12.
Beamish 1987.13. Hubbs 1925. 14. Beamish and Neville 1992.15.
M. H. Fawcett, pers. comm. 1998. 16. Culver and Hubbs 1917.
17. Docker et al. 1999. 18. Brown and Moyle 1996. 19. J. B. Feli
ciano, University of California, Davis, pers. comm. 1999.20. T. 1.

Taylor, pers. comm. 1973.21. C. 1. Hubbs, pers. comm. 1974.

myomere counts thought to distinguish L. pacifica and L.
richardsani ceased being definitive when populations were
examined from the entire range of both types. Even L.
richardsani may not fit standard species definitions well be
cause it is derived from the anadromous river lamprey, to
which it is very similar biochemically (17). The presence of
brook lampreys in coastal streams most lil<ely represents
many independent evolutionary events, rather than a single
separation from river lampreys followed by dispersal of the
nonpredatory form. Neither adults nor larvae ofbrooklam
prey seem capable of entering salt water or oflong-distance
movement, although Beamish (12) has recorded at least one
population that contains both predatory and nonpredatory
adults, the predatory form capable of moving to the sea.
This situation may be equivalent to that of threespine stick
leback and rainbow trout, with repeated speciation of resi
dent freshwater forms from anadromous forms. Brook and
river lampreys will hybridize in the laboratory, but hybrids
have never been observed in the wild (14).

Distribution Western brook lampreys are known from
coastal streams from southeastern Alaska south to Califor
nia, with major inland distributions in the Columbia and
Sacramento-San Joaquin drainages (2, 9). In California
populations have been identified mainly from the Sacra
mento drainage, including remote areas such as Kelsey
Creek above Clear Lake (Lake County) (20). However, they
are present above Pillsbury Reservoir in the Eel River (Men
docino County) (18) and in Mark West Creek (Sonoma
County), a tributary to the Russian River (15). Spawning
adults were collected in the Navarro River (Mendocino
County) in 1999 (19). Ammocoetes collected from streams
in the Los Angeles River basin may also be of this species
(16,21), although this population is now extirpated (6). It
is likely that they occur in many streams along the Califor
nia coast, especially in large rivers or their tributaries.

Names Richardsani refers to J. Richardson, a naturalist in
the employ of the Hudson Bay Company, who wrote the
first extensive account of the fish fauna of the Pacific
Northwest in Volume 3 of his Fauna Bareali-Americana
(1836). Other names are as for the Pacific lamprey.

Life History Because western brook lampreys are difficult to
collect and easy to overlook, little work has been done on

are poorly developed, and plates on the anterior field may
be missing from spawning adults. The supraoral plate is
broad, with a cusp at each end but none in the middle. There
are 7-10 toothlike cusps on the infraoral plate (6-9 in Cal
ifornia populations) and 3 circumoral plates on each side of
the mouth, the middle one with 2-3 cusps. The cusps on the
transverse lingual lamina are too small and irregular to
count. Disc length is less than 6 percent of total length, and
the disc is narrower than the head. There are 52-67 my
omeres (52-58 in California populations) in the trunk of
mature lampreys as well as ammocoetes. The coloration is
dark on the back and sides and yellow to white on the belly.
Ammocoetes can be distinguished by their darkly pig
mented tails and extensive pigmentation on the head and
above the gill openings (4).

Figure 37. Western brook lamprey adult and disc,
17 em TL, afterVladykov (1973).

References 1. Vladykov and Kott 1976a. 2. Brown and Moyle
1993. 3. Wang 1986. 4. Docker et al. 1999.

is increased by the fact that all known populations but one
are below dams, where stream flows are regulated without
regard to the needs of lampreys and where fluctuations or
sudden drops in flow may isolate or desiccate ammocoetes.
Channelization or other work on the banks may eliminate
backwater areas required by ammocoetes. Gravel beds
needed for spawning may be eliminated or compacted, so
they cannot be used by adults. Ammocoetes may also be car
ried to "sink" habitats such as the Friant-Kern siphons.
Clearly, if this species is going to persist, flows and habitats
of lower reaches of rivers of the San Joaquin drainage
should be managed so as to consider its needs.

Taxonomy The western brook lamprey was separated from
the European brook lamprey, L. planeri, in 1965 (1). Popu
lations in Oregon and California were subsequently de
scribed as L. pacifica (2). I follow Bond and Kan (3) and
Robins et al. (11) in not recognizing L. pacifica and await a
more complete study of brook lamprey systematics for
definitive assignment. Bond (5) found that differences in

LAMPREYS, PETROMYZONTIDAE

Western Brook Lamprey,
Lampetra richardsoniVladykov and Follett
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Identification Western brook lampreys are small (up to 18
cm TL) and nonpredaceous. Tooth plates on the oral disc

Judging from the times at which adults are collected, this
lamprey undergoes metamorphosis in fall and spawns in
spring, dying after spawning. Other aspects of its life history
are not known but are presumably similar to those of the
western brook lamprey.

Status IC. Relatively few unequivocal collections of this
species have been made since it was first discovered in 1976.
This is because most collections are of ammocoetes that
cannot be reliably distinguished from those of the western
brook lamprey. Probable populations are thinly scattered
throughout the San Joaquin drainage and isolated from one
another (2). This fragmented distribution makes local ex
tirpations lil<ely, without hope of recolonization, followed
by eventual extinction. The probability of local extirpation
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but there is no evidence the introduction was successful.
They are now widely cultivated in California, and young are
sold in aquarium stores, so individuals may be expected
from other reservoirs and ponds. They have been planted in
a number of reservoirs in southern California and the San
Francisco Bayarea, and occasionallarge fish are taken by an
glers (e.g., a 21-kg sturgeon from Lafayette Reservoir, Con
tra Costa County) (22).

Life History White sturgeon spend most of their lives in es
tuaries of large rivers, moving into fresh water to spawn.
They are usually most abundant in brackish portions of es
tuaries and move in response to salinity changes (9). A few
make extensive movements in the ocean, and sturgeon
tagged in the San Francisco estuary have been recaptured in
the lower Columbia River and other estuaries between (2,
9). One tagged sturgeon was later recovered more than
1,000 km up the Columbia River. In estuaries adults tend to
concentrate in deep areas with soft bottoms, although they
may move into intertidal areas to feed at high tides.

The food of white sturgeon is tal<en on or close to the
bottom. Young sturgeon (around 20 cm FL) feed mostly on
crustaceans, especially amphipods (Corophium spp.) and
opossum shrimp (Neomysis mercedis) (3, 4, 26). As they
grow, their diet becomes more varied, although it still con
sists mostly of bottom-dwelling estuarine invertebrates,
mainly clams, crabs, and shrimp. In the San Francisco Estu
ary most of these are introduced species, reflecting the abil
ity of sturgeon to forage on whatever benthic prey are most
readily available. In recent years a major item in the diet has
been the overbite clam, Potamocorbula amurensis, which be
came extraordinarily abundant in Suisun Bay following
its invasion in the 1980s. Fish assume increasing impor
tance in the diets of larger sturgeon, especially herring, an
chovy, striped bass, starryflounder, and smelt. When Pacific
herring move into estuaries to spawn, white sturgeon may
feed heavily on the eggs (6), as they do on eulachon eggs in
the Columbia River (26). Other items recorded from the
stomachs of large sturgeon in California include onions,
wheat, Pacific lampreys, crayfish, frogs, salmon, trout,
striped bass, carp, squawfish, suckers, and, in one case, a
domestic cat (7). In captivity juvenile white sturgeon can
adjust to artificial diets and grow rapidly when consuming
food equivalent to 1.5 to 2.0 percent of their body weight
per day, at 18°C (5).

Distribution White sturgeon range in salt water from Ense
nada, Mexico, north to the Gulf of Alaska, but they spawn
only in large rivers from the Sacramento-San Joaquin sys
tem northward. At present, self-sustaining spawning popu
lations apparently exist only in the Sacramento, Columbia
(Washington), and Fraser (British Columbia) Rivers. Land
locked populations exist in the Columbia River basin above
major dams (1, 18). In California white sturgeon are most
abundant in the San Francisco estuary. This population
spawns mainly in the Sacramento and Feather Rivers but
may spawn in the San Joaquin River when flows and water
quality permit (23).

Prior to the construction ofShasta Dam in the 1940s, the
lower Pit River may have been an important spawning area
(28). After Shasta Dam was built, trapping young sturgeon
behind it, a landlocked population became established. This
population reproduced for a while, maintaining a small
fishery, but reproduction ceased following the construction
of dams on the Pit River, which blocked access to historical
spawning areas (28). White sturgeon are still occasionally
caught in Shasta Reservoir, both long-lived residual fish
and individuals from limited stocking attempts, especially
in the 1980s. Historically, there may have been small runs in
the Russian, Klamath, and Trinity Rivers as well. White stur
geon were once introduced into the Colorado River (19),

Names Just where the white in white sturgeon comes from
is a bit of a mystery, because they are gray in color, but it
probably refers to the pale color of their flesh compared
with that of green sturgeon. Acipenser is Latin for sturgeon,
while trans-montanus means "across the mountains;' a ref
erence to their wide distribution in the Columbia River sys
tem or to their presence west of the continental divide.

Figure 38. White sturgeon, "about
700 lbs," Columbia River. Drawing
by Paul Vecsei.

Taxonomy There is little controversy over the taxonomy of
this species, which is most closely related to the green stur
geon. Populations from major river systems show some ge
netic differentiation, but not enough to warrant subspecies
designations (16, 17).

34-36 gill rakers on the first gill arch. The ventral body sur
face is white, shading to graybrown on the back above the lat
eral scutes. The fins are gray and the viscera black. Young-of
year white sturgeon may be distinguished from green stur
geon by their 42 or more dorsal fin rays (greens have 35-40),
more than 35 lateral scutes (greens have 30 or fewer), and 23
or more gill ral<ers on the first arch (greens have 15-19).

which spawns in the Volga River of Eurasia, grows to 8.5 m
(26 ft) and 1,297kg (2,860 lb). White sturgeon are the largest
freshwater fish in North America, apparently growing as
large as 630 kg (1,400 lb) and more than 6 m (20 ft) long.

The history of sturgeon fisheries throughout most of the
world has been one of overexploitation resulting in severe
population reduction. The large size and sluggish nature of
sturgeon make them vulnerable to netting and snagging,
and their valuable caviar, isinglass, and flesh have made such
fisheries very lucrative-while they last. Of equal impor
tance, they live or spawn in large rivers, which have been al
most universally dammed, diverted, and polluted. As a con
sequence, most species are threatened with extinction
(Rochard et al. 1990; Birstein et al. 1997a). Proper manage
ment can restore overfished sturgeon populations, provided
their spawning areas are not destroyed by pollution and
competing uses of the water. Sturgeon culture is also start
ing to become an important segment of the aquaculture in
dustry and raising sturgeon in hatcheries is a new tool for
their conservation.

Identification Adults have blunt, rounded snouts, with four
barbels in a transverse row on the underside. The barbels are
closer to the tip of the snout than the mouth. Their mouths
have highly protrusible lips but lack teeth. Each fish has 5
widely separated rows of bony scutes (plates) on the body.
The dorsal row has 11-14 scutes, the two lateral rows have
38-48 each, and the two bottom rows have 9-12 each, with
4-8 between the pelvic and anal fins. Large ventral scutes are
absent behind the dorsal fin and anal fin, although tiny rem
nants (fulcra) may be present. The dorsal fin has one spine
and 44-48 rays, while the anal fin has 28-31 rays. There are

White Sturgeon, Acipenser transmontanus Richardson
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Sturgeons are among the largest and most ancient of bony
fishes. They are placed, along with paddlefishes and numer
ous fossil groups, in the infraclass Chondrostei, which also
contains the ancestors of all other bony fishes. The stur
geons themselves are not ancestral to modern bony fishes
but are a highly specialized and successful offshoot of an
cestral chondrosteans, retaining such ancestral features as a
heterocercal tail, fin structure, jaw structure, and spiracle.
They have replaced a bony skeleton with one of cartilage
and possess a few large, bony plates instead of scales. Stur
geons are highly adapted for preying on bottom animals,
which they detect with a row of extremely sensitive barbels
on the underside oftheir snouts. They protrude their extra
ordinarily long and flexible "lips" to suck up food.

Sturgeons are confined to temperate waters ofthe North
ern Hemisphere. Only 8 of 25 species are found in North
America, 2 in California. Most live primarily in salt water,
moving up rivers only to spawn, but a few species live exclu
sively in fresh water. The anadromous forms are the largest
fish in fresh water. The giant beluga sturgeon (Huso huso),
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Young white sturgeon grow rapidly in the San Francisco
Estuary, reaching 18-30 cm FL by the end oftheir first year
(9). Growth gradually slows as they become older, but they
can reach 102 cm TL (40 in.) by their seventh or eighth year.
In subsequentyears they add 2-6 cm per year. Just how large
they can grow is a matter of some dispute, because the
largest fish were taken prior to 1900 and were subject to in
accurate measurements and exaggerated reporting. They
may have achieved 6 m FL and 820 kg (1,800 lb), although
the largest authentic record was of a specimen weighing 630
kg (22). Such large fish were probably more than 100 years
old and were the largest fish in fresh water in North Amer
ica. The largest white sturgeon taken in recent years, a 3.2-m
FL fish from Oregon, was 82 years old (7). The largest recent
record from California is of a female, 2.8 m TL, 210 kg, aged
47, accidentally caught in a fish trap. In 1963, however,
CDFG recorded a dead sturgeon from Shasta Reservoir that
measured 2.9 m TL, had an estimated weight of 225 kg, and
was at least 67 years old (28). Sturgeon longer than 2 m and
older than 27 years are rare (8). Age is determined by taking
cross sections of fin rays and counting the number of visi
ble rings, on the assumption that a new ring is laid down
every year (8, 15).

Male white sturgeon are at least 10-12 years old and
75-105 cm FL before sexual maturity; females do not ma
ture until they are 12-16 years old and 95-135 cm (9,20).
In captivity females may mature in 5 years and males in 3-4
(10). Maturation in adult sturgeon is apparently regulated
by both photoperiod and temperature (21). When ready to
spawn, sturgeon migrate upstream, although some move
ment to the lower reaches of rivers may take place in winter
months prior to spawning. Spawning takes place between
late February and early June when water temeratures range
from 8 to 19°C, generally peaking around 14°C (18). Mature
fish apparently start moving upstream in response to in
creases in flow, and spawning seems to be triggered by a
pulse of high flow (23). Only a small fraction of the adult
population spawns each year. In the Sacramento River most
spawning apparently takes place between Knight's Landing
(river mile 145) and Colusa (river mile 231) (23). Some fish
may spawn on occasion in the Feather and San Joaquin
Rivers (9, 11). White sturgeon presumably spawn either
over deep gravel riffles or in deep holes with swift currents
and rock bottoms, although substrates are gravel in the
major Sacramento River spawning area. The adhesive eggs
have been collected on the bottom at 10 m (10). In the
Columbia River they spawn over bottoms of cobble and
boulder, at depths of 3-23 m and bottom water velocities of
0.6-2.4 m/sec (18). When spawning is completed they move
back down to the estuary. Males may spawn every 1-2 years,
but females apparently have a 2- to 4-year wait between
spawns. Longer intervals are also possible, especially if con
ditions are unfavorable.
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number of good spawning years. The sturgeon also have
flexibility in their feeding habits; for example, they are now
feeding on the abundant introduced overbite clam that is
otherwise considered a disaster for the estuary. All this does
not mean that we can afford to be sanguine about the white
sturgeon's future. Continued alteration of the estuary and
the Sacramento River is making successful spawning and
rearing increasingly difficult. The long life span of sturgeon
also allows for accumulation of contaminants such as PCBs,
which may inhibit growth and reproduction (14). One con
cern over the abundance of overbite clams in the diet is that
selenium and other toxic materials accumulated at high lev
els by the clams may be passed on to the fish.

Because white sturgeon are now successfully cultured,
there is a tendency to think that reduced natural reproduc
tion can be made up for by stocking hatchery-reared fish. In
the long run, as the history of chinook and coho salmon in
California has shown, reliance on hatcheries can create as
many problems as it solves, or even more. If anything, we
should be working toward improving spawning and rearing
conditions in the wild for white sturgeon, recognizing that
such efforts would benefit many other species as well. One
place where a hatchery program for white sturgeon would
seem to be justified is Shasta Reservoir. The sturgeon fish
ery that once existed there all but disappeared once dams
denied fish access to historic spawning grounds in the Pit
River. Planting juvenile sturgeon in the reservoir could at
least restore a fishery for a native species.
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in white sturgeon. The dorsal fin has 33-36 rays, the anal fin,
22-28. The body color is olive green with an olivaceous
stripe on each side; the scutes are paler than the body.

Taxonomy Although there is no question as to the validity
of this species, its geographic variation has received little
attention. It is likely that Asiatic populations (Sakhalin
sturgeon) belong to a different species, although they are
similar morphologically to those in North America, even

Identification Green sturgeon are similar in appearance to
white sturgeon, except the barbels are closer to the mouth
than. the tip of the long, narrow snout. The dorsal row of
bony plates numbers 8-11, lateral rows, 23-30, and bottom
rows, 7-10; there is one large scute behind the dorsal fin as
well as behind the anal fin (both lacking in white sturgeon).
The scutes also tend to be sharper and more pointed than

Green Sturgeon, Acipsenser medirostris Ayres

extremely vulnerable to overfishing, so it is not surprising
that they were decimated by a commercial fishery that
started in the 1860s and lasted until 1901. The peak catch
was 1,660,000 lb taken in 1885. By 1895 the catch was down
to 300,000 lb and declining annually. The fishery was closed
in 1901 after a catch ofless than 200,000 lb. Low catches in
1909,1916, and 1917, when the fishery was reopened, indi
cated that the population had not recovered, so the com
mercial fishery was closed for good in 1917. In 1954 a year
round sport fishery was legalized, with a minimum size of
102 cm and a bag limit of one fish per day per fisherman.
It was an immediate success, and large numbers were
caught, mostly by snagging from partyboats. Because snag
gingwas considered unsportsmanlike, the method was out
lawedin 1956. However, no other effective method had been
found to catch sturgeon on hook and line, so the catch by
anglers declined. Most sturgeon caught were taken by fish
ermen angling for other species, especially striped bass (13).
In 1964 it was discovered that grass shrimp worked well as
bait, and the sport fishery again intensified. In the 1980s ad
ditional pressure was exerted because fishing techniques
had become more sophisticated (e.g., the use of sonic "fish
finders"). Because of concern that harvest rates were too
high, CDFG imposed new maximum (183 cm TL) and min
imum (117 cm TL) size limits in 1991.

The value ofmanaging this fishery is clearly indicated by
the fact that present-day sturgeon catches are only slightly
less per year than average commercial catches from 1875 to
1899, when the fishery was in decline. The unregulated
commercial fishery nearly wiped out the population in a
short time, whereas the present managed sport fishery
promises to yield continuous returns for years to come.
Even la,rge sturgeon once again appear in the catch. In April
1973 a 190-kg, 2.8-m FL sturgeon was caught in the Sacra
mento River, a hook and line record.

Continued success ofwhite sturgeon in the San Francisco
Estuary is remarkable because almost all other species offish

.have suffered major population declines in recent decades.
The success can be attributed to good management coupled
with the long life and high fecundity of the fish. These make
it possible to maintain populations with a relatively small

Status IE. White sturgeon support valuable commercial
and sport fisheries in Canada, Oregon, andWashington (14,
24). In California they are taken in small numbers in the
Native American fishery in the Klamath River and support
a major sport fishery in the San Francisco Estuary.

White sturgeon in the San Francisco Estuary are a classic
case of a valuable fish resource nearly wiped out by over
fishing but restored through proper management (13). The
large size and late age of maturity of sturgeons make them

Female Sacramento River white sturgeon are highly fe
cund, averaging 5,648 eggs per kilogram body weight (20).
A "typical" female (1.5 m FL) will thus contain more than
200,000 eggs. The eggs are adhesive after fertilization and
stick to the substrate. Larvae hatch in 4-12 days, depending
on temperature (10). New larvae are about 11 mmlong and
at first swim in a vertical position, which presumably causes
them to drift downstream toward the estuary (10). The yolk
sac is absorbed in 7-10 days, and the larvae then begin
swimming horizontally, actively feeding from the bottom.
Juvenile sturgeon apparently have a greater tendency to live
in the upper reaches of the estuary than do adults, indicat
ing that the ability to adjust to salt water increases with size
and age (12).

Spawning success varies from year to year, so the popu
lation in the San Francisco estuary tends to be dominated
by a few strong year classes. Large year classes are associated
with high outflows through the estuary in spring (9,25).
This relationship may result from larval sturgeon being
moved quickly downstream to suitable rearing areas (27),
where food is abundant and the probability ofbeing sucked
into diversions is low. Higher river flows may also stimulate
larger numbers of sturgeon to spawn (9).

Because successful year classes may occur at wide and ir
regular intervals, the number of adult fish can vary widely.
CDFG (9) estimated that in 1954 only 11,000 adult (>l-m)
sturgeon existed in the estuary, but by 1967 the number had
increased to 115,000. Numbers decreased to an estimated
74,000 adult fish in 1979, increased to 128,000 by 1984, de
clined to about 60,000 by 1990, but then reached record
numbers (142,000) in 1997 (25).A decline in the adult pop
ulation through the early 21st century is predicted, based on
poor spawning success during the 1987-1992 drought with
an increase again as the result of successful spawning in wet
years starting in 1993 (25). The annual survival rate ranges
from 74 to 90 percent, including fishing mortality that
varies from 9 to 11.5 percent (9). In recent years improved
angling techniques have gradually increased catch rate, but
exploitation rates are still reasonable (25). To protect the
most fecund females, maximum size limits (183 cm TL)
have been imposed for the fishery, and this regulation, given
current exploitation rates, seems sufficient to protect the
population (25).
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1. Green sturgeon and Sakhalin sturgeon appear to be
in trouble throughout their ranges (21). Rochard et
al. (12,p. 131) state, in their review of the status of
sturgeons worldwide, that "Those [species of stur
geon] which do not have particular interest to fisher
men (A. medirostris, Pseudoscaphirhynchus spp.) are
pflradoxically most at risk, for we know so little
about them." In Japan Sakhalin sturgeon have appar
ently been extinct for 40 or more years (28), even
though they once had spawning runs in rivers of
Hokkaido. In Russia Sakhalin sturgeon is listed as a
Category 4 species (probably endangered but with
insufficient information to be classified as such).
Borodin (3), however, indicates that it is highly
endangered. Fishing for Sakhalin sturgeon is now
officially forbidden in Russia. In Canada green stur
geon have been given "rare" status (1987) by the
Committee on the Status of Endangered Wildlife in
Canada, based on a general lack of biological infor
mation and uncommonness (4).

2. A number of presumed spawning populations (Eel
River, South Fork Trinity River, San Joaquin River)
have apparently been lost in the past 25-30 years, and
the only known spawning now takes place in the
Sacramento, Klamath, and Rogue (Oregon) Rivers,
all of which are affected by water projects and inten
sive use of the watersheds. It is quite likely that these
are the only spawning populations in North America.

3. The principal non-Native American fisheries for
green sturgeon have been in Washington and the
nearby Columbia River estuary, yet there is no evi
dence of sturgeon spawning in that region. It is
highly probable that these fisheries depended on
sturgeon from California attracted to the area for an
unknown reason, perhaps owing to the abundance of
food. The targeted green sturgeon fishery has now
been halted, but considerable numbers ofgreen stur
geon are still taken in the salmon gill net fishery in
the lower river (19).

pressed what had been the most common attitude: "As a
food-fish, it is of very inferior rank; indeed, it is commonly
believed to be poisonous, but this belief is without warrant.
Its flesh, however, is dark, has a strong, disagreeable taste, and
an unpleasant odor, and is regarded as inferior to that of the
white sturgeon:' Even the roe has been rejected as unfit for
caviar. In fact, the bad reputation of green sturgeon proba
bly stems mostly from the dark color of the flesh because,
properly prepared, it is quite tasty. As a consequence, a sub
stantial fishery has developed in recent years. The following
are reasons for being concerned about the status of green
sturgeon in California and, consequently, in the world (15):

migrant traps indicates that the lower Feather River may be
a principal spawning area. Indirect evidence indicates that
green sturgeon may also spawn in the mainstem Sacramento
River. Adults have been reported from as far upstream as Red
Bluff, Tehama County (river km 383) and young from a
number ofplaces downstream (14, 15). Some spawning may
also take place (or once did) in the lower San Joaquin River,
because young green sturgeon have been taken at Santa
Clara Shoal, Brannan Island State Recreational Area, Sacra
mento County (7). Preferred spawning substrate is lil<ely
large cobble, but it can range from clean sand to bedrock.
Eggs are broadcast and externally fertilized in relatively fast
water and probably in depths greater than 3 m (6). The im
portance of water quality is uncertain, but a small amount
of silt is known to prevent the eggs from adhering to each
other, thus increasing survival.

Female green sturgeon produce 60,000-140,000 eggs,
about 3.8 mm in diameter. Based on the presumed similar
ity to white sturgeon, green sturgeon eggs probably hatch
around 200 hr (at 12.7°C) after spawning; the larvae should
be 8-19 mm long and the juveniles 2-150 cm TL (6), The
juveniles seem to migrate out to sea before the end of their
second year, primarily during summer and fall (6). In the
Klamath River juvenile sturgeon outmigrate at 30-66 cm
TL, when they are 1-3 years old, although many leave as
yearlings (18,24). They apparently remain near estuaries at
first, but they migrate considerable distances as they grow
(6). Fish between 70 and 120 cm TL are marine, so males
spend 3-9 years at sea and females 3-13 years before re
turning (24). Individuals tagged by CDFG in the San Fran
cisco Estuary have been recaptured off Santa Cruz, Califor
nia; in Winchester Bay on the southern Oregon coast; at the
mouth of the Columbia River; and in Gray's Harbor, Wash
ington (9, 10). Most tags for green sturgeon from the San
Francisco Bay system have been returned from outside that
estuary (23).

Males and females grow at about the same rate, approx
imately 7 cm per year until they reach maturity at 130-150
cm TL, at which point growth slows (18, 24). Thus a 10
year-old sturgeon is about 105 cm TL; a 20-year-old, 160 cm
TL; a 30-year-old, 195 cm TL; and a 40-year-old, 200 cm TL.
However, males mature at younger ages than females and do
not grow as large. The maximum length recorded in recent
years from the Klamath River is about 270 cm TL (175 kg),
and all fish over 200 cm TL are females (18,20). Adults over
2 m TL and 90 kg are unusual (8). Mature fish are typically
15-20 years old. The largest fish have been aged at 42 years
(24), but this is probably an underestimate (18), and maxi
mum ages of 60-70 years or more are likely (6).

Status Ie. Because of its low numbers and low culinaryrep
utation, little attention has been paid to green sturgeon un
til recently. For example, Jordan and Evermann (11, p. 7) ex-

Figure 39. Green sturgeon, 160 cm
TL. Drawing by Paul Vecsei.

Life History The ecology and life history of green sturgeon
have received little study, evidently because of the generally
low abundance, limited spawning distribution, and low
commercial and sport fishing value of the species. Green
sturgeon are the most marine species of sturgeon, coming
into rivers mainly to spawn, although early life stages in
fresh water may last as long as 2 years.

Juveniles and adults are benthic feeders, and they may
also take small fish. Juveniles in the San Francisco Estuary
feed on opossum shrimp and amphipods (7). Adults caught
in Washington had been feeding mainly on sand lances
(Ammodytes hexapterus) and callianassid shrimp (27). In
the Columbia River estuary green sturgeon are known to
feed on anchovies and clams (5).

Green sturgeon migrate up the Klamath River between
late February and late July. The spawning period is March
July, with a peak from mid-April to mid-June (6). Spawning
times in the Sacramento river are probably similar because
adult sturgeon are in the river, presumably spawning, when
temperatures are 8-14°C. Spawning takes place in deep, fast
water. In the Klamath River a pool known as the Sturgeon
Hole (1.5 km upstream from Orleans, Humboldt County) is
apparently a major spawning site, because leaping and other
behavior indicative of courtship are often observed there
during spring and early summer. In the Sacramento
drainage capture of larval green sturgeon in salmon out-

dant in the Columbia River estuary, and individuals have
been observed 225 km inland in the river; presently they are
found almost exclusively in the lower 60 km and not up
stream of Bonneville Dam. There is no evidence of spawn
ing in the Columbia River or other rivers in Washington. In
Oregon juvenile green sturgeon have been caught in several
of the coastal rivers (6), but spawning has been confirmed
only in the Rogue River (22).

In California the abundance of green sturgeon gradually
increases northward of Point Conception. They are occa
sionally caught in Monterey Bay, but the southernmost
spawning population is in the Sacramento River. They are
occasionally captured in ocean waters off northern Califor
nia, especially in bays, but spawning populations apparently
existed historically only in the Eel River and in the Klamath
Trinity River system. The Eel River apparently no longer
sustains a spawning run, although large sturgeon are occa
sionally observed in the lower river. The Klamath and Trin~

ity Rivers remain as their principal spawning streams.
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Distribution Green sturgeon are recorded from Mexico, the
United States, Canada, Russia (Commonwealth of Inde
pendent States), Japan, and Korea, but the Asian records are
those ofthe closely related Sakhalin sturgeon (now confined
to the Tumnin River, Russia). As a general rule, these two
species are rarely found below the 30th parallel, and their
greatest abundance is between the 40th and 60th parallels.
In North America green sturgeon range in the Pacific from
the Bering Sea to Ensenada, Mexico. They are found in
rivers only from British Columbia south to the Sacramento
River. There is no evidence of green sturgeon spawning in
Canada orAlaska, although small numbers are caught in the
Fraser and Skeena Rivers (4). They are particularly abun-

Names In 1854 W. O. Ayres (2) described three species of
sturgeon from San Francisco Bay, differentiated in part by the
length oftheir snouts and named accordingly (A. acutirostris,
A. medirostris, A. brachyrhynchus). The long- ("acute") and
short-snouted forms were later identified as white sturgeon,
leaving green sturgeon with an anomalous scientific name
that translates as "middle snout." The common name is apt,
because green sturgeon frequently have a distinctly green
cast. Other names are as for the white sturgeon.

sharing some unusual parasites (27). The Japanese popu
lation was described as Acipenser mikadoi based on one
poorly preserved specimen (l)j but the name is some
times applied to the Asian foril'l (the Sakhalin sturgeon
in the Russian literature). The Asian form has about
twice the DNA content of the North American form, and
other molecular analyses indicate that the two forms are
distinct (17).
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4. The Yurok tribe and other Native American tribes fish
the annual run ofgreen sturgeon in the Klamath River.
The Yurok portion of the fishery is closely monitored;
the annual catch declined from 389 fish in 1980-1988
to 256 fish in 1989-1997 (20). The average length of
sturgeon in the catch, however, did not decline.
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species of special concern; it requires study to determine its
population dynamics and ecological requirements. At least
one population has been lost in California, and it is likely
that the two existing spawning populations are smaller than
they once were.
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adults are commonly collected in Humboldt Bay, a short
distance to the north (IS).

Klamath and Trinity Rivers. The largest spawning pop
ulation of green sturgeon in California is in the Klamath
River. Both green and white sturgeon have been found in the
Klamath River estuary, but white sturgeon are taken infre
quently. A investigation initiated in 1979 by USFWS found
almost all sturgeon occurring above the estuary to be green
sturgeon. The sturgeon spawn primarily in the mainstem
Klamath River and mainstem Trinity River, but they have
also been seen in the lower portion of the Salmon River (a
Klamath tributary). In the Klamath the apparent upstream
limit for spawning is Ishi Pishi Falls, upriver from Somes
Bar, Siskiyou County (approximately river km 113). The
Trinity River enters the Klamath atWeitchpec (river km 70),
and spawning migrants penetrate the mainstem to about
Grays Falls, Trinity County (river km 72).

Because of its limited distribution and our limited in
formation about it, the green sturgeon deserves status as a

USFWS (25). In addition, the USFWS monitors only the
sturgeon harvest on the Yurok Indian Reservation; catches
by the Karuk and Hoopa tribal fishermen in the Klamath
River basin are undetermined but are probably low (25).
With that in mind, the adult harvest from the Klamath sys
tem has been between 100 and 800 fish per year. There
seems to be, as yet, no indication of any recent decline.

Green sturgeon in the Sacramento-San Joaquin drainage
are caught primarily by anglers fishing for white sturgeon.
If we assume that green sturgeon longer than 102 cm (the
legal size) are harvested in proportion to their numbers and
at the same rate relative to white sturgeon, then exploitation
rates have gradually increased since 1954 (13). Recent an
nual harvest rates for white sturgeon have been 9-11.5 per
cent per year. Presumably regulations adopted to reduce the
catch of white sturgeon will also benefit green sturgeon, al
though the 183 cm TL maximum size still allows the largest
female green sturgeon to be harvested.

The following is a description ofthe status of green stur
geon in the various drainages within California.

Sacramento-San Joaquin drainage. White sturgeon are
the most abundant sturgeon in this system, and green stur
geon have always been uncommon. CDFG measured and
identified 13,982 sturgeon of both species between 1954
and 1987. Based on these data, a 1:5 ratio of green sturgeon
to white sturgeon is derived for fish less than 101 cm FL, and
a 1:78 ratio for fish 101 cm or more FL (23). If we assume
that sturgeon over 101 cm FL are adults, that green sturgeon
and white sturgeon are equally vulnerable to capture, that
their populations fluctuate in a similar manner, and that
CDFG population estimates of white sturgeon (11,000
128,000, depending on the year) are accurate (13), then
adult green sturgeon numbers in the estuary range from 140
to 1,600 fish. Numbers of juveniles are presumably even
more variable, depending on episodic reproduction.

Eel River. Green sturgeon are the species usually caught
in rivers, estuaries, and bays on the north coast from Toma
les Bay to the Smith River. However, most early references
regarding sturgeon from this area fail to distinguish the
species. As a result, confusion has ensued as to their relative
abundance in this region. Between the Sacramento and
Klamath Rivers, only the Eel River has apparently supported
spawning green sturgeon in the past. Historical accounts
from 19th-century newspapers provide the earliest evi
dence of sturgeon in the Eel River. At this time sturgeon
were reported from the mainstem, South Fork, and Van
Duzen River (IS). While not confirmatory, the lengths and
weights given in these newspaper accounts would be con
sistent with adult green sturgeon. In the 1950s two young
were collected in the mainstem Eel River, and large sturgeon
were observed jumping in tidewater (I6). Two additional
young were taken from the Eel River in 1967. There are no
confirmed records in the Eel River since then. However,
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The various fisheries are harvesting at least 6,000-11,000
green sturgeon per year. Although there is no direct evi
dence of decline, the statistics are incomplete. It is possible
that the fisheries discussed in the following paragraphs are
"mining" a stock oflarge, old fish that cannot renew itself at
present harvest rates.

A majority of the green sturgeon harvest has historically
taken place in the Columbia River region, where they are
caught by commercial fishermen, anglers, and Native
American gill netters. There is little or no evidence of
spawning in rivers ofthis region, and it is likely that fish har
vested here migrated from Oregon or California, as indi
cated by limited recaptures of tagged sturgeon. Further ev
idence oflack oflocal recruitment into the fishery is that few
juvenile sturgeon «1.3 m) are caught (6). Commercial
catch in the Columbia River region has fluctuated consid
erably. Between 1941 and 1951, catches averaged 200-500
fish per year, while between 1951 and 1971 catch averaged
1,400 fish per year (4). Between 1971 and 1989, an average
of21 tons of green sturgeon (ca. 2,000-4,000 fish) werehar
vested commercially each year (6). There have also been
some notably high catches. In 1986 about 5,000 were har
vested in the Columbia River estuary alone during a four
day sturgeon fishing season (6). When sport and Native
American gill net catches are added in, the combined fish
eries during this period were taking between 4,000 and
9,000 fish per year (26).

Concern over these high catches led to a ban on com
mercial fisheries targeted on green sturgeon in 1989, in both
Oregon and Washington (26). However, fishermen gill
netting for salmon, fishing for white sturgeon, or trawling
for other species can still keep green sturgeon caught inci
dentally, provided the fish are within a 48-66 inch TL slot
limit. Between 1995 and 1999, the total catch (including
sport and tribal fisheries in California) averaged about
2,000 fish, with the sport fishery taking about 500 of these.

The second largest fishery is probably in the Klamath and
Trinity Rivers. A small number are taken in the sport fish
ery, but the main harvest is by the Native American gill net
fishery. This fishery targets fish as they move up river to
spawn during spring and again as they return seaward
through the estuary, during June-August. It is mainly adults
(>130 cm TL) that are captured (24, 25). Data on this fish
ery exist only since 1980, and the available harvest estimates
are probably low because some of the green sturgeon har
vest occurs prior to the annual monitoring activities of the
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shortage of adequate attraction flows in major spawning
tributaries, such as the American River, may also have
played a role in the decline (17).

in the middle ear of mammals carry sound from the
eardrum to the inner ear. This auditory system allows min
nows to detect a much wider range offrequencies than most
other fishes. Although the primary functions of such acute
hearing are detection of predators and conspecifics and
food finding, the auditory system is also used during breed
ing; the males of a number of species make sounds during
courtship and territorial defense.

The sense of smell is also well developed in minnows and
important in helping to avoid predators. If a minnow is in
jured so that the skin is broken, a special chemical present
in the skin (fear substance) is released. The olfactory organs
of minnows are highly sensitive to this substance. When it
is detected, minnows immediately go into self-protective
behaviors, fleeing or hiding. This mechanism is particularly
valuable in weedy or turbid waters, where predators are
difficult to see.

Pharyngeal teeth contribute to the success of minnows
in much the same way that specialized jaw teeth contribute
to the success ofmammals on land. They allow minnows to
specialize in feeding habits and to break up foods taken in
through the toothless mouth. The pharyngeal teeth, located
in the "throat" behind the last gill arch on each side, grind
food against a hard plate on the roof of the buccal cavity.
Minnows with different feeding habits tend to have differ
ent shapes, sizes, and numbers of pharyngeal teeth. Sacra
mento pikeminnows have pointed, knifelike teeth that point
backward down the throat; these are well suited for retain
ing and cutting up the fish and large invertebrates they eat.
Adult hardhead, which live with pikeminnows, have pha
ryngeal teeth that are flattened on the ends; they are suited
for crushing algae and small invertebrates. Young hardhead,
which feed primarily on aquatic invertebrates, have more
knifelike teeth, which become flatter as the fish grow older.

Because the teeth are so distinctive, they can be used to
distinguish species. The number and arrangement of the
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True minnows are one ofthe most abundant and widely dis
tributed groups of freshwater fishes in the world, dominat
ing streams of North America, Eurasia, and Africa. There
are more than 250 species in North America alone, includ
ing introduced carp and goldfish. They range in length as
adults from a few centimeters to more than 1 m.

The typical native North American minnow is a small,
silvery fish. In California this description applies mainly to
juveniles because the adults are often large (20 em or more).
The body is elongate and often has a dark band running
along the side. The caudal fin is forked and the dorsal fin
short, located just above the pelvic fins. True spines are ab
sent from the fins, although carp, goldfish, and spinedaces
have rays that are hardened and resemble spines. There are
never teeth on the jaws, but pharyngeal teeth are well de
veloped and often highly specialized. Scales are cycloid and
typically are evenly distributed over the body but absent
from the head. Socially most minnows are shoaling fish,
schooling in many situations. During the breeding season,
however, males of many species (e.g., fathead minnow)
stake out territories and defend them from other fishes.
Breeding males usually develop small, hard tubercles on
their bodies and fins, particularly around the snout. The
more conspicuous the tubercles, the more likely it is that the
species builds nests and defends territories. The tubercles
are inconspicuous on most native California minnows.

Many factors contribute to the success of the Cyp
rinidae. Perhaps most important are a well-developed sense
of hearing, a fear substance they release when injured, the
presence of pharyngeal teeth, and high fecundity. Their
hearing is acute because they possess a series of small bones
(Weberian ossicles) that connect the anterior lobe of the
swim bladder to the inner ear. The swim bladder, being
filled with gas, intercepts sound waves passing through the
water (and the body of the fish). The vibrations are then
carried to the inner ear by the ossicles, much as the bones

Minnows, Cyprinidae
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Names The name tui chub is derived from the Paiute name
for the species, tui-pagwi. Pagwi seems to be the Paiute word
for minnow (17). Chub is an old English name ofunknown
origin, originally applied to a heavy-bodied European
cyprinid, Leuciscus cephalus. Bicolor means two-colored.
The scientific name for this species has a complex history
(15). In most of the literature the name used is Siphateles bi
color or else Siphateles in combination with one of the
names now used to designate subspecies. When Siphateles
was merged into the genus Gila, the name became Gila bi
color (16). Unfortunately, the blue chub of the Klamath
River system already had the name Gila bicolor, so the early
synonym coerulea was adopted for it (16). Thus G. bicolor in
the literature prior to 1964 is G. coerulea, whereas the tui
chub is S. bicolor.

Distribution In California tui chubs are native mostly to in
terior drainages, except the Central Valley, and absent from

separate genera (Siphateles and Leuciscus, respectively). The
differences in the gill rakers, much finer and more numer
ous in pectinifer than in obesa, are particularly striking.
R. G. Miller (11) found that differences in gill rakers as well
as slight morphological variations reflected differences in
niche; S. b. obesa occurs in streams and lakes as a shallow
water bottom feeder, whereas S. b. pectinifer feeds on zoo
plankton in the open water of lakes. Studies in Pyramid
Lake, Nevada, confirm that the two forms segregate by diet,
distribution, and breeding times and places (12,43).

Eagle Lake tui chub. This form is undescribed in part
because it has long been considered a "hybrid" between S. b.
obesa and S. b. pectinfer, based on the bimodal distribution
of gill raker numbers (14). However, the isolated nature of
Eagle Lake and its unusual limnological characteristics
make it highly likely that its tui chub is distinct.

High Rock Springs tui chub. High Rock Springs is a
spring system in Lassen County, an unusual and extremely
isolated environment for tui chubs (45). Unfortunately, the
form inhabiting this spring was driven to extinction in 1989
before it could be formally described. It deserves at least a
posthumous description.

Owens tui chub. R. R. Miller (13) differentiated this sub
species (S. b. snyderi) from othertui chubs largely on the ba
sis of number of radii on the scales, a character of ques
tionable significance. Electrophoretic studies indicate that
they are fairly distinct, and there is evidence of genetic dif
ferentiation within the Owens drainage as well (49). This
form has been isolated in the Owens Valley for a long time,
so it would be surprising if it were not different from other
populations.

Mohave tui chub. S. b. mohavensis, originallynative to the
Mohave River, is biochemically one of the most distinct sub
species (48) and may warrant specific status (50).

chubs, and the profile of the head is slightly concave. The
overall color at all sizes is silvery.

Taxonomy In most recent studies, the tui chub is placed
in the genus Gila along with a number of other similar
appearing species from the western United States (46).
However, biochemical evidence indicates that tui chubs
(and a couple of other species) are more closely related to
other endemic California minnows than to species of Gila
(41). Therefore the generic name Siphateles, first applied by
J. O. Snyder and widely used thereafter, has been resurrected
and used here.

The tui chub is a highly successful species that presents
fascinating problems in systematics. Almost every isolated
or partially isolated drainage system in California, Nevada,
and Oregon supports at least one distinctive form. J. o. Sny
der, one of California's early ichthyologists, was so im
pressed by differences among the various forms that he de
scribed many as separate species. Today most of Snyder's
species have been reduced to subspecies, but the taxonomic
diversity reflected in his work still has not been satisfacto
rily resolved. Ten subspecies are recognized in California,
but the number and taxonomic status of these forms are
likely to change as we learn more about them.

Klamath tui chub. This subspecies (S. b. bicolor) of the
Klamath system was the original recipient of the epithet bi
color, which created considerable confusion (see Names). It
was originally considered a distinct species in the genus
Leuciscus or Tigoma (3).

Cowhead lake tui chub. S. b. vaccaceps was described
from a playa lake system in extreme northeastern California
in 1980 (1). It is probably closely related to the Goose Lake
tui chub and other chubs of the Oregon desert.

Goose Lake tui chub. This subspecies, endemic to Goose
Lake on the California-Oregon border, was originally de
scribed by Cope in 1883 (2) as Myoleucus thalassinus. It was
later assigned to S. b. bicolor (3), S. b. formosa (4, 5), and
S. b. thallassina (6,7). S. b. bicolor is now reserved for the
Klamath tui chub. The name S. b. formosa was the old name
originally applied to tui chubs supposed to have lived in the
Sacramento-San Joaquin Valley. Because only a few poorly
preserved specimens are known, the subspecies may be
based on a mislabeled collection (47). Thus the appropriate
name for the Goose Lalze subspecies is S. b. thallassina.

Pit River tui chub. Hubbs et al. (8) listed this chub as an
undescribed subspecies. Its relationships to other subspecies,
especially the Goose Lake tui chub, need clarification.

Lahontan tui chubs. Perhaps the most intriguing sys
tematic problem among tui chubs is the relationship be
tween two forms in the Lahontan drainage, usually listed as
the Lahontan creek tui chub, S. b. obesa, and the Lahontan
lake tui chub, S. b. pectinifer (9, 10). The two are different
enough in morphology that J. o. Snyder (4) placed them in

Figure 42. Tui chub, 22 em 5L,
Goose Lake, Modoc County.

arch usually bearing a few more than the right. The gap be
tween the gill rakers is wider than the base of the gill rakers
themselves. Both dorsal and anal fin rays number 7-9 (usu
ally 8). All fins are rounded and short. The head becomes
larger relative to the rest ofthe body in older fish and is usu
ally convex in profile. A distinct hump may develop behind
the head. The single-rowed pharyngeal teeth (0-5,5-0 or 0
4,4-0) are slightly hooked with narrow grinding surfaces.
Live fish tend to be dusky olive, brown, or brassy on the back
and white to silver on the belly. The younger the fish, the
more silvery the body color. Adult size is highly variable; in
springs they may only reach 10-12 em SL, whereas those in
large lakes may reach 30-40 em SL or more.

The pectinifer form differs from the foregoing descrip
tion in that the gill rakers are more numerous (29-40) as
well as being long and slender. Distances between gill rak
ers are usually less than the width of the gill ralzers them
selves. The mouth is more oblique than that of typical tui

California has (or had) 15 species of native minnows
and 7 introduced species. The native species, together with
other cyprinids native to rivers west of the Rocky Moun
tains, form an evolutionary group (clade) separate from
other North American species (Cobern and Cavender
1992; Simons and Mayden 1998). Most are distinct enough
to be placed in genera found only in western North Amer
ica. In addition, four widely distributed native species in
California have among them at least 27 putative subspecies:
tui chub (10), hitch (3), California roach (8), and speckled
dace (6). Many ofthese are poorly defined or undescribed;
some may represent species. Unfortunately, some are likely
to become extinct before they achieve formal taxonomic
recognition.

MINNOWS, CYPRINIDAE122

Identification Tui chubs are typically chunky, large-scaled
(41-64 scales along the lateral line) fishes with small, ter
minal, and slightly oblique mouths, stubby gill rakers, and
a decurved lateral line. Gill rakers number 8-24, the left gill

pharyngeal teeth are particularly useful characteristics, and
tooth formulas frequently accompany descriptions of min
now species. Most minnows native to California have two
rows ofteeth on each side, so a typical formula reads 1,4-4,1,
indicating one tooth on an inside row and four teeth on an
outside row on each side. It is not unusual for the number of
teeth on each side to differ slightly, owingto naturalvariation.

Despite all these advantages, many native minnow species
are declining. Thicktail chub, Clear Lake splittail, Colorado
pikeminnow, and bonytail have all become extinct in Cali
fornia within the past 40 years; together they represent 27
percent ofthe native cyprinids. Another presumably extinct
species, the Clear Lake minnow, Endemichthys grandipinnis
Hopkirk 1973, may be a hybrid and so will not be treated
further.

Tui Chub, Siphate/es bicolor (Girard)
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Life History Tui chubs occur in many habitats: isolated
springs, large desert lakes, sloughs, meadow streams, slug
gish rivers, and backwaters of swift creeks. The key feature
of "typical" tui chub habitat is quiet water with well
developed beds of aquatic plants and bottoms of sand or
other fine materials (18). Waters containing abundant tui
chubs usually have summer temperatures in excess of 20°C
and are alkaline. However, tui chubs do well under many
limnological conditions-from the cold, clear, oligo
trophic water of Lake Tahoe to the cool, productive waters
of Pyramid Lake, Nevada, where the total dissolved solids
are greater than 4,700 ppm, approximately 75 percent
sodium chloride. Mohave tui chubs, the southernmost rep
resentative of the species, can survive temperatures from 2°
to 36°C, but optimal temperatures are between 15° and
30°C (19, 20). This range of temperature tolerance is sur
prisingly narrow for a "desert" fish but may be typical for
the species. The range of alkalinities tolerated is consider
ably greater, however, because tui chubs are regularly found
at pH values greater than 9 and can tolerate pH levels of
around 11 (21). Tui chubs are also tolerant oflow dissolved
oxygen levels. In Pyramid Lake they are regularly found at
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10-22 em SL contained 3,800-50,000 eggs (31). Spawning
in most places occurs at temperatures between 13 and 17°C
(14,24, 31), although Mohave tui chubs have been recorded
spawning at 26~C (31). Tui chubs spawn in water less than
1.5 m deep, usually over beds of aquatic vegetation or algae
covered rocks and gravel, although in Lake Tahoe they
spawn over sandy bottoms or in the mouths of streams
(11, 14, 24). Spawning involves large, swirling aggrega
tions, apparently with several males attending each female.
In Pyramid Lake obesa and pectinfer forms seem to spawn
at different times and places, reducing the potential for
hybridization (43).

Newly fertilized eggs are 1.5-1.9 mm in diameter and
adhere to aquatic plants or bottom (44). Embryos hatch in
3-6 days, and larvae start feeding soon after hatching. Al
though the larvae are mainly planktonic, in Eagle Lal<e they
remain among aquatic plants until they reach about 2 em
TL, when they move into shallow water along the shore
(14). In Lake Tahoe larvae also seem to concentrate in shal
low, weedy nursery areas; as they grow, they spread out
along the shore over both rocky and sandy areas (11). Scale
formation starts at 20-25 mm S1.

Status lA-IE. Tui chubs are abundant and widely distrib
uted, and so are not in trouble as a species. However, a num
ber ofthe fascinating and ecologically diverse subspecies are
in serious trouble and need special management.

Klamath tui chub. IE. This subspecies is still common in
the Klamath basin in Oregon and California, although its
numbers may be locally depleted owing to pollution of the
larger lakes.

Cowhead Lake tui chub. IB. Endangered (proposed for
federal listing, 1998). Cowhead Lake, Modoc County, was
an all<aline lake drained to create pasture, although it prob
ably dried up naturally on occasion. Today chubs survive
only in a slough and ditches that drain the lake bed. During
wet years, the slough may be a narrow channel as much as
6.4 km long for the fish, but during dry years this water may
be reduced to a few pools, especially because inflowing
streams are diverted for use in local ranches. Much of the
slough is on private land, although some is on public (BLM)
land. Most of the perennial water and deep pools, however,
are on private land upstream of public land. The slough is
attractive to cattle, so riparian vegetation that could provide
cover for fish is largely missing and banks are heavily tram
pled. The drought years of 1986-1992 were especially hard
on this subspecies, and only a small number of individuals
lil<ely survived the summer of 1992 (35).

Goose Lake tui chub. IB. In the summer of 1992 Goose
Lake dried up. As lake levels dropped and the water became
increasingly alkaline, large numbers of chubs were observed
attempting to enter tributary streams, attracting thousands
of white pelicans and other fish-eating birds to feast on

ponds and springs were reported as feeding on aquatic in
sect larvae (especially chironomid midges) and benthic
crustaceans (27, 28), and those from Big Sage Reservoir,
Modoc County, fed on a mixture of plant material, plank
ton, insect larvae, and small tui chubs (29). In Lake Tahoe
the food of benthic tui chubs was reported as 89 percent
benthic invertebrates, 5 percent fish and fish eggs, 3 percent
plankton, and 3 percent plants (11). The invertebrates con
sisted mostly of snails, small clams, caddisfly larvae, midge
larvae, and crayfish. Benthic chubs in Pyramid Lake move
into shallow areas at night to feed on insects, algae, and
plant material (4). Detritus is presumably not important in
the diet of pelagic (pectinifer) tui chubs, which feed, using
their long gill rakers, almost exclusively (over 90%) on zoo
plankton (11, 39). Larval tui chubs feed on planktonic crus
taceans and rotifers (30). Pelagic tui chubs continue to feed
on zooplankton as they grow larger and as their gill rakers
increase in number, whereas benthic tui chubs gradually
switch to feeding on small benthic invertebrates (12,25). In
Eagle Lake young-of-year chubs feed on a mixture of ben
thic invertebrates, zooplankton, and small terrestrial insects
blown in from the surrounding forest (26).

Tui chubs are long lived, although ages oflarge individ
.uals have been consistently underestimated through the use
of scales to age fish. When opercular bones are used for
aging in place of scales (which show signs ofpartial resorp
tion in older fish), large adults (30-40 em SL) in Eagle Lake
are aged at 12-33 years (26,30,42). Using scales, all such fish
were aged at 6-7 years, the age at which they become sexu
ally mature and growth slows (14,42). In ponds scales indi
cate life spans of3-4 years (31), whereas opercular bones in
dicate life spans of 6-7 years (28). For the first 2-3 years of
life, scales, opercular bones, and length-frequency distribu
tions tend to agree with one another for aging the fish. Thus
tui chubs reach 5-10 em SL in their first year, 6-18 em in
their second year, and 13-22 em in their third year (14,26,
27,31,32,42). Growth slows at maturity, usually in the sec
ond to fourth year. In ponds and springs tui chubs rarely
grow longer than 20 em SL, but in large lakes fish measur
ing 30-40 em SL are common. The largest tui chubs
recorded from Eagle and Pyramid Lal<es are around 42 em
SL (14,26,33).

Most spawning takes place between late April and early
July, although in Lake Tahoe spawning apparently contin
ues until the end ofJuly (11). In springs and warm ponds
spawning may occur from February through late August
(28,32). Multiple spawning by a single female is probably
common, because all eggs do not ripen at the same time
and larval tui chubs can be found well into August (25).
Fecundities are high. A female from Eagle Lake measuring
28 em FL contained 11,200 ripe eggs (14); females from an
Oregon population measuring 15-28 em TL contained
4,140-25,000 eggs (34); and Mohave tui chubs measuring

oxygen levels less than 50 percent saturation, and, when the
water is cold, they will survive at less than 25 percent satu
ration (i.e., less than 4 mg/liter) (22).

During summer, in large, deep lakes, adult tui chubs tend
to move into deep water during the day and return to
shallow or surface waters at night (11,23). In Lake Tahoe
the pelagic form (pectinifer) schools well off the bottom,
whereas the benthic form (obesa) shoals close to it. Thus the
benthic chubs more commonlyfall prey to lake trout, a deep
water benthic predator. Young-of-year chubs of both types
remain in shallowwater most ofthe summer, in large shoals,
although strong wave action will drive chubs into deeper wa
ter among beds of aquatic plants. Larval tui chubs are plank
tonic (24), and the benthic and planktonic forms begin to
segregate by diet and habitat at about 25 mm TL (12).

In shallow lakes with heavy growths of aquatic vegeta
tion, such as Tule Lake, Modoc County, shoaling is less no
ticeable. Chubs tend to be dispersed among the aquatic
plants in small groups, presumably as protection against
predatory birds that are attracted to large aggregations. In
autumn, in all types oflakes, the chubs seek out deep water
in which to spend the winter, presumably on the bottom in
an inactive state. In Pyramid Lake they concentrate at
depths greater than 61 m, where both temperatures and
oxygen concentrations are low (22). The spring reappear
ance of the chubs, at least in Eagle Lake, Pyramid Lake, and
Lake Tahoe, is both sudden and spectacular, usually coming
in mid-May (4, 11, 14). J. O. Snyder (4, pp. 66-67) described
the spring return in Pyramid Lake vividly:

Tui chubs are opportunistic omnivores with long intes
tines. Usually the majorityofthe gut contents consists ofde
tritus, unidentified organic matter, and plant fragments.
Given their abundance in many lakes, they may play an im
portant role in nutrient cycling. However, it is hard to quan
tify detritus, so it is usually underreported or omitted from
dietary studies, although it may be quite important nutri
tionally. In Eagle Lake 82 percent by volume of the gut con
tents oflarge tui chubs was detritus, 2 percent was algae, and
the remainder was invertebrates (26). This is probably sim
ilar to the diet ofmost chubs over 10 em SL that are reported
to be feeding mainly on invertebrates. Thus chubs from

On May 20 the weather suddenly settled and became
warm.... About 2 o'clock the following morning there
was heard a vigorous lapping of the water, which in the
quiet air appeared entirely without cause until it was
found to accompany the leaping ofvast numbers offishes.
Far out and up and down the shores the surface ofthe wa
ter fairly boiled. Spring had come, and with it, in the dim
light of early morning, myriads of fishes from the depths
of the lake. Daylight revealed them everywhere, along the
shore, among the boulders, and in the algae, hovering in
enormous schools over the bars and moving about in the
clear water of the sheltered bays.
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all coastal drainages, except where introduced. Because they
are hardy and used (illegally) as bait fish, they can be ex
pected almost anywhere. In the Great Basin they are (were)
present in many isolated springs and sloughs, including
Cowhead Lake Slough (Modoc County) and High Rock
Springs (Lassen County). They are abundant in Eagle and
Honey Lakes and associated streams (Lassen County), in
Lake Tahoe, and in the Truckee, Walker and Carson River
drainages (where they are abundant in reservoirs). Tui
chubs occur in much of the Owens River drainage, includ
ing Crowley Reservoir, isolated spring systems in Owens
Valley, and Owens River gorge. The endangered Mohave tui
chub was originally found throughout the Mohave River
drainage but is now found only in San Bernardino County
ponds isolated from its native river, mainly at Soda Springs
(three ponds) and Lark Seep Lagoon (China Lake Naval
Weapons Center). In the upper Klamath River basin Kla
math tui chubs are found in lakes, sloughs, rivers, and reser
voirs, downstream as far as Iron Gate Reservoir (although
individuals have been collected downstream to the mouth
of the Klamath River). In the Sacramento-San Joaquin
drainage tui chubs are native only to Pit River downstream
at least as far as Hat Creek and Britton Reservoir and to
Goose Lake (Modoc County and Lake County, Oregon), al
though they have been introduced into some reservoirs
(e.g., Almanor) and ponds in various locations (e.g., Point
Reyes). Outside California they are found in a number ofin
terior basins of Oregon (Catlow, Harney) and Nevada and
are widespread in the Columbia River system in Washing
ton and Oregon.
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ish ~rown to purplish black; the sides and belly were yel
lowish' (1).

Taxonomy Although the thicktail chub is superficially sim
ilar to the tui chub, its double row of pharyngeal teeth sug
gests it is closer to members ofthe genus Gila. Its taxonomic
position among the California minnows remains to be de
termined.
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Names Thicktail is a reference to the wide caudal peduncle.
Other common names include Sacramento chub and thick
tail. Crassicauda means thicktail. For other names, see the
accounts of tui chub and blue chub.

4cm

Distribution Thicktail chubs were once distributed through
out the Central Valley in lowland areas, in Clear Lake
(Lake County), and in streams tributary to San Francisco
Bay (1, 2), as well as in the Pajaro and Salinas Rivers (3, 7,
8). The species is extinct.

Life History Little is known of the habits of these once
abundant minnows because no one took an interest in them

References 1. Bills and Bond 1980. 2. Cope 1883. 3. Evermann
and Clark 1931. 4. Snyder 1918. 5. Bond 1973. 6. Snyder 1908a.
7. Hubbs and Miller 1948. 8. Hubbs et a!. 1979.9. Hubbs 1961.
10. Hubbs et a!. 1974. 11. R. G. Miller 1951. 12. Galat and
Vucinich 1983a. 13. R. R. Miller 1973. 14. Kimsey 1954b. 15. La
Rivers 1962. 16. Bailey and Uyeno 1964. 17. Loud 1929. 18. Bond

largely to benefit tui chubs. A number ofattempts have been
made to establish Mohave tui chubs in other locations, but
so far such attempts have been successful only in a pond at
the China Lake Naval Weapons Center and in a small artifi
cial pond near Hinkley, California. A recovery plan has been
developed; the fish will qualify for uegrading to threatened
status when six self-sustaining populations of at least 500
fish each are established (38).

Figure 43. Thicktail chub, 10 cm
SL, Salinas River, CAS 11060.

Thicktail Chub, Gila crassicauda (Baird and Girard)

Identification Thicktail chubs are heavy-bodied fish with
short, deep, thick caudal peduncles; small, cone-shaped
heads; 8-9 rays in both dorsal and anal fins; 16-20 rays in
each pectoral fin; and 8-10 rays in each pelvic fin. The scales
are large with 49-60 in the lateral line. The pharyngeal teeth
(2,5-4,2) are sturdy and hooked. The 8-14 gill rakers (usu
ally 10-12) are stubby and toothlike in appearance. The
backs of living fish apparently ranged in color from green-

large in size and tasty if properly prepared. Indeed, they
were once a major food source for indigenous peoples
throughout the Great Basin, especially the smaller ones that
occurred in huge numbers in shallow water (40).

High Rock Springs tui chub. IA. This undescribed, dwarf
tui chub quietly went out of existence in 1989, the victim of
an unsuccessful attempt to farm fish in the effluent of a
desert spring. High Rock Springs, Lassen County, is a warm
spring system located on private land. In 1983 the rancher
was issued an aquaculture permit by CDFG and introduced
1,000 Mozambique tilapia into a facility below the spring.
The tilapia quickly colonized the spring system, and tui
chubs disappeared within 6 years, presumably as a result of
predation on their eggs and larvae (35).

Owens tui chub. IB? This subspecies is listed as endan
gered by both state and federal governments. Tui chubs are
abundant in the Owens River drainage, especially in Crow
ley Reservoir. However, R. R. Miller, who described the sub
species, concluded that the fish in the main river were in
fact introduced Lahontan creek tui chubs that had dis
placed the native chubs (13). "Pure" Owens chubs were then
assumed to exist only in isolated springs, such as Hot Creek
head springs, in the Owens River gorge (below Crowley
Reservoir), and in Owens Valley Native Fish Sanctuary. The
sanctuary was created specifically to protect endangered
Owens pupfish and Owens tui chub. Because morphologi
cal differences between Owens and Lahontan chubs are
small, an electrophoretic study was conducted to ensure
that the isolated populations assumed to be Owens tui
chubs had not introgressed with Lahontan tui chubs (36).
This study could not discriminate the isozyme patterns of
the two subspecies, although it did show that each of the
isolated populations had some minor genetic differences
that separated them from each other as well from the pop
ulation in the main river. These ambiguous results suggest
that more studies are needed, using more sensitive tech
niques, to determine the relationships among the various
chub populations.

Mohave tui chub. IB. This is another subspecies listed as
endangered by both state and federal governments. The
Mohave tui chub is the only fish native to the Mohave River,
San Bernardino County. In the 1930s arroyo chubs were in
troduced, presumably as bait, into reservoirs in the head
waters. They replaced tui chubs throughout the drainage
through a combination of hybridization and superior abil
ity to resist high flows (20,37). A single population of Mo
have tui chub persisted in isolated ponds at Soda Springs,
which they presumably colonized in a major flood of the
Mohave River. The largest ofthese ponds was converted into
an ornamental lake to benefit customers of a resort, and the

I

chubs thrived in part on bread thrown to them (31). The old
resort is now a field station of the California State Univer
sity system, and its ponds and springs are now managed
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them. The chubs and other endemic fishes apparently found
temporary refuges in spring-fed pools in the streams, as well
as in some reservoirs in the Thomas Creek drainage in Ore
gon, in which populations have been established for some
time. Out of concern for the long-term survival of Goose
Lake fishes, a Goose Lake Fishes Working Group was
formed to develop management plans; it drew members
from among agency biologists, private landowners, envi
ronmental groups, and other interested parties. It is hoped
that implementation of voluntary management measures
on both public and private land will forestall formal listing
of the chub and other Goose Lake fishes as endangered
species (35).

Pit River tui chub. ID. This chub is common in reservoirs
and some streams in the Pit River basin, but its populations
are scattered and status uncertain.

Lahontan lake tui chub. IC, apparently in low numbers.
The pectinifel' chub is abundant in Pyramid Lake, Nevada,
and is at least present in Lake Tahoe. The chubs with long
gill rakers and planktivorous diets in Stampede Reservoir
on the Little Truckee River (39) may also belong to this sub
species, but no reservoir population can be regarded as se
cure. Concern for this form stems from the presence of
kokanee and opossum shrimp (Mysis l'elicta) introduced
into Lake Tahoe, which have depleted the zooplankton on
which the chubs feed (35). A more recent threat has been
the establishment of largemouth bass, which may prey on
juvenile chubs in their inshore rearing areas. Their future is
probably more secure in Pyramid Lake. Through most of
the 20th century, levels of this lake fell steadily as the result
ofagricultural and urban diversions, but in recent years lake
levels have risen as the result of increased inflows to protect
cutthroat trout and cui-ui.

Lahontan stream tui chub. IE. The obesa chub is abun
dant and widely distributed in many habitats in watersheds
ofthe eastern Sierra Nevada.

Eagle Lake tui chub. ID. Eagle Lake is a large, terminal
lake that enjoys special management to protect a trophy
fishery for endemic Eagle Lake trout. Nevertheless, it does
not pay to be complacent about the future ofEagle Lake and
its native fishes, including tui chub. The lake is growing in
popularity as a tourist destination, and there is likely to be
increased demand to "improve" the fishery, especiallyby in
troducing additional species that might prey on tui chub,
compete with it, or spread diseases or parasites to it. Unfor
tunately, it is all too easy for irresponsible anglers to make
unofficial introductions into the lake. There is therefore a
need for a publicity campaign on the value of the native
fishes, especially to ospreys and the other fish-eating birds
that are abundant on the lake, and on the potential detri
mental effects of introduced species. Perhaps one approach
would be to promote a fishery for chubs themselves, similar
to the one that once existed on the lake (14). The chubs are
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Status Ie. The blue chub was historically an extremely
abundant fish within its limited range, and it remains a
common fish in Upper Klamath and Agency Lakes, Oregon
(9). However, its overall populations apparently declined in
the 1980s and early 1990s as a result of multiple factors:
drought, water diversions, pollution, and introduced
species. The drought created additional stress in a system
already stressed by the other factors. Diversions of water
have dried up lowland habitats preferred by chubs or al
lowed organic pollutants to become so concentrated that
upper and lower Klamath Lakes and Tule Lake are difficult
for native fishes to inhabit. Lakes of the upper Klamath
drainage are sumps for agricultural runoff, which carries
fertilizers and animal waste, becoming increasingly eu
trophic and less favorable to fish life, even when lake levels
are high. In addition, alien fathead minnows, highly toler
ant of polluted waters, have proliferated in recent years,
with unknown effects on blue chubs and other native fishes
(9). The best refuges appear to be the Boles Creek water
shed and Clear Lake Reservoir in California, where blue
chubs remain abundant (5, 8).

On the afternoon ofMay 4,1966, I observed an estimated
200-300 blue chubs spawning at the shoreline on the
northern end of Eagle Ridge. Spawning was taking place
from near the surface to a depth of 0.3 to 0.5 m. The bot
tom was composed oflarge gravel and rubble of volcanic
origin. The water was clear with a low concentration of
blue-green algae (Aphanizomenon) ... [and] the water
temperature was ITC. Two to several males would ap
proach a female and exhibit rapid and violent agitations
of the water, making it impossible to see exactly what was
taking place. In some instances the female was pushed
from the water onto dry land, and in a few situations, eggs
were spawned outside the water. After these activities, egg
masses were found attached to [submerged] rocks either
on the sides or near the bottom edge. Many of the depo
sitions were found along rocky edges at depths to 0.5 m.

ing insects. Sixteen 2-year-old chubs (61-109 mm SL) had
fed heavily on filamentous algae (68%) and aquatic and ter
restrial insects. A similar diet was recorded for an Oregon
population (6).

Like tui chubs, with which they are nearly always found,
blue chubs grow fairly fast in their first 2-4 years oflife, un
til they become mature at about 12-15 cm S1. After matu
rity, growth is slow, but the chubs are long lived and can
reach at least 38 cm FL (7). A 34 cm FL chub was aged at 17
years (8).

Spawning occurs at any time from May through August,
depending on locale and water temperatures (3). In Upper
Klamath Lake, Oregon, spawning occurs in May and June
over shallow gravelly or rocky areas at temperatures of
15-18°e. Spawning behavior in the lake was witnessed by
e. R. Hazel (13):

Names Gila is after the Gila River, New Mexico and Ari
zona, from which it was mistakenly assumed the first fish
named to this genus had been collected; it actually came
from the Zuni River, New Mexico (12). Blue (coerulea) chub
is not very descriptive because they are no more or less blue
than most California minnows, except for the blue snout of
breeding males. For reasons explained in the account of tui
chub, blue chubs were listed as Gila bicolor before 1964.

Life History Blue chubs are most abundant in warm (sum
mer temperatures >20°C), quiet waters with mixed sub
strates (1). In the laboratory they lose equilibrium at tem
peratures of 28-33°C (mean, 31SC) (4), although they
have been collected in the wild at temperatures as high as
32°C (11). Blue chubs are especially abundant in lakes, but
they occur in a variety of habitats, from small streams and
rivers to shallow reservoirs and deep lakes. In Boles Creek
watershed, a tributary to Clear Lake Reservoir (Modoc
County), they are common in permanent and intermittent
sections, but most abundant in the small, shallow, weedy
reservoirs on larger streams (5). In Upper Klamath Lake,
Oregon, they are (or were) most numerous along rocky
shores or in open water (2). They seem to avoid marshy
shore areas. They have a high tolerance for low levels of dis
solved oxygen, losing equilibrium at oxygen levels of0.6-1.5
mg/liter at 20°C (4). Despite this tolerance, they are today
largely excluded from deeper parts ofKlamath Lake in sum-;.
mer because of oxygen depletion (2). As winter sets in and
oxygen levels rise in deep areas, the chubs will move into
them. In lakes blue chubs are often conspicuous as large
schools moving in and out of shallow water.

Blue chubs are omnivorous. Twenty chubs from Willow
Creek, Modoc County, in August 1972 (alII year old, 29-59
mm SL) had fed mostly (66% by volume) on chironomid
midge larvae and pupae and on small numbers of water
boatmen, water fleas, aquatic insect larvae, and various fly-

Taxonomy The distinctiveness of this chub has been recog
nized ever since it was described by Charles Girard in 1856.
Biochemical studies confirm its distinctiveness, even from
other members of the genus Gila (10).

Distribution Blue chubs are widely distributed at lower el
evations in the upper Klamath and Lost River systems of
Oregon and California. In California they are found in
Clear Lake Reservoir, Lost River, Lower Klamath Lake, and
Tule Lake, as well as in canals and tributaries feeding them.
Their native distribution was presumably above Klamath
Falls, but they have now colonized Iron Gate and Copco
Reservoirs downstream (in California) from the falls.
They may have been introduced into other drainages in
Oregon (3).

Figure 44. Blue chub, 15 cm SL,
Tule Lake, Siskiyou County.
Drawing by A. Marciochi.

References 1. R. R. Miller 1963. 2. Mills and Mamika 1980. 3.
Gobalet 1990.4. Schulz and Simons 1973.5. P. D. Schulz, unpubl.
rpt. 1995. 6. Schulz 1980. 7. Gobalet and Jones 1995. 8. Schulz

1995.

Identification Blue chubs have moderately slender, com
pressed bodies, pointed snouts, relatively large eyes, and ter
minal mouths that extend back to the front of the eye. They
have moderately fine scales (58-71 in the lateralline), 9 dor
sal fin rays, 8-9 anal fin rays, and 14-17 rays in each pectoral
fin. The two rows of pharyngeal teeth (2,5-5,2) are sharp
and slightly hooked. The lateral line is decurved. They sel
dom exceed 35 cm SL and, alive, tend to be silvery on the
sides and dusky on the back. Spawning males have blue
snouts and are tinged with orange on the sides and fins.

Blue Chub, Gila coerulea (Girard)

Sacramento DailyRecord- Union (Feb. 9) reported that it was
already "scarce in the river" and rarely appeared in the mar
kets. Only a few were collected in the 20th century, with the
last known specimen caught from the Sacramento River
near Rio Vista in 1957, one of two specimens collected in
that area since 1938 (2,6). Extensive sampling ofthe Delta
and lowland habitats of the Central Valley in recent years
has failed to find any chubs.

Thicktail chubs most likelybecame extinct because they
were unable to adapt to the extreme modification of valley
floor habitats, particularly removal of tule beds, drainage
of large, shallow lakes, reduction in stream flows, and
modification of stream channels. However, equally or even
more important was the introduction of alien predators,
especially striped bass and largemouth bass. Thicktail chub
may have been exceptionally vulnerable to predation, as
indicated by their disappearance from Clear Lake, where
habitat modifications were less severe than in the Central

Valley.
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Status IA. Bones of thicktail chub are among the most
abundant fish remains in Native American middens along
the Sacramento River (4) along tributary streams such as
Putah Creek (2, 5) and in the Pajaro-Salinas drainage (3, 7,
8). In the 19th century the species was abundant enough to
be common in the fish markets of San Francisco and to be
served in saloons in Sacramento (6). By 1884, however, the

until they had become extremely rare. What little is known
is summarized in Miller (1), who examined 101 fish rang
ing from 49 to 268 mm S1. He estimated that these com
prised 98 percent of all specimens in scientific collections.
Thicktail chubs were originally abundant in lowland lakes,
sloughs, slow-moving stretches of river, and, during years
of heavy runoff, surface waters of San Francisco Bay (2).
The stubby gill rakers, short intestine, and stout, hooked
pharyngeal teeth indicate that thicktail chubs were carniv
orous, probably feeding on small fish and large aquatic in
vertebrates (1). They were part of the original valley floor
fish assemblage that included hitch, Sacramento blackfish,
Sacramento sucker, Sacramento perch, and tule perch (8).
Thicktail chubs occasionally hybridized with hitch, and the
hybrids were originally described in 1908 as a separate

species (1).

I010996            .



131ARROYO CHUB
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Status Ie. Arroyo chubs are presently common at only four
places within their native range (5). They are scarce within
their native range because the low-gradient streams in
which they do best have largely disappeared (5). During
1986-1990, low-water conditions in the West Fork of the
San Gabriel River were favorable to the chubs, allowing a
temporary increase in numbers. The chubs became scarce
again after the 1991-1992 rains but were common in1993.
Arroyo chubs are common in some streams where they have
been introduced, especially the Santa Clara River, but such
introduced populations have a history ofhybridization with
other cyprinids (although not in the Santa Clara River) (15)
and cannot be regarded as secure (or genetically pure) (5).

If arroyo chubs were not abundant in a number ofwa
ters outside their native range and had they not thrived in

.those waters, they would qualify for listing as a threatened
species. Their native range, like that of the sympatric Santa
Ana sucker, is largely coincident with the Los Angeles met
ropolitan area, where most streams are degraded and fish
populations reduced and fragmented, especially the low
gradient reaches that were optimal habitat (5). Populations
in the Cuyama and Mojave Rivers are hybridized with Cal
ifornia roach and Mojave chub, respe<:tively (7, 10). Re
cently red shiners have been introduced into arroyo chub
streams, and they may be excluding chubs from many areas
(14). Chubs generallydecline when red shiners and other
exotics become abundant (15). In the Santa Margarita River
a dramatic increase in arroyo chub abundance was noted af
ter extreme high-flow events in 1997-1998 reduced the
abundance of green sunfish, largemouth bass, redeye bass,
and black bullhead (14). The potential effects of introduced
species, combined with the continued degradation of ur
banized streams, mean that this species is not secure, despite
its fairly wide range.

Because ofthe uncertain status ofmost populations, an
nual surveys are needed for this species in its native range;
these should be performed every five years at all known
sites. Streams should be managed to favor arroyo chubs
and other native fishes of the region. The strongest candi
date for a native fish refuge is the West Fork of the San
Gabriel River. In regulated streams releases that mimic the
natural flow regime should favor arroyo chubs and other
native fishes.

Santa Ana River tributaries between Riverside and the Or
ange County line (5).

Life History Arroyo chubs are adapted to the warm, fluctu
ating streams of the Los Angeles Plain. Prior to the arrival
of civilization and concrete, these streams were fluctuating,
often muddy torrents in winter and clear brooks in summer,
intermittent in some lower reaches. Arroyo chubs are most
abundant in slow-moving or backwater sections ofwarm to
cool (10-24°C) streams with muddy or sandy bottoms, but
they are also found in fairly fast-moving (velocities of 80
em/sec or more) sections of stream with coarse bottoms
(12). They prefer depths greater than 40 em (3, 12). Labo
ratory studies indicate that arroyo chub are physiologically
adapted to survive the hypoxic conditions and wide tem
perature fluctuations common in coastal streams (6). In
these habitats the chubs were originally associated with
Santa Ana suckers, speckled dace, brook lampreys, three
spine sticklebacks, and, in headwaters, rainbow trout.

They are omnivorous, feeding on algae, insects, and
small crustaceans. However, in warmwater streams, most
(60-80%) stomach contents consist of algae (7). They are
also known to feed extensively on nematode-infested roots
of floating water fern (Azolla). Invertebrates increase in the
diet in number and variety during spring and are least
abundant during winter (8). In a coolwater stream arroyo
chubs fed largely on benthos, especially molluscs and cad
disfly larvae, while sympatric rainbow trout fed largely on
drifting invertebrates (9).

Arroyo chubs in the Santa Clara River reach about 60
mm SL in their first year, 70-75 mm in their second year,
75-80 mm in their third year, and 80-90 mm in their fourth
year (1). Females first reproduce at 1 year of age. After their
second year, females grow larger than males. Arroyo chubs
rarely live beyond 4 years.

They are fractional spawners that breed more or less con
tinuously from February through August, although most
spawning is in June and July, in pools or in quiet edge water
at temperatures of14-22°C (1). During spawning, males fol
Iowa ripe female while actively rubbing their upper snouts
below the female's pelvic fins. Rubbing and chasing lead to
egg release, and eggs maybe fertilized by more than one male
(1). Embryos adhere to the bottom or to plants and hatch in
4 days at 24°C. The fry spend a few days after hatching cling
ing to the substrate but rise to the surface once the yolk sac
has been absorbed (1). The next 3-4 months are spent in
quiet water in the water column and usually among vegeta
tion or other flooded cover. Arroyo chubs readily hybridize
with California roach (7, 8) and Mojave tui chubs (10). As
noted in the tui chub account, Mojave tui chubs have been
completely eliminated from the Mojave River by arroyo
chubs (6, 10).

Figure 45. Arroyo chub, 8 em SL,
Ventura River, Ventura County.

Distribution Arroyo chubs are native to the Los Angeles,
San Gabriel, San Luis Rey, Santa Ana, and Santa Margarita
Rivers and to Malibu and San Juan Creeks (3). They have
been successfully introduced into the Santa Ynez, Santa
Maria, Cuyama, and Mojave River systems and other
smaller coastal streams (e.g.,Arroyo Grande Creek) (4). The
most northern introduced population is in Chorro Creek,
San Luis Obispo County. They are now extirpated from
much oftheir native range, remaining abundant only in up
per Santa Margarita River and its tributary De Luz Creek;
Trabuco Creekbelow O'Neill Park; and San Juan Creek (San
Juan Creek drainage), Malibu Creek (5), and West Fork of
the upper San Gabriel River below Cogswell Reservoir (5).
They also occur (but are scarce) in Big Tujunga Canyon; Pa
coima Creek above Pacoima Reservoir; the Sepulveda Flood
Control Basin, Los Angeles River drainage; and middle

Names Arroyo chubs are named for the gullies and small
canyons (arroyos) of their native southern California. Gila
is explained in the account of blue chub. Orcutti is for the
botanist C. R. Orcutt, who in 1889 collected the first speci
mens, using a blanket as a seine (2).

Taxonomy Miller (11) placed both Gila orcutti and G. pur
purea, from Mexico and southeastern Arizona, in the sub
genus Temeculina, indicating their distinctiveness. Analysis
of mitochondrial DNA indicates a close relationship to
other Gila from the Southwest, including the Colorado
River (13).

1991. 9. Simon and Markle 1997. 10. Simons and Mayden 1998.
11. D. Markle, Oregon State University, pers. comm. 1999. 12.
R. R. Miller, pers. comm. 13. C. R. Hazel, pers. comm. 1974.
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Arroyo Chub, Gila orcutti (Eigenmann and Eigenmann)

Description Arroyo chubs are small, chunky fish that reach
lengths of120 mm SL; typical adult lengths are 70-100 mm.
They have fairly deep bodies and caudal peduncles; large
eyes (for a cyprinid); short, rounded snouts; and small, sub
terminal mouths. The pharyngeal teeth are hooked and
closely spaced, with a formula of 2,5-4,2 (but counts may
vary by 1-2 teeth). They have 7 anal fin rays and 8 dorsal fin
rays. Gill rakers number 5-9. The lateral line has 48-62
scales, extends to the caudal peduncle, and is not decurved.
Body color is silver or gray to olive green dorsally and white
ventrally, usually connected with a dull gray lateral band.
Males are distinguished from females by their larger fins
and, when breeding, a prominent patch of breeding tu
bercles on the upper surface of each pectoral fin (1).

References 1. Bond et al. 1988. 2. Vincent 1968. 3. Lee et al.
1980. 4. Castleberry and Cech 1993. 5. Scoppetone et al. 1995.
6. Bird 1975. 7. Scoppetone 1988. 8. Buettner and Scoppetone
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The spawners were 28-36 cm TL.Afemaleof31 cm TLcon
tained about 10,000 eggs.

Young fish are apparently planktonic for a short time af
ter they hatch, but they are soon found in the quiet, shallow
waters of the river's edge. In this habitat they are extremely
vulnerable to predation by nonnative fishes that also aggre
gate there.

Status IA. Extinct in California as a naturally spawning,
self-sustaining population, although individuals may be
present as the result ofplanting programs. They are likewise
extinct in almost all of their former range. The only re
maining population of any size is in Mohave Reservoir,
Nevada, and even this population is maintained by plants of
fish from the Dexter National Fish Hatchery. A similar pop
ulation exists in the upper Colorado and Green Rivers.

The effective extinction of bonytail is a legacy of the
extreme development of the system for human use. The
original river was seasonally warm and muddy with large
annual fluctuations in flow. It has been replaced by cold,
clear sections of river with regulated flows, by huge reser
voirs of quiet water, and, in California, by a warm, depleted
river that is polluted with salts and to.xic chemicals. When
big dams on the Colorado were being built, native species
such as bonytail were considered trash fish that might in
terfere with the development of reservoir fisheries. There
fore, in 1962-1963, the largest deliberate fish poisoning op
eration ever attempted was carried out in the upper basin,
mainly in the Green River and its tributaries (9). Over 715
km of river were poisoned, and millions of fish were killed.
The kill was far from complete, but the native fishes never
really recovered, although changes to the river caused by
dams were probably mostly responsible for this outcome. It
is nevertheless possible that, if the operation had not oc
curred, remnant populations of bonytail and other native
fishes would persist in the upper basin reservoirs, as they do
in Mohave Reservoir (9).

Persistence of bonytail in Mohave Reservoir indicates
that adults can adapt to reservoir conditions. Indeed, they
were once apparently among the most abundant fishes in
Lake Cahuilla, an immense Pleistocene lake that existed pe
riodically in the basin now occupied by the Salton Sea (10).
Unfortunately, they do not seem to be able to complete their
life cycle successfully in reservoirs. There is some evidence
that they can survive and spawn in the modified riverine
habitats, even those with reduced temperatures (11). Thus
the most important proximate reason for their decline
seems to be predation on embryos and young by alien
fishes, such as common carp, threadfin shad, red shiner,
channel catfish, green sunfish, and other species that thrive
in reservoirs and backwater habitats. The ultimate reason
for their decline, however, is the extreme modification of
flows, habitats, and water quality of the Colorado River,

ever, were planted in Havasu Reservoir and the upper Col
orado and Green Rivers starting in 1998 (13).

Life History Bonytails are usually considered to be prima
rily inhabitants of swifter waters of the large rivers of the
Colorado system. This conclusion is based on their stream
lined morphology, consisting of a slim, elongated body;
fine, deeply embedded scales; wide pectoral fins; narrow
caudal peduncle; and nuchal hump. According to Mincldey
(6), the limited information available on bonytail habits in
dicates they actually lived in flowing water in the less tur
bulent moving parts of the river, especially in areas with
sandy bottoms. They apparently maintained themselves in
the water column, where they could feed on insects and
other food drifting in the current. Their odd morphology
would not only help them maintain their position in such
conditions, but also presumably help them persist through
high-flow events or escape predators by moving through
swift water. The water in which they were found was pre
sumably often very turbid. In reservoirs they are a mid
water species, aggregating over shoals 5-10 m deep a short
distance from shore (6).

VanicekandKramer (6) found large bonytail (>20 cm TL)
to be omnivorous surface feeders, taking terrestrial insects,
filamentous algae, and plant debris such as leaves, stems,
seeds, and horsetail stems. In reservoirs theywill feed on zoo
plankton, algae, insects, and organic debris (6). Small fish «3
cm TL) feed mostly on aquatic insect larvae; they become
more dependent on drifting food as they grow larger (7).

The one study of a natural riverine population of bony
tail indicates that they may grow to about 5.5 cm TL and 1
g in their first year, 10 cm TL and 8 g in their second year,
and 16 cm TL and 31 g in their third (6). Breeding size
(30-40 cm TL) was probably reached in 4-5 years. However,
bonytail have the capacity to reach large sizes quicldy. Un
der artifical conditions, they may grow over 30 cm in their
first year (7). The largest fish known is about 64 cm TL, but
most adults are 40-60 cm TL (4, 6). Growth slows drasti
cally once reproduction begins, but adults may reach ages
of 34-49 years (7).

Spawning apparently took place historically in May and
June over gravel riffles or rubble-bottomed eddies at water
temperatures of 15-20°C (6, 11), but bonytail have also
been observed to spawn in reservoirs and in muddy
bottomed ponds at the Dexter National Fish Hatchery.
Breeding behavior was observed in Mohave Reservoir,
Nevada, in May (8). About 500 bonytail congregated over a
gravel-covered shelf 9 m deep. As is typical of such cyprinid
spawning groups, the males outnumbered the females by 2
to 1, and each spawning female was attended by 3-5 males.
Eggs were broadcast over the gravel, to which they adhered.
The spawning areas were not defended, and common carp
were observed in the area, apparently feeding on the spawn.

Figure 46. Bonytail, 30 cm 5L,
Green River, Wyoming. Drawing
by A. Marciochi.

Distribution Bonytails were originally widely distributed
in the mainstem Colorado River and its tributaries in
Wyoming, Utah, Colorado, Arizona, California, and New
Mexico, as well as in Mexico. In California they were found
only in the Colorado River where it borders the state. Today
the principal wild population is in Mohave Reservoir, up
stream from California, and this population is maintained
primarily by stocking fish from the Dexter National Fish
Hatchery (New Mexico) (4, 6). If any wild fish still exist in
California, they would be large, old individuals in Havasu
Reservoir. A few such individuals may also persist in the up
per Colorado River. Fish from the Dexter Hatchery, how-

Names Elegans means elegant. Members of the Colorado
Gila complex are commonly referred to as Colorado chubs.
An old common name for bonytail is Gila trout. For other
names, see the account of tui chub.

mended originallyby Minckley and Deacon (3). Studies in
dicating that G. elegans, G. cypha, G. intermedia, and G. ro
busta are ecologically and reproductively segregated sup
port this conclusion (2, 5, 14). The different forms of Gila
presumably evolved to meet special ecological conditions in
the Colorado River's varied waterways: G. cypha in the swift
and turbulent water of the Grand Canyon and similar habi
tats in the Green and upper Colorado Rivers; G. robusta in
the quieter pools and slower-moving waters of the main
tributaries; G. intermedia for conditions in tributaries to the
Gila River, Arizona, and G. elegans in the fast waters of the
main river (14).

The taxonomy ofthese forms has longbeen uncertain be
cause of hybridization among them (2,4). However, Dowl
ing and DeMarais (5) demonstrate that past hybridization is
probablyresponsible for providing the genetic diversity nec
essary for development of the extreme morphological and
ecological diversity among them. Indeed, a species (G. semi
nuda) endemic to the Virgin River, Utah, arose as a hybrid
between G. elegans and G. robusta (5). In any case, the bony
tail is the most distinctive of the forms from both a mor
phological and a genetic perspective (14).

MINNOWS, CYPRINIDAE132

Taxonomy The bonytail is one of four closely related Gila
species in the Colorado River system. Miller (1) thought
that this Gila "complex" could best be divided into two
species: G. cypha, the bizarre humpback chub of the Grand
Canyon, and G. robusta, the Colorado chub with four sub
species: G. r. robusta, G. r. elegans, G. r. seminuda, and G. r.
intermedia. There now seems little doubt (2, 12) that the
bonytail deserves recognition as a full species, as recom-

Identification Bonytails are readily recognized by their ex
tremelynarrow caudalpeduncle and deeply forked tail; fine,
embedded scales (75-99 along the lateral line); and small,
flattened heads with small, elliptical eyes and terminal
mouth. There is usually a conspicuous hump behind the
head. Scales may be lacking on the dorsal and ventral sur
faces as well as on the caudal peduncle. Dorsal and anal fin
rays usually number 10-11; pelvic fin rays number 9-10.
The pharyngeal teeth (2,5-4,2) are closely spaced, com
pressed, and hooked. The color of the back and sides ranges
from dusky green to metallic blue with fine speckling; the
belly is silvery to white. Breeding males become reddish or
ange on the head and sides below the lateral line and on the
base of the anal and pectoral fins. Young fish lack the exag
gerated morphology of the adults and bear a fairly close re
semblance to young Colorado pilzeminnow and other Col
orado River Gila species.

Bonytail, Gila e/egans Baird and Girard
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135LAHONTAN REDSIDE

more), to fluctuating reservoirs. Typically they swim about
in large schools close to the surface, generally staying over ar
eas that have rocky bottoms. During the winter months, af
ter water temperatures drop below 10°C, redsides disappear
from shallows, presumably spending the cold months rela
tively inactive on rocky bottoms in deep water (1).

As their hooked pharyngeal teeth, short gill rakers, short
intestine, and oblique mouth suggest, redsides are oppor
tunistic feeders on invertebrates. In Lake Tahoe their diet
consists about equally ofsurface insects, bottom-living insect
larvae, and planktonic crustaceans (8); the predominant
items in their stomachs vary with the area from which they
have been feeding as well as with time of day. Thus in one
study the percentage of bottom organisms in different
samples ranged from 9 to 99 percent; the percentage of sur
face organisms, from 1 to 87 percent; and the percentage of
planktonic forms, from 0 to 92 percent (8). Redsides in Tahoe
feed at any time of daror night, but flying insects seem to be
favored in evening and night; bottom and planktonic forms
are favored during the day. In Eagle Lake (Lassen County)
redsides feed mainly on planktonic cladocerans, caddisfly
larvae, and amphipods (9). Individuals feed predominantly
on one or another of the three, rarely mixing prey.

In small streams, redsides feed mainly on drifting in
sects, especially during daylight hours, but they will also
feed on benthic insects and algae (6, 9). In Willow Creek,
Lassen County, their diet is predominantly benthic inverte
brates, especially caddisfly larvae and snails, which are taken
mainly at night. The reason for night feeding seems to be
exceptionally heavY predation pressure from aquatic birds
(e.g., egrets, herons, kingfishers, pelicans), which forces the
fish to be less active and rernain in deeper cover during the
day (9). Redsides in streams will also feed on the eggs of
spawning Tahoe suckers (5,8), and in some instances egg
predation may limit sucker populations (7).

Studies on the age and growth of redsides indicate that
growth rates are similar in streams, lakes, and reservoirs, al
though they are somewhat slower in colder streams and
lakes, such as Lake Tahoe. Redsides average 34-55 mm SL
(1-2 g) atthe end of the first year, 51-63 mm (2-5 g) in the
second year, 65-73 mm (7-9 g) in the third year, and 75-80
mm (9-11 g) in thefourth year (1, 10). Occasional fish will
reach 14-17 cm SL. A single fish measuring 16 cm TL was 5
years old (16).

Based on size, most redsides become mature in their
third or fourth summer. A few may mature in their second
summer. The average number of eggs in 16 females from
Lake Tahoe was 1,125 (1). The right ovary contains the ma
jority of eggs. Spawning takes place at any time from late
May through August, but most spawning seems to occur in
the last 2 weeks of June at water temperatures of 13-24°C.
In Lake Tahoe redsides either migrate up tributaries, such as
Taylor Creek, to spawn over sand and gravel at the down-

Life History The habitat of Lahontan redsides was well de
scribed by Snyder (5, p. 54):

This beautiful little fish is almost universally distributed
throughout the brooks, rivers, and lakes of the region. It
is found not only in the lower courses of the rivers where
the water is deep and quiet, but it also stems the swift cur
rents of the high mountain tributaries, following closely
in the wake of the smallest trout.... It delights in the slow
riffles and the quiet, shallow pools where large numbers
may be seen swimming lazily about over the submerged
bars, occasionally turning their silvery sides to the bright
sun. In the lakes it congregates in large schools, swimming
about submerged logs, tops of fallen trees, wharves, and
other sheltered places.

Distribution Lahontan redsides are native to streams and
lakes of the old Lake Lahontan basin in northern Nevada
and northeastern California. In California they are native to
the following Great Basin drainages: Eagle Lake, Susan
River, Truckee River, Walker River, and Carson River. They
have been introduced into the Sacramento River system in
several watersheds, so may be present in unexpected places
outside their native range. Kimsey (3) reported a popula
tion in Mill Creek at the headwaters of the Rubicon River.
This population, with those of other Lahontan fishes, may
have been the result of a bait bucket introduction, although
only a low divide separates the two drainages. More certain
bait bucket introductions are in Bucks Lake, which drains
into the North Fork Feather River; Loon Lake, which
drains into the American River (16); various headwaters of
the North Fork of the Mokelumne River around Bear Val
ley Reservoir; and Frenchman Reservoir and nearby streams
(Frenchman, Little Last Chance, and Ramelli Creeks) in the
upper Middle Fork Feather River drainage (17). Rutter (4)
found redsides and other Lahontan fishes in Warner Creek,
a tributary to the North Fork Feather River, but it is not
known if they are still present there. An additional intro
duced population is present in Saddlebag Lake, Mono
County (14). In theory, these last fish have access to south
ern California reservoirs by way of the Owens Aqueduct
system.

In small streams, redsides prefer deep pools, where they
shoal near the surface. Adults aggregate in higher-velocity
water at the heads of pools, while juveniles prefer quieter
water along edges or in backwaters (6). Their abundance in
streams seems to be negatively affected by high winter flows
(7) and by high densities of piscivorous brown trout. Red
sides have shown considerable capacity to colonize reser
voirs and may reinvade lower reaches of impounded
streams in large numbers (7).

In lakes redsides are a shoaling littoral zone species that
can live in a wide variety of conditions, from the cold waters
of Lake Tahoe, to the alkaline waters of Eagle Lake (pH 9 or

Figure 47. Lahontan redside, 8 em
SL, Willow Creek, Lassen County.

hooked, and gill rakers are stubby, tending to expand toward
the tips. The intestine is S-shaped, shorter in length than

the body.
During spawning both sexes develop breeding tubercles

on the body and head, but those on the males are larger and
more numerous, and also occur on the pectoral fins. Males
tend to be darker in color with a more intensely red stripe.
When pressed down, the pectoral fins ofmales usually reach
the base of the pelvic fins; those of females do not (1).

Taxonomy The Lahontan redside is closely related to a sim
ilar species (R. balteatus) in the Columbia River drainage
and somewhat more distantly related to eastern minnows of
the genus Clinostomus, also sometimes included in the
genus Richardsonius (15). More distantly, it is related to the
various species of Gila. Lahontan redsides hybridize with
tui chubs and speckled dace (12, 13).

Names A variety of unofficial common names have been
applied to the Lahontan redside, all referring to its breed
ing colors: Lahontan redshiner, Lahontan redside shiner,
redside minnow, redside bream, red-striped shiner. Richard
sonius is after Sir John Richardson (1787-1865), an English
naturalist who described the only other species assigned to
this genus, R. balteatus. Egregius means surprising. Just
what surprised Charles Girard when he described this
species in 1858 from a single specimen is not known. The
complex history ofits scientific nomenclature is given in La

Rivers (2).

References 1. R. R. Miller 1946. 2. Holden and Stalnaker 1970.
3. Minckley and Deacon 1968.4. Minckley et al. 1989. 5. Dowl
ing and DeMarais 1993. 6. Vanicek and Kramer 1969.7. Minck
ley 1991b. 8. Jonez and Sumner 1954.9. Holden 1991. 10. Gob
alet 1994. 11. Marsh 1985. 12. Simons and Mayden 1998. 13.
Newsletter, Upper Colorado River Endangered Fish Recovery
Program, 1998. 14. Mincldey and De Marais 2000.
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Identification Lahontan redsides are rather small and slen
der minnows (body depth divisible about 4 times into SL)
with large eyes, terminal mouths, and deeply forked caudal
fins. They are easiest to identify when in their spectacular
breeding colors: a scarlet stripe in a field of yellow on each
side, a shiny olivaceous back, and a silvery belly. In non
breeding fish, the red color is greatly reduced or absent, but
the stripe is still visible as a lateral band. The mouth is
slightly oblique, the maxillarybarely reaching the front edge
of the eye. There are 7-8 (usually 8) dorsal fin rays, 8-10
(usually 9) anal fin rays, and 52-63 scales in the lateralline.
Scales on the back behind the head tend to be crowded be
fore the dorsal fin. Pharyngeal teeth (2,5-4,2) are strongly

Lahontan Redside, Richardsonius egregius (Girard)

because such conditions favor alien fishes. Thus the long
term survival of this species in the wild is questionable, be
cause it probably will depend on continued hatchery prop
agation of young fish. Hatchery populations are subject to
a variety of ills, from inbreeding (although so far this does
not seem to be a problem) (4), to disease epidemics, to loss
of funding for hatchery operations.
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gent vegetation serve as cover, while larger fish are found in
deep pools associated with heavy cover and overhanging
trees. In urban areas hitch may be found in low numbers in
channelized streams with silty bottoms and turbid water
(8). They can survive in such areas because they have the
highest temperature tolerances among the native fishes of
the CentralValley. In the laboratory juvenile fish acclimated
to 30°C can withstand temperatures ofnearly 38°C (critical
thermal maximum) for short periods oftime, although they
will actively select temperatures of 27-29°C (acute pre
ferred temperature) (27). Hitch can also withstand moder
ate salinities; in Suisun Marsh theyhave been found in salin
ities of 7-8 ppt, and in Salinas River lagoon, at salinities as
high as 9 ppt (28).

In lakes adult hitch are usually pelagic. In Clear Lake ju
veniles are found in inshore shallow-water habitat and
move into deeper offshore areas after approximately 80
days, when they are between 40 and 50mm SL (12). While
in shallow water, larvae and small juveniles require vegeta
tion, such as tule beds, as refuge from predators. During the
reproductive season, adult Clear Lake hitch migrate into the
lower reaches oflow-gradient tributary streams to spawn in
gravel-bottomed sections that dry up during the summer
(6, 12). Because hitch are not aggressive swimmers, their
runs are easily blocked by small dams and other structures
that impede upstream migration.

Before modern-day habitat alterations, hitch were asso
ciated with such fishes as Sacramento perch, Sacramento
blackfish, thicktail chub, and splittail. Today their most
common associates are introduced species, especially
catfishes, centrarchids, and mosquitofish, although Sacra
mento blackfish, Sacramento sucker, and Sacramento
pilzeminnoware common associates in less disturbed habi
tats (8, 10).

The deep body; small, upturned mouth; long, slender gill
rakers; and high but flat-topped pharyngeal teeth indicate
that hitch are omnivorous open-water feeders. In Putah
Creek hitch feed in summer on a mixture of filamentous al
gae, aquatic insects, and terrestrial insects (13). Small
schools of hitch measuring 50-75 mm SL can be observed
feeding, like trout, on drift at the heads of summer pools. In
Clear Lake limnetic hitch greater than 50 mm SL feed pri
marily on Daphnia and other zooplankton (14), although
insects may be taken on the surface when abundant (15).
Juveniles «50 mm S1) in the near-shore environment feed
primarily on larvae and pupae of chironomid midges and
other insects, as well as on small planktonic crustaceans (12,
15). Hitch feed primarily during the day (12).

Growth rates appear to be directly related to the pro
ductivity and summer temperatures of the environments in
which they live. Clear Lalze hitch grow much more rapidly
than Sacramento hitch from high-elevation Beardsley
Reservoir (5, 12, 16). In Clear Lake hitch reach 40-50 mm

described by Miller (4), based on its greater body depth and
lower fin ray counts as compared with 1. e. exilicauda, the
Central Valley subspecies. However, 1. e. exilicauda exhibits
sexual dimorphism based on body depth, and there is con
siderable variability in body size and proportions among
populations, so 1. e. harengus should be reexamined (3).
There is also a need to examine variation within Central
Valley populations to see if other distinctive forms exist.

Names The name hitch is derived from the Pomo Indian
name for this fish, as is the related name chi (5). However,
Hopkirk (3) indicates that the name may have originally
applied to Clear Lake splittail. Lavinia is a Latin feminine
name whose application to hitch is somewhat of a mystery.
The narrow caudal peduncle inspired exili-cauda (slender
tail).

Distribution Hitch are native to the Sacramento-San
Joaquin, Clear Lake, Russian River, and Pajaro-Salinas
drainages. They have scattered populations throughout the
Central Valley, from the Tulare Lake basin in the southern
San Joaquin River drainage (7) to Shasta Reservoir in the
northern Sacramento River drainage. In the San Francisco
Bay region they are found in Coyote Creek, Alameda Creek,
and other creeks draining Santa Clara, Contra Costa and
Alameda Counties, as well as Suisun Creek, Napa County
(8), and in the Delta. In the Monterey Bay region they are
present in the Pajaro and Salinas Rivers and larger tributar
ies. There is also a small population in the Russian River.
They are found throughout Clear Lake, Lake County, and in
associated lakes, such as Lampson Pond, Thurston Lake,
and lower Blue Lake, spawning in tributaries to the lakes.
The current major spawning streams are, in roughly de
creasing order of importance, Kelsey, Adobe, Seigler
Canyon, Middle, Scotts, Manning, and Cole Creeks (29).

Hitch have been introduced into a few upstream reser
voirs within their native range, such as Beardsley Reservoir
(Tuolumne County) and Bass Lake (Fresno County). They
have apparently been carried via the California Aqueduct to
San Luis Reservoir, Merced County, and Pyramid and
Silverwood reservoirs, Los Angeles County; they may have
become established there, as well as in Aliso Canyon, a trib
utary to the Santa Clara River (9).

Life History Hitch are widespread in warm, low-elevation
lakes, sloughs, and slow-moving stretches of river, and in
clear, low-gradient streams. Their quiet water habitat is re
flected in their rather deep, laterally compressed body
shape. However, they can also be abundant in cool, clear,
sandy-bottomed streams, such as Fresno River, Fresno
County, or Putah Creek below Solano Diversion Dam (7,8,
10, ll). In such streams smaller fish are often associated
with run habitat where scattered beds of aquatic or emer-

Figure 48. Hitch, 12 cm SL, Co
sumnes River, Sacramento County.

Taxonomy Hitch are most closely related to California
roach, with which they hybridize to produce fertile off
spring (1). Hitch-roach hybrids are common in some larger
tributaries of the Pajaro River and in the lower portions of
Coyote and Alameda Creeks. Hitch also hybridize with
Sacramento blackfish, although the hybrids are apparently
sterile (2). They hybridized in the past with thicktail chub
(4,20).

The Clear Lake subspecies, 1. e. chi, was described by
Hopkirk (3) as a lake-adapted form. Another subspecies,
Lavinia e. harengus from the Pajaro and Salinas Rivers, was

length increases. The long anal fin (1l-14 rays) separates
the species from most other California minnows; the origin
of the dorsal fin (10-13 rays) is behind that ofthe pelvic
fins. There are 54-62 lateral line scales and 17-26 gill
rakers. The pharyngeal teeth (0-4 or 5-0) are long and nar
row, slightly hooked, yet with fairly broad grinding surfaces.
When small, hitch are silverywith a black spot at the base of
the tail. Older fish lose the spot and become darker, with the
largest fish approaching brownish yellow on the back.

References 1. Evans 1969.2. La Rivers 1962.3. Kimsey 1950. 4.
Rutter 1908. 5. Snyder 1918. 6. Moyle andVondracek 1985. 7. Er
man 1986. 8. R. G. Miller 1951. 9. P. B. Moyle and students, un
publ. rpts. on Eagle Lake. 10. P. B. Moyle, unpubl. data. 11. Tay
lor 1990. 12. Hopkirk and Behnke 1966. 13. Calhoun 1940. 14. S.
Parmenter, CDFG, pers. comm. 1998. 15. Simons and Mayden
1998.16. Wang 1986.17. R. Decato, CDFG, pers. comm. 1999.

Status IE. Lahontan redsides are still abundant in most of
their native range. Although they have been eliminated
from a few streams by diversions, theyhave also successfully
colonized a number of reservoirs, as well as streams, lakes,
and reservoirs outside their native range. In some small
streams their numbers maybe limited by predation by non
native brown trout.

MINNOWS, CYP RINIDAE136

Hitch, Lavinia exilicauda Baird and Girard

Identification Hitch have deep, laterally compressed bod
ies, small heads with upward-pointing mouths, moderately
large scales, and decurved lateral lines. The body tapers to a
narrow caudal peduncle, which supports a large forked tail.
Hitch lack a sharp keel on the belly. They can reach lengths
in excess of 35 em SL, with the body becoming deeper as

stream end of pools, or spawn in shallows «1 m) over
gravel or small rocks (1, ll).

Spawning, according to Miller (8), "provides a scene of
excitement, urgency, and confusion from which the ob
server despairs of any constructive outcome." Groups of
20-100 spawning fish swim about in a tight, swirling school
close to the bottom. Release of sex products occurs when a
small cluster of fish drops to the bottom and presses against
the rocks. The fertilized eggs sink into crevices and adhere
to surfaces.

After hatching, young fish leave for quiet, shallow water,
often near the mouths of spawning streams. These areas
usually have a protective cover of floating debris or over
hanging bushes. Frequently small redsides shoal with young
of other cyprinid species.
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FL within 3 months and measure 110-170 mm FL by the
end of their first year, and 150-300 mm by the end of the
second year; subsequent increases are 20-50 mm/year, with
a maximum size of around 350 mm. Growth rates in San
Luis Reservoir, Merced County, are apparently similar (26).
Hitch in Beardsley Reservoir, in contrast, are only 40-50
mm FL by the end of the first year and 9-11 cm FL by the
end of their second, with subsequent increments of 20-40 .
mm/year (16). In Putah Creek they average about 65 mm FL
atthe end oftheir first year (13) and reach 200-250 mm in
3-4 years. Females grow faster and larger than males. Scale
analysis indicates that hitch live 4-6 years, but it is likely that
analysis of the bony structures of large fish would yield

greater ages.
Females usually mature in their second or third year;

males mature in their first, second, or third year (16, 17). In
the Pajaro River both sexes can mature during their second
summer (age 1year or more) when only 49-54 mm SL, and
most fish longer than 70 mm are mature. Hitch are rather
prolific: females from Beardsley Reservoir contained 3,000
26,000 eggs, with a mean of 9,000 (16). In Clear Lake
average fecundity is 36,000 eggs, with a range of 9,000
63,000 (in a fish measuring 312 mm SL); their length
fecundity relationship is F = 504[SLmmJ - 30,384 (14).

Spawning takes place mainly in riffles of streams tribu
tary to lakes, rivers, and sloughs, after flows increase in re
sponse to spring rains. They seem to require clean, fine to
medium gravel and water temperatures of 14-18°C (5, 17),
although the spawning requirements of the species are in
need of further documentation. Smith (11), for example,
observed spawning in the Pajaro River at 18-26°C in
May-July, after low summer flows had been established.
Hitch are also capable of reproducing in ponds and reser
voirs. When they are present in ponds and reservoirs with
Sacramento blackfish, the two species will hybridize, pre
sumably because they are forced to share spawning areas.
Likewise, hitch-blackfish hybrids were common in the Pa
jaro River when flowing water habitats were scarce during
the 1976-1977 drought (28).

At Clear Lake spawning migrations usually take place
from mid-March through May and occasionally into June.
In 1992 the hitch runs started in mid-February and per
sisted until the streams dried in May~June (29). In the
words ofR. Macedo (6, p. 2), ''As spectacular as any salmon
run on the Pacific coast, hitch mass by the thousands and
ascend the ... streams.... The tumultuous splashing ... and
the appearance of herons, osprey, egrets, and bald eagles ...
signify ... that the hitch are in. Along stream banks, rac
coons, mink, otter, and even bears join the birds to feed on
hitch:' The hitch will also ascend and spawn opportunisti
cally in various unnamed tributaries and drainage ditches.
One year they even were observed spawning in a flooded
meadow after swimming up a small ditch and across a
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4cm

California Roach.
Lavinia symmetricus (Baird and Girard)

ringed Clear Lake are now gone, limiting habitat available
to larval hitch; such habitat loss is ongoing. A more recent
threat has been the establishment of threadfin shad, which
eliminate Daphnia, a principal food of hitch, from the
plankton.

Overall, a thorough review of the abundance, distribu
tion, status, and systematics of hitch is needed so that con
servation strategies can be developed. Particular attention
must be paid to Clear Lake hitch, which may deserve threat
ened status in the near future, and to hitch populations in
the Russian River and in San Joaquin River tributaries.

Identification Adult California roach are small (usually less
than 100 mm TL) and chunky bodied, with a narrow cau
dal peduncle. The eyes and head are relatively large; the
mouth is small and slanted at a downward angle (subtermi
nal). Some populations develop a distinctive "chisel lip;'
with a cartilaginous plate on the lower jaw. The dorsal fin is
short (7-9 rays) and set behind the insertion of the pelvic
fins. There are 6-8 anal fin rays. Fish with more dorsal and

References 1. Avise et a!. 1975.2. Moyle and Massingill 1981. 3.
Hopkirk 1973. 4. R. R. Miller 1945b. 5. Murphy 1948b. 6. Macedo
1994.7. Brown and Moyle 1993. 8. Leidy 1984. 9. Swift et a!. 1993.
10. Moyle and Nichols 1973. 11. J. Smith 1982. 12. Geary 1978.
13. M. Dege, University of California, Davis, unpub!. data 1996.
14. Geary and Moyle 1980. 15. Lindquist et a!. 1943. 16. Nicola
1974.17. Kimsey 1960.18. Swift 1965.19. Cook et a!. 1966.20. R.

R. Miller 1963.21. Moyle et a!. 1995.22. Schulz and Simons 1973.
23. Gobalet 1990. 24. Broughton 1994.25. Zimmerman 1995. 26.
S. R. Johnson, unpub!. rpt. 1976. 27. Knight :[985. 28. J. J. Smith,
California State University, San Jose, pers. comm. 1999. 29. R.
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somewhat later than did hitch, and early drying up of
streams undoubtedly contributed to the demise of that
species. This progressively earlier drying up of streams, if it
proceeds 1,lllchecked, may seriously affect hitch as well. In
streams such as Adobe and Kelsey Creeks upstream areas
that were once used for spawning are now blocked by roads
and other obstructions. Gravel mining on Kelsey, Scotts,
and Middle Creeks has lowered the level of streambeds and
the water table as much as 15 ft in some places; structures
(mainly on Kelsey Creek) intended to aggrade gravel and
raise the streambed present barriers to fish migration, espe
cially during periods of low flow (6, 29). Fish passage facil
ities must be constructed specifically for hitch and other
native cyprinids, which have slower critical swimming
velocities than the salmonids for which most fish ladders are
designed.

Hitch that make it over barriers and reach their spawn
ing areas are unprotected and vulnerable in shallow water,
where they are destroyed by local people by various means.
(In the "sport" of "hitching;' the fish are clubbed and
thrown up on shore:) Recently increased levels. of protec
tion by CDFG and the implementation of educational
activities for schoolchildren may lessen the extent of the
destruction, although as of this ~riting it continues. An ad
ditional problem is that many of the marshy areas that once

Figure 49. California roach, 10 em
SL, North Fork Tule River, Tulare
County.

Status ID for all forms except Clear Lake, which is IC. The
Clear Lake hitch is listed as a species of special concern (21)
and appears to be in decline (6). Hitch were once abundant
throughout their native range and an important food for
Native Americans (6,22,23,24). They are still commercially
harvested on occasion from Clear Lake and may be the
dominant fish in some streams (e.g., Auburn Ravine, Sacra
mento County [25J, and sections of the Pajaro River, Santa
Cruz and Monterey Counties [18]). However, today they are
uncommon relative to other fishes in most places, and the
scattered populations are increasingly isolated from one an
other. Hitch are becoming increasingly scarce, and some
populations in streams flowing into the San Joaquin Valley
have apparently gone extinct in recent years (7). The causes
of the decline are uncertain, but it is presumably due to a
combination offactors: the loss of adequate spawning flows
in spring months (because of dams and diversions) and of
summer rearing and holding habitat, as well as pollution
and predation by nonnative fishes.

The principal threats to Clear Lake hitch are loss of
spawning habitat and loss ofnursery areas, factors that con
tributed strongly to the extinction of the Clear Lake split
tail. The lower reaches of all their spawning streams dry up
annually and probably did so naturally. However, these
streams now go dry earlier in the season owing to stream di
versions (6), and the result is spawning failures, especially
during dry years. Clear Lake splittail formerly spawned

flooded parking lot (30). Some may spawn in the shallow
waters of Clear Lake itself, over clean gravel where there was
wave action (17).

Spawning is a mass affair accompanied by vigorous
splashing. A ripe female is closely followed by 1-5 males,
who apparently fertilize eggs immediately after their release.
There is no territoriality. Fertilized eggs are not adhesive but
sink into interstices ofthe gravel before absorbing water and
swelling to about 4 times their initial size (5). Swelling
lodges embryos in the gravel, although large numbers ofvi
able embryos can be observed at times drifting down
stream, and dead embryos may accumulate in large num
bers in pools and backwaters.

Hatching takes place in 3-7 days at 15-noC, and larvae
take another 3-4 days to become free-swimming (5, 18, 31).
At about 25 mm TL, fry of Clear Lake hitch quicldy move
down into the lake (5). This behavior contributes to the suc
cess ofhitch, because it permits reproduction in steams that
dry up in summer (19). Small hitch spend the next 2
months shoaling in the lake's littoral region, usually among
emergent tules, before moving out into open water, at about
50 mm TL. In permanent streams and in ponds, larval and
postlarval hitch aggregate around aquatic plants or other
complex cover in shallow water. They are most active dur

ingthe day.

MINNOWS, CYPRINIDAE138
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Taxonomy The California roach was first described as Ru
tilus symmetricus (Baird and Girard), from the San Joaquin

River near Friant. It was subsequently reassigned to its own

genus, Hesperoleueus, by Snyder (2) who described the

following six species based on locality and morphological

differences:

1. Hesperoleueus symmetrieus from the Sacramento-San

Joaquin Valley.

2. Hesperoleueus subditus from the Pajaro River system.

3. Hesperoleucus venustus from the San Francisco Bay sys

tem and the Russian River and Tomales Bay drainages.

4. Hesperoleueus parvipinnis from the Gualala River,

Sonoma County.

5. Hesperoleueus navarroensis from the Navarro River,

Mendocino County.

6. Hesperoleucus mitrulus from the Pit River system and

Goose Lake, Modoc County.

141CALIFORNIA ROACH

reaches of some coastal streams. Roach are tolerant of rela

tively high temperatures (30-35°C) and low oxygen levels

(1-2 ppm), a characteristic that enables them to survive in

conditions too extreme for other fishes (12, 13, 14, 15).

However, they also thrive in cold, clear, well-aerated "trout"

streams (12, 17), in heavily modified habitats (16, 17), and

in the main channels of rivers, such as the Russian and

Tuolumne.

Within a watershed, roach can be found in a diversity of

habitats, from cool headwater streams to the warmwater

lower reaches. Their abundance in streams ofthe Clear Lake

basin is positively correlated with temperature, conductiv

ity, gradient, and coarse substrates and negatively cQrrelated

with depth, cover, canopy, and fast water (12). In streams

tributary to San Francisco Bay, in contrast, they are most

abundant in shady pools with sand, gravel, and bedrock

bottoms and beds of aquatic plants. In the Pit River system

roach are also characteristic of deep rock-bottomed pools

in second- or third-order streams and in the Pit River itself

(16). Most such habitat is characterized by low flow, mod

erate gradients, warm temperatures, and edge mats of duck

weed and water ferns.

Although roach are characteristic of streams supporting

assemblages of native fishes, they tend to be most abundant

when found by themselves or with only one or two other

species (15, 16, 18, 19). By themselves, roach will occupy the

open waters of large pools; in the presence of predatory

pikeminnows, roach are mostly confined to the edges of

pools and to riffles and other shallow-water habitats (20,

21). In complex assemblages they concentrate in low

velocity «40 cm/sec), shallow «50 cm) water where fine

substrates predominate (22). Nonnative green sunfish,

however, can completely exclude roach from some streams,

although the two species can coexist in large pools. For ex

ample, in Dye Creek, Tehama County, green sunfish have al

most completely replaced roach in intermittent sections of

the south fork, but roach dominate all habitats in the cooler,

more permanent north fork that sunfish have been unable

to invade; in the mainstem below the union of the forks, the

two species coexist, but roach are largely absent from pools.

The ability of roach to survive in small tributaries has

also led, through erosional captures of interior headwater

streams, to their colonization ofcoastal streams where other

cyprinids are absent, such as Navarro and Gualala Rivers.

Such colonization could not have taken place through salt

water because they are unable to tolerate very saline water.

In August 1973 healthy roach were collected in Navarro

River at salinities of 3 ppt, but those trapped downstream

bythe incoming tide died before salinities reached 9-10 ppt.

California roach feed largely by browsing on the bottom,

but in the Tuolumne River (below Preston Falls) and in the

Clavey River I have observed large roach feeding on drift or

ganisms, including terrestrial insects, in fairly fast current.

Distribution California roach are found throughout the

Sacramento-San Joaquin River drainage, including the Pit

River and tributaries to Goose Lake in Oregon. In coastal

drainages, they are native to the Navarro, Gualala, and Rus

sian Rivers; streams tributary to Tomales Bay; Pescadero

Creek (San Mateo County); and, in the Monterey Bay

drainage, San Lorenzo, Pajaro, and Salinas Rivers. At least

three additional populations have resulted from introduc

tions: Eel River (in the 1970s) in northwestern California

(10); Soquel Creek, Santa Cruz County; and Cuyama River,

San Luis Obispo and Santa Barbara Counties. The Cuyama

River population may actually be native (28).

Names The common name of California roach is derived

from their superficial resemblance to one of the common

minnows of Europe, the roach (Rutilus rutilus). Other

names used in the past are western roach and Venus roach.

For Lavinia, see the account of hitch. Symmetricus means

symmetrical.

An analysis of the mitochondrial and nuclear DNA of

roach from the foregoing groups shows that many roach

populations have very complex evolutionary histor~es, in

cluding (in some forms) past hybridization with hitch (39).

Populations in most large watersheds show evidence oflong

isolation from one another, although there are distinct geo

graphic groups as well. Although it is difficult to apply the

Linnaean species concept to such an evolutionarily complex

and dynamic group of fish, it is clear that the foregoing list
of subspecies is, if anything, conservative in terms of pro

viding recognition to roach diversity. It is likely that one or

more of the above forms (or others yet to be recognized)

will eventually be granted species status again.

The generic name Lavinia is preferred to Hesperoleueus
because hitch (the onlyother species in the genus) and roach

are interfertile, and the two species are closely related genet

ically (6,7,8,9). The name Lavinia (Girard 1854) has prece

dence over the name Hesperoleua!~ (Snyder 1913). Roach
hybridize extensively with hitch in tributaries to the Pajaro

and Salinas Rivers and in Alameda and Coyote Creeks (4, 6)

and with arroyo chubs in the Cuyama River (28).

Life History Given their wide distribution, it is not surpris

ing that California roach are found in a wide variety ofhabi

tats, although they appear to be excluded from many waters

by piscivorous fishes, especially nonnative ones. California

roach are generally found in small warm streams, and dense

populations are frequently sighted in isolated pools in in

termittent streams (11). They are most abundant in mid

elevation streams in the Sierra foothills and in the lower

8. Red Hills roach,1. s. ssp.,from Horton Creek and other

small streams near Sonora, San Joaquin drainage.
distinct enough to be recognized as a separate subspecies.

Hopkirk (6) cautioned that his H. s. symmetrieus possibly

consisted of several subspecies, noting that a collection he

examined from the Cosumnes River had some distinctive

characters. Brown et al. (1) examined roach populations

throughout the San Joaquin drainage and found that pop
ulations from more isolated tributaries (e.g., Kaweah and

Tule Rivers) could be distinguished by multivariate analy
ses of morphometric data. The Kaweah River population

was particularly distinctive because a high percentage had

the "chisel lip" feature. A population originally discovered

byB. Quelvog (CDFG) in small creeks near Sonora is so dif

ferent that it undoubtedly merits subspecies status (1).

When DNA fingerprinting techniques were used to com

pare populations from four adjacent Sacramento Valley

streams, there was evidence of fairly long isolation of the

populations from one another (32), suggesting that more

distant populations should be even more distinct. The Cal

ifornia roach "complex" is in need of taxonomic reevalua

tion using biochemical techniques. Such a reevaluation may

turn~upnew subspecies or even species, and perhaps merge

presently recognized forms. Until then, I suggest that we ei

ther go back to recognizing Snyder's six species of roach or

else recognize the following forms, based on a combination
of morphology, meristics, and zoogeography. I prefer the

latter course of action, and so recognize

1. Sacramento-San Joaquin roach, 1. s. symmetrieus.
Sacramento and San Joaquin River drainages, except

Pit River, as well as tributaries to San Francisco Bay.
This is a complex of forms isolated in watersheds

throughout Central California. Many of them are dis

tinguishable from one another by morphology, ge

netics, or both, but the interrelationships are complex

and poorly understood.

2. Clear Lake-Russian River roach, 1. s. ssp. Clear Lake

drainage and the Russian River. Morphologically

these roach are similar to Sacramento roach, but

they show a genetic relationship to each other and

seem to represent a separate evolutionary line or

lines (39).

3. Monterey roach, 1. s. subditus. Tributaries to Mon

terey Bay, specifically Salinas, Pajaro, and San Lorenzo

drainages.

4. Navarro roach, 1. s. navarroensis. Navarro River.

5. Tomales roach, 1. s. ssp. Walker Creek and other trib

utaries to Tomales Bay.

6. Gualala roach, 1. s. parvipinnis. Gualala River.

7. Pit Roach, 1. s. mitrulus. Upper Pit River and tribu

taries and tributaries to Goose Lake. Roach found in

Oregon presumably belongs to this subspecies.
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Murphy (3) reanalyzed Snyder's data along with his own

from coastal streams and concluded that the species should

be relegated to subspecies status, as had been suggested by
R. R. Miller a few years earlier (4). This diagnosis was ac

cepted by most subsequent workers (e.g., 5, 6), even though

Murphy's study was never published. Hopkirk (6) exam

ined roach from coastal drainages and concluded that Mur

phywas correct in placing all roach in one species. However,

he differed in his conclusions as to what populations should

be recognized as subspecies. He considered H. s. symmetri
eus, H. s. subditus, and H. s. parvipinnis to be morphologi

cally distinct subspecies, whereas H. s. venustus was not

different from H. s. symmetricus (6). Hesperoleueus s. navar
roensis was considered distinct, but included roach from the

Russian River and tributaries to Tomales Bay (H. venustus
in part), although the Tomales roach was thought to be

anal fin rays are probably hybrids with hitch. The scales are

small, numbering 47-63 along the lateral line and 32-38 be

fore the dorsal fin. The pharyngeal teeth are 0,5-4,0 and, al

though narrow and slightly hooked, appear to be adapted

for grinding. The upper half of the roach is usually dark,

ranging from dusky gray to steel blue. The lower half is usu

ally a dull silver. During the breeding season, patches of red

orange appear on the chin, operculum, and bases of the

paired and anal fins. Males may develop numerous tiny
breeding tubercles on the head at this time (38). Subspecies

are distinguished by various distinctive subsets of these

characters. Probably the most distinctive is the Red Hills

roach, which has a dorsoventrally flattened body, small fins,

and a chisel lip (1).
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examined. Its numbers may actually have increased tem
porarily as the result ofwarmer water associated with habi
tat degradation (34). Like the Tomales roach, this form has
a rather restricted distribution within a watershed subjected
to many insults (e.g., logging, road building, diversion of
water by wineries) in recent years.

Pit roach. lB. This roach has disappeared from much of
its former range in the upper Pit River drainage (16) and is
confined to a few scattered populations either in small, iso
lated streams or in some regulated sections of the Pit River.
Oregon stocks are classified as "sensitive-peripheral"; the
only known Oregon population seems to be in Drews
Creek, a tributary to Goose Lake (35). Presumably, each
population is threatened by different factors, but the prin
cipal ones seem to be habitat loss (from, e.g., heavy grazing
in riparian areas, road and housing construction, water di
versions) and introduced predators, such as largemouth
bass and green sunfish. Because populations are nowwidely
scattered, local extinctions due to natural factors can also
occur, but without hope of natural recolonization. As a re
su.lt, the number ofpopulations can be expected to dwindle
over the years.

Overall, the California roach is in need of a compre
hensive study of its status, systematics, and distribution. An
analysis of the systematics of the species is especially re
quired in view of the discovery of the Red Hills roach and
indications that a number of undescribed forms may exist
aro.und the state (1). Immediate needs are to find streams
inthe Pit and San Joaquin River drainages that can be man
aged as refuges for local populations. All known stream
habitats of the Red Hills roach should be protected and
managed to benefit the species (and other native organisms
inthis unusual area); measures would include restrictions
on mining, off-road vehicle use, and grazing. The Tomales,
Navarro, and Gualala roach would benefit from watershed
management practices that improve instream and riparian
habitats. In absolute terms, most subspecies of California
roach are still abundant, but there is growing evidence that
local populations are disappearing one at a time (1, 16, 18,
20,21). It would be prudent to at least stabilize populations
of all taxa at their present levels of abundance in all major
watersheds in which they occur. As a minimum measure, a
system of Aquatic Diversity Management Areas (ADMAs)
should be established; these should include special units
for each distinctive population of roach in all geographic
regions where they are native (31). A system of protected
waters would protect not only this species, but entire biotic
communities as well. In the meantime, populations should
be monitored to ascertain that each form is holding its
own.

Red Hills roach. lB. This highly distinctive form is found
in a few small streams in an area partly administered by the
BLM and characterized by serpentine soils and stunted veg
etation. The largest population, of several hundred individ
uals, exists in Horton Creek, and smaller numbers occur in
Amber and Roach Creeks (37). The limited area of serpen
tine soil in which this form occurs is subject to intense graz
ing, mining, and recreational use by off-road vehicles,
which together significantly degrade the habitat. Activities
causing streamside soil disturbance at the site of the main
Horton Creek population pose a particularly serious threat
(37), causing limited pool habitat to become shallower and
warmer and reducing riparian cover.

Monterey roach. ID. Smith (29) found this roach wide
spread in the Pajaro and San Benito drainages, but some
what less widely distributed than formerly. Since Snyder's
(2) collections in 1908, they have disappeared from at least
four sites owing to habitat alteration, including lowered wa
ter quality (increased turbidity, low dissolved oxygen) (29).
Streams in the Monterey Bay drainages have been channel
ized, polluted, diverted, and otherwise altered by a combi
nation of intensive agriculture and grazing, housing devel
opment, road building, and other human activities. Dams
have reduced flood flows, resulting in upstream expansion
of hitch; hybridization and competition with hitch have
subsequently eliminated some roach populations (33). Re
cent losses of roach populations occurred when droughts
eliminated isolated populations and dams or other human
made barriers prevented recolonization (33). Most original
habitats of Monterey roach are on private land where there
is little formal protection for aquatic organisms. Many pop
ulations share habitat with steelhead, and the listing ofsteel
head as a threatened species should help to provide protec
tion for roach as well.

Navarro roach. IE. This form remains abundant in the
Navarro River, where they may have benefited from open
ing of the canopy and warming of the water as the result of
logging and agriculture. Even they, however, cannot survive
the drying up of the river in some sections by diversion of
both surface and ground water.

Tomales roach. IE. Most streams in the Tomales drainage
(Marin County) have been heavily modified, but roach are
nevertheless abundant in many areas. Their distribution is
rather restricted, and most are on private lands that are
heavily grazed. Thus siltation, bank erosion, and loss of ri
parian cover are constant problems. Equally important, the
streams (e.g., Walker Creek) are dammed and diverted, reg
ulating and reducing flows as well as creating conditions in
which nonnative species are more likely to invade. Although
the Tomales roach seems to be holding its own at the pres
ent time, its populations should nonetheless be monitored.

Gualala roach. IE. This form is common in the Gualala
River (31) and is dominant in some headwater areas I have

Status IA-E, depending on subspecies or population.
Many populations of California roach are threatened to
some degree because they are located in small streams that
are vulnerable to human disturbance (especially diversion)
and introduced predatory fishes (such as green sunfish), to
which roach seem exceptionally vulnerable (1). The follow
ing are accounts by region.

Sacramento-San Joaquin roach. ID. Assuming this
widely distributed form is indeed just a single taxon (which
is unlikely), it is abundant in a large number of streams.
Nevertheless, it is now absent from many streams and
stream reaches where it once occurred (e.g., 15), and most
populations are isolated by downstream barriers, such as
dams, diversions, or polluted water containing predatory
introduced fishes (32). Extirpations without recolonization
can therefore be expected. Surveys by Moyle and Nichols
(18) that were repeated by Brown and Moyle (19,20) indi
cate that, in the San Joaquin drainage, the species has been
eliminated from many streams since 1970, and from entire
watersheds (e.g., the Fresno River) since the 19th century.
The problems of conserving the many distinct evolutionary
units of California roach are discussed by Brown et al. (1).
Populations are increasingly being isolated from one an
other by artificial barriers. Much of their habitat is on
private land, which is subject to development or intense
grazing pressure. As a result many streams dry up more fre
quently or more completely than usual because of diver
sions and pumping from aquifers that feed them. Predatory
fishes, such as largemouth bass and green sunfish, are often
introduced into remaining deep pools to provide recre
ational fishing; such predators typically eliminate roach.
However, the introduced Eel River population represents a
major expansion of the range ofthis form (although the ex
act origin of the invaders has not been determined).

Clear Lake-Russian River roach. ID. These roach are
abundant and widely distributed in both watersheds, but
this situation could change rapidly with land and water use
changes, especially in the Russian River.

downstream and was able to observe them from a point
bar only 2m away. The swarm progressed slowlyupstream
along the bank as fish moved in and out of the group.

This activity clears silt and sand from the interstices of
the gravel, improving habitat for the fertilized eggs, which
are adhesive and stick to the rocks. They hatch in 2-3 days,
and larvae remain in crevices until large enoughto swim ac
tively around. Larval development is described by Fry (26).
The population of roach in Bear Creek, Colusa County, ap
parently spawns in emergent vegetation, and newly hatched
larvae remained among the plants for some time (23). Once
the yolk sac is absorbed, larval roach feed mainly on di
atoms and small crustaceans (26).

MINNOWS, CYPRINIDAE

I observed a dense swarm of about 500 adult California
roach crowded along the righthand margin of the stream.
Roach were continually swimming in and out of the
swarm from the surrounding pool. In the swarm, I ob
served some fishes jamming themselves head or tail first
into the substrate, with their other ends clear of the water.
Most of the splashing activity came from fish crowding
around those individuals. The roach were quite active and
oblivious; I clearly heard their splashing from ca. 20 m

They are omnivores. In small warm streams, filamentous al
gae typically dominates the diet, but aquatic insects and
small crustaceans often make up 25-30 percent of their
stomach contents by volume (24,25,26). In larger streams,
such as the North Fork Stanislaus River, aquatic insects may
dominate the diet at all times ofthe year (17). Crustaceans
and small chironomid midge larvae are especially impor
tant to small roach. In adult roach the aquatic insects con
sumed reflect availability in benthos and drift. Small midge,
mayfly, caddisfly, and stonefly larvae, along with elmid
beetles, aquatic bugs, and amphipods, are taken roughly in
proportion to their abundance on the bottom (17, 24). One
roach from the Navarro River contained three larval lam
preys. Because roach pick most food from silty bottoms,
their stomachs usually contain considerable amounts of de
tritus and fine debris. Laboratory experiments suggest that
retention of such fine material is facilitated by mucus se
creted by epithelial cells and by gill rakers, so it presumably
possesses nutritional value (36).

Growth is highly seasonal. Roach typically grow most
rapidly in early summer (23,26). In some streams they may
take 2 years to reach 45 mm SL (23,26). However, in per
manent streams (e.g., Coyote Creek and the Stanislaus,
Russian, and Navarro Rivers) roach frequently exceed 40
mm SL in their first summer, reach 60-75 mm in the sec
ond summer, and reach 80-95 mm in the third summer (17,
26,27). Few exceed 120 mm S1. The oldest roach on record
is a 6-year-old specimen from San Anselmo Creek, Marin
County (26), but few live longer than 3 years.

Roach usually become mature after they reach 45-60
mm SL at 2 or sometimes 3 years of age (26). Fecundity
ranges from 250 to 2,000 eggs per female depending on size
(17,23). Spawning is from March through early July, de
pending on water temperature (17,26), although spawning
activity has been observed in late July in the Russian River.
Spawning usually takes place when temperatures exceed
16°C. The fish move up from pools into shallow, flowing ar
eas where the bottom is covered with small rocks 3-5 cm in
diameter. The fish spawn in large groups, each female re
peatedly depositing eggs a few at a time in crevices between
rocks (26). They are immediately fertilized by one or more
males following close behind. A spawning aggregation was
observed by J. Feliciano (pers. comm.) over several days in
late May 2001 in the Navarro River:
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rakers are not constructed to act as filters for food but work
to direct the flow ofwater and food particles past the palatal
organ, where the food is removed (19). Although this
method of feeding would seem rather unselective, blackfish
in ponds seem able to feed selectively on diatoms (8), and
those in lakes, on larger algae and zooplankton species (6,9,
16). When blackfish densities are high, their selective re
moval of algae-grazing zooplankton may result in blooms
of algae, increased nutrient levels, and other major changes
to lake ecosystems (6). The ability of adults to live on a diet
of largely organic matter and algae is also reflected in their
long, convoluted intestine, which is 4-7 times body length;
the intestine is longest relative to body length in the largest
fish (9, 20). Blackfish are not exclusively planktonic feeders
but may also feed on soft, flocculent material, rich in or
ganic matter and small invertebrates, from the bottom of
lakes and ponds.

Growth ofSacramento blackfish is rapid in the first year.
In Clear Lake they measure about 10 cm FL and weigh about
39 g at the end of their first year, growing rapidly to 25-26
cm and 230 g during their second year. During the third year
growth differences between males and females usually be
come evident, with Clear Lake males reaching 34-35 cm
(625 g) and females, 36-37 cm (710 g). Growth is slower in
the following years. Growth rates for blackfish in ponds in
the San Joaquin Valley (8), San Luis Reservoir (21), and
Stone Lakes (Sacramento County) are similar to those of
Clear Lake fish, except during the first year, when they tend
to be faster (9). In Stone Lakes, male-female differences in
growth rates were not found (9). Blackfish rarely exceed 50
cm FL and 1.5 kg (14). The maximum age as determined by
scales is 5 years, but it is likely that the largest fish are at least
7-9 years old because scales do not give accurate readings
for large cyprinids (22).

Sacramento blackfish of either sex become mature for
the first time in their first, second, third, or fourth year,
depending on how well the environment promotes growth
(8, 14). Most mature in their second or third year. Males
are more likely to mature at a younger age than females.
Fecundities depend on body size, with a female measuring
171 mm FL producing about 14,700 eggs, a female measur
ing 350 mm FL producing 78,500 eggs, and a female meas
uring 466 mm FL producing 346,500 eggs (8). However,
there is considerable uncertainty in these fecundity esti
mates, in part because individual blackfish may spawn over
a fairly wide time span (8).

Mature males grow tiny breeding tubercles and seem
darker than females during the breeding season. In Clear
Lake spawning occurs between April and July at water tem
peratures of 12-24°C in shallow areas with heavy growths
of aquatic plants. Spawning conditions are presumably sim
ilar elsewhere, although some blackfish may spawn as early
as March (8). Because of turbid water, observations of

California that contains water from the aqueduct. Since
about 1986, they have been present in the lower Santa Ana
River below Prado Reservoir (5). Blackfish were introduced
into Lahontan Reservoir, Churchill County, Nevada, around
1964 and have spread to lakes in Stillwater Marsh and the
Humboldt River drainage in Nevada (6, 23).

Life History Sacramento blackfish are most abundant in
warm, usually turbid, waters of the Central Valley floor, of
ten occurring in highly modified habitats otherwise domi
nated by nonnative fishes (7,8,9). Similarly, they are one of
the most abundant fishes in Clear Lake, Lake County, and
once were abundant in the large lakes (now drained) of the
San Joaquin Valley. They are now tommon in oxbow lakes
near rivers and in sloughs of the Sacramento-San Joaquin
Delta (7). In streams, such as the Pajaro River or Putah
Creek, blackfish are found in deep, turbid pools with soft
(mud, clay) bottoms (10). They also thrive in fluctuating
waters of reservoirs such as San Luis (Merced County) and
Hennessy (Napa County) Reservoirs. One of their more ex
treme environments is Lagoon Valley Reservoir (Solano
County), a warm, shallow, highly turbid recreational lake
that becomes very allzaline in summer (pH 9-10). This
flooded playa otherwise supports only Sacramento perch,
fathead minnows, and mosquitofish. In Salinas River la
goon, they are common in areas where the salinity is around
7 ppt and have been collected at salinities of 9 ppt (27).

Blackfish show extraordinary physiological adaptations
for surviving in extreme environments (12, 13). Adults are
commonly found in waters where summer temperatures
exceed 30°C and where dissolved oxygen levels may be very
low. Optimal temperatures are 22-28°C (10), although
growth is reduced and metabolic rates are increased at tem
peratures above 25°C (12). However, in the laboratory, ju
venile blackfish can survive temperatures up to 37°C (11).
This finding suggests that blackfish thrive under relatively
moderate lakelike conditions but are adapted for surviving
the periods of extreme conditions that occur during times
of drought or low flow.

The feeding habits of blackfish are unusual for a North
American cyprinid; they are primarily suspension feeders
on planktonic algae and zooplankton, including rotifers,
cladocerans, copepods, insect larvae, and suspended detri
tus (8,9,14,15,16,17). Small «2 cm SL) blackfish feed
largely on zooplankton and insects by picking them from
the water column or bottom (14, 17, 18). As they grow
larger, the pumping ofsuspended material into the oral cav
itybecomes increasinglyimportant. By opening and closing
their mouths rapidly, blackfish suck in large amounts ofwa
ter containing small food items (16, 17). The food material
is carried to the roof of the mouth, where it is collected by
mucus secreted by a palatal organ; clumps of mucus and
food are then swallowed (19). The dense, broomlike gill

Figure 50. Sacramento blackfish,
13 cm SL, Putah Creek, Yolo
County.

Taxonomy Sacramento blackfish are one of the most dis
tinctive cyprinids in California, most closely related to
hitch, with which they hybridize on occasion (1,2). They
have also hybridized with tui chubs (24). There is little evi
dence of geographic variation (3).

darker, especially on the back. The combination of fine
scales and dark color gives large fish a dull, olivaceous sheen.

Names The common names usually refer to the shiny dark
coloration of adults, hence "Sacramento blackfish;' "greaser
blackfish;' or just "blackfish." In the older literature they are
sometimes referred to as "hardhead," a name now reserved
for Mylopharodon conocephalus. Orthodon means straight
teeth; microlepidotus, small scales.

and C. Staley, University of California, Davis, unpubl. rpt. 1972.
28. Greenfield and Greenfield 1972. 29. Smith 1982. 30. CDFG
1991. 31. Moyle and Yoshiyama 1994.32. Loggins 1997.33. J. J.
Smith, San Jose State University, pers. comm. 1999.34. E. Ger
stung, CDFG, pers. comm. 1998.35. G. Sato, BLM, pers. comm.,
1996. 36. Sanderson et al. 1991. 37. B. Quelvog, CDFG, pers.
comm. 1998.38. Murphy 1943. 39. J. Jones, University of Cali
fornia, Santa Cruz, pers. comm. 2001.

Distribution Sacramento blackfish are native to low
elevation reaches of the Sacramento and San Joaquin Rivers
and their major tributaries, as well as to Clear Lake (Lake
County) and the Pajaro and Salinas Rivers. They are pres
ent in the Russian River, but it is not certain if they are na
tive there (3). They are present in a few central California
reservoirs (e.g., Shasta, Hennessy, Lagoon Valley), but the
extent of their distribution in these systems is poorly docu
mented. In the San Francisco Bay region they are present in
the Delta and in Coyote, Alameda, and Walnut Creeks (4).
They have been transported by the California Aqueduct to
San Luis Reservoir (Merced County), where they are com
mon, and they can be expected in any reservoir in southern
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Identification Sacramento blackfish can be readily recog
nized by their tiny scales (90-114 in lateral line); cone
shaped head with a flat, sloping forehead; round, elongated
body; small eyes (adults); and narrow caudal peduncle. The
mouth is terminal and slightly upturned, with narrow, only
slightly protractile "lips." There are 9-11 rays in the dorsal
fin, which has its origin above or slightly anterior to that of
the pelvic fins. The anal fin has 8-9 rays, the pelvic fins 10.
The pharyngeal teeth (0,6-6,0 or 0,6-5,0) are long, straight,
and knifelilze, with a narrow grinding surface on the dorsal
side ofeach tooth. The 30-38 gill rakers are long and densely
packed, and have a broomlike fringe at their tips. The color
of small fish is silvery. Larger fish become progressively

Sacramento Blackfish,
Orthodon microlepidotus (Ayres)
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Figure 51. Sacramento splittail,
13.5 em SL (head oflarge adult, 26
em SL), Suisun Marsh, Solano
County.

SACRAMENTO SPLITTAIL

Life History Splittail are adapted for living in estuarine wa
ters with fluctuating conditions, as well as in severe condi
tions that once occurred in alkaline lakes and sloughs on the
floor of the Central Valley during droughts. They are re
markably tolerant of high salinities for a cyprinid and are
regularly found at salinities of 10-18 ppt, although lower
salinities seem preferred (12). Salinity tolerance increases
with size, and adult splittail can tolerate salinities up to 29
ppt for short periods of time (17). Temperatures at which
splittail are found are typically between 5 and 24°C, but fish
acclimated to high temperatures can survive rapid changes
and temperatures of 29-33°C for short periods (17). Split
tail of all sizes can also survive low dissolved oxygen levels
«1 mg 0 2/liter). These tolerances make them well suited to
slow-moving sections of rivers and sloughs (18, 19). In Su
isun Marsh, trawl catches are highest in summer, when
salinities are 6-10 ppt and temperatures IS-23°C (18), al
though this observatioon reflects in part the annual influx
of young-of-year fish from upstream. Young-of-year and
yearling splittail in general are most abundant in shallow
«2 m) water (12) and show considerable capacity to swim
against strong river and tidal currents (17).

Adult splittail show gradual upstream movement during
the winter and spring months to forage and spawn in
flooded areas (5, 15). During wet years, these upstream
movements can be more directed and take the fish long dis-

Delta, Suisun Bay, Suisun Marsh, the lower Napa River, the
lower Petaluma River, and other parts of the San Francisco
Estuary (12, 30). In the Delta they are most abundant in the
north and west portions when populations are low but are
more evenly distributed throughout following years of suc
cessful reproduction (5, 14). An. area with a particularly
high concentration of splittail is Suisun Marsh, Solano
County, especially during drier years (12). Occasionally,
splittail are caught in San Luis Reservoir (15), which stores
water pumped from the Delta, and a single specimen has
been reported from Silverwood Reservoir, at the southern
end of the California Aqueduct (16).

4cm

4cm

Distribution Sacramento splittail are endemic to Califor
nia, mainly to sloughs, lakes and rivers of the Central Val
ley. In the Sacramento Valley they were found in early sur
veys as far up the Sacramento River as Redding (below the
Battle Creek Fish Hatchery in Shasta County), up the
Feather River as high as Oroville, and in the American River
to Folsom (3). Today they are largely absent from the upper
parts of their distribution, although in wet years they may
migrate up the Sacramento River as far as Red Bluff Diver
sion Dam (river km 391, Tehama County), and into the
lower Feather andAmerican Rivers (4,5, 31).The Sutter and
Yolo Bypasses, along the Sacramento River, are apparently
important spawning areas today (5). In the San Joaquin
River they were once found as far south as Friant (3). Ar
chaeological evidence indicates that populations were pres
ent in the large lakes of the San Joaquin Valley floor, lakes
Tulare and Buena Vista, where they were harvested by na
tive peoples (6, 13). Recent surveys indicate that during wet
years splittail may ascend the San Joaquin River as high as
Salt Slough (river km 218) (8,9,10,31). Successful spawn
ing has been recorded in the lower Tuolumne River during
wet years in the 1980s and 1990s, with both adults and ju
veniles observed at Modesto, 11 km upstream from the

river mouth (10).
In the San Francisco Bay area Snyder (7) reported

catches of splittail from southern San Francisco Bay and at
the mouth of Coyote Creek in Santa Clara County, but they
are now very rare there (11). During most years, except
when they are spawning, splittail are largely confined to the

in North American cyprinids; macro-Iepidotus means

large-scaled.
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Names Splittail refers to the distinctive tail. Pogon-ichthys
means bearded fish, referring to the small barbels, unusual

15-17). The pharyngeal teeth, usually 2,5-5,2, are hooked
and have narrow grinding surfaces. The inner tooth rows
are very small. Live fish are silvery on the sides, but become
duller in color as they grow larger. The back is usually dusky
olive gray. Adults develop a distinct nuchal hump on the
back. During the breeding season, paired, dorsal, anal, and
caudal fins are tinged with red-orange, and males become
darker colored, developing tiny white tubercles on their
heads and on the bases of the fins (28).

in native lowland habitats. They have been spread (and are
still spreading) through introductions and aqueducts to a
number of reservoirs, and their impacts on other fishes in
these reservoirs and associated streams are not known. How
ever, in Lahontan Reservoir, Nevada, blackfish apparently re
placed native tui chub as the most abundant species. This ob
servation suggests that their further spread to other water"
sheds and reservoirs should be prevented if possible.

They are important commercial fish, sold live in Asian
fish markets in many California cities. They are prized for
their culinary qualities and so are (or have been) harvested
in large numbers from Clear Lake, San Luis Reservoir, and
Lahontan Reservoir. Because of their ability to feed on algae
and organic matter and to thrive in small ponds, they have
considerable potential for warmwater aquaculture.

Taxonomy This species was first described in 1854 by W. O.
Ayres as Leuciscus macrolepidotus, then by S. F. Baird and C.
Girard as Pogonichthys inaeqilobus. Ayres's species descrip
tion has priority as the official one, but Pogonichthys was ac
cepted in recognition ofits distinctive characteristics (1). The
splittail is considered by some taxonomists to be more closely
allied to cyprinids ofAsia than to anyNorthAmerican species
(2), but most evidence suggests it is allied with other endemic
cyprinids of western North America. The genus comprises

- two species, P. ciscoides Hopkirk andP. maerolepidotus (1).
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Sacramento Splittail,
Pogonichthys macrolepidotus (Ayres)

spawning are few and incomplete. Murphy (14) observed
spawning activity by a small school over a bed of aquatic
vegetation in 90 em ofwater. Males followed females closely,
apparently fertilizing eggs as they were extruded onto
plants. Similar behavior has been observed over rocks in wa
ter less than 18 em deep (15) and in experimental ponds,
where the fish spawned on strips ofplastic. Spawning seems
physiologically hard on blackfish. They develop spawning
checks (interruptions of growth rings) on the scales (8, 14),
indicating partial resorption to provide a last-minute sup
ply of nutrients for developing gonads. In Clear Lake few
fish manage to survive their second spawning, a fact that
may account for the summer die-offs noted there. However,
in Stone Lakes, blackfish regularly spawn 2-4 times (9).

Fertilized eggs stick to the substrate, and larvae are often
concentrated in shallow water, especially near or in beds of
aquatic plants (24). Larvae may also be found in open wa
ter (24). Juvenile blackfish are typically found in large
schools in shallow water, often near cover. They can live on
plant materials alone, but they grow fastest where animal
prey is abundant (25,26).

Status IE. The herbivorous filter-feeding habits ofblackfish,
coupled with their ability to survive in warm, turbid waters,
allow them to succeed despite changes in their environment.
Nevertheless, they are probably less abundant than formerly

Identification This large (to over 40 em SL) cyprinid is
readily recognized by the enlarged upper lobe of the tail,
tinybarbels (sometimes absent) at the corners ofthe slightly
subterminal mouth, and small head (head length divisible
into body length less than 4.5 times) on an elongate body.
The dorsal fin rays number 9-10; pectoral fin rays, 16-19;
pelvic fin rays, 8-9; anal fin rays, 7-9; lateral line scales,
57-64 (usually 60-62); and gill rakers, 14-18 (usually
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tances upstream. Year class success of splittail is positively
correlated with wet years, high Delta outflow, and flood
plain inundation (5, 12, 15), presumably because adults are
able to move upstream to suitable spawning areas and to
find flooded vegetation for spawning, which also provides
cover for larvae and young (5, 15).

Their small subterminal mouths, maxillarybarbels, large
upper tail lobes, and generalized pharyngeal teeth reflect the
adaptation of splittail for feeding on bottom invertebrates
in areas of low to moderate current. However, detrital ma
terial typically makes up a high percentage (50-60% byvol
ume) of their stomach contents. In Suisun Marsh splittail
foraged extensively on opossum shrimp (mainly Neomysis
mercedis), benthic amphipods (Corophium), and harpacta
coid copepods (19). After N. mercedis populations col
lapsed, mysid shrimp ceased being important in the diet
(32). In the Delta they feed opportunistically on clams,
crustaceans, insect larvae, and other invertebrates. When
water levels rise in February and March, splittail often move
into flooded areas to feed on earthworms (15). Rutter (3)
reported large numbers of splittail feeding on loose eggs in
areas where salmon were spawning, although overlap of
these two species is rare today. They are largely diurnal feed
ers, with most intense feeding in early morning (15). Split
tail are preyed on by striped bass and other piscivorous
fishes. The desirability ofthe species as prey for striped bass
has long been recognized by anglers, who fish for splittail in
order to use them for bait.

Splittail are relatively long lived; analysis of scales indi
cates life spans of 5-7 years (19), but analysis of hard parts
indicates that larger fish may be 8 or more years old (20).
They reach about 110 mm SL in their first year, 170 mm in
their second year, and 215 mm in their third year, growing
about 35 mm/year thereafter. Both males and females canbe
come mature by the end of their second year (19),
although occasionally males mature in their first year and
females may not mature until their third year (15). The sex
ratio among mature individuals is 1:1 (15), but the largest
and oldest fish are mostly females (20). Females are highly
fecund; the largest may produce over 100,000 eggs (19,
29). A relationship between fecundity and length is F =

0.0004(SL
mm

3.40) (29), with larger females producing more
eggs per millimeter, although this relationship may vary
amongyears.A 1974 studyfound an average ofabout 165 ova
per millimeter SL; a 1982 study, 600; a 1994 study, 151; and a
1996 study, 261 (19,29,34). The cause of this wide variation
is uncertain, but it may be related to food availability (29).

Spawning can apparently take place any time from late
February to early July (21, 28), with older fish reproducing
first (15). Generally, gonadal development is initiated by
the advent of autumn, with a concomitant decrease in so
matic growth (19). In state and federal fish rescue facilities
in the south Delta, adults are captured most frequently in
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the inc~ease in larval rearing habitat. The longer residence
time of water on floodplains during wet years also allows
large "blooms" of zooplankton to occur, providing food for
the larvae and juveniles. The decrease in the extent of flood
plains in recent decades is consequently lil<ely to be a major
contributor to a decline in splittail numgers and to increased
variability in recruitment success. Although these losses may
be partially compensated for by theYolo and Sutter Bypasses,
the bypasses are not flooded with fish in mind. Yolo Bypass,
for example, floods when water from the Sacramento River
tops a concrete wall (the Fremont Weir) and spills over the
Sacramento Weir. When the river drops, the bypass quicldy
drains. The bypasses are good habitat for splittail spawning
when they are flooded for several weeks in March and April
(35). If they flood and drain too early (e.g., December
January, as in 1996), they are not used for spawning.

Changed estuarine hydraulics. In the past 30 or so years,
hydraulic conditions in the Delta have changed dramati
cally (12), but it is not clear if there is a cause-and-effect re
lationship between these changes and splittail abundance. It
is possible that direct entrainment oflarvae and juveniles in
pumps of the South Delta may be part of the problem, al
though numbers entrained are directly related to abun
dance (5). More young are entrained during years with
strong year classes, when, arguably, there are fish to spare.
The increased movement of young-of-year into the central
Delta as the result of changed hydraulics may lead to in
creased within-Delta entrainment and place small fish in
conditions less favorable for growth and survival.

Climatic variation. Recent decades have seen some of
the most extreme environmental conditions the estuaryhas
experienced since the arrival of Euro-Americans. There
were eight years of continuous drought, broken only by
huge outflows in February 1986 and followed by excep
tionally high precipitation in 1995 and 1997-1999. The
prolonged drought had two major interacting effects: a nat
ural decrease in outflow and an increase in the proportion
of inflowing water being diverted. A natural decline in the
numbers of splittail would be expected from reduced out
flow, because of r:~duced availability of spawning and lar
val rearing habitat. However, the increase in diversions
apparently decreased survival of splittail further through
reduction in habitat, especiallyin the lower Delta and Suisun
Marsh, and increased entrainment of larvae, juveniles,
and adults. It is important to recognize that extreme floods
and droughts have occurred in the past and that splittail
have managed to persist through them. However, they did
not historically experience the added stresses of reduced
spawning and rearing habitat and increased diversion of
water, making recovery from natural disasters much more
difficult. Lil<ewise, adult splittail in the past were not con
fined just to the estuary but presumably existed as several
populations. Nevertheless, banner years for reproduction,

offlooded areas, especially the Yolo Bypass, presumably be
cause spawning occurs over flooded vegetation. Thus when
outflows are high at the right time of year (March-April),
reproductive success is high, but when outflows are low, re
productive success is very low.

Within the present limited range, splittail have been es
timated during most years to be only 35-60 percent as nu
merous as they were in 1940 (25). CDFG midwater trawl
data indicate a decline from the mid-1960s to the late 1970s

followed by a resurgence (with fluctuations) through the
mid-1980s. From the mid-1980s through 1994, splittail
numbers declined, with small increases in some years. In
1995 and 1998 Jhe population increased dramatically, and
the estuary and lower river habitats were flooded with juve
niles. The 1995 and 1998 "boom years" demonstrated how
splittail recruitment success fluctuates widely from year to
year and over long periods of time (5). Large pulses of
young fish were observed in the wet years 1982, 1983, and
1986, but recruitment was exceptionally low in 1980, 1984,
1985, and 1987-1994, which were mostly dry years (31).
Not all wet years result in large splittail year classes, how
ever. In 1996, for example, most high flows in the rivers oc
curred in December and January, before splittail were ready
to spawn. Adult numbers tend not to show such dramatic
fluctuations (5) because they are so long lived, with pre
sumably high survival rates.

The long-term decline can be attributed to a variety of
interacting factors (26), in the following approximate order
of importance: (1) reduction in valley floor habitats, (2)
modification of spawning habitat, (3) changed estuarine
hydraulics, especially reduced outflows, (4) climatic varia
tion, (5) toxic substances, (6) introduced species, and (7)
exploitation.

Reduction in valley floor habitats. The Sacramento and
San Joaquin valleys once had vast flood plains, with myr
iad sloughs and backwaters left from old river meanders, as
well as a few large lakes, such as Lake Tulare. These quiet
water habitats were presumably home to resident splittail
because they resemble present-day habitats in the Delta
and Suisun Marsh. They would have provided abundant
food as well as necessary hydraulic connections for spawn
ing. These habitats have now been almost entirely lost
through drainage and diking for agriculture. Likewise, vast
marshes of the Delta once provided extensive quiet water
habitats that are scarce today. Elimination of these habitats
eliminated the fish that lived in them, leaving the estuary to
support splittail.

Modification of spawning habitat. Splittail spawn on
terrestrial vegetation and debris on floodplains that are in
undated by spring high flows, typically at depths between 0.5
and 2 m. An increase in the amount of flooded area pre
sumably contributes to year class success in wet years both
because of the increase in spawning habitat and because of

Status IB. Sacramento splittail were listed by the USFWS as
a threatened species in February 1999 because of the his
toric reduction in range and because of the large reduction
in numbers during the severe drought of 1987-1993 (23,24,
33). Their astonishing ability to recover under favorable
conditions (5,31), such as existed in 1995 and 1998, has al
leviated fears of immediate extinction and ignited contro
versy over their actual status. However, given their history
and distribution, their long-term survival is not assured.

Splittail have disappeared as permanent residents from
portions of the Sacramento and San Joaquin Valleys be
cause dams, diversions, channelization, and agricultural
drainage have either eliminated or drastically altered much
of the lowland habitat they once occupied or else made it
inaccessible except during wet years. They are rare or sea
sonal in occurrence more than 10-20 km upstream of the
Delta, except following years ofunusuallyhigh reproductive
success. In the San Joaquin Valley they' seem to move into
the lower river only during wet years; movements into the
Sacramento and tributaries may be more frequent. As a re
sult of these changes, today most are resident in the San
Francisco Estuary, especially in the Delta and Suisun Marsh.
Their abundance is strongly tied to outflow and the extent

January through April, when they are presumably engaged
in spawning movements. The onset of spawning seems to
be associated with rising water levels, increasing water tem
perature (to 14-19°C), and increasing day length. As they
become ready to spawn, the fish move into flooded vegeta
tion. Spawning is most frequent in March and April, and
splittail appear to be fractional spawners, with individuals·
spawning over a period ofseveral months (28). However, in
some years spawning may take place within a limited pe
riod oftime; in 1995, a year of extraordinarily successful re
production, most splittail spawned over a short period in
April (22). The fertilized eggs are adhesive and stick to sub
merged vegetation and debris until hatching. In captivity
splittail will spawn on the sides and bottoms of net pens
and in tanks (34).

Embryos hatch in 3-7 days, depending on temperature
(34). Swim bladder inflation and active swimming and feed
ing begin 5-7 days later. Most larvae remain in shallow,
weedy areas near spawning sites for 10-14 days before be
ginning to move into deeper offshore habitat as swimming
ability increases (5,21). Early larval stages maylive in flooded
vegetation because small prey (rotifers and microcrus
taceans) are abundant there. Thereafter they focus on ben
thic crustaceans. A stock recruitment relationship in splittail
is weak, indicating that under favorable environmental con
ditions a small number of large females can produce many
young (5, 12). Young-of-year are caught in South Delta
pumping plants in greatest numbers in April-August, pre
sumably when moving downstream into the estuary (12).

MINNOWS, CYPRINIDAE148
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References 1. Hopkirk 1973. 2. Lindquist et al. 1943.3. Cook et
al. 1964.4. Cook et al. 1966.5. Murphy 1951. 6. Coleman 1930.
7. S. F. Cook, unpubl. data.

later than hitch (which have managed to maintain popula
tions in the lake) and seem to have reared longer in the
streams. Likewise, pikeminnows also spawned later in the
season (April) than hitch and are now largely absent from
the lake (although they persist in tributary streams).

It is possible that channelization of lower reaches of
most tributaries was a major contributer to the decline by
eliminating flooded areas needed by splittail for spawning
and larval rearing. These aspects of their life history may
have been particularly critical in dry years, when sudden
reduction in water flows either trapped spawning adults or
prevented young fish from moving into the lake (5). Other
factors contributing to extinction may have been preda
tion, competition, or diseases from introduced fishes. Al
though splittail managed to coexist with nonnative fishes
for about 100 years, negative interactions may have acted
synergistically with poor spawning success. It may be sig
nificant that splittail were still fairly easy to collect in Clear
Lake in the early 1960s (1) and that their disappearance
followed the explosive establishment of inland silversides
in 1967. Silversides completely dominate the littoral zone
ofthe lake, once the main habitat of juvenile splittail. Iron
ically' the huge schools of minnows once present in the
shallow waters of the lak~ were referred to by early resi
dents as "silversides" (6).

(frenum) connects the premaxillarybone (upper "lip") to the
head. Theyhave 8 dorsal fin rays, 8-9 anal fin rays, and 69-81
scales along the lateral line. The pharyngeal teeth (2,5-4,2)
are large and molariform in adults, slender and hooldike in
young fish. Young fish are silvery, gradually turning brown to
duskybronze on the back as they mature. Breeding males de
velop small white tubercles that cover the snout and extend
in a narrow band along the side to the base of the caudal fin.

Figure 52. Clear Lake splittail, 21
cm SL, Clear Lake, Lake County, 31
March 1970.

Identification Hardhead are large cyprinids, occasionally ex
ceeding 60 cm SL, that resemble Sacramento pikeminnow,
except that the head is not as pointed, the body is slightly
deeper and heavier, the maxillary bone does not reach past
the front margin of the eye, and a small bridge of skin

Hardhead, Mylopharodon conocephalus
(Baird and Girard)

ing. A single specimen is known from Cache Creek, the out
let of Clear Lake (1).

Status IA. The species is globally extinct. Following a ma
jor, precipitous decline in the early 1940s (4), Clear Lake
splittail managed to hang on until the mid-1970s. The most
likely cause of their decline was diversion of streams during
spawning and rearing seasons. Splittail apparently spawned

Life History Not much is known about Clear Lake splittail
because there was little interest in them until after they be
came extinct. Their most distinctive features are adaptations
for lake living. They once apparently schooled in large num
bers over most of the lake, concentrating in littoral areas.
Summer die-off oflarge splittail and other Clear Lake min
nows seems to have been an annual event, although its exact
cause is not known. Clear Lake splittail were more pelagic in
feeding habitats than Sacramento splittail. They were ob
served eating ovipositing gnats and gnat egg rafts on the sur
face, as well as bottom-living gnat larvae and emerging pu
pae (2,3). Of the diet of 22 splittail examined by Cook (7),
76 percent was zooplankton; the rest was insects or detritus.

Clear Lake splittail spawned in inlet streams in April and
May, frequently migrating several kilometers upstream to
suitable gravel riffles or areas with flooded vegetation. It is
not known howlong newlyhatched splittail remained in the
streams before returning to the lake, but it was probably at
least three weeks. Once in the lake they apparently spent the
first few months in the littoral zone.

Taxonomy This species was not described until 1973 de
spite its distinctive morphology and ecology (1). It is the
only other member of the genus Pogonichthys.

Exploitation. A specialized fishery for splittail, prized as
food by Asian Americans, has existed for a long time, as has
the capture of splittail for bait by sport anglers. There is no
evidence that this exploitation has contributed to a decline in
the numbers of splittail. However, the food fishery concen
trates on fish moving up into spawning areas, and large num
bers are caught in some years; it should therefore be moni
tored and tightly regulated. A fishery that caught many large
female splittail during a time when populations were already
low could significantly affect the resilience of the species.

In short, splittail have tremendous ability to recover
from events that cause major reductions in numbers. At the
same time, their population has been stressed in an un
precedented manner by human activity. Therefore, their
long-term persistence as a viable member of the fish fauna
of California will depend on active management of the es
tuarine habitats, floodplains, and inflowing waters in ways
that favor their reproduction and survival.

Names Ciscoides means ciscolike, referring to its superficial
resemblance to ciscoes (family Salmonidae) of the Great
Lakes and elsewhere (1). Other names are as for Sacramento
splittail.

Distribution Clear Lake splittail were endemic to Clear
Lake, Lake County, and its tributary streams when spawn-

References 1. Hopkirk 1973. 2. Howes 1984.3. Rutter 1908.4.
Baxter et al. 1996.5. Sommer et al. 1997. 6. Gobalet and Fenenga
1993.7. Snyder 1905. 8. Saiki 1984. 9. Brown and Moyle 1993. 10.

T. Ford, Turlock Irrigation District, pers. comm. 1998. 11. Leidy
1984. 12. Meng and Moyle 1995. 13. Hartzell 1992. 14. Turner
1966a. 15. Caywood 1974. 16. Swift et al. 1993. 17. Young and
Cech 1996. 18. Moyle et al. 1982. 19. Daniels and Moyle 1983.20.
1. Grimaldo, pers. comm. 1998.21. Wang 1986. 22. Wang 1996.
23. Moyle et al. 1995.24. USFWS 1996.25. CDFG 1992b. 26. Ben
nett and Moyle 1996.27. Nichols et al. 1990.28. Wang 1995.29.
Feyrer and Baxter 1998. 30. Meng et al. 1994. 31. Baxter 1999,
2000.32. Feyrer 1999.33. USFWS 1999.34. Bailey et al. 2000. 35.
Sommer et al. 2001a.

scales (60-69, usually 62-65); smaller fins; terminal mouth
with absent or poorly developed barbels; small nuchal
hump in adults; tail fin more or less symmetrical; and well
developed nuptial tubercles on the head and sides ofbreed
ing males (1).
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Clear Lake Splittail, Pogonichthys ciscoides Hopkirk

Identification Similar in most respects to the Sacramento
splittail, Clear Lake splittail differ in the following ways:
more gill rakers (18-23, usually 21-23); more lateral line

such as the ones experienced in 1995 and 1998, can sustain
the population through many subsequent years of less fa
vorable conditions.

Toxic substances. The effects of pesticides and other
toxic substances on splittail are not known,'but there is con
siderable potential for negative interactions, especially
when larvae are found in the Delta (26). This subject re
quires further investigation.

Introduced species. Introduced species are a perpetual
problem in the San Francisco Estuary, and the problem
worsens as new species are introduced through the dump
ing of ballast water from ships. The most recent problem
introductions have been of several species of planktonic
copepods and the overbite clam, Potamocorbula amurensis.
The copepods seem to be replacing Eurytemora affinis, a
copepod that has been the favored food of juvenile fish and
of opossum shrimp. Opossum shrimp are in turn the fa
vored prey of splittail. The native opossum shrimp has itself
been replaced in much of the estuary by several slightly
smaller similar species, Acanthomysis spp. The overbite
clam, which invaded in 1986, may have an indirect effect on
splittail because it has become extremely abundant in Su
isun Bay, from which it is filtering out planktonic algae and
small invertebrates, which constitute the base of the food
web leading to mysid shrimp and splittail (27). Mysid
shrimp, formerly the most important invertebrate in split
tail diets, have become scarce in their diets, reflecting both
changes in the species and reduced abundance overall (32).
One possible consequence is reduced fecundity (29). If
either white bass or northern pike become established in the
estuary, which seems likely, their voracious predation will
pose an additional threat.

I011007            .



153HARD HEAD

Pine Creek (Tehama County) resident hardhead aggregate
during spawning season in nearby pools; spawning hard
head from the Sacramento River move into downstream
reaches that dry in summer (23).

Spawning behavior has not been documented, but large
aggregations of fish found during the spawning season sug
gest that it is similar to that of hitch or pikeminnow, with
fertilized eggs deposited on beds of gravel in riffles, runs, or
the heads ofpools. Females, depending on size, can produce
7,000-24,000 eggs per year (23, 2S). Grant and Maslin (23)
noted that there were small undeveloped eggs in each ovary
along with mature eggs, indicating that eggs may take 2
years to mature.

The early life history of hardhead is poorly known (26).
After hatching, the larval and postlarval fish presumably re
main along stream edges in dense cover of flooded vegeta
tion or fallen tree branches. As they grow they move into
deeper habitats, where those spawned in intermittent
streams are swept down into main rivers, perhaps concen
trating in low-velocity areas near the mouth. In Deer Creek
(Tehama County) I have observed large aggregations of
small juveniles (2-5 em SL) in shallow backwaters. In the
Kern River small juveniles concentrate along edges among
large cobbles and boulders (41). Hardhead measuring 5-2
em SL select habitats similar to those of adult fish. In Deer
Creek this means pools or runs that are 40-140 em deep,
with water column velocities of 0-30 em/sec (1S). Such
pools invariably contain Sacramento pil<:eminnows and
Sacramento suckers.

Status ID, but IC in the San Joaquin drainage. Historically
hardhead have been regarded as widespread and abundant
in central California (2, 14,29,30,31,32,33,34). They are
still widely distributed in foothill streams, but their popu
lations are increasingly isolated from one another, making
them vulnerable to localized extinctions. As a consequence
they are much less abundant than they once were, especially
in the southern half of their range. Reeves (14) summarized
historical records and noted that they were found in most
streams in the San Joaquin drainage; but in the early 1970s
I found them in only 9 percent of sites sampled (S). Re
sampling many of the same sites about 15 years later indi
cated that a number of the populations had disappeared
(10). Theyhave a discontinuous distribution in the Pit River
drainage, being present mainly in canyon sections of the
main river and in hydroelectric reservoirs (13,36). They are
apparently still fairly common in the mainstem Sacramento
River, in the lower reaches of the American and Feather
Rivers, in some smaller tributary streams (e.g., Deer, Pine,
Clear Creeks), and in some river reaches above foothill
reservoirs. They have become extremely rare in the Napa
River (11) and are uncommon in the Russian River.

Hardhead were abundant enough in Central Valley

are less abundant in the more lacustrine habitat down
stream, where introduced centrarchid basses are abundant
(22). They are largely absent today from most warmwater
reservoirs with high annual fluctuations in volume, al
though they can survive in such reservoirs in the absence of
large populations of introduced predatory fishes.

In streams hardhead smaller than 150 em SL often cruise
about pools or slowruns during the day in small groups, ris
ing to take insects from the surface, holding in areas of
swifter current to eat insects and algae in the water column,
or dropping to the bottom to browse (40). They are seden
tary in streams, rarely moving more than a kilometer from
home pools (23). Most movements away from home pools
are presumably related to reproduction (23). Including
such movements, the average home range ofadult hardhead
in a small foothill steam was estimated to be about S50 m
(23). In Britton Reservoir large hardhead concentrate on
warm summer days in surface waters «1 m) and can often
be seen remaining motionless close to the surface (19). This
behavior makes them an important prey for bald eagles that
nest in the area (20). In contrast, in streams adults will ag
gregate during the day in the deepest parts ofpools or cruise
about slowly well below the surface (40). They are most ac
tive in the early morning and evening when feeding.

Hardhead are omnivores that forage for benthic inverte
brates and aquatic plant material on the bottom but also eat
drifting insects and algae (40). In reservoirs they feed on
zooplankton (24). Smaller fish «20 em SL) consume pri
marily mayfly larvae, caddisfly larvae, and small snails (14),
whereas larger fish feed more on aquatic plants (especially
filamentous algae), crayfish, and other large invertebrates.
The ontogenetic changes in tooth structure are consistent
with this dietary switch; juveniles have hooked teeth, char
acteristic of insectivores, whereas adults have large molari
form teeth, needed for grinding hard prey and plants (14).

Hardhead typically reach 6-S em SL by the end of their
first growing season, 10-12 em in their second, and 16-17
em in their third (14,22,25, 2S). In the American River they
can reach 30 em SL in 4 years (14); in the Pit and Feather
Rivers, it takes 5-6 years to reach that length (22, 25). In
small streams resident hardhead rarely exceed 2S em SL
(2S). Feather River fish measuring 44-46 em SL were aged
(using scales) at 9-10 years, but older and larger (to at least
60 em SL) fish no doubt exist. If the older records are accu
rate, hardhead are capable of reaching up to 1 m TL (29).

Hardhead mature in their third year and spawn mainly
in April and May (14, 23). Juvenile recruitment patterns
suggest that spawning may extend into August in some
foothill streams (26). Fish from larger rivers or reservoirs
may migrate 30-75 km or more upstream in April and May,
usually into tributary streams (24, 27). In small streams
hardhead may move only a short distance from their home
pools for spawning, either upstream or downstream (23). In

Figure 53. Hardhead, 33 em 5L,
Deer Creek, Tehama County.

Ufe History Hardhead are typically found in undisturbed
areas of larger low- to midelevation streams (S, 13), al
though they are also found in the mainstem Sacramento
River at low elevations and in its tributaries to about 1,500
m (14). Most streams in which they occur have summer
temperatures in excess of 20°C, and optimal temperatures
for hardhead (as determined by laboratory choice experi
ments) appear to be 24-2SoC (15). In a natural thermal
plume in the Pit River, hardhead generally selected temper
atures of 17-21°C, which were the warmest available (16).
At higher temperatures hardhead are relatively intolerant of
low oxygen levels, a factor that may limit their distribution
to well-oxygenated streams and to surface water of reser
voirs (17). They prefer clear, deep (>SO em) pools and runs
with sand-gravel-boulder substrates and slow velocities
(20-40 em/sec) (S, 12, 15, IS, 40). In streams adults often
remain in the lower half of the water column (15, IS), al
though in reservoirs they can occasionallybe seen hovering
close to the surface (19, 20). Hardhead are always found in
association with Sacramento pil<:eminnow and usuallywith
Sacramento sucker. They tend to be absent from streams
where introduced species, especially centrarchids, predom
inate (S, 13) and from streams that have been severely al
tered by human activity (21), although they can persist be
low dams under certain conditions. Their relatively poor
swimming ability at low temperatures may keep them from
moving up streams with natural or human-made velocity
barriers that permit the passage of salmonids (39).

Hardhead are abundant in a few midelevation reservoirs
used largely for hydroelectric power generation, such as
Redinger and Kerkhoff Reservoirs on the San Joaquin River
(Fresno County) and Britton Reservoir on the Pit River
(Shasta County). They are most abundant in the upstream
halfofBritton Reservoir, where habitat is more riverine, and

streams and absent from valley reaches of the San Joaquin
River (S, 9, 10). In the Sacramento drainage, the hardhead
is present in most larger tributary streams as well as in the
Sacramento River. It is absent from San Francisco Bay
streams except the Napa River.

4cm
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Distribution Hardhead are widely distributed in low- to
midelevation streams in the main Sacramento-San Joaquin
drainage. They are also present in the Russian River (11).
Their range extends from the Kern River, Kern County, in
the south to the Pit River (south of the Goose Lake
drainage), Modoc County, in the north (12, 13). In the San
Joaquin drainage, the species is scattered in tributary

Names The origin ofthe name hardhead is obscure, partic
ularly because it was applied to Sacramento blackfish,
Sacramento pikeminnow, and other large minnows in the
early literature. Mylo-pharo-don means mill-throat-teeth,
referring to the molariform pharyngeal teeth; conocephalus
means cone-shaped head, which is mildly descriptive.

Taxonomy Mylopharodon conocephalus was first described
as Gila conocephala Baird and Girard (1) from a single spec
imen from the "Rio San Joaquin:' In IS55 Ayres (2) re
described the species as Mylopharodon robustus. Girard (3)
then reclassified G. conocephala as Mylopharodon cono
cephalus and placed M. robustus as a closely allied second
species. Jordan (4) united both forms as Mylopharodon
conocephalus (5). There appears to be little morphological
variation among hardhead populations (6). Although it is
related to the four species ofpikeminnow (Ptychocheilus) , it
is different enough to be retained in a separate genus (7, S).
Fossil evidence indicates that the genus has existed since at
least the Miocene period (7, 3S).
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Sacramento Pikeminnow,
Ptychocheilus grandis (Ayres)
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4cm

Life History Sacramento pikeminnows are widespread in
clear rivers and creeks of central California and present in
small numbers in the Sacramento-San Joaquin Delta. They
are largely absent from habitats that are highly turbid or
polluted and tend to be found in low numbers (mainly as
large adults) in lakes and reservoirs that contain centrarchid
basses. They are most characteristic oflow- to midelevation
streams with deep pools, slow runs, undercut banks, and
overhanging vegetation. Although they are fairly secretive,
in large pools adults can be observed cruising about during
the day. They are most abundant in lightly disturbed, tree
lined reaches that also contain other native fishes, especially
Sacramento sucker and hardhead (6). The smaller the
stream, the more lilcely pikeminnows are to be found only
in pools. Typically during low-flow periods during the day,
pilceminnow greater than 12 cm SL are found in water
deeper than 1 m with mean water column velocity of less
than 40 cm/sec, while smaller fish concentrate in shallower
areas with lower velocities, presumably in part to avoid pre
dation by larger individuals (8,9, 10, ll).

They generally live in waters with summer temperatures
of 18-28°C (7, 12, 13). Within this range pikeminnows of
ten seek warmer temperatures if other aspects of the habi
tat are appropriate (12, 13). The maximum (acute) pre
ferred temperature is around 26°C; temperatures above
38°C are invariably lethal (9). Temperatures lower than
38°C may also be lethal if the fish were previously living in
cooler water. Metabolic rates of pikeminnows increase with
temperature (14), although sustained swimming speeds
cannot exceed 2-2.5 body lengths per second (15). While
basically freshwater fish, Sacramento pilceminnows have
been found in Suisun Marsh in salinities as high as 8 ppt, al
though they are rarely found at salinities higher than 5 ppt.

Juvenile pikeminnows are typically found in small
schools, often mixed with other native cyprinids. The depth
a school selects is related to the size of the fish, because of
the dual threats ofheron predation in shallowwater and fish
predation in deeper water, although large pikeminnows
rarely pursue small fish during the day. Thus the smallest
fish «30 mm) are typically found in the shallowest water at
stream edges. Larger fish may also school with other fishes;

Figure 54. Sacramento pike
minnow, 15 em SL, Eel River,
Mendocino County.

Names Pikeminnow, adopted in 1998 by the American
Fisheries Society, is a replacement for the widely used name
"squawfish." Squawfish is a derogatory name conferred by
early settlers because pikeminnowwas a common food fish
of Native Americans and therefore regarded as inferior. Be
cause the name insults Native Americans (and indirectly a
fine fish), its replacement by pilceminnow as the official
common name is highly appropriate. Many other names
have also been applied to the species: Sacramento pike,
chub, whitefish, hardhead, chappaul, bigmouth, boxhead,
and yellowbelly. Ptychocheilus means folded lip, "the skin of
the mouth behind the jaws being folded" (3, p. 224); gran
dis means large.

minnows but is distinct enough to be placed in its own
genus (Mylopharodon) (2).

Distribution Sacramento pikeminnows are found in creeks
and rivers throughout the main Sacramento-San Joaquin
River system, Pajaro and Salinas Rivers, Russian River, Clear
Lake basin, and upper Pit River. Sometime before 1975 they
became established in Chorro and Los Osos Creeks (San
Luis Obispo County), tributaries to Morro Bay (4), pre
sumably via an aqueduct connecting these streams with the
upper Salinas River. They have also been transferred via the
California Aqueduct into reservoirs in southern California
(4). In about 1979 they were introduced into Pillsbury
Reservoir in the Eel River and have since spread throughout
the drainage (5, 7).

tail. Fins ofbreeding adults are tinged with reddish orange.
Spawning males develop tiny breeding tubercles on the
head and a row of tubercles on the side that can extend to

the base of the tail.

Taxonomy Despite its wide distribution in California,
no distinctive regional forms of Sacramento pikeminnow
have been noted, presumably because it is a highly mobile
species favoring large streams. The Sacramento pike
minnow is one of four species of Ptychocheilus. Others are
P. lucius in the Colorado River, P. umquae from rivers in
west-central Oregon, and P. oregonensis in the Columbia
River basin (1, 2). Within this group Sacramento pike
minnow appears to be most closely related to Colorado
pikeminnow. The hardhead is closely related to pike-
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pose small hardhead to predation) can result in increased
populations of centrarchid basses and decreased hardhead

populations.
Although hardhead are still fairly common, their general

long-term decline matches declines shown by other Cali
fornia native fishes. It would be prudent to stabilize hard
head populations while they are still at moderate levels.
The best way to protect them would be to establish a number
of Aquatic Diversity Management Areas in midelevation
canyon areas in which normal flow regimes and high water
quality would be maintained. Because hardhead are good
indicators of relatively undisturbed conditions, a system of
such managed waters would protect not only the species but
also the entire biotic community ofwhich it is a part. In the
meantime, stream populations should be monitored to
make sure that the species is holding its own. Particular at
tention should be paid to Napa and Russian River popula
tions and to those in the San Joaquin drainage, which have
the potential for extirpation in the near future.
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Identification Sacramento pikeminnows are large (poten
tiallyover 1m TL) cyprinids with elongate bodies; flattened,
tapered (pikelike) heads; and deeplyforked tails. The mouth
is large, the maxilla extending behind the front margin of
the eye, and is without teeth. The pharyngeal teeth (2,5-4,2)
are long and knifelike. There are 8 rays in the anal fin, 8 rays
in the dorsal fin, 15-18 pectoral rays, 9 pelvic fin rays, 65-78
scales along the lateral line, 38-44 predorsal scales on the
back ofthe head, and 12-15 scale rows above the lateral line.
Large fish are generally a dark, brownish olive on the back
and gold-yellow on the belly. Small fish tend to be silvery on
the sides and belly and have a dark spot at the base of the

reservoirs in the past to be regarded as a problem species,
under the assumption they competed with trout and other
game fishes for food. However, most reservoir populations
proved to be temporary and were most likely the result of
colonization by juvenile hardhead before introduced pred
ators became abundant. Populations in Shasta Reservoir,
Shasta County, declined dramaticallywithin 2 years (14), al
though hardhead are still present there in small numbers
(35). Similar crashes of large reservoir populations have
been reported from Pardee Reservoir on the Mokelumne
River, Amador/Calaveras County; Millerton Reservoir on
the San Joaquin River, Fresno County; Berryessa Reservoir,
Napa County; Don Pedro Reservoir, Tuolumne County;
and Folsom Reservoir, El Dorado County (14).

The cause ofhardhead declines appears to be habitat loss
and predation by nonnative fishes. Hardhead require large
to medium-size, cool- to warmwater streams with deep
pools for their long-term survival. Such streams are in
creasingly dammed and diverted, eliminating habitat, iso
lating upstream areas, and creating temperature and flow
regimes unsuitable for hardhead. Consequently popula
tions are gradually declining or disappearing throughout
the range of the species. A particular problem seems to be
predation by smallmouth bass and other centrarchidbasses.
Hardhead disappeared from the upper Kings River when
the reach was invaded by smallmouth bass (10). In the
South Yuba River hardhead are common only above a nat
ural barrier for smallmouth bass; only large adult hardhead
are found below the barrier (37). The few reservoirs in
which they are abundant today are those in which water
level fluctuations (such as those for power-generating
flows) prevent bass from reproducing in large numbers.
However, either stabilization of water levels or increasing
the amount of the drawdown in these reservoirs (which ex-
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I have observed mixed schools ofpikeminnow and rainbow
trout, all about 20-25 em long, swimming about in tight
formation in the Eel River. Schools of 15- to 25-cm pike
minnows in the Eel can contain several hundred individu
als. Large pikeminnows typically cruise about in pools
during the day in loose groups of 5-10 fish, although very
large individuals may be solitary (11,16). Often by midday,
they become relatively inactive and return to cover (11, 17),
although there are generally some still cruising about, feed
ing on surface insects or benthos (17). The largest fish
emerge from cover and begin foraging as darkness falls, en
tering runs and shallow riffles to forage on small fish (40).
Individual fish can move over 500 m during the night be
fore returning to their "home"pools (40). Juveniles, in con
trast, will forage actively during the day. The behavior of
pilceminnows during colder months is not known, but they
apparently seek deep cover (e.g., under submerged trees)
that can serve as velocity refuges during high flows (16).
Harvey and Nakamoto (40) found that individuals would
move downstream 2-23 km to find suitable overwintering
habitat but then would move back to their original pools, or
to pools nearby, for the summer.

Pikeminnows are capable both of living a sedentary life
style and ofmigrating long distances. In small streams adult
pikeminnows may rarely leave a single pool or complex of
pools (16, 17). Taft and Murphy (18) observed a tagged
pikeminnow in the same pool for 3 years. However, in the
Sacramento River pikeminnows move upstream past Red
Bluff Diversion Dam during all months of the year; peak
numbers (up to 10,000 per month) were typically observed
in March, April, and May, when the fish were migrating to
spawn (19). Some were tagged in the Delta, indicating an
ability to migrate at least 400 km (20,39). In the Eel River,
although most adult fish are sedentary, individuals can
move long distances; one radio-tagged pilceminnow was
followed for 92 km, moving upstream (40). Most move
ment takes place at night.

As their pikelike appearance and sharp pharyngeal teeth
suggest, pikeminnows are predators on large prey. Before
the introduction of other predatory fishes such as large
mouth bass, large pikeminnows were undoubtedly at the
top of the aquatic food chain throughout the Central Val
ley. They are opportunists, taking prey on the bottom, at the
surface, or in between, depending on type, abundance, and
time of day. The size and kind of prey depend on the size of
the fish. Pikeminnows under 10 em SL feed predominantly
on aquatic insects, switching to fish and crayfish between 10
and 20 em (5, 17, 18, 19,20). In the regulated lower Ameri
can River, juvenile pikeminnows feed on small aquatic in
sects, especially corixids (water boatmen) and chironomid
midge larvae; they also feed on larval suckers when they are
abundant (38). Fish larger than 20 em SL feed almost ex-
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small fish become more active swimmers, they enter deeper
water, especially in runs and along riffles in cover. Juvenile
pikeminnows can disperse widely in their first year of life,
colonizing stream reaches that have been dried up by
drought (27) or made available to them through introduc
tion (5). Young-of-year typically disperse downstream,
whereas yearlings are more likely to move upstream (41).

Status IE. Sacramento pilceminnows are still common in
central California andhave expandedtheir range into the Eel
River basin and creeks flowing into Morro Bay. Although
they have become much less abundant in lowland habitats
where they were once dominant predators, they have main
tained large populations in the Sacramento River, foothill
streams, and many regulated streams. When large reservoirs
were created by damming Central Valley tributaries,
pikeminnows and hardhead colonized the new reservoirs in
high enough numbers to be considered a major manage
ment problem (34). However, after 10-15 years, the "rough
fish problem" quietly went away on its own, presumably be
cause of predation by centrarchid basses on naIve juveniles.
Nevertheless, small populations of pikeminnows are still
present in many reservoirs dominated by nonnative fishes,
such as Pine Flat Reservoir (Fresno County), Anderson
Reservoir (Santa Clara County), or Shasta Reservoir (Shasta
County). They seem to persist by spawning in tributary
streams, where juveniles remain during the vulnerable first
1-2 years of life. Pikeminnows still maintain large popula
tions in hydropower reservoirs, which behave like giant
riverine pools and are not drawn down annually (35).

As indicated previously, the ability of Sacramento
pikeminnows to be significant predators on juvenile salmon
is limited to unusual locations, such as those below Red
Bluff DiversionDam or in the Eel River (5,22,39). The de
gree of predation at Red Bluff Diversion Dam was greatly
overestimated (20), resulting in a number of efforts to con
trol pikeminnows. All-including annual "fish-outs" by
anglers-failed. At one point an electrocution device, acti
vated by a person viewing through a television camera, was
installed in the fish ladder passing over the dam. The idea
was to electrocute pikeminnows passing over the dam in
order to reduce their population. The device worked for
a short while, killing a number of pikeminnows, but then
the pulse of migrants abruptly stopped. Apparently, the
shocked fish had released fear substance, characteristic of
cyprinids, which served to deter fish below the dam from
proceeding. The migration was halted for several days, com
pounding whatever predation problem may have existed,
because large fish then accumulated below the dam. The
electrocution device was subsequently abandoned (36). The
"problem" at Red Bluff Diversion Dam largely disappeared
when gates were left open to allow safe salmon passage

aged at up to 12 years old by this method (28). Using oper
cular bones, pikeminnows measuring 66 em SL from the
Russian River have been aged at 16 years, suggesting that
even older fish may not be unusual (29). Most populations
of pikeminnows from rivers and reservoirs show fairly con
sistent growth rates for their first 5 years or so oflife, reach
ing 50-85 mm SL at the end of their first year, 100-150 mm
at the end of their second year, 170-250 mm at the end of
their third year, 240-270 mm at the end oftheir fourth year,
and 260-350 mm at the end of their fifth year (5,16,17,28,
30,39). Growth rates tend to be slowest in small streams and
fastest in large, warm rivers. The highest growth rates on
record are for the lower Sacramento River: 1.2-1.5 times
higher than growth rates elsewhere after the first year (17,
39). There appear to be no differences in growth rates be
tween the sexes. The largest Sacramento pikeminnow
known, measuring 115 em SL and weighing 14.5 kg, was
caught in Avocado Lake, Fresno County, in an abandoned
gravel pit just off the Kings River.

Sacramento pikeminnows typically become sexually
mature at the end of their third or fourth year at 22-25 em
SL; males mature a year earlier than females. They may
spawn annually thereafter, but they will not spawn in years
when conditions are unfavorable (16,28). Ripe fish move
upstream during April and May (16,18,28), although lar
vae have been collected into July (31). Males usually arrive
in the spawning area (gravel riffles or shallow flowing areas
at the base of pools) first, when water temperatures rise to
15-20D C. Fish from large rivers or reservoirs usually move
into small tributaries to spawn, whereas fish resident in
small to medium-size streams typically just move into the
nearest riffle (16, 18,28).

The spawning behavior of pikeminnow has not been
recorded in detail, presumablybecause they spawn largely at
night (28). However, it is undoubtedly similar to that of
other native cyprinids as well as northern pikeminnow (32).
Males congregate in favorable spawning areas and wait for
females (28). Any female swimming past a swarm of males
is immediatelypursuedby one to sixmales. Spawning occurs
when a female dips close to the bottom and releases a small
number of eggs, which are simultaneously fertilized by one
or more males swimming close behind her (32). Fertilized
eggs sink to the bottom and adhere to rocks and gravel (31).

Fecundity is high (15,000-40,000 eggs per female, for
fish measuring 31-65 em SL) and related to size, although
there is considerable variation in the estimates (16,28,33).
In northern pikeminnow, the eggs hatch in 4-7 days at 18DC,

and fry begin shoaling in another 7 days (33). These events
are probably similar for Sacramento pikeminnow because,
soon after spawning occurs, shoals of larvae or postlarvae
can be observed in shallow pool edges or backwaters, often
in association with larvae of other native fishes (31). As the

clusively on fish and crayfish, but large stoneflies, frogs, and
small rodents have been found in their diets. In small
streams the switch to fish may occur at a smaller size if po
tential prey (including smaller pikeminnows) are abundant
(17). In the Eel River in the late 1980s, large pikeminnows
fed on novel prey (lamprey ammocoetes, frogs), presum
ably because they were recent invaders to the system and
were finding naIve prey (5). In order to avoid predation by
large pikeminnows, California roach, Sacramento suckers,
and rainbow trout seek out shallower or faster water than
theywould in the absence ofpikeminnows (7,21). However,
large pikeminnows move into these habitats to forage at
night. Curiously, threespine sticklebacks seem to have a
hard time changing behavior in the presence of pike
minnows and are likely to co-occur with them only if the
stream contains large amounts of dense cover (7, 27).

Pikeminnows in the Eel River forage on outmigrating
juvenile salmon in spring, predation also characteristic of
large pikeminnows holding below Red Bluff Diversion Dam
on the Sacramento River (20). Although pikeminnows may
consume large numbers of juvenile salmon, they are likely to
have significant impact on salmon populations only where
humans have created situations in which the natural ability
ofsalmon to avoid predation is reduced, such as below dams
(22) or in locations where pikeminnows are introduced,
such as the Eel River (5). At Red Bluff heavy predation on
salmon occurs mainly when the dam gates are closed,
aggregating pikeminnows and disorienting small salmon in
turbulent flows (39). In the Columbia River northern
pilceminnow predation below dams is regarded as a major
factor contributing to salmon declines, and considerable ef
fort is spent on pikeminnow control, although dams and not
pikeminnows per se are the ultimate cause of the problems
(23,24). Under natural conditions pikeminnows feed largely
on nonsalmonid fishes such as sculpins (25, 39). The fact
that large pikeminnows have low metabolic and digestive
rates and that they feed infrequently, especially at low tem
peratures, also reduces their ability to affect salmonid popu
lations during migrations (26).

Peak feeding usually occurs in early morning (small
pilceminnows) or at night (large pikeminnows) (11,17,19).
Nighttime predation rates at Red BluffDiversion Dam were
apparently enhanced when lights on the dam made prey
more visible (20).

Pikeminnows are long lived and slow growing, well
adapted to persist through periods of extended drought
when reproductive success is low. Growth is usually contin
uous during the warmer months of the year (17), although
it may temporarily cease during periods of drought or in
streams that become intermittent (18). For the most part,
determining the age of pikeminnows by reading scales is
unreliable for older fish, although specimens have been

MINNOWS, CYPRINIDAE156

I011010            .



159COLORADO PIKEMINNOW

ious species of suckers and chubs (Gila) that lived with
them. Today they also consume abundant alien fishes (16)
and occasionally get catfish, spines erected, lodged in their
throats-with fatal consequences for both predator and
prey. Feeding is sporadic. Vanicek and Kramer (4) found
that 39 percent of the foreguts of large pikeminnows they
examined were empty.

The Colorado pikeminnow is the largest cyprinid in
North America, but the maximum size is open to debate. It
is usually given as 1.S m TL and 45 kg (2, 3, 9), which sounds
considerably more precise than the "measurements" of 6 ft
and 100 lb in earlier accounts (S). Accounts of pikeminnow
over 1.1 m TL are old and anecdotal, although fish esti
mated as large as 1.5 m TL are known from an archaeolog
ical site (3). The largest fish caught in recent years of inten
sive sampling measured 96 cm TL (about 10 kg) (10). Adults
typically measure 55-65 cm TL.

Colorado pikeminnows take a long time to reach large
sizes. Individuals in the population studied by Vanicek and
Kramer (4) averaged 44 mm TL at the end of the first year,
95 mm at the end of the second, 162 mm at the end of the
third, 23S mm at the end of the fourth, 320 mm at the end
of the fifth, and 391 mm at the end of the sixth, after which
the fish mature. Using scales, a pikeminnow measuring 61
cm TLwas determined to be 11 years old (4), a result that
fits with the ages of fish of similar size raised in captivity.
Using otoliths, pikeminnows have been aged up to 30 years.
The largest and oldest fish are presumably females.

Colorado pikeminnows mature at 43-50 cm TL. They
can make long migrations (over 200 km) to spawn in the
same areas year after year. Migration in the upper Colorado
begins in early summer, presumably in response to falling
water levels, and spawning takes place in late June to early
August after temperatures exceed lSoC, usually 20-22°C.
Preferred spawning grounds are swift rapids in deep
canyons, perhaps because potential egg predators are fewer
there (2). Spawning success is highest in years when there
are high spring flows, resulting in strong year classes that
may dominate a population for years (15).

Spawning fish rest in pools or side eddies and then move
abruptly into fast water to release eggs and sperm, with
many males surrounding each female. Fertilized eggs
adhere to rocks and gravel and hatch in 3-6 days. Larvae
drift quickly and wind up in suitable rearing habitats
100-250 km downstream. After spawning, adults often fol
low the young downstream, returning to their original
home ranges.

Young pikeminnows inhabit shallow edge habitats and
small bac~waters left behind by receding waters of summer,
where they grow rapidly in response to abundant food and
warm temperatures. Unfortunately, these same habitats are
favored by alien fishes such as red shiner, which prey on the
larvae (11).

Life History The Colorado pikeminnow is a big-river
species. Large adults are (or were) found in turbid, silt
laden waters of the Colorado River and in large pools of its
tributaries (3). Construction of a series oflarge impound
ments destroyed much ofthis habitat and put the Colorado
pikeminnow in danger of extinction. These events led to
the fish being intensively studied-an expensive proposi
tion considering how few are left. The results of these stud
ies are summarized by Tyus (2) and Minckley (3), and these
are the principal sources of information used in this ac
count.

Adult Colorado pikeminnows move about actively in
fairly large reaches of river (at least 5 km for a home range)
but tend to spend much of their time near shore or in back
waters, where currents are slower and prey are abundant.
Smaller «40 cm SL) fish also frequent quiet waters at the
river's edge or shallow pools with sand or silt bottoms (4),
with the smallest most likely found in quiet backwaters.
However, juveniles will move in and out of backwaters to
other shallow-water habitats in response to rising and
falling temperatures; they seem to prefer backwaters when
they are warmer than the river itself (5). When food or habi
tat quality is poor, juveniles will move considerable dis
tances (10 km or more) upstream to new areas (16). While
Colorado pikeminnows naturally encounter seasonal tem
perature ranges of perhaps 4-30°C, optimal temperatures
for swimming are 20-26°C, and those for growth are
around 25°C (6). Colorado pil,eminnows have moderately
high salinity tolerance, surviving levels up to 12-14 ppt
(about one-third the salinity of seawater) (7). Historically,
low temperatures and high salinities were rarely limiting
factors, but they probably are of major importance today;
releases from dams have made much of the upper river
colder and clearer, and irrigation return water has increased
the salinity of the lower river.

Colorado pikeminnows were once the top aquatic carni
vores at all life stages. Fish measuring less than 50 mm TL
feed mostly on cladocerans, copepods, and chironomid
midge larvae (4, S). Aquatic insect larvae are the major food
offish measuring 50-100 mm TL; fish, especially other min
nows, become increasingly important in the diet for indi
viduals larger than 100 mm TL (4). Pikeminnow larger than
200 mm TL feed almost exclusively on other fish, but they
will consume anything else that moves in or on the water,
from large terrestrial insects (e.g., Mormon crickets) to
small birds (2). Originally, their principal prey was the var-

from the lower Colorado River (unless introduced from
hatcheries) below Powell Reservoir and are largely confined
to the Green River and its tributaries (especially the Yampa
River), the upper mainstem Colorado River from Powell
Reservoir to Palisades, Colorado, and the San Juan River be
low Navajo Reservoir, New Mexico (2).

Figure 55. Colorado pike
minnnow, 35 cm SL, Green
River, Wyoming. Drawing by
A. Marciochi.
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Names The trivial name lucius means pike, referring to the
superficial resemblance of pikeminnow to true freshwater
pikes (Esocidae). Jordan and Evermann (1) listed its com
mon name as "white salmon of the Colorado" or "whitefish."
Other names, including the replacement of the common
name "squawfish" with "pikeminnow," are discussed in the
account of Sacramento pikeminnow.

Taxonomy See the account of Sacramento pikeniinnow.

S-10 pelvic fin rays. The body tends to be silvery, but larger
fish become dark on the back and white to yellow on the
sides and belly. Juveniles are bright silvery on the sides and
belly and have a dark spot at the base of the tail. Breeding
adults are silvery on the sides, flecked with gold, and creamy
on the belly. Spawning males develop tiny breeding tuber
cles on the head and a row of tubercles on the side that can
extend to the tail.

Distribution Colorado pikeminnows were once common in
the Colorado River and its major tributaries from Wyoming
(Green River), through Utah, Colorado, Arizona, New Mex
ico' Nevada, California, and Mexico. Today they are absent
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References 1. Carney and Page 1990. 2. Mayden et' al. 1991.
3. Jordan and Evermann 1896. 4. Swift et al. 1993. 5. Brown and

Identification Colorado pikeminnow are large (up to 2 m),
small-scaled cyprinids with elongate bodies, flattened, ta
pered (pikelike) heads, and deeply forked tails. Their scales
are embedded, and there are usually more than SO in the lat
eralline (76-97) and lS-23 rows above the lateralline. The
toothless mouth is large and horizontal, the maxilla ex
tending behind the front margin of the eye. The pharyngeal
teeth (2,5-4,2) are long and knifelike. There are 9 rays in the
anal fin and 9 in the dorsal fin, 14-16 pectoral fin rays, and

Colorado Pikeminnow, Ptychocheilus lucius Girard

through the dam, coincidentally allowing pikeminnows to
complete their spawning migration as well.

If the predatory nature of Sacramento pikeminnows
gives them an undeservedly bad reputation, it also confers
on them sporting qualities (1S, 33, 37) recognized by every
angler who hooks one (until he or she discovers that the
struggling fish is not a trout or a bass). The culinary quali
ties of large pikeminnows are also underappreciated, al
though they fetch a good price in oriental markets and, like
common carp, are excellent eating when properly prepared.
More importantly, pikeminnows are a key component in
many stream ecosystems and are fascinating to watch, cruis
ing elegantly about their summer pools.
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Lahontan speckled dace. R. o. robustus is widely distrib
uted in streams and lakes of the northeastern Sierra, in
cluding the Wall,er, Carson, Truckee, Honey Lake, and
Eagle Lake drainages. It conforms well to the general de
scription of speclded dace, as do the following two forms.

Klamath speckled dace. R. o. klamathensis is found
throughout the Klamath drainage, mainly in streams.

Sacramento speckled dace. The name R. o. carringtoni,
applied to this dace, actually belongs to a form from the
Snake River in Utah (38). Currently without formal de
scription, it is found in streams throughout the Sacramento
drainage and; historically, the western San Joaquin drainage
as well. Dace in the Pit River and in streams tributary to
Monterey Bay are also placed within this subspecies until
definitive studies can be done.

Owens speckled dace. This dace and the Long Valley
speclded dace are undescribed subspecies in the Owens
drainage that are recognized by D. Sada on the basis of
morphological and genetic analyses (3, 4, 5). The Owens
speckled dace is found in the Owens River and its tributar
ies and seems distinct from the nearest other population in
the Amargosa River.

Long Valley speckled dace. This small form is found only
in Whitmore Spring and Little Alkali Lake in Long Valley in
the Owens drainage. Lil,e the Owens speclded dace, its clos
est relatives are dace found in DeathValley, which in turn are
derived from dace in the Colorado River drainage (5).

Amargosa speckled dace. Gilbert (6) describedR. neva
densis from Ash Meadows, Nevada, but the subspecific
name R. o. nevadensis has been assigned to speclded dace in
the Amargosa River canyon and Owens Valley as well (7).
Dace from the Amargosa River in California differ some
what morphologically from those in Ash Meadows. The for
mer are characterized by a comparatively shallower head
depth, a shorter snout-to-nostril length, a longer anal
caudal length, more pectoral fin rays, and fewer vertebrae,
indicating that the two populations may be distinct (8, 9).
However, genetic evidence for their separation is ambigu
ous, so I follow Sada (5) in referring to them all, including
California populations, as R. o. nevadensis.

Figure 56. Spedded dace, 6.7 em
SL, Johnson Creek, Modoc County.

Taxonomy The genus Rhinichthys is found in almost every
drainage of North America, yet contains only eight recog
nized species, often in abundance. Their wide distribution
reflects their ability to colonize new areas through head
waters, as well as their ability to adapt to new environments.
Most species are highly variable and may represent com
plexes of species that are not yet recognized.

In the western United States no native fish species is as
widely distributed or occupies such a wide variety of habi
tats as the speclded dace. Its adaptability is reflected in the
variability of its body shape. Springs and slow streams may
support small, chunky forms, whereas fast-moving streams
support large, streamlined forms. The degree to which these
distinctive morphological characters are fixed genetically or
are plastic, capable of changing with the developmental en
vironment, is unknown. Many different forms were de
scribed by early taxonomists and then later abandoned as
the variable nature of the species became known. Jordan
and Evermann (1), for example, divided this complex into
12 species, which have subsequently been reduced to one
(2). Until modern molecular and morphometric techniques
can resolve the relationships among the various forms, sub
species will continue to be recognized as a rule according to
the regions in which they occur, although there are un
doubtedly isolated populations within regions that also
merit special taxonomic designation. There is at least some
support for considering the following forms in California to
be at least subspecies.

(bridge of skin) often attaches the snout to the middle of the
upper lip (premaxilla). Coloris highlyvariable, but most fish
over 3 cm have dark specldes on the back ancl sides, dark
blotches on the side that often coalesce to resemble a darklat
eral band, a spot at the base of the caudal peduncle, and a
stripe on the head that runs through the snout. The back
ground color on the back and sides is dusky yellow to dark
olive, with the bellyyellowish to whitish. The bases ofthe fins
of both sexes turn orange to red during breeding, and males
often have red snouts and lips as well. Males usually develop
tubercles on the pectoral fins and head.

References 1. Jordan and Evermann 1923. 2. Tyus 1991a. 3.
Minckley 1991a,b. 4. Vanicek and Kramer 1969. 5. Tyus 1991b. 6.
Black and Bundey 1985. 7. Nelson and Flickinger 1992. 8. Muth
and Snyder 1995.9. Jordan and Evermann 1896. 10. Young 1991.
11. Ruppert et al. 1993. 12. Ohmart et al. 1988. 13. Beamesderfer
et al. 1996. 14. Holden 1991. 15. Osmundson and Burnham 1998.
16. Osmundson et al. 1998.

needed for completion of their life history is questionable
(2). Even with an extensive hatchery program and good in
tentions, it is unlikely that breeding populations of pike
minnow will become reestablished in the California portion
ofthe Colorado River as long as poor habitat conditions per
sist and alien fishes that prey on larvae are present.

The story of the decline of Colorado pikeminnow is
filled with irony, in particular the contrast of its status with
that of northern pikeminnow. The northern pikeminnow
has thrived in altered conditions createdby dams on the Co
lumbia River and is now subject to major "control" pro
grams to reduce predation on juvenile salmon. One pro
gram has paid millions of dollars in bounties to anglers to
kill large pikeminnows (13). The Colorado pikeminnow
was itself subject to an eradication effort when, in 1962, 715
km of the Green River and its tributaries were poisoned
with rotenone to eradicate "nongame" fishes that might
have had adverse effects on trout fisheries in the soon-to-be
filled Flaming Gorge Reservoir. The effects of the rotenone
actually extended considerably farther downstream than
intended, killing fish in the waters of Dinosaur National
Monument. The operation was largely unsuccessful, but it
apparently did eliminate some populations of native fishes
above the reservoir (14). The controversy ignited by the
huge operation created the first public awareness that native
fishes of the Colorado River were in a serious state of de
cline and helped set the stage for future conservation ef
forts. A final irony: one of the items commonly fed captive
brood stock of Colorado pikeminnow is hatchery-reared

rainbow trout.
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Speckled Dace, Rhinichthys osculus (Girard)

Identification The speclded dace is a small (usually less than
8cm SL, occasionally to 11 cm SLY, highly variable species
distinguished by a thick caudal peduncle, a small subtermi
nal mouth, a pointed snout, and small scales (47-89 in lateral
line). The origin of the dorsal fin (6-9 rays, usually 8) is well
behind that ofthe pelvic fins. The anal fin normallyhas 7 rays
(6-8). The pharyngeal teeth (1,4-4,1 or 2,4-4,2) are strongly
hooked and have only a slight grinding surface. Usually there
is a tiny barbel at the end of each maxilla, and a small frenum

Status IA. Extirpated in California and reduced to about 25
percent of its native range elsewhere, and to a small fraction
of its original numbers (2). The Colorado pikeminnow is
listed as endangered by both federal (1967) and California
(1971) governments. Pikeminnows were once abundant in
the lower Colorado River but by the early 1960s were prob
ably extinct there. The last pikeminnowbelow Glen Canyon
Dam (Arizona) was recorded in 1975 (3). Their disappear
ance from the lower river and rarity in the upper river are
largely the result of drastic changes caused by large dams
built in recent years (12). Neither the extensive reservoirs
behind dams nor the cold, clear water flowing from them
provides habitat appropriate for pikeminnow. In addition,
dams block spawning migrations, curtailing reproduction.
In habitats that remain suitable for Colorado pikeminnow,
abundant alien fishes now prey on larvae and juveniles, and
possibly compete with them for food. Some of these (e.g.,
catfish) may be unsuitable as prey for adult pikeminnow. A
recovery plan has been written, revised, and implemented
for Colorado pikeminnow. A key part of the recovery effort
has been a major research program to determine limiting
factors in order to ascertain which habitats need to be pro
tected and enhanced. Because it is unlikely that any major
dams on the Colorado River will be torn down, various ex
perimental flow release programs are being tried to improve
habitats in interdam reaches. Long-term survival, however,
will probably depend on maintenance of relatively natural
flow regimes in major upstream tributaries, such as the
Green and Yampa Rivers (3, 16).

Part of the recovery program has been the breeding of
Colorado pikeminnows in captivity at the Dexter National
Fish Hatchery (New Mexico) and the release of thousands of
juveniles into the watershed, including rivers from which
they have been extirpated. Some fish have survived; yet the
ability of introduced populations to become self sustaining
is problematic, unless habitats are substantially improved
and alien fishes removed. In addition, the ability of pike
minnows to reestablish the complex movement patterns
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Names Speckled dace have a variety of unofficial common
names, all of which include the word dace: western dace,
Pacific dace, spring dace, dusky dace, and so on. The word
dace is derived fromthe same Middle English word that gave
rise to dart and was originally applied only to Leuciscus leu
ciscus, a lively Europeancyprinid. Rhin-ichthys means
snout-fish; .osculus, kissing, refers to the small flexible
mouth. The historyofscientific nomenclature for R. oscu
Ius is complicated. However, the generic name used in older
literature is mostoften Agosia or Apocope; the species name
is usually a variant of one of the names now used to desig
nate subspecies (7, 10).

Santa Ana speckled dace. Morphological analyses (10)
suggest that dace in southern California streams warrant
subspecies status (11). Preliminary electrophoretic studies
seem to confirm that Santa Ana speckled dace are distinc
tive (39), but the subspecies has yettobe formally described.
These studies also indicatethat this dace appears tobe more
closely related to dace of the Colorado River drainage than
to northern populations.

Other forms. There are isolated populations of speclded
dace in a number of places in California (e.g., the Cowhead
Lake drainage and Surprise Valley, Modoc County) that
may also merit special recognition but have simply not yet
been examined closely. The population of dace in San Luis
Obispo Creek in south-central California has been listed as
a distincttaxon (12), but it may well have resulted from an
introduction.
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SL) from nearbyWillow Creek had a mean fecundity of265
eggs (range, 195-370). Speckled dace can spawn through
out summer, but most such activity occurs in June and July,
probably induced by rising water temperatures (30). In in
termittent streams spawning may be induced by high-flow
events (31). In lakes shoals of dace seek out shallow areas
of gravel for spawning, or else migrate a short distance up
inlet streams, where spawning occurs primarily on the
gravel edges of riffles. Males congregate in a small area,
from which they remove algae and detritus, leaving a bare
patch of rocks and gravel. When a female enters she is im
mediately surrounded by a knot of males. The female
wriggles the rear portion of her body underneath a rock or
close to the gravel surface and releases a few eggs, while the
males release sperm (31). The eggs sink into interstices and
adhere to rocks. Embryos hatch in about 6 days (at
18-19°C), and larval fish remain in the gravel for 7-8 days
(31). Speckled dace hybridize with Lahontan redside (32),
presumably because both occasionally spa~n at the same
time and place.

After emerging, fry tend to concentrate in warm shal
lows, especially in channels between large rocks or among
emergent vegetation. In Lake Tahoe, fry along with those of
other cyprinids, move into shallow nursery areas, usually
quiet swampy coves with an accumulation of floating de
bris. Scales first appear at 13 mm FL (30).

Status lB-E. Variable depending on subspecies or popula
tion. Widely distributed forms in major drainages are not in
trouble, but most forms with limited distributions in arid
areas are in danger of extinction, as are isolated populations
ofwidely distributed subspecies. Speclded dace persist in an
area as long as it has cool, flowing water; permanent pools;
and a shortage of nonnative predators.

Lahontan speckled dace. IE. Abundant and widely dis
tributed, although its populations can be depressed or elim
inated by predatory alien brown trout (33).

Klamath speckled dace. IE. Abundant and widely dis
tributed.

Sacramento speckled dace. IE. Abundant and widely
distributed in the Sacramento and Pit Rivers. Its distribu
tion is limited in the Pajaro and Salinas drainages, but it is
common in the San Lorenzo River. It has apparently been
extirpated from San Joaquin Valley streams and the Co
sumnes River but its historic distribution is poorly known.
The Salinas River population maybe the source offish pres
ent in San Luis Obispo Creek and Cuyama River, perhaps
through introductions (37,40).

Owens speckled dace. lB. The Owens dace has had its
range greatly restricted by the introduction of alien trouts
and water development. It is currently found in only a few
scattered localities, including some irrigation ditches (3,4,
5) and is in danger of extinction.

depressed by floods, droughts, or winter freezing, dace
have remarkable abilities to recolonize or repopulate areas
(34,35).

Speckled dace are seldom found singly, yet they avoid
forming conspicuous shoals except during breeding season.
Typically small groups forage among the rocks as loose
units. In Lake Tahoe and Eagle Lalze they are most active at
night, spending the day quietly among rocks or vegetation
or in deep water (23,25). In the Trinity River they have been
reported as being most active both at night (26) and during
the day (27). My own studies on streams in Lassen and
Modoc Counties indicate that their nocturnal habits are
strongly related to their vulnerability to bird predation. In
Ash and Pine Creeks, where avian predators are scarce, dace
are most active during the day (23, 28), whereas in Willow
Creek, where a wide variety of avian predators are active be
cause of the creek's proximity to Eagle Lake, dace are
strongly nocturnal (23). Lake Tahoe dace become inactive
in winter, although they do remain in shallow, rocky areas
(22). In streams, however, they may be active all year if tem
peratures do not become too low «4°C).

In general, speclded dace can be characterized as bottom
browsers on small invertebrates, especially those taxa found
in riffles, such as the larvae of hydropsychid caddisflies,
baetid mayflies, and chironomid and simuliid midges (20,
23,27,28,29). This feeding preference is reflected in their
subterminal mouth, pharyngeal tooth structure, and short
intestine. However, in lakes they feed opportunistically on
large flying insects at the water's surface and on zooplank
ton (23, 25). Diet changes with season, reflecting prey avail
ability. In the Trinity River in winter, the dominant food was
chironomid larvae, with occasional mayfly and stonefly
nymphs (30). The nymphs became dominant in the spring,
yielding to emerging insects in summer. In the fall filamen
tous algae was important. A similar pattern was observed in
Ash Creek, Lassen County (28), and Willow Creek, Hum
boldt County (27).

Age and growth have been determined primarily from
length frequency analyses. Dace reach 20-30 mm SL by the
end oftheir first summer (23,27, 30), and in subsequentyears
they add, on average, 10-15 mm/year to their length, females
growing slightly faster than males. However, growth can be
reduced by many factors, especially severe environmental
conditions, high population densities, or limited food avail
ability (35). In most streams few fish survive more than 3
years or exceed 85 mmFL (23, 30). The largest dace I have en
countered were III mm SL from Blue Creek, tributary to the
TrinityRiver. In Lake Tahoe the largest fish recorded is 85 mm
FL, but there seem to be five or six age classes (22).

Dace usually mature in their second summer. Fecundi
ties of 11 dace (45-59 mm SL, mean 54 mm) from Pine
Creek, Lassen County, ranged from 192 to 790 eggs, with a
mean of 441 (23). Six dace of similar size (mean, 54 mm

eventually spread throughout the watershed (14). An in
troduced population, presumably of Lahontan speclded
dace, is also present in the headwaters of the North Fork
Mokelumne River, from which it may eventually spread
and contact the native Sacramento dace, which is present
at lower elevations.

In some watersheds speckled dace maybe limited to only
small reaches of suitable habitat. Thus in the Pajaro River
drainage they are presently found only in the San Benito
River (15). Such limited distributions make populations
prone to extinction, as happened to the only known popu
lations in the San Francisco Bay drainage (16) and is hap
pening to populations in southern California and the
Owens Valley. Thus the species was likely more widely dis
tributed in the past in California than it is today.

Life History Speckled dace occupy an extraordinaryarray of
habitats: small springs, rushing brooks, pools in intermit
tent streams, large rivers, and deep lakes. Yet most of these
habitats have a number of characteristics in common: clear,
well-oxygenate4 water; abundant deep cover (rocks, sub
merged aquatic plants, overhanging vegetation, woody de
bris); and movirig water from stream currents, wave action,
or spring outflows (15, 17, 18, 19,20,21). Dace are gener
ally small-stream (second- and third-order) specialists.
They thrive in shallow «60 em), rocky riffles a.nd runs,
where they actively browse among rocks and plants. Their
numbers may actually increase in streams that have been
channelized or reduced in flow because of an increase in the
extent of the shallow riffle habitat they prefer (15, 18). In
some streams their ability to use their preferred riffle habi
tat is restricted by sculpins, which are also benthic insect
feeders and compete for space (20). They often are most
abundant in streams where sculpins are absent.

In lakes they live among the rocks, mostly in the zone
stirred up by wave action «1 m deep), although in Lake
Tahoe they are common down to 8 m and have been taken
there as deep as 61 m (22). In Eagle Lake, Lassen County,
they are found among the rocks during the day but are
common along sandy beaches at night (23). Dace adapted
to warm water are tolerant of fairly high temperatures. In
Owens Valley and in the Amargosa River they will live in
water to 28-29°C (17). In intermittent streams in Arizona
dace survive temperatures as high as 31°C and daily fluc~

tuations of 10-15°C (24). On a seasonal basis dace may live
in even more extreme conditions. Smoke Creek (Lassen
County) supports a dace population that experiences wa
ter temperatures ranging from O°C in winter (with anchor
ice covering up to 95% of the substrate) to 29°C in sum
mer (35). In the laboratory Klamath speckled dace can
survive temperatures of 28-34°C and dissolved oxygen
levels as low as 1 mg/liter (36). If conditions become too
extreme and local populations are eliminated or greatly
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Distribution Speckled dace are the only fish native to all
major Western drainage systems from Canada south to
Sonora, Mexico. In California they are native to the Amar
gosa River (Death Valley); Owens Valley; eastern Sierra
drainages from the WalIzer River north to Eagle Lake; the
Surprise Valley and Cowhead Lake drainages; the Klamath
Trinity basin; the Pit River drainage, including the Goose
Lake watershed; the Sacramento drainage as far south as
the Mokelumne River; the San Lorenzo, Pajaro, and Sali
nas Rivers; San Luis Obispo, Pismo, and Arroyo Grande
Creeks; the Morro Bay drainage; and the San Gabriel and
Los Angeles river basins (12). They may also be present in
headwaters on the west side of the San Joaquin Valley (e.g.,
Los Gatos Creek), but their presence there has not been
confirmed. They are absent from the Clear Lake basin, the
Russian River, and most small coastal drainages, as well as
from the San Joaquin drainage. They are currently missing
from the Cosumnes River drainage although present in
watersheds on both sides of it. They are also absent from
the lower Colorado River, although a single larval dace has
been reported (13, 41). In the mid-1980s speckled dace
were introduced by persons unknown into the Van Duzen
River, a tributary to the Eel River, and it is likely they will
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range ofprey than many fishes ofsimilar size. Zooplankton,
particularly cladocerans like Daphnia, are the most impor
tant food for golden shiners of all sizes, followed closely by
small flying insects taken at the water's surface. For example,
Daphnia were the principal prey of golden shiners in Davis
Reservoir, Plumas County (7). In a small coldwater lake
(Castle Lake, Siskiyou County) shiners fed primarily on
aquatic insects in shallow water when predation risk from
rainbow trout was high, but fed more on Daphnia in open
water when trout populations were reduced (15). Largerin
dividuals occasionally take small fish, molluscs, and aquatic
insect larvae. When animal food is in short supply, filamen
tous algae can be found abundantly in their stomachs.

Golden shiners are sight feeders and so are usually most
active during the day. They are shoaling fish that form tight
schools in littoral or pelagic areas when predator avoidance
is a high priority. In such situations they may become noc
turnal feeders, moving offshore after dark (12,15). Golden
shiner numbers in lakes may be regulated by ptscivorous
fishes (10).

Golden shiners grow faster in warm waters than in cold
(13). In lowland California ponds they can reach 76 mm TL
in one year; in higher, colder waters they reach only 36-46
mm TL. By the end of their second year they can reach 140
mm TL, after which growth slows down somewhat. In Ruth
Reservoir, Trinity County, they averaged 56 mm FL at the
end of their first year, 93 mm at the end oftheir second year,
116 mm at the end of their third year, 127 mm at the end of
their fourth year, 140 mm at the end of their fifth year, 154
mm at the end of their sixth year, and 163 mm at the end of
their seventh year (13). Females generally grow faster and
achieve larger size than males, although in some situations
their growth rates are similar (13). The maximum age
recorded for golden shiners is 9 years, and the maximum
length is about 260 mm SL (8).

The spawning season for golden shiners lasts from
March through September in California, the exact time de
pending on water temperature. In a coolwater reservoir,
shiners spawned from early June through early September,
peaking in early July (13). Spawning usually begins when
water temperature reaches about 20°C, although it has been
recorded in water as low as 14be; it rarely occurs above 27°C
(2). Shiners spawn in shoals early in the morning. They are
fractional spawners with fecundities at the beginning of
spawning of 2,700-4,700 eggs or more (2). Each female de
posits her adhesive eggs on submerged vegetation and bot
tom debris, where they are fertilized immediately by one or
more males trailing close behind (2). Occasionally, active
nests oflargemouth bass are selected as spawning sites. Sur
vival of eggs and larvae may actually be higher in this situ
ation, presumably because the adult bass protects the nest
(8). Embryos hatch in 4-5 days at 24-27°C (2). Newly
emerged fry school in large numbers close to shore, often in

Life History Golden shiners live primarily in warm, shallow
ponds, lakes, and sloughs, where they are associated with
beds of aquatic vegetation (2). In the Pit River, for example,
they are abundant in a sluggish, highly turbid, muddy
bottomed reach in Big Valleybut are rare or absent in faster
flowing sections above and below (11). They can tolerate
temperatures up to 36-37°C and dissolved oxygen concen
trations of <1 mg/liter (3). Often they are most abundant in
low-elevation reservoirs and sloughs with other introduced
fishes, such as largemouth bass, various species of sunfish,
and mosquitofish (4). They are abundant in Ruth Reservoir
(Trinity County), where mean summer temperatures are
around noc and dissolved oxygen levels are fairly high; this
reservoir also supports an assortment of other warmwater
fishes, plus planted rainbow trout (5). Golden shiners occa
sionally become established in coldwater lakes (e.g., Dutch
Lake, Fresno County, at 2774 m elevation), but they are
likely to persist only if there are warm, shallow areas for
breeding and rearing of young.

As the compressed body shape, deeply forked tail, and
upturned mouth indicate, golden shiners are active fish that
feed mostly on the surface or in midwater (6). Their trian
gular pelvic and pectoral fins give them considerable ma
neuverability, enabling capture of small swimming organ
isms with some precision. In lakes, golden shiners can
switch rapidly between individually picking large zoo
plankters, such as Daphnia, to filter feeding on small zoo
plankters (16). This flexibility allows them to exploit a wider

Names Notemigonus means angled back, referring to the
fish's angular body shape; crysoleucas is a combination of
the Greek words for gold and white.

lationship to other cyprinids is obscure, but it may be more
closely related to Eurasian cyprinids than to other North
American species.

Distribution Golden shiners are native to most .of eastern
North America, including the Mississippi River system.
They occur as far north as Quebec and as far south as Texas
and Florida. Shiners from Illinois were introduced into
Cuyamaca Reservoir (San Diego County) and the Feather
River in 1891, and the Cuyamaca population was subse
quently used by the California Fish Commission as a source
of fish to plant as forage in other localities around the state
(1). However, they did not become widely distributed until
after 1955, when it became legal to use and raise golden
shiners commercially as bait. Scattered populations exist in
many waters throughout the state, and where they are not
established individuals can often be found where careless
anglers have dumped leftover bait. It is often difficult to tell
if the few individuals found in many areas represent per
manent or temporary populations.

Figure 57. Golden shiner, 101 mm
SL, Maryland. From Lee et al. (1980).

Taxonomy The golden shiner is one of the most distinctive
small minnows in North America from a biochemical per
spective, and it is often used as an "outgroup" for compara
tive taxonomic studies of North American cyprinids. Its re-
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1940. 33. Strange et al. 1992. 34. Pearsons et al. 1992. 35. Sada
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belly between the pelvic fins and the anus. The lateral line
curves downward from the head (decurved) and has 44-54
scales. There are 7-9 (usually 8) rays in the dorsal fin, which
has its origin behind that ofthe pelvic fins. The anal fin usu
ally has 11-14 rays (range, 8-19); the pelvic fins, 9; and the
pectoral fins, 15. The pharyngeal tooth formula is 0,5-5,0.
Golden shiners usually measure less than 15 em SL but oc
casionally reach 30 em S1. They typically have a golden
sheen to their scales, although a silvery color is also com
mon, especially in smaller fish. The fins are generally color
less and lack dark basal spots. A faint dark stripe appears on
the sides oflive fish. Breeding males have a red-orange tinge

on the pelvic and anal fins.

gion. Its extinction is likely unless it receives special pro

tection (12, 17).

MINNOWS, CYPRINIDAE164

Golden Shiner, Notemigonus crysoleucas (Mitchill)

Identification Golden shiners are readily recognized by a
deeply compressed body, a small head with a pointed snout
and upward-pointing mouth, a strongly deeurved lateral
line, large deciduous scales, and a sharp, scaleless keel on the

Long Valley speckled dace. IB. This newly discovered
form is in danger of extinction because of an extremely lim
ited habitat in a small part of Owens Valley (3, 4, 5).

Amargosa speckled dace. IB. Because it is confined to a

few miles of desert stream (the Amargosa River in Amar
gosa Canyon, plus its tributaryWillow Creek), this speckled
dace is threatened with extinction by withdrawal of water
from aquifers that feed the river. This water is being used to
meet the needs of the ever-thirsty city of Las Vegas, as well
as of local farms and towns. The extinction of this species
will indicate that another unique desert aquatic ecosystem

has been irretrievably lost (17).
Santa Ana speckled dace. IB. This form was petitioned

for listing as a federal endangered species in 1994, but the
petition was denied because it had not yet been formally
described. Its range has been dramatically diminished (to
a few headwaters of the San Gabriel, Los Angeles, and

Santa Ana Rivers) by urban spread in the Los Angeles re-
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This avoidance behavior can be passed on to conspecifics,
including those that have not directly experienced an asso
ciationwith fear substance (13). Just as remarkable, fathead
minnows learn to recognize odors of predatory fish and
avoid areas where the odors are strong (14). To counter this
ability, northern pike, at least, have specialareas where they
defecate, to reduce the problem of continually releasing dis
tinctive substances into the water (15).

Despite their terminalmouths, fathead minnows are op
portunistic bottom browsers on filamentous algae, diatoms,
small invertebrates, and organic matter (6). This diet is in
dicatedby their grinding pharyngeal teeth and long intes
tine. It islil(ely, absent other fishes, thatthey feed on what
ever small organisms are most abundant on the bottom, in
midwater, or among aquatic plants. They obtain nutrition
from organic debris but grow on such a diet only if it is
mixedwith a small proportion of invertebrates (11).

Growth rates offathead minnows are highlyvariable, in
fluenced by factors such as temperature, food availability,
and population size. Growth normally ceases at low tem
peratures «7°C), but this may be the result of low food
availability. At the end of their first growing season (age 0)
they measure 25-64 mm TL, and they may reach 84 mm TL
in their second season (age I fish) ..Few fish reach ages II or
III or approach the maximum recorded length of 109 mm
TL (4, 7). Size also depends on sex, because males grow
larger than females.

The age of sexual maturity is variable: first spawnings
have been recorded by fish just a few months old, by year
lings, and by 2-year-olds (4, 7). This variability has un
doubtedly contributed to the success offathead minnows in
fluctuating environments. In the warm waters of California
it is likely that spawning in the first summer oflife is com
mon. Another factor contributing to the success of the
species is the ability to spawn repeatedly throughout the
summer once water temperature exceeds IS-16°C, al
though reproduction becomes less frequent at high tem
peratures and ceases at 32°C (4,8). Thus, although a female
can carry anywhere from 600 to 2,300 eggs, usually fewer
than a third will be ripe at anyone time. Total egg produc
tion per female, especially in a newly established population
with a low density offish, may greatly exceed the number of
eggs each female contains at one time. A single female
spawned 12 times in n weeks, producing 4,144 eggs (8).
Most fish usually die 30-60 days after the onset of spawn
ing (4,8).

Breeding males are highly territorial, accounting for
their larger size, dark coloration, and well-developedbreed
ing tubercles. The center of each territory is usually a flat
stone,bbard, or branch at a depth of 30-90 em that serves
as an egg~layingsite. Root masses, water lilies, oldtires, and
vertical stakes may also be used (2, 4). Males defend their
nests from other males with such vigor that occasional in-

Life History Fathead minnows can survive inawide variety
of habitats, but they do best in pools of small, muddy
streams and in ponds, where other fish are scarce. They can
be characterized as pioneers, first to invade and last to dis
appear from intermittent streams and other fluctuating
aquatic environments (2). They are capable of tolerating ale
kalinities of more than 2,100mglliter (3) as wellaslow dis
solved oxygen levels «1 mg/liter), high levels of organic
pollution and turbidity, and temperatures up to 33°C (4, 5).
They prefer temperatures of 22-23°C (4). With their high
reproductive rates andparental care, they "explode" in tem
porary aquatic habitats. For example, Olcutt Lake, Solano
County, is alarge vernal pool that in years ofheavy rain con
nects to small sloughs of the Sacramento-San Joaquin
Delta; during these years fathead minnows invade and be
come abundant. Theminnows pose a threat to the rare ver
nal pool invertebrates, but fortunately the lake dries up,
eliminating the minnows. In more stable environments fat
head minnows seem poor competitors with other species,
especially other cyprinids. When they do occur with other
species, they are generally foundin association with beds of
aquaticvegetation.

Like other cyprinids (presumably), fathead minnows
avoid predators in part through their keen sense of smell.
Most obviously, they avoid areas where fear substance from
other minnows has been released, because it signifies a re
cent attack by a predator (12). Theywillalso avoid, by smell,
habitats or areas where fear substance has been detected on
a regular basis, even after the substance has long dissipated.

the cyprinid Phoxinus phoxinus, but use of the term in
America has been broadened to include all small cyprinids.
Pime-phales means fat helmet ornament; pro~melas, before
black Both terms refer to the head of spawning males,
which is dark colored and swollen.

Distribution Fathead minnows are native to most of the
eastern and midwestern United States and Canada as well as
to parts of northern Mexico, except for the Atlantic slope
and the Gulf states east of the Mississippi River. Their use as
bait and forage fish has resulted in introductions through~

out the West. They first came into California as bait in the
Colorado River fishery in the early 1950s and were subse
quently reared in central California by both commercial
breeders and CDFG (1). CDFG then introduced them
widely as forage and allowed them to be extensively propa
gated for bait, resulting in establishment in many areas, in
cluding southern California (1). They are now widely es
tablished in the Sacramento~SanJoaquin basin, upper KIa..
math basin, Colorado River, and many coastal drainages.
Theycan be expectedin anywatershed where conditions are
appropriate for their survival, thanks to irresponsible bait
anglers.

Figure 58. Fathead minnow, breed
ing male, 55 mm SL, Maryland.
From Lee et al. (1980).

lateral series. Dorsal rays are 8; pelvic fin rays, 8; anal fin
rays, 7; and pharyngeal teeth 0,4-4,0, with oblique grinding
surfaces. The intestine is 2-3 times the body length, and the
peritoneum is black. The back is usually dark, tending to
ward brown or olive, with scales outlined by pigment; the
sides are dull and dusky, often with the black peritoneum
showing through. Small fish or individuals from turbid wa
ters maybe pale whitish to silvery. Breeding males have con
spicuous tubercles on the snout (usually 16, in three rows),
chin, and pectoral fins and a spongy pad on the back of the
head; they turn nearlyblack (particularly on the head), with
two wide, pale vertical bands on their sides.

Names The word minnow is an Old English word of pos
sible Latin origin. In Great Britain it is applied primarily to

Taxonomy Fathead minnows in California have multiple
origins and continue to be brought in from Arkansas and
other states. Occasionally, pink-colored fathead minnows
are brought into or reared in the state.

References 1. Dill and Cordone 1997.2. Becker 1983. 3. Smale
and Rabeni 1995.4. Moyle and Nichols 1973.5. Vigg and Hassler
1982.6. Keast and Webb 1966.7. Erman et al. 1983.8. Carlander
1969. 9. Kramer and Smith 1960. 10. Johannes et al. 1989. 11.
Moyle and Daniels 1982. 12. Hall et al. 1979. 13. Kisanuki 1980.
14. Hatch 1988. 15. Elser et al. 1995. 16. Ehlinger 1989.

lations will become established and pose a problem. There
fore, bait fishing with golden shiners and other minnows
should ideally be banned in California. At the very least,
golden shiners used as bait shouldbe restricted to fish raised
in the state. This would prevent the introduction ofthe rudd
(Scardinius erythrophthalmus), a European minnow similar
to golden shiner that is sometimes sold in the eastern United
States and may be found in bait shipments of golden shin
ers. The rudd is in the process of becoming widely distrib
uted in the eastern United States.

MINNOWS, CYPRINIDAE166

Fathead Minnow, Pimephales promelas Rafinesque

Identification Chunky fish seldom exceeding 85 mm TL,
fathead minnows can be distinguished by their thickened
first dorsal fin ray; small, slightly oblique mouth; and
crowding ofscales behind the head. The head is short, blunt,
and broad on top. The lateral line seldom extends beyond
the anterior half of the body. There are 44-54 scales in the

association with aquatic plants. Initially, larvae feed prima
rily on small rotifers and epiphytic algae (especially di
atoms), but they gradually switch to small crustaceans (14).

Status IIE. Golden shiners are extensively propagated as a
baitfish in California. Consequently, they are introduced
throughout the state, with unknown effects on native fish
and fisheries. In coldwater lakes, they can reduce zooplank
ton populations and thus reduce growth and survival of
trout. Of the three legal bait minnows in California (golden
shiner, fathead minnow, and red shiner), golden shiners
seem least able to establish large, permanent populations in
streams and natural lakes, although they do so readily in
reservoirs. In natural situations their populations seem to
be largely eliminated by predatory fishes with which they
co-occur in California reservoirs (9). Unfortunately, it is
difficult to predict situations in which golden shiner popu-
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em/sec, over silt or other fine substrates and near instream
cover (8).

Red shiners characteristically swim about in large
schools, feeding on whatever organisms are most abundant,
especially small crustaceans, aquatic insect larvae, surface
insects, and, when necessary, algae (9, 10). They also feed on
larval fish seasonally abundant in backwater habitats (11).
Morphologicallythey seem best adapted for taking small in
vertebrates in midwater or from aquatic plants in quiet wa
ter. Most feeding is during daylight, although there may be
a peak of activity at dawn (12).

Growth is most rapid during the first summer, when they
reach 25-30 mm S1. In subsequent years they can grow
5-15 mm/year, achieving a maximum length of 80 mm SL
and a maximum age of 2.5-3.0 years.

Red shiners mature in their second summer of life, and
only a few live to spawn in their third summer (13). Females
vary in fecundity because they are fractional spawners; in
unspawned females, eggs appear in three distinct size
classes, and the number of mature ova ranges from 485 to
1,200 (9, 15). Spawning occurs at water temperatures be
tween 15 and 30°C, permitting a long breeding season. In
their native range they can spawn from May to October, but
most spawn in June and July (14). The presence of fish in
spawning colors in Cache Creek (Yolo County) in late June
and in Millerton Reservoir in June and July indicates that
spawning til).1es may be similar in central California. Some
may cease spawning during severe conditions in mid
summer, but resume again in the fall (13). Red shiners
spawn in slow-flowing water, and embryos stick to a variety
of substrates, including aquatic plants, gravel and sand, tree
roots, logs, and other submerged debris. Active sunfish nests
are also used (9). Apparyntly, red shiners can spawn either
in groups or on territories held by individual males. Non
territorial males court females by swimming closely beside
them with erect fins. A chase for a meter or so usually fol
lows, often resulting in one or more fish leaping from the

4cm

Figure 59. Red shiner, Putah Creek, Yolo County.

Life History Red shiners thrive in unstable environments,
such as intermittent streams, as well as highly disturbed or
polluted environments, such as drainage ditches and some
reservoirs (e.g., Millerton Reservoir, Fresno County). In
the San Joaquin Valley they are most abundant in turbid,
alkaline, shallow, slow-flowing water (5). In thelaboratory,
red shiners can tolerate pH values of 4-11, salinities of up
to 10 ppt, dissolved oxygen levels as low as 1.5 mglliter, and
sudden changes in temperature of 10-21DC, although they
will avoid extreme conditions (including clear, cool water)
when given the chance (6). They are extremely tolerant of
high temperatures and have been collected from water as
warm as 39.5°C (7), although they prefer summer temper
atures around 25-30°C. In the Colorado River they seem
most common in backwaters and sloughs, avoiding areas
of strong current. In general, largest numbers are found in
water less than 30 em deep, with velocities of 10-50

Colorado River between 1950 and 1953 (2) and in fresh
water ditches around the Salton Sea. It is likely that these fish
are descended from shiners that escaped from an Arizona
bait farm, which had brought them originally from Texas.
In 1954 shiners were taken by CDFG to the Sacramento
San Joaquin drainage and planted in Lake County ponds,
but there is no evidence this introduction succeeded (3).
However, after it was adopted as a bait minnow it became
widely distributed in southern California (4) and the San
Joaquin Valley (5). Red shiners became established in Coy
ote Creek (Santa Clara County) in 1986 (23).As ofthis writ
ing they are colonizing Sacramento Valley streams (e.g.,
Cache Creek, Yolo County) and coastal streams. They are
also establishing themselves in southern California and are
present at least in San Juan and Aliso Creeks, Orange
County, and Big Tijunga Creek, Los Angeles County (24).
Red shiners can be expected anywhere in the state, despite
the fact that it is illegal to use them as bait north of the San
Joaquin Valley (3).

Taxonomy Red shiners were formerly placed in the genus
Notropis, which has been divided into a number of separate
genera (1). The subspecies to which the fish in California
belong is uncertain.

Distribution Red shiners are native to streams of Western
and Central states that drain into the Mississippi River and
Rio Grande. Use as bait led to their establishment in the

Names Cyprinella means small carp (genus Cyprinus).
Lutrensis means otter, referring to Otter Creek, Arkansas,
from which the first specimens were collected. The term
shiner is widely applied to small, silvery minnows in North
America.

on the head, sides, and fins; they have red to orange caudal,
anal, pelvic, and pectoral fins and steely blue sides. Their
heads are red on top and pinkish on the sides, with conspic
uous purplish crescents immediately behind the opercles.
Red shiners are best distinguished from juveniles of native
minnows by their body shape, the absence of a spot on the
caudal peduncle, and outlined scales on the back and upper
sides.
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1966.7. Carlander 1969. 8. Dobie et al. 1956.9. Wynne-Edwards
1932. 10. Simon and Markle 1997. 11. Lemke and Bowen 1998.
12. Mathias and Smith 1992. 13. Chivers and Smith 1995a. 14.
Chivers andSmith 1995b. 15. Brown et al. 1995.

in many areas but are usually only locally abundant. How
ever, they have become extremely abundant and may be
displacing native cyprinids such as blue chub in Upper and
Lower Klamath lakes in Oregon and California and in Tule
Lake, California (5,10). Ironically, fathead minnows in the
Klamath lakes may have come from the release of animals
used for pollution bioassays (10) rather than from bait
buckets. Although it can be argued that it is already too late,
their use as bait minnows in California should be banned
to safeguard native fishes, especially California roach, that
live in intermittent stream habitats favored by fathead min
nows. Ideally, bait fishing with live minnows should be
banned in general, because anglers are prone to release
their leftover bait wherever they are fishing, creating the
potential for establishment of new populations. In addi
tion, an essential part of any protocol calling for the use of
freshwater fish in bioassays should be to rear and keep them
in escape-proof systems and then destroy them when each
project ends (10).

MINNOWS, CYPRINIDAE168

Red Shiner, Cyprinella Jutrensis (Baird and Girard)

Status lIE. Fathead minnows, along with golden and red
shiners, are legal bait minnows in California, and this
means they have been widely distributed in the state by
anglers and bait dealers. They have established populations

Identification Red shiners are small (usually <70 mm TL)
minnows with deep, compressed bodies and terminal
mouths. The lateral line is decurved, with 33-36 scales.
There are 8 rays in the dorsal fin, 8-9 in the anal fin, 13-15
in each pectoral fin, and 8 in each pelvic fin. The pharyngeal
teeth are 0,4-4,0 or 1,4-4,1, with narrow grinding surfaces.
Nonbreeding fish are buff to steely blue on the back, silver
on the sides (sometimes with a faint dark lateral band), and
white on the belly. Breeding males have numerous tubercles

juries result, especially to eyes, presumably from contacts
with breeding tubercles. Males improve a nest site by en
larging a hollow underneath the rock or stick and by re
moving small pieces of debris. Because the sticky eggs are
usually laid on the undersurface, males clean it off by rub
bing with the head pad. The pad is also used for tending the
developing embryos; mucous secretions from it rub off
onto embryos and may increase their survival rate (4,9).
Males also nibble at embryo masses to remove dead and for
eign material.

While males defend their territories, females swim
nearby in loose schools. When ready to spawn, one ap
proaches a male, who then goes through a courtship display
that culminates in his leading her into the nest, egg laying,
and fertilization. Males spawn with several females over an
extended period of time, and nests have been found con
taining more than 12,000 eggs in various stages of develop
ment (4). The eggs, about 1.3 mm in diameter, hatch in 4-6
days at temperatures around 25°C (4,8) .Newlyhatched lar
vae measure about 4.8 mm TL and remain in the nest for a
few days after hatching.
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larvae and cladocerans (45%). In Clear Lake goldfish feed
mainly on algae and aquatic macrophytes, mixed with zoo
plankton (9). Goldfish will also occasionally take insects
and small fish (4). Young-of-year feed on zooplankton and
small aquatic insectlarvae (4, 9).

Growth rates in goldfish are highly variable, depending
on environmental conditions. Overcrowding particularly
stunts growth. Thus at the end of the first growing season
they may range in length from 15 to 105 mm SL (2, 5). In
California young typically reach 50-90 mm in their first
year (9). In Sacramento River sloughs and in Clear Lake,
normal growth in subsequent years is 15-25 mm/year, the
amount decreasing with age. Thus goldfish in their fourth
yearfrom the Sacramento River measured 117-161 111m SL,
although similarly aged fish from the San Joaquin River and
from Clear Lake measured 161-215 mm SL (9). Goldfish
may reach 41 em TL and weigh 1.5 kg, but fish more than
25 em TL are uncommon. In Clear Lake, however, shoals of
goldfish measuring 22-30 em SL may be encountered on
occasion. Using scales, these fish have been aged at 5-10
years (9). Goldfish more than 40 em SL are most likely
goldfish-carp hybrids or simply misidentified carp. Females
generally grow larger and live longer than males. As a result
the male:female sex ratio changes from 1:1 in small fish to
13-16:100 in fish measuring more than 15 em TL (5). Al
though fish in the wild rarely live longer than 6-8 years,
maximum ages of 30 years have been recorded in aquaria
(2,6,7).

Wild goldfish mature by their third or fourth year, males
almost always maturing during the second or third year.
Goldfish are serial spawners, so the number of eggs per
female is highly variable. The number of eggs also varies
with the size and health of the fish. Nine fish (average
length, 135 mm SL) from the Sacramento River contained
an average of 19,900 mature eggs, the numbers ranging
from 8,000 in one fish measuring 121 mm SL to 29,000 in
one measuring 168 mm S1. In Clear Lake fecundity esti
mates for individuals ranged from 9,000 eggs in a fish

Figure 60. Goldfish, 16 em SL,
Putah Creek, Yolo County. Draw
ing by A. Marciochi.

by aquarists and bait fishermen. Large established popula
tions are present in some southern California reservoirs and
in canals, sloughs, and reservoirs of the Central Valley, as
well as in Clear Lake (Lake County). Individuals from recent
releases and from natural spawnings are lil<ely to be found
almost anywhere in the state where water is sufficiently
warm.

Life History Although goldfish are known to survive water
temperatures from 0 to 41°C, populations generallybecome
established only in warm (27-37°C), often oxygen-deficient
water in areas where winters are mild (2). They can be found
in many habitats but seem especially well suited to fertile
farm ponds, small backyard ponds, warmwater reservoirs,
and sloughs with heavy growths of aquatic vegetation. They
do well in highly disturbed and polluted habitats domi
nated by other alien fishes (11). Goldfish can become es
tablished in cold, oligotrophic lakes provided there is a lit
toral area large and warm enough for breeding. They rarely
establish permanent populations in streams, although they
are sometimes abundant in reaches below reservoirs con
taining reproducing populations (3). In clear streams they
are strongly associated with deep pools with dense cover,
whereas in turbid streams they are associated with deep
pools (3). They may, however, move up into riffles and runs
to graze on algae.

Goldfish are omnivores that feed heavily on algae, as
their long intestine and closely spaced gill rakers suggest.
They also consume zooplankton, large amounts of organic
detritus, and aquatic macrophytes, indicative of feeding on
the bottom as well as in midwater. Adult goldfish collected
in November from sloughs ofthe San Joaquin River (Fresno
County) were feeding mostly (58% by volume) on plank
tonic diatoms, together with a few strands offilamentous al
gae. The rest of their diet was organic detritus with a few
fragments of higher plants. The diet of 71 goldfish from
sloughs ofthe Sacramento River in November andApril was
similar, except that the April fish had also eaten chironomid

Distribution Wild goldfish originally ranged from eastern
Europe to China. They are now established worldwide in
suitable waters. In California they may have been estab
lished in the wild as early as the 1860s (1). They are spread

Taxonomy Goldfish will hybridize with common carp. The
hybrids, when bred and raised in captivity, are known as
"silver carp" and sold in Asian markets for food. Some hy
bridization may take place in the wild in California as well.

Names Carassius is the Latinized common name (French,
carassin; German, Karausche) ofthe closely related Crucian
carp (Carassius carassius), a native of western Europe. Au

ratus means gilded or golden.

their thin-lipped, terminal mouths. Goldfish also tend to be
deeper bodied and have a more rounded belly than carp.
Counting the spine (actually a hardened ray) and the two
smaller spines next it, they have 15-21 rays in the long dor
sal fin and 5-6 rays in the anal fin. There are 25-31 large
scales along the lateral line; the pharyngeal teeth (0,4-4,0)
are blunt and comblike. Breeding males develop small tu
bercles on the sides of the head and pectoral fins.

References 1. Mayden 1989.2. Hubbs 1954.3. Dill and Cordone
1997.4. Swift et al. 1993.5. Jennings and Saiki 1990. 6. Matthews
and Hill 1977, 1979. 7. Carlander 1969. 8. Peters et al. 1989. 9.
Becker 1983. 10. Minckley 1982.11. Ruppert et al. 1993. 12. Har
wood 1972. 13. Farringer et al. 1979. 14. Cross 1967. 15. Wang
1986. 16. Mincldey 1959. 17. Koehn 1965. 18. Saksena 1962. 19.
Miller 1952. 20. Deacon and Bradley 1972. 21. Deacon 1988. 22.
Gleason 1982b. 23. J. J. Smith, San Jose State University, pers.
comin. 1999.24. C. C. Swift, pers. comm. 1999.

aged." In 1979 the Citizen's Nongame Advisory Committee,
appointed by CDFG, and ofwhich I was a member, recom
mended that red shiner be banned as a bait fish outside the
Colorado River. A CDFG staff review of the recommenda
tion agreed (22), but the state Fish and Game Commission
capitulated to the bait-fishing industry's protests and per
mitted red shinerto continue to be used for bait (3). As a di
rect result, it may now be threatening native cyprinids in
southern and central California, although there are no stud
ies available to document this. Given the circumstances, it
would seem appropriate for CDFG, through special assess
ment of the bait-fishing industry, to fund a major study of
the red shiner and its effects on native fishes to determine if
any control strategies are possible. Despite its wide distri
bution and abundance, the red shiner should still be banned
as a bait fish, to prevent further expansion of its range.

MINNOWS, CYPRINIDAE

Goldfish, Carassius auratus (Linnaeus)

Identification Goldfish in the wild can be as variable in
color and body shape as those in pet stores. However, in wild
populations there is strong selection (presumably bypreda
tory birds and fish) for more protectively colored wild phe
notypes: usually olive on the back, silvery to shiny bronze
on the sides, white to yellow on the belly, and dusky on the
fins. Like common carp, goldfish are heavybodied and pos
sess stout, serrated spines at the beginning of the dorsal and
anal fins. Unlike carp, they lack barbels at the corners of

water. Spawning occurs when male and female swim side by
side, fins erect, over suitable substrate (16). The numerous
breeding tubercles of males are used for contacting females
during courtship and holding them during spawning (17).

Little has been published about the early life history of
the red shiner, although larval development has been de
scribed (15, 18).

Status lIE. The red shiner is a true weedy species, spread
ing rapidly once established and displacing native cyprinids
wherever it goes. Its initial success in the Colorado River
was unexpected, reflecting the poor knowledge of its biol
ogy in the 1950s (19). The species spread rapidly through
the Colorado River and its tributary streams. It has been
implicated as a predator on larvae of Colorado River native
fishes and is therefore a major obstacle to recovery (11). In
the Moapa River, Nevada, establishment of red shiner and
other alien species was associated with the decline of native
fishes (20). In the Virgin River, Arizona, Nevada, and Utah,
red shiners were recorded in 1972 as displacing Virgin
River spinedace (21).

In 1976, in the first edition of this book (p. 204), I wrote:
"Because red shiners have potential for becoming estab
lished in the warm intermittent streams of California where
they would compete with endemic fishes, their use as bait
fish outside the Colorado River system should be discour-
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coldwater reservoirs at high altitudes, such as Shaver Lake,
Fresno County (1,320 m). They are generally most abun
dant in eutrophic lakes, reservoirs, and sloughs with silty
bottoms and growths of submergent and emergent aquatic
vegetation. In streams they are associated with turbid water;
deep, permanent pools; high alkalinity; and soft bottoms (3,
17). Cover, such as submerged tree branches, becomes more
important as water becomes clearer. Juveniles also pr~fer

deep pools, but they will move into shallow water if there
are dense beds of aquatic vegetation for cover (3). Carp are
active at water temperatures of 4-24°C, although the opti
mum temperature for growth seems to be around 24°C (4).
One of the main reasons carp have succeeded so well in the
West is their ability to survive under adverse conditions.
They can withstand exceptionally high turbidity, sudden
temperature changes, high temperatures (31-36°C, de
pending on acclimation temperatures), and low oxygen
concentrations (0.5-3.0 ppm) (4,5). They can survive in de
oxygenated water by gulping air at the surface (13) and
pumping an air-water mixture across the gills. Carp can in
habit estuaries as well as freshwater environments, although
they apparently must spawn in fresh (or nearly fresh) water
(6). They can survive salinities up to 16 ppt (5) and are reg
ularly found in the San Francisco Estuary at salinities of
10-12 ppt.

In lakes and reservoirs carp seldom occur deeper than
30 m. They usually overwinter, however, in deeper waters of
lakes and streams, moving into shallow water to feed and
breed as the water warms up in spring. Ifpreferred feeding
areas are exceptionally shallow, they will move in to feed
only during early morning and evening. They also move
into flooded fields to feed and breed in the spring.

In general carp are omnivorous bottom feeders, al
though animal food (particularly aquatic insect larvae and
small molluscs) seems to be more important in their diet
than plants (4,5,7). Their diet changes with their age. Newly
hatched carp feed on both zooplankton (e.g., rotifers and
copepods) and phytoplankton (algae). As they increase in
size, they begin to feed on benthic insect larvae. By the end
of their first summer they are eating most available bottom
invertebrates. Adults will feed heavily on aquatic plants and
on algae, which might be expected given their long gut (3-4
times body length) and molariform teeth. However, small
animals associated with plants may be as important nutri
tionally as the plants themselves. The preferred animal
foods are aquatic insectlarvae, especiallymidge larvae (Chi
ronomidae), followed by aquatic crustaceans, molluscs, and
annelid worms. Fish, probably dead before eaten, and fish
larvae and eggs, including carp eggs, have been found in
their diets (5).

Carp typically root around on silty bottoms, stirring up
aquatic insects, which they then pick from the water. They
frequently take silt into their mouths and then spit it out,

feral carp in North America still resemble heavy-bodied do
mestic varieties as much as the ancestral carp of the Danube
River, which is a "powerful, elongated, and torpedo-shaped
animal with large regular scales and a golden (yellow
brown) color." Koi are brightly colored domestic carp orig
inating in Japan.

Distribution Common carp have been introduced into suit
able waters worldwide, a practice probably started in Eu
rope by the Romans, who cultured them. Although com
mon carp is widely regarded as having been first cultivated
in China and then somehow brought to Europe, Balon (1)
presents convincing evidence that it evolved in the Caspian
Black Sea region, from where it spread naturally to the
Danube River. The Romans apparently got their fish from
the Danube. Carp were then spread throughout medieval
Europe for culture in the ponds ofmonasteries and became
very popular as food fish. Because of the high esteem in
which they were (and are still) held in Europe as food and
sport fish, they were brought to California in 1872 by Julius
A. Poppe, who stocked a pond in Sonoma Valley with five
carp from Germany. He sold their progeny widely through
out the West (2). In 1879 the California Fish Commission
started raising carp with broodstock provided by the U.S.
Fish Commission. From these sources and new imports
from the eastern United States, carp were planted all over
California and the western United States. By 1896 they were
widely distributed, but their disadvantages were starting to
become so apparent that official stocking was halted. Today
common carp are found in rivers, lakes, and reservoirs
throughout North America.

In California carp are present in the Sacramento-San
Joaquin drainage, the Salinas andPajaro basins, the Russian
River, Clear Lake, the Colorado River, some Lahontan
drainage reservoirs and rivers, and the Owens River, as well
as along coastal southern California. To the best of my
knowledge they are absent from the Klamath River basin, all
North Coast watersheds, the Pit River, Eagle Lake and other
isolated Great Basin watersheds, and the Death Valley re
gion. However, it would not be surprising to find them in
any of these places.

Life History Common carp are most abundant in warm,
turbid water, especially reservoirs, at low elevations, but
they also manage to live in some trout streams and a few

Names The word carp, and its relative cmpio, is an ancient
one; forms of it were used by the Roman and Celtic peoples
of Europe, and similar words are present in most European
languages (1). The generic name Cyprinus, first used by
Linnaeus in 1758, seems to be an indirect reference to its
great fecundity because the name is probably derived from
Cyprus, the island home ofVenus.

Figure 61. Common carp, 36 em
SL, Suisun Marsh, Solano County.
Fish print by Christopher M.
Dewees.

References 1. Dill and Cordone 1997. 2. Becker 1983. 3. Smith
1982.4. Dobie et a!. 1956.5. Breder and Rosen 1966. 6. Trautman
1957.7. Car1ander 1969. 8. Wang 1986. 9. University of Califor
nia, Davis, unpub!. studies. 10. Richardson et a!. 1995. 11. L.

Brown 2000.

the front. The dorsal fin is long, with 17-21 rays preceded
by a stout, serrated spine plus 2 small spines (all actually
hard rays). The anal fin also has a spine (plus 2 small spines),
followed by 5-6 rays. The pelvic fins contain 5-7 rays; the
caudal fin usually has 19, 17 of which are branched. There
are 32-38 scales along the lateral line in most wild carp,
although there are varieties that lack scales completely
(leather carp) or have only a few patches of large, irregular
scales (mirror carp). The pharyngeal teeth (3,1,1-1,1,3) are
large and molariform. Adult carp are gold-green to bronze
in color, with red-tinged pectoral, pelvic, and anal fins. Ju
veniles tend to be brown to gray, with terminal mouths and
tiny barbels.

Status IID. Although goldfish are widely distributed in Cal
ifornia, their ecological role is not well understood. For the
most part, they are not very abundant except in severely dis
turbed habitats. In mud-bottomed ponds their feeding ac
tivities may eliminate aquatic plants and greatly increase
turbidity (10). Occasionally they become so abundant in
reservoirs that control measures are desirable (1). Unfortu
nately, the control of pet and occasional illegal bait releases,
although highly desirable, seems impossible. In some reser
voirs large goldfish are harvested and sold live as food in ori
ental markets.

Taxonomy Common carp in California (and North Amer
ica generally) are descended from domesticated carp from
Germany and perhaps Japan. Balon (1, p. 9) indicates that
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Common carp, Cyprinus carpio Linnaeus

Identification Common carp are large-scaled, heavy
bodied cyprinids with two barbels on the upper lip on each
side of subterminal mouths. The rear barbel is longer than

measuring 24 cm FL to nearly 72,000 in one measuring 28
cm FL (9). However, absolute fecundities seem to be in the
range of 160,000-380,000 eggs per female (2). Spawning
requires temperatures of 16-26°C (8). At higher or lower
temperatures gonads do not develop completely, and eggs
laid may not develop successfully. Overcrowding will also
inhibit spawning. Under normal conditions goldfish spawn
several times per season, laying 2,000-4,000 eggs each time
(4). In California the first spawning takes place in April or
May. Spawning usually occurs at sunrise on sunny days,
over aquatic vegetation, flooded grass, roots, leaves, and
other submerged objects. The spawning act is similar to
that of carp, a male following close behind the female
and fertilizing the eggs immediately after their release. The
fertilized eggs are highly adhesive and hatch in 5-7 days.
Larvae and small juveniles seek heavy cover among aquatic
vegetation (8).
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duced as sport and food fish into a private reservoir near Lo
bitas Creek (San Mateo County) by an Italian-American
rancher (1, 2). They were still present in this reservoir in
1973. They were subsequently spread to other ponds and
reservoirs in Santa Cruz and San Mateo Counties, and it is
not known if any of these populations persist. Apopulation
was established in the 1950s in a pond in Humboldt County,
near the Trinity River, but it was eradicated in 1976 (2).

Life History No work has been done on tench biology in
California, but it has been studied in Europe (3,4) and Tas
mania (5), where the fish have also been introduced.

Tench are fish ofwarm, quiet waters that do best in farm
ponds, oxbow lakes, sloughs, castle moats, and deep, slow
moving stretches of rivers. They are generally associated
with muddy bottoms and heavy growths of aquatic macro
phytes. Tench can survive water temperatures as high as
30-35°C, oxygen concentrations under 1 ppm, and salini
ties up to 12 ppt. Although tench from northern Europe can
apparently withstand temperatures close to freezing, Cali
fornia tench, descended from southern European popula
tions, may not be able to withstand such low temperatures.
The optimum temperature for growth seems to be between
12 and 30°C.

Tench are rather sluggish and are not very aggressive
toward other tench or other fishes, earning them the repu
tation of the "Physician of Fishes" (6, p. 134). They are
usually solitary and strongly n<;Jnmigratory. During hot
summer months they tend to congregate in deep holes and
shady areas, seeking cooler water. They tend to forage dur
ing the night and move into heavy cover, such as deep cat
tail stands, during the day (7).

Panek 1987. 11. Moyle 1984. 12. AFS 1987. 13. Nakamura 1994.
14. Lougheed et al. 1997. 15. Wilcox and Rornbach 1991. 16.
Files, CDFG, Region 4. 17. Brown 2000.

Identification Tench are deep and thick-bodied; covered
with tiny, deeply embedded scales (90-115 in the lateral line);
and very slimy. The mouth is small and terminal with a single
barbel at the end of each maxilla. The caudal fin is squared
and the dorsal and anal fins are well rounded, each with 8-9
rays. The pharyngeal teeth are in a single row, usually 5-4. In
California tench may reach sizes of 60-80 cm TL and 2-3 kg.
Mature males possess a thick rayon the leading edge of each
pelvic fin. The color of the back varies from dark green to
black, becoming bronze on the sides and belly. Some indi
viduals maybe a gold-bronze color overall. The fins are dark.

Tench, Tinea tinea (Linnaeus)

Figure 62. Tench, 23 em SL, pond
near Lobitas Creek, San Mateo
County. Drawing by A. Marciochi.

References 1. Balon 1995. 2. Dill and Cordone 1997. 3. Smith
1982. 4. McCrimmon 1968. 5. Becker 1983. 6. Wang 1986. 7.
Minckley 1982. 8. J. Moyle and Kuehn 1964. 9. Sigler 1958. 10.

Distribution Tench are native to most of Europe except
northern Scandinavia. In 1922 12-24 fish measuring 10-15
cm TL were brought to California from Italy and intro-

Names Tinea is the Latin word for tench, and the Old Eng
lish name tench is derived from it.

the water column. By the end of their first week, most carp
fry have moved into beds of emergent or submerged vege
tation. They seldom leave protective cover until they have
attained 7-10 cm TL and are fairly secure from predation.

Status lIE. In the California watersheds into which they
have been introduced, common carp have reached the max
imum extent of their range. Despite the great disdain in
which it is held by anglers and managers, the fish is increas
ingly popular as koi, an ornamental pond fish. Koi are carp
nevertheless, and if they escape into the wild they are capa
ble of establishing wild populations, much like goldfish.
Thus, under present regulations, it seems likely that carp
will eventually become established in watersheds, such as
the upper Klamath basin, from which they are now fortu
itouslyabsent.

The introduction of common carp to North America is
now widely regarded as a serious mistake, although the de
cision was a very popular one in the 1870s (ll). Congress
men scrambled to have carp raised by the U.S. Fish Com
mission planted in their districts, an action facilitated by the
rapidly developing network of railroads (ll). Carp have
probably displaced or reduced populations of native fishes
in some areas and have been responsible for destruction of
shallow waterfowl habitat in various parts of the country
(8). However, their ecological role in California streams and
reservoirs is poorly understood because they are so charac
teristic of disturbed and polluted habitats. It is possible that,
through their foraging behavior, they decrease local water
clarity and prevent dense beds of aquatic plants from grow
ing, but there is no direct evidence for this in California.

Carp have low value as forage for piscivorous fishes be
cause the most vulnerable stages of their life history are
spent well hidden. However, they do have virtues as a food
and game fish-virtues that are slowly being rediscovered
in California and elsewhere (12). They grow rapidly and
achieve large size in polluted water that supports few other
fish. They can provide good sport, because they are wary,
large, and often surprisingly difficult to catch, and put up a
good fight when hooked. Carp fishing tournaments are be
coming increasingly popular, even catch-and-release tour
naments. Common carp can be a real culinary treat when
properly prepared, and are highly appreciated by diverse
ethnic groups in California. A commercial fishery exists for
them in Clear Lake (Lake County) and in some reservoirs.

Controlling carp is both difficult and expensive. Proba
bly the most effective means are intensive commercial fish
ing in large bodies of water and the use of fish poisons in
small bodies of water. Efforts should certainly be made to
exclude carp from waters that do not now contain them.
Serious consideration should be given to banning the sale
or keeping of koi in watersheds from which carp are now
absent.
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picking out organisms thus suspended. The effect of this
behavior in shallow lakes and ponds is to uproot aquatic
plants that provide cover and food for other fishes and
waterfowl and to greatly increase turbidity, cutting down on
sunlight available for plant growth (14, 15). Although tur
bidity created by carp can be responsible for the disappear
ance of game fish from an area, more often than not carp
were not the creators of adverse conditions but rather
moved into an area already disturbed (8). The ability ofcarp
to colonize new areas or reinhabit streams and lakes that
have dried up and then refilled is legendary. In lowland
streams they are typically the first fish to return to streams
following drought, their backs cutting the water as they
splash through riffles. Their ability to move long distances
is well documented (5, 9). A tagged carp in the Missouri
River moved nearly 1,100 km upstream in just over 2 years.

Growth of carp varies considerably according to sum
mer water temperatures, length of growing season, quality
ofwater, and food availability (4,5). During their first sum
mer oflife they may reach 7-36 cm SL, averaging 10-15 cm
S1. During their second year they can double in length and
add 10-12 cm in each following year, although growth tends
to slow down after the fourth or fifth year. Increase in weight
follows a similar pattern, although it too can be highly vari
able. In the wild carp seldom live longer than 12-15 years or
exceed 80 cm SL and 4.5 kg. However, they have been
recorded as living as long as 47 years in captivity. The largest
carp ever caught (from South Mrica) weighed 37.9 kg; the
largest one caught in North America (from Mississippi)
weighed 37.2 kg (10). The largest carp recorded for Califor
nia was caught in Lake Nacimiento, San Luis Obispo
County, and weighed 26.3 kg (16).

Spawning takes place in spring and early summer when
water temperatures start to exceed 15°C, with highest activ
ity at 19-23°C (5). The first indication of spawning is large
shoals of carp swimming slowly about in open water near
beds of aquatic plants, usually close to shore, their dorsal
fins and backs frequently breaking the surface. Soon they
separate into smaller groups, which move into shallow,
weedy areas, preferably recently flooded, and quicldy begin
to spawn, accompanied by splashing. Usually, each female is
closely pressed by two or three smaller males. Spawning oc
curs at any time of day or night, but it seems to peak in late
evening and early morning.

A female lays about 500 eggs at a time and, depending on
size, will deposit 50,000-2,000,000 eggs during a season (4,
5). Eggs are adhesive and stick to plants, tree roots, and bot
tom debris (6). Embryos hatch in 3-6 days, and newly
hatched larvae measure 3-7 mm T1. These quickly drop to
the bottom or attach to vegetation, where they live on the
contents of their yolk sac for a few days. Soon they start
feeding on zooplankton and become increasingly active
swimmers as their fins develop, occasionallymoving up into
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ofthe Mississippi and Missouri River systems in the 30 years
following their introduction in Arkansas (4). It also allows
them to quickly locate beds of aquatic plants in lakes and
other large bodies of water.

Adult grass carp are omnivores, with a strong bias to
ward plants. The biggest fish are the most herbivorous.
Their herbivory is surprising considering that their intes
tine is short (only 2-3 times the body length); other her
bivorous fishes have much longer digestive tracts, to provide
the surface area needed for breaking down plant material.
Their need to consume large amounts of plant material to
compensate for a short digestive tract is presumably one
reason they are so effective at plant control. Their digestive
efficiency is increased by the powerful pharyngeal teeth,
which break open plant cells. Juveniles feed largely on
aquatic invertebrates, mainly benthic but occasionally
planktonic, and begin switching to plant material at 3-4 em
TL (3). Adults consume almost any kind of plant given the
opportunity (including terrestrial vegetation hanging over
water) but seem to prefer submerged macrophytes, espe
cially such relatively"soft" forms as the exotic weed Hydrilla
verticilla. Less preferred plants (such as water hyacinth) are
li1zely eaten only after more palatable plants have been con
sumed. Omnivory in grass carp asserts itself once they have
depleted beds of aquatic plants and they switch to diets of
benthic invertebrates, such as crayfish and clams (3).

Grass carp can grow rapidly and reach large sizes. In their
native Amur River, they grow 9-10 em/year in their first 4
years of life, after which they become mature and growth
slows to 6-7 em/year for the next 3 years and 2-5 em/year
thereafter (3). However, larger fish may show weight in
creases disproportionate to length increases. Faster growth
occurs in warmer waters, and some individuals reach over
5 kg within 2 years. They apparently reach lengths of 1-1.5
m TL, with weights of 30-36 kg. As would be expected of
such large fish, they are long lived, with life spans in excess
of 15 years.

through the Mississippi drainage and established reproduc
ing populations, despite opinions that they would not be
able to do so. Fish dealers in Arkansas also marketed live fish
for aquatic weed control, so they can now be found in most
states and in Mexico, with a number of reproducing popu
lations. Although grass carp are officially prohibited from
most of California, fish have been illegally imported from
Arkansas a number of times and planted in ponds; when
such populations were found CDFG eradicated them (e.g.,
from golf course ponds in the Carmel Valley in the 1980s).
Grass carp have been legally introduced into canals in the
Coachella and Imperial Valleys in southeastern California
for weed control. Since 1979 sterile triploid grass carp have
been released experimentally, and they are now fairly com
mon in the region. Triploid grass carp are expensive and,
given the weed control mythology associated with grass
carp, it is likely that wild, self-sustaining populations will
eventually be established in the state, most likely in the Col
orado and San Joaquin Rivers.

Life History Grass carp are native to large, temperate river
systems, where they forage in backwaters and shallow areas.
They seem capable of living in a wide variety of conditions,
including ponds, irrigation canals, and lakes. They survive
in waters with near-freezing temperatures in winter and are
likely to die in summer only when temperatures reach
38-39°C (3). Optimal temperatures for growth are around
25°C, but they will feed at temperatures ranging from 3° to
33°C. Grass carp can survive oxygen levels of less than 1
mglliter and salinities of 17 g/liter (perhaps higher for short
periods) (3). Adults can thus invade estuaries as well as
freshwater environments.

Grass carp are restless fish that can move hundreds of
kilometers in rivers within short periods of time. They feed
constantly, and if they find good feeding conditions (beds
of aquatic plants) they will stay in one area for an extended
period (3). This behavior resulted in their colonizing much

Figure 63. Grass carp. Painting
by J. Tomelleri.

Names Cteno means comb, while pharyngo-don means
pharyngeal teeth, referring to the rough, comblike surfaces
of the teeth. Idella seems to be a combination of the Greek
and Latin words for small, but the reference is obscure.
Grass carp have been called white amur in an attempt to
whitewash fears of many biologists that they might become
another common carp in terms of habitat destruction.

Taxonomy The varieties of grass carp planted in California
are mostly triploid males or hybrids with bighead carp, Hy
popthalmichthys molotrix, both ofwhich are supposed to be

sterile.

References 1. Shapova1ov 1944. 2. Dill and Cordone 1997. 3.
Wheeler 1969. 4.Varley 1967. 5.Weatherley 1959. 6. Walton 1653.
7. Perrow et al. 1996.

Distribution Grass carp are native to large rivers of central
eastAsia, from theAmur River of China and Siberia to Thai
land (2). They were brought into Arkansas in 1963, cul
tured, and released into an Arkansas lake in 1970 (5) and the
Arkansas River in 1971 (1). From there they quickly spread

grinding surfaces (1). The fish generally have a silvery-white
appearance, although the back and sides may be olivaceous,
the head gray, the belly white to yellow, and the fins dark.

Status IIB. Tench were an unauthorized introduction into
California. Fortunately, their slow growth, confinement to
isolated ponds in small coastal drainages, and generally low
desirability have kept them from spreading. However, their
hardiness in and out of water and their high fecundity do
facilitate their spread into other river systems. Although
they seem to be innocuous compared with carp, their po
tentialfor offering competition for food, especially to native
cyprinids, is high enough that introduction into other wa
ters should be prevented. Because they are presently found
in only a few small ponds without public access, their fur
ther spread seems unlikely, especially because local ranch
ers seem to have lost interest in them. A thorough survey of
their populations is needed; if possible, eradication should

be attempted.

Spawning is in summer (May-August in Europe), after wa
ter has reached 18°C. Tench aggregate for spawning in areas
of heavy plant growth, each female laying around 500,000
eggs per kilogram body weight (4). The adhesive green eggs,
each about 1.2 mm in diameter, stick to aquatic plants. They
hatch in 6-8 days, and the 2- to 3-mm-Iong fry begin feed
ing a day or so later.
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Grass carp, Ctenopharyngodon idella Steindacher

Description Grass carp are solid, moderately slender fish
with a wide, scaleless head and a terminal mouth. They may
reach over 1 m S1. The scales are large (34-45 in the lateral
series) and outlined in black, most with a dark spot at the
base. The dorsal fin is short (8 rays) and spineless, with its
origin in front of that of the pelvic fin. It has 9 anal fin rays,
18-20 pectoral fin rays, 8 pelvic fin rays, and 15-16 gill rak
ers. The pharyngeal teeth are 2,5-4,2 with rough, elongate

Invertebrates that live on the bottom or on aquatic plants
are their main food. Tench 6-12 em TL feed primarily on
aquatic insect larvae, especially those of mayflies, damsel
flies, chironomid midges, and caddisflies. Larger fish de
pend on whatever large invertebrates are most abundant.
Thus large tench from one pond fed mostly on pulmonate
snails; those from another, on oligochaete worms; and those
from another, on insect larvae, especially chironomids (5,
7). Algae and aquatic plants become important only when
overcrowding in a pond reduces invertebrate populations.
Tench are probably not able to survive on a purelyvegetar
ian diet. Tench measuring less than 6 em TL feed on small
crustaceans among aquatic plants, especially cladocerans,
copepods, and amphipods. Small chironomid larvae and
water mites may also be taken. Newly hatched fry take
mostly small crustaceans, especially nauplii, along with ro

tifers and diatoms.
The growth of tench is slow for a large cyprinid, averag

ing about 3 em/year for the first 4 years and becoming pro
gressively slower thereafter. A fish measuring 30 em TL will
probably be at least 9 years old. In Tasmania tench grew
fastest in farm ponds, slowest in a large lake, and moderately
well in a sluggish river. In Europe they commonly reach 64
em TL and weigh 2 kg, although fish weighing nearly 4 kg
have been caught. In California tench may reach 2-3 kg (1).

Tench mature during their third or fourth year, males
usually maturing a year before females the same age.
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suckers, most with terminal mouths, inhabiting open wa
ters of large lakes and sluggish rivers; (2) small mountain
suckers, with horny plates on their lower lips for scraping
algae and invertebrates from rocks in fast-moving streams;
and (3) typical suckers, which occupy a wide range ofhabi
tats but are mainly stream dwellers. The specialization of
the lake and mountain suckers allows two or more species
to coexist in waters that presumably would otherwise sup
port only one.

The success of suckers has given them a bad reputation
among anglers, who frequently accuse them of competing
with game fish for food and space. This accusation is rarely
justified. Too often the presence of suckers and the absence
of game fishes are considered to be part of a cause-and
effect relationship when, in fact, the lack ofgame fishes (es
pecially trout) may be due to poor habitat, low water qual
ity, or overfishing. Suckers may even be beneficial to game
fish populations as forage fish that utilize food (algae and
detritus) largely unavailable to predatory fishes. They also
have some importance as commercial and sport fish: they
reach large sizes, put up a good fight on light tackle, and are
quite edible. Theywere an important source offood for Na
tive Americans (Lindstrom 1996). Hubbs and Wallis (1948)
pointed out that those in Yosemite Valley preferred Sacra
mento suckers to trout as food.

Ten species of suckers are included in this book as part
of the California fish fauna, but a case can be made for
adding three others to the list. Flannelmouth suckers
(Catostomus latipinnis) were historically part of the lower
Colorado River fish fauna but disappeared from the Cali
fornia portion in the late 19th century, for unknown rea
sons, although they were probably always uncommon.
However, in 1976 they were reintroduced into the tailwaters
of Davis Dam in Nevada, where they became established in
about 25 km of river (G. Mueller, U.S. Bureau of Reclama
tion, pers. comm. 2000). A few have been subsequently cap-
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Suckers are a highly successful group even though they lack
the diversity of species of the minnows (Cyprinidae), with
which they share the order Cypriniformes. With the ex
ception of a few plankton-feeding forms, they are bottom
browsers, sucking up small invertebrates, algae, and or
ganic matter with their fleshy, protrusible· lips. Their
comblike pharyngeal teeth serve to break up items enter
ing the long, coiled intestine. The ability of suckers to
thrive on abundant food little exploited by other fishes,
combined with the mobility conferred by their solid, mus
cular bodies, has permitted a small number of species to
become abundant in a wide variety of habitats, including
mountain and foothill streams, reservoirs and lakes, tidal
sloughs, and large rivers. In addition, they possess the
characteristics that have made cyprinids so successful,
such as a well-developed sense of hearing, fear substance,
and high fecundity. Specializations include an enlarged
Weberian apparatus (for hearing), a complex mouth struc
ture (for vacuum cleaner-like suction feeding), and
tetraploidy (G. Smith 1992). Like the large cyprinids so
characteristic of California, most suckers have a life history
that combines large size with long life and high fecundity,
enabling them to persist through long periods of unfavor
able environmental conditions.

Suckers are an ancient family, with fossils dating back to
the early Cenozoic (Paleozoic). Ancestral suckers, large
deep-bodied forms, were once found throughout Asia and
North America. The closest living relatives to suckers in the
Cypriniformes are likely to be various Asiatic groups (Smith
1992). However, Asia today supports only two sucker
species, one ancient relict (Myxocyprinus asiaticus) in China
and one recent invader from North America (Catostomus
catostomus). Thus the sucker success story is primarily a
North American one, especially the evolution of the "stan
dard" stream suckers (Catostomus, Moxostoma). There are
three basic ecological types of suckers: (1) deep-bodied

an increase in undesirable aquatic weeds in some

situations.

4. They have the potential to become established in
most river systems of the United States and Mexico.

5. Their ability to eliminate beds of aquatic plants
means they can drastically change aquatic ecosystems
by reducing the amount of cover available to small
fish of other species (including predatory fish), by in
creasing algae blooms (decreasing water clarity), and
by changing the distribution and abundance of
aquatic invertebrates.

6. The effects of feral grass carp on large ecosystems
(e.g., rivers of the Midwest) are not known, but they
must be assumed to be negative until proven other
wise. However, obvious large-scale effects on riverine
ecosystems have not been observed (5).

7. Triploid grass carp are a fairly safe method of weed
control because a vast majority are sterile and be
cause, despite their long lives, they represent a
reversible management action. The biggest prob
lem with their use is the likelihood of cheating,
with the much cheaper and more easily obtainable
normal grass carp being substituted for triploid

individuals.

8. Grass carp should be used for weed control only
after careful consideration of alternatives; once
introduced, their populations should be carefully
monitored.

References 1. Etnier and Starnes 1993. 2. Dill and Cordone
1997.3. Chilton and Moeneke 1992.4. Lever 1996.5. Leslie et al.

1996.

Clearly the use of grass carp for aquatic weed control
should be tightly regulated. The ban on their use, even of
triploid forms, north ofthe Tehachapi Mountains shouldbe
continued because the agencies responsible for their regu
lation do not have adequate staff to monitor introductions.

MINNOWS, CYPRINIDAE

1. They can be very effective at reducing and occasion
ally eliminating beds of submerged aquatic plants
and as such are an alternative to herbicides.

2. They are most effective in controlling weeds in con
fined situations (such as ponds, canals, and small
lakes) or in situations in which they can be stocked at

high densities.

3. All aquatic plants are not equally palatable to grass
carp, and their selective feeding can actually result in

Grass carp will become mature within 2 years in warm
climates, 4-5 years in temperate climates, and 8-10 years in
colder climates, usually at lengths of 60-70 cm TL and
weights of 4-5 kg. Females produce, depending on size,
237,000 (a 68-cm female) to 1.7 million eggs (a I-m fe
male); fecundities average about 618 eggs per gram of ovary
weight (3). Spawning is initiated by a rise in water temper
ature (above 18°C, optimal 20-25°C) and a rise in water
level. Spawning grass carp seek out open riverine areas with
moderate currents, because fertilized eggs are semipelagic
and must be suspended for several days before hatching.
Spawning behavior is typical of cyprinids, with each female
pursued closelyby two or more males (3). Thelarvae are ap
parently pelagic for a period before transforming into juve
niles that inhabit shallow water.

Status lIB. So far as is known, there are no self-reproduc
ing populations of grass carp in California as of this writ
ing. Sterile, triploid grass carp are widely used for weed con
trol in southern California irrigation canals, however, so the
species is lilcely to be encountered in many places. Illegal in
troductions of normal grass carp can occur because grass
carp are easy to obtain from out-of-state dealers despite
prohibitions. Itwould therefore not be surprising iftheybe
came established in California rivers, which seem to have all
the conditions grass carp need for successful reproduction.

The use of grass carp for aquatic weed control is contro
versial, but the following statements about them are widely
accepted (3, 5):
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entire range they have been recorded at elevations as high as
2,800 m and at temperatures of I-28°C (5). Within streams
they are usually found in pools, especially those containing
aquatic macrophytes, logs, or deeply undercut banks. In
swifter water they are typically found in velocity refuges be
hind rocks or under logs. In Lahontan streams the abun
dance ofmountain sucker is positively correlated with pools
and negatively correlated with riffles (8,9). The suckers typ
ically select areas with mean water column velocities of
0.1-0.5 m/sec and depths of 0.5-1.8 m (9). Within these ar
eas they are most abundant in dense cover, especially
around rootwads (9).

Mountain suckers form exclusive shoals and segregate
from other catostomids in much oftheir range (10), yet this
is not the case for California populations, which form
mixed aggregations with Tahoe suckers (9). There is a pos
itive correlation between the abundance of mountain suck
ers and that of Tahoe suckers and speckled dace (8). They
are also common associates (and prey) ofvarious native and
introduced trout.

Mountain suckers feed mostly on algae and diatoms
as well as on small quantities of aquatic insects and other
invertebrates (5, 11). They feed by scraping food from the
substrate, and this strategy results in sand and grit also
being ingested. The importance of algae in their diet is
indicated by the movement of suckers into areas coinci
dent with "blooms" of algae on the rocks (9). The diet of
juveniles «30 mm TL) contains a higher proportion of
insects (11).

In Montana mountain suckers reach 60-65 mm TL in
their first year and 90-100 mm TL by the second year (11).
Average growth rates are greatest during the first year and
decrease gradually through the third year, after which
growth is slow and constant. Individuals rarely exceed 17
cm TL but occasionally reach 23 cm TL (11). Given the
length distributions of suckers observed in California
streams, this pattern of growth is probably true here as well.
Females are larger than males, live longer (7-9 years versus
7years for males), and mature later (in their third or fourth
year at 9-17 cm TL) (5,11). Males mature in their second
or third year at 6-14 cm TL (5, 11). Fecundity is variable,
females producing between 990 (for a specimen measuring
13 cm TL) and 3,710 (for a specimen measuring 18 cm TL)
eggs (11).

Mountain suckers are fairly unusual for a stream
dwelling fish in western North America in that they spawn
in midsummer (June to early August) rather than in spring
(8, 9, 10). They move into small streams in late July for
spawning and for feeding on algae on rocks (15). Spawning
takes place in gravelly riffles immediately upstream of deep
pools and is probably nocturnal. The fertilized eggs are ad
hesive and stick to the gravel. Temperatures at times of
spawning are 11-19°C (8,9,10), although fish in breeding

concluded that all small suckers with a cartilaginous plate
in the lower lip in the Great Basin and Columbia River
drainage were one species. He further concluded that dif
ferences among mountain-type suckers and other "stan
dard" suckers were not sufficient to merit generic distinc
tion, although Pantosteus was maintained as a subgenus
(17). His extensive review led to designation ofmost forms
as Catostomus platyrhynchus, including mountain suckers
in California. Nevertheless, given the long isolation ofvar
ious populations from one another, a reevaluation of their
taxonomic status using modern statistical and molecu
lar techniques is merited. It would not be surprising if a
number of distinct taxa, including the Lahontan form,
reemerged from such an analysis.

Names Cato-stomus means inferior (down) mouth; platy
rhynchus means flat-snout, although the snout is, if any
thing, rounder than that in most other sucker species. The
name mountain sucker is used because the species often
lives in cool mountain streams.

Distribution As presently recognized, the mountain sucker
has an extraordinarily wide distribution in western North
America (6). In Canada it is found in an Arctic drainage
(Saskatchewan River) and various watersheds in Saskatche
wan, Alberta, and British Columbia. In the United States it
is present on both sides of the Rocky Mountains, including
in streams in the upper Missouri River drainage in Mon
tana, South Dakota, and Wyoming. Other Western states in
which it is found include Colorado, Utah, Idaho, Washing
ton, Oregon, and Nevada. The majorWestern watersheds or
zoogeographic regions it inhabits include the Columbia,
Bonneville, Lahontan, and Colorado. In California the
mountain sucker is native to Lahontan drainage river
basins: Walker, Carson, Truckee, and Susan. It is absent from
the Eagle Lake basin. In Nevada it is also found in the
Quinn, Humboldt, and Reese Rivers (7). Today the moun
tain sucker is found in the North Fork of the Feather River,
in the Sacramento drainage, especially in Red Clover Creek,
a tributary to the North Fork. The Feather River population
presumably resulted from an irrigation diversion from the
Little Truckee River that carries water across the divide (16).
In addition, the California Academy of Sciences has at least
one specimen taken in the lower Sacramento River, indicat
ing that this sucker could spread further in the drainage.

Life History The characteristic habitat ofmountain suckers
is clear streams with moderate gradients, 3-15 m wide and
less than 2 m deep, with rubble, sand, or boulder bottoms.
However, they also live in a variety of other waters, such as
large rivers and turbid streams. They are occasionally found
in lakes and reservoirs but are notably absent from large
lalzes, such as Tahoe, Eagle, and Pyramid Lakes. Within their

Taxonomy The mountain sucker was described in 1874 as
Minomus platyrhynchus from specimens collected in Utah
(1). The genus was subsequently changed to Pantosteus (2),
which was applied to several other forms, most importantly
Pantosteus lahontan from the Lahontan basin of California
and Nevada (3) and Pantosteus jordani from the Columbia
and upper Missouri Rivers (4). However, G. R. Smith (5)

tilaginous plate (for scraping) is often visible. The front of
the upper lip is also without papillae. There are 23-37 gill
rakers on the first gill arch, 75-92 lateral line scales, and
8-13 (usually 10) rays in the dorsal fin. The pelvic fins have
9 rays and a well-developed axillary process at the base. The
intestine is long (4.5-6 times the body length), and the peri
toneum is black. Fish are brown to olive green dorsally and
laterally and white to yellowventrally. Alateral band or a se
ries of blotches is usually present along the sides. Mature
males have a dark, red-orange lateral band above a black
green band. The fins also take on a red-orange color during
spawning season. Breeding males develop tubercles over the
entire body and all fins (except for the dorsal fin), with the
tubercles on the enlarged anal fin being especially promi
nent. In females tubercles are restricted to the dorsal and lat
eral areas of the head and body.

pers. comm. 1974). Bigmouth buffalo (Ictiobus cyprinellus)
were once established in reservoirs of southern California
and in the lower Colorado River, but there are no recent
records of them.

It is a sad comment on the state of California's native
fish fauna that six of ten native sucker species are rare, en
dangered, or potentially endangered. On the other hand,
three species (Sacramento, Tahoe, and Owens suckers) are
doing quite well in reservoirs and other human-altered
habitats.

4cm

Figure 64. Mountain sucker, 10.5 em 5L, Martis Creek, Placer County.
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Mountain sucker, Catostomus platyrhynchus (Cope)

Identification Mountain suckers are small, sleek suckers
(typically 12-20 cm TL as adults) with a subterminal mouth
and fleshy, protrusible lips covered with numerous large
papillae. The lips have deep lateral notches at the juncture
of the upper and lower lips and a shallow, median cleft on
the lower lip. On the lower lip there are two semicircular
bare areas on the inner margin, next to which a round car-

tured in California, although the open, sandy-bottomed
habitat is largely unsuitable for them. They have the dis
tinction of being the first native fish to be extirpated from
California's waters, and then successfully reintroduced. The
tenuous nature of their presence in California nevertheless
removes them from further consideration here. An unde
scribed sucker (Catosfomus sp.) lives in Wall Canyon Creek
on the Nevada side of Surprise Valley. These suckers may
wash into alkaline Surprise Lake, covering the valley floor in
Modoc County, during times of high runoff (C. 1. Hubbs,
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Santa Ana suckers are often associated with algae, but not
with macrophytes.

The best description of present-day Santa Ana sucker
habitat is provided by Deinstadt et al. (6) for the West Fork
of the San Gabriel River. The West Fork is a small (typical
summer flow 0.1 m3/sec, width 5-8 m, depths mostly 15-30
em), permanent stream that flows through a steep, rocky
canyon with chaparral-covered walls. Overhanging riparian
plants, mainly alders and sedges, provide cover for fish.
Santa Ana suckers use all areas and do not require stream
side cover when larger, deeper holes and rimes are present.
In the Santa Ana River suckers concentrate in tributaries or
in sections of river that are fed by high-quality effluent from
sewage treatment plants. Greenfield et al. (7) recorded Santa
Ana suckers entering the Santa Clara River from a recre
ationallake. However, they probably do not usually inhabit
reservoirs, because they are not known from Pim, Morris
and San Gabriel Reservoirs (8).

Streams in southern California are subject to periodic,
severe flooding that results in drastic decreases in sucker
populations (7). Santa Ana suckers, however, are adapted
for living in such unpredictable environments and quickly
repopulate following floods. Such adaptations include short
generation time (early maturity), high fecundity, and a rel
atively prolonged spawning period. These characteristics
enable Santa Ana suckers to recolonize streams rapidly by
producing more young over a longer time span. The short
generation time allows Santa Ana suckers to reproduce early
in life, as the probabilityofadult mortality is high. The small
size also probably enables individuals to utilize a greater
range of instream refuges than would be available to larger
fish during high flows.

Like mountain suckers, Santa Ana suckers feed mostly
on algae (especially diatoms) and detritus, which they
scrape from rocks and other surfaces. In the Santa Clara
River 98 percent of their diet consists of algae and detritus,
although small numbers of aquatic insect larvae are also
taken (7). Larger fish generally feed more on insects than do
smaller fish.

Age and growth studies are difficult because Santa Ana
suckers lack strong annuli on the scales. Nevertheless, by ex
amining otolith and length frequency distributions, Green
field et al. (7) found that (1) at the end oftheir first 6 months
of life, Santa Ana suckers from the Santa Clara River aver
aged 33 mm SL; (2) they matured during their second sum
mer and usually died at the end of their third summer at
75-110 mm SL; (3) a few suckers lived through a fourth
summer (ageIII+), reaching 140-160 mmSL; and (4) males
and females grew at the same rate.

Spawning is from mid-March to early July, with peak ac
tivity usually in April. Fecundity appears to be exceptionally
high for a small sucker species, ranging from 4,423 eggs in
a female measuring 78 mm SL to 16,151 eggs in a female

heaviest on the anal fin, caudal fin, and lower halfofthe cau
dal peduncle. Females grow tubercles on the caudal peduncle
and fin.

Distribution Santa Ana suckers are native to the Los An
geles, San Gabriel, Santa Ana, and Santa Clara river sys
tems of southern California (1). In the Los Angeles and
San Gabriel River drainages they once occurred down
stream to the mouths (8) but are now restricted to the
larger stream sections that still exist in headwater areas (4).
In the Santa Ana River they survive only in the lower por
tions, mainly in reaches with flows enhanced by waste
water (Mt. Roubidoux downstream to a few kilometers be
low Imperial Highway). They have been extirpated from
the upper Santa Ana River drainage, where they were once
present in Fish and Santiago Canyons and in Cajon and
City Creeks (4). In the Santa Clara River, Santa Ana suck
ers were first collected in the 1930s and are therefore often
regarded as introduced (1, 5). However, it is possible they
are native (3). They are widespread in the drainage, occur
ring downstream to near the mouth (8). They hybridize
with the Owens sucker in the vicinity of Fillmore (4). Fish
upstream in the Soledad Canyon area are pure Santa Ana
suckers (3).

Taxonomy Catostomus santaanae was originally described
as Pantosteus santa-anae by Snyder (2) from the Santa Ana
River, Riverside County. In a subsequent revision of the
nomenclature (1) the hyphen was omitted from the specific
name and the genus reduced to a subgenus of Catostomus.
Santa Ana suckers exhibit higher variability in anatomical
characteristics than other members ofthe subgenus Pantos
teus (1), such as the number ofpapillae on the anterolateral
corners of the lower lip, pigmentation of the caudal inter
radial membrane, and development of the axillary process.
Within the species, however, there is little differentiation
among populations from the three adjacent but isolated
rivers (1), and individual populations show limited genetic
variation (3). Santa Ana suckers hybridize with introduced
Owens sucker in the Santa Clara River (3).

Names Both common and trivial names are after the Santa
Ana River, from which the first specimens were collected.

Life History Santa Ana suckers live in small to medium-size
«7 m wide) permanent streams in water ranging in depth
from a few centimeters to a meter or more (1,6). They re
quire cool «22°C), flowing water, with flows ranging from
slight to swift. Although Santa Ana suckers are usually
found in clear water, they tolerate seasonal turbidity. Pre
ferred substrates are generally gravel, rubble, and boulder,
but occasionally they are found on sand or mud substrates;

Figure 65. Santa Ana sucker, 6 tm
SL, San Gabriel River, Los Angeles
County.

References 1. Cope 1874. 2. Cope and Yarrow 1875. 3. Rutter
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7. La Rivers 1962.8. Olson and Erman 1987. 9. Decker 1989. 10.
Hauser 1969. 11. Marrin 1980. 12. Erman 1986. 13. J. Deinstadt,
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lower lip that allows 3-4 rows of papillae to cross it. Papil
lae are large on the lower lip and distributed in a convex arc
on the anterior portion. The jaws have cartilaginous scrap
ing edges inside the lips. The fontanelle beneath the skin on
the top of the head is closed in fish larger than 7 em SL.
There are 21-28 gill rakers on the external row of the first
arch and 27-36 on the internal row. There are 67-86 lateral
line scales, 9-11 (usually 10) dorsal fin rays, and 8-10 pelvic
fin rays. The axillary process at the base of the pelvic fins is
simple. The caudal peduncle is deep, measuring 8-11 per
cent of SL. The intestine is long, with up to 8 coils, and the
peritoneum is black. Color in living fish is silvery white on
the belly and dark gray on the sides and back, with irregu
lar dorsal blotches on the sides and faint patterns of pig
mentation arranged in lateral stripes (1). The membrane
between the rays of the caudal fin is pigmented, whereas the
anal and pelvic fins usually lack pigment. Breeding males
have tubercles on most parts of the body, although they are

of stream (13). High densities ofmountain suckers may also
exist in the lower Truckee River above Reno.

Streams in which mountain suckers have had sharp de
clines have also seen declines ofLahontan speckled dace and
mountain whitefish (14). Thus the decline of mountain
suckers is probably a good indicator that the native fish and
invertebrate assemblages of many Lahontan drainage
streams in California are in some trouble. It is therefore im
portant that a number of streams in the basin be identified
as targets for management-specifically for maintaining
the integrity of the native biotic community, which includes

mountain sucker.

4cm
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Status ID. The mountain sucker is present in scattered pop
ulations in California and Nevada, which show high vari
ability in numbers (8, 9, 12). However, its populations in
California seem to be in a general decline (8,9), with the ex
ception of the introduced population in Red Clover Creek
and the population in East Fork Carson River and its tribu
tary, Hot Springs Creek (12). The decline is tied to stream al
terations and modifications, especially construction ofdams
and reservoirs that isolate populations. Mountain sucker
populations have a hard time persisting in reservoirs. Be
cause their favored habitats are the lower reaches of streams,
now flooded by reservoirs, the remaining habitat supports
only small populations that are vulnerable to extirpation. In
contrast, in East Fork Carson River, a stream without a ma
jor reservoir on the mainstem, sucker populations in 1988
were estimated to range from 1,000 to 44,000 per kilometer

Identification Santa Ana suckers resemble mountain suck
ers, to which they are closely related. They are small (usu
ally <16 em SL) and have deep notches at the junctions of
the upper and lower lips, with a shallow median notch in the

Santa Ana Sucker, Catostomus santaanae (Snyder)

condition were noted in Sagehen Creek at temperatures of
9-12°C (9). Larval and juvenile suckers are found on stream
edges and in beds of aquatic plants in or near pools (10).
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base of the caudal fin than to the tip of the snout. The anal
fin has 7 rays (occasionally 6 or 8). There are 56-75 scales
along the lateral line, with 10-17 scale rows above it and
8-10 below it. Adult suckers tend to be greenish to brown
on the back and dusky yellow-gold to white on the belly.
Spawning fish develop a dark stripe on the sides, which is
lined with or is entirely dark red, especially on spawning
males. Spawning males (and often females aswell) also have
numerous tubercles on the pelvic, anal, and caudal fins.
Young suckers are gray all over, slightly darker on top, with
3-4 poorly defined splotches on the sides.

Taxonomy The Sacramento sucker is a highly variable
species both within and among populations (1,2). W. O.
Ayres described it in 1854, from specimens purchased in a
San Francisco fish market (3). Subsequently three other
forms were described (4,5,6), which became recognized as
subspecies. The validity of two of the subspecies has been
questioned owing to the lack of strong differences in mor
phometric and morphological traits (2). However, given the
isolation of the four subspecies from one another, I recom
mend maintaining the subspecies designations until a ge
netic analysis has also been performed throughout the
range of the species. A form to include in such an analysis
would be the sucker from the upper Kern River basin, which
co-occurs naturally with the distinctive golden trouts.

Catostomus occidentalis occidentalis is the typical form
found in the Sacramento and San Joaquin Rivers and trib-

protect not only the sucker but also other native fishes.
Protection of native fishes should have priority over use of
the stream for other purposes, including maintenance of
the wild trout fishery, gold dredging, and recreation.

References 1. Smith 1966. 2. Snyder 1908b. 3. Buth and Crab
tree 1982.4. Swift et a1. 1993.5. Bell 1978. 6. Deinstadt et a1. 1988.
7. Greenfield et a1. 1970. 8. C. C. Swift, pers. comm. 1998, 1999.
9. R. N. Fisher, San Diego State University, pers. comm. 1998. 10.
T. R. Haglund, University of California, Los Angeles, pers. comm.
1997.11. Federal Register 64(16): 3915-3923 (1999).

Sacramento Sucker, Catostomu5 occidentalis Ayres

Figure 66. Sacramento sucker, 14
cm SL, Ash Creek, Modoc County.
Drawing byA. Marciochi.
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populations are continually threatened by introduced
species, such as red shiner (a potential competitor and egg
predator) and green sunfish (a potential predator).

In the long run, this species will persist only if several
streams in its range are managed for native fishes. Imme
diate steps should be taken to protect their habitats in all
drainages, including assurance of adequate flows. Studies
on the life history requirements of the species should also
be undertaken. As an immediate conservation measure,
the East and West Forks of the San Gabriel River should be
given status as native fish management areas or refuges, to

Identification Sacramento suckers are "typical" suckers,
with subterminal mouths and large fleshy lips covered with
papillae (4-6 rows on the upper lip). The lower lip is evenly
joined to the upper on both sides and has a deep median in
dentation with just one row of papillae bridging the two
sides. The dorsal fin (11-15 rays, usually 12 or more) is
slightly longer than it is high, its origin usually closer to the

Santa Clara River. Santa Ana suckers are still present in
the lower part of the main river from the estuary to a few
kilometers upstream from the mouth ofSespe Creek (7,11).
They are also present in Sespe Creek and in the Soledad
Canyon reach of the main river. The biggest population ap
pears to be that in Sespe Creek, where hybridization with
Owens suckers has occurred. The most secure population is
that in Soledad Canyon, although numbers were greatly re
duced during the 1985-1992 drought.

The Santa Ana sucker is threatened by elimination or al
teration of its stream habitats, reduction or alteration of
stream flows, pollution, and introduced species. It is
adapted for surviving extreme environmental perturba
tions, so populations can recover from disasters provided
there is a permanent refuge for a core population. The fact
that this fish is in such trouble is indicative of the poor state
of streams in the Los Angeles Basin.

In lowland areas virtually all of the habitats once used by
this species have been channelized, frozen in concrete, de
watered, or otherwise altered. In upland areas most streams
either have been dammed and diverted or are continually
threatened by mass erosion of destabilized hillsides (from
road building, offroad vehicle use, gravel extraction, forest
fires, and development), by gold dredging and other mining
activities, and by grazing and other heavy uses of riparian
areas. For example, mining activity has increased in recent
years in Cattle Canyon, a tributary of East Fork San Gabriel
River, resulting in the apparent elimination of sucker pop
ulations in the canyon.

A number of the remaining populations of Santa Ana
sucker live below dams or in sections ofstream dependent on
waste water from sewage treatment plants. The flows of Big
Tujunga Creekbelow Big Tujunga Dam vary so much that an
artificially enhanced trout population cannot maintain itself,
and all native fishes are subject to extirpation, as almost hap
pened to the sucker around 1989 or 1990. The population in
West Fork San Gabriel River is constantly threatened by ac
cidental high-water releases (with heavy sediment loads)
from Cogswell Reservoir, which have devastated this stream
several times in the past. In the Santa Ana River, the main
population depends on adequate releases of water from
sewage plants in Riverside. The water passes over a series of
drop structures in the riverbed, which allow only down
stream movements of fish. Upstream of Riverside dams and
diversions have eliminated the sucker and its habitat.

Where habitats are suitable, introduced species are a
constant threat. For example, the sucker formerly inhabited
the upper Santa Ana River in the San Bernardino Moun
tains but seems to have been eliminated by predation from
alien brown trout. Large numbers of Santa Ana suckers ex
ist in the Soledad Canyon area of the upper Santa Clara
River, but the potential exists for hybridization with intro
duced Owens suckers that inhabit the lower river (7). Other
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Status lB. In January 1999 the USFWS determined that the
Santa Ana sucker merited listing as a threatened species, cit
ing massive habitat change and introduced species as causes
of its decline (11). The native range of the species is largely
coincident with the Los Angeles metropolitan area, so it is
not surprising that most populations have declined or been
extirpated. The status of the Santa Ana sucker in each of its
drainages is as follows (8,9, 10):

Los Angeles River. Once widespread in this drainage,
Santa Ana suckers have been found in recent years only in
lower Big Tujunga Creek, in 20-30 km of stream below Big
Tujunga Dam. The population appears to be hanging on, al
though it shows wide fluctuations in numbers (8).

San Gabriel River. The Santa Ana sucker is still fairly
common in this drainage, although the population num
bers fewer than 5,000 fish in most years. They inhabit about
40 km of the contiguous West, North, and East Forks of the
San Gabriel River, but the North Fork population is very
small. The West Fork population exists mainly below
Cogswell Reservoir, where it is subject to the vagaries of reg
ulated flows. The San Gabriel River population is mostly
found in Los Angeles National Forest, but it is likely to per
sist only under appropriate land management.

Santa Ana River. A population of a few hundred to a few
thousand fish exists in the seminatural stretch of river be
tween Prado Dam (a flood control structure) and a concrete
drop structure at Weir Canyon Road, Yorba Linda (8, 11).
Belowthis area, the river channel is cleared and channelized,
providing little habitat. Upstream of Prado Dam, another
smaller population exists in about 6 km of stream between
Norco and Riverside, mainly in effluent from sewage treat
ment plants (8, 11). Much of the bottom is sand, so the lim
ited gravel-bottomed areas near Riverside (which are sepa
rated from downstream areas by impassable drop struc
tures) are presumably crucial to the survival of the
population as spawning areas (8). Most water is diverted
into settling ponds between the two reaches, and suckers do
not survive in the ponds (8). Water quality is constantly
threatened by many and various local inputs. The fluctua
tions in sucker numbers, combined with water quality and
other problems associated with urbanization, indicate that
the Santa Ana River population is not secure.

measuring 158 mm SL (7), although the high counts may be
based on immature eggs (8). Fecundity appears to increase
with body weight in a linear fashion (7).

Spawning takes place over gravelly riffles, and spawn
ing behavior is presumably similar to that of other stream
catostomids. Fertilized eggs are demersal and adhesive
and hatch within 36 hr (at BOC). The development of em
bryos and larvae is described by Greenfield et al. (7). The
mouth becomes subterminal in position when larvae

reach 16 mm S1.
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Names Western sucker is a frequently used but unofficial
common name. Cato-stomus means inferior (down) mouth;
occidentalis means western.

187SACRAMENTO SUCKER

(24), although increases in flow were also implicated (23).
During a 5~year period, spawning runs began at tempera
tures ranging from 5.6 to 10.6°C. A sudden cooling spell
halted migration until the water warmed up again. Once a
migration has started, suckers may move considerable dis
tances (more than 50 km) upstream. In some streams the
number of spawning migrants can be in the thousands; in
Thomes Creek, as many as 240,000 suckers from the Sacra
mento River have been estimated to be present in spawning
reaches (16). Most spawning takes place over gravel riffles
between late February and earlyJune, although peak spawn
ing usually occurs in March and April (16, 23). Goose Lake
suckers apparently spawn mainly in late April and May (27).
However, the presence of larval suckers in mid-August in
the Russian River and other coolwater streams indicates
that spawning can take place as late as early August (25).
Spawning temperatures are usually 12-18°C (25).

Limited spawning also takes place in lakes and reservoirs.
I have observed shoreline spawning in Pine Flat Reservoir,
where temporary streams flow into the lake. In creeks with
resident populations of suckers, spawning adults will move
from pools to riffles for spawning in response to increases
in flows. In lower Putah Creek, Yolo County, spawning can
occur as soon as early February if flows increase sufficiently
to cover spawning gravels to a depth of 30 em or more.
When flows drop, spawning ceases, but it resumes when
flows increase again. However, when flows are continuously
high, spawning can be initiated in Putah Creek with no ob
vious flow or temperature cues.

Sacramento sucker spawning behavior is like that of
other catostomids. Large numbers congregate in a spawning
area, with each spawning female accompanied by 2-7 males.
Vigorous splashing during spawning by the female and
closely attending males creates a slight depression in the
gravel. In February 1999 I observed spawning in Putah
Creek, Yolo County. A sinuous line of five or six fish, accen
tuated by the dark stripe on their sides and their orangish
tails, weaved about, headed upstream. The lead fish (the fe
male) started to tremble and dipped downward, compressed
between 3 or 4 of the following males. When the group hit
bottom, eggs and sperm were released, and the water around
the suckers suddenly became cloudy with a puff of brown
silt, which drifted downstream. At one point at least five
groups of suckers spawned simultaneously, and the entire
spawning area erupted in splotches of drifting brown.

The fertilized eggs either adhere to gravel or bits of de
bris or else bounce along the bottom until they are caught
in the gravel or washed to a small backwater (16). Although
spawning can occur at any time of the day or night (16), it
frequently seems to peak in early morning. Most females
presumably release their eggs over a fairly short period of
time once spawning has started. Individual females may
spawn in as many as 7 years (16).

detritus. Invertebrates made up less than 20 percent of the
diet.

Growth in Sacramento suckers is as variable as their
habitats. In the upper Merced River (Yosemite National
Park), where the water is cold year round, yearling fish av
eraged only 47 mm SL (19). Suckers of comparable age in
the lower Merced River and Hat Creek averaged 80 mm SL
(17,20). In a coldwater section ofNorth Fork Feather River,
yearling suckers averaged 74 mm FL, while in awarmer sec
tion they averaged 145 mmFL (21). In Ruth Reservoir, Trin
ity County, they averaged 94 mm FL (29). Record growth
apparently occurred in a newly established population in
Whale Rock Reservoir, San Luis Obispo County, where
suckers reached 174 em FL in their first year (26). Thereafter
annual increments in length range from 12 to 87 mm, aver
aging around 40 mm, although the rate slows down in older
fish. Fish at first maturity (usually ages 4-6) range from 200
to 320 mm FL, depending on the stream or reservoir (16).
In the North Fork Feather River, where it was unlikely (be
cause of a fish poisoning operation) that any suckers were
older than 10 years, 7- to 1O-year-old fish measured 350-420
mm FL (21), an age-size relationship consistent with that
reported from other studies (16, 29). However, a sucker
measuring 560 mm FL, from the cold waters of Crystal
Springs, Shasta County, was determined to be 30 years old
using opercular bones, and it is quite likely that many
suckers over 400 mm are considerably older than 10 years
(22). Male and female suckers grow at the same rates, but
the largest and oldest fish are generally female (16).

It is fairly typical for a sucker population to have a
nonuniform age structure, with strong year classes indicat
ing that spawning or survival of young is not completely
successful every year. Reproductive success is highest dur
ing wet years, when high flows provide increased access to
spawning habitat and flood shallow areas favored by larvae
and small juveniles, reducing predation, especially by alien
fishes. When sucker populations are hit with a major disas
ter, such as attempts to eliminate populations by poisoning,
the few survivors may have extremely successful reproduc
tion in succeeding years and flood the environment with
young; one or two strong age classes maymarch through the
population, inhibiting reproduction through competition
for food and space and eventually creating a dense popula
tion oflarge suckers, often in poor condition (17, 22).

Spawning first occurs during the fourth, fifth, or sixth
year and is often preceded by a migration to a spawning
stream, typically a tributary to a large river or reservoir. Ripe
suckers in lakes and reservoirs often congregate at the
mouths of streams prior to migration, and they may start
moving into spawning streams as early as late December.
The immediate trigger for spawning runs from Pine Flat
Reservoir-Kings River, Fresno County, seemed to be sudden
warming of inflowing creeks after a series of warm days

safe from avian predators (herons, osprey) and where
stream velocities are less than 40 em/sec. In clear streams
large suckers are mostly found either in deep cover or in
deep pools during the day (28).

Sacramento suckers are not particularly fussy when it
comes to choosing water temperatures (10). They can be
found in streams where temperatures rarely exceed IS-16°C
and in streams where temperatures may reach 29-30°C (14).
Preferred temperatures seem to be around 20-25 °C, which
may be optimal for growth (15). In the laboratory 36°C is
the upper lethal temperature for suckers acclimated to
warm water (15). Suckers also seem to have fairly high salin
ity tolerances; large adults have been found in Suisun
Marsh, living in salinities exceeding 13 ppt.

Suckers often occur in small, loose groups of foraging
fish. Feeding can be an almost continuous activity, but usu
ally suckers are most active at night. In streams adults spend
the day browsing or resting on the bottom of deep pools or
in flowing areas with strong surface turbulence (28), mov
ing up into riffles to forage in the evening. In lakes they
spend daylight hours in fairly deep water, moving into shal
lows to feed at night. Feeding activity is greatly reduced dur
ing the colder months of the year. Then dense aggregations
of large suckers are sometimes found underneath ledges
and logs in deep pools of large rivers. Sacramento suckers
can colonize new habitats rapidly; sections of stream that
were dry during a severe drought were reinhabited by suck
ers within a year of return to normal flows (28).

The food of Sacramento suckers is much like that of
other suckers: algae, detritus, and small invertebrates asso
ciated with the bottom. In Thomes Creek, Tehama County,
the digestible portion (i.e., that excluding sand) of the gut
contents of adults ranged from 50 percent (by volume) in
vertebrates in winter to 1-12 percent invertebrates at other
times of the year; the remainder was detritus and algae
(16). In Hat Creek, Shasta County, in September, suckers
more than 40 em long had algae (mostly diatoms) making
up 40 percent of the gut contents (17). The bulk of the re
maining portion consisted of invertebrates, especially chi
ronomid and caddisfly larvae. In smaller suckers (11-22
em FL) hydracarinid mites and blackfly larvae were also
important. In suckers less than 9 em long cladocerans were
most important (17). In the Russian River (August 1973)
postlarval suckers with their terminal mouths and short di
gestive tracts were surface and midwater feeders on early
instars of aquaticinsects (18). As they transformed into ju
veniles, with subterminal mouths and long intestines, their
food consisted mostly of diatoms, filamentous algae, and
protozoans. Small juveniles (24-38 mm SL) ate a wide va
riety of small organisms, as well as indigestible items such
as sand grains, suggesting development of the bottom
browsing habits of adults. The bulk of their diet, and that
oflarge adults, consisted offilamentous algae, diatoms, and
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Distribution The Sacramento sucker is a common, widely
distributed species in central and northern California. In
the Sacramento-San Joaquin drainage it occurs in streams
and reservoirs from the upper Goose Lake basin in Oregon
to the upper Kern River in the San Joaquin-Tulare drainage.
On the coast it occurs in the Mad, Bear, Eel, Navarro, Rus
sian, Pajaro, and Salinas Rivers as well as Lagunitas Creek
(Tomales Bay). It has been moved through water transfers
into Cayucos Creek, Whale Rock Reservoir, Chorro Creek,
and Morro Creek, all in the Morro Bay drainage (San Luis
Obispo County), but the status of these populations is un
certain (7). Sacramento sucker can be expected to be found
in southern California reservoirs, after being transferred
there via the California Aqueduct.

utaries, as well as in the Russian River, Clear Lake, and
streams tributary to San Francisco Bay. C. o. mniotiltus (Pa
jaro sucker) is a coarser-scaled form (60-64 lateral line
scales versus more than 64lateralline scales in other forms)
found in the Pajaro and Salinas Rivers; it is arguably the
most distinctive ofthe four forms (2,5). C. o. humboldtianus
(Humboldt sucker) is confined to the Eel, Bear, and Mad
Rivers ofHumboldt County (4). C. o.lacusanserinus (Goose
Lake sucker) is isolated in the Goose Lake watershed; it was
originally described on the basis of one specimen (6).
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Life History Sacramento suckers are found in a wide vari
ety of waters from cold, rapidly flowing streams to warm
sloughs to low-salinity sections of the San Francisco Estu
ary. They are most abundant in clear, cool streams and rivers
(8, 9) and in lakes and reservoirs at moderate elevations
(200-600 m). Adults are most numerous in larger streams;
juveniles are often most abundant in tributary streams or
shallow reaches of large rivers where adults have spawned.
They are typically associated with native minnows (espe
cially Sacramento pikeminnow, hardhead, and California
roach), but it is common to find them in waters otherwise
dominated by alien species. Different sizes are found in dif
ferent microhabitats (10, 11, 12, 28). Larval suckers «14
mm SL) concentrate over detritus bottoms or among emer
gent vegetation in warm, protected stream margins. Juve
nile suckers «50 mm SL) stay on or close to the bottom,
foraging in shallow (20-60 em), slowly flowing «10
em/sec) water along stream margins. Smaller fish seek the
shallowest water. In the absence of predators such as
pikeminnow, juvenile suckers use deeper water (13). Dur
ing the day subadult and adult suckers are usually found in
deep water of pools and runs or beneath undercut banks
near riffles. Large suckers seek areas where they are relatively
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Fecundity is highlyvariable, with only a weak positive re
lationship to the size of the female. In Alpine Lake, Marin

County, females measuring 28-38 em FL contained
4,700-11,000 eggs (20), whereas in Thomes Creek females

measuring 32-48 em FL contained 10,300-32,300 eggs (16).
The embryos hatch in 2-4 weeks, and the larvae remain

in or among the gravel. The postlarvae emerge and are soon
washed into warm shallows or among flooded vegetation,
where they often occur in large aggregations. In Thomes
Creek there was a mass exit ofpostlarval and small juvenile
suckers (10-30 mm FL) in a 3-week period in May, but
larger juveniles (59-90 mm FL) moved down to the Sacra

mento River in small numbers continuously as long as flows
were high enough to permit it (16). Most of the larger juve
niles were presumably holdovers from the previous sum
mer. In some spawning streams juveniles will spend 2-3
years in the stream before finally moving down to a large
river or reservoir during high flows. In streams with resident

populations ofsuckers, juveniles stay in shallow, dense cover
as long as possible, as a haven from predators, especially
centrarchid basses.
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MODOC SUCKER

Taxonomy The Modoc sucker presents an interesting taxo: ~

nomic and zoogeographic puzzle. A study of its meristic
and morphometric characters suggested that its closest rel
atives are two species of suckers (c. wigginsi, C. leopoldi)
that occur in north-central Mexico, and the Klamath small

scale sucker (12), leading to speculation that these species
were derived from an ancestral species once widespread
throughout the Southwest (12). However, genetic studies
indicate that it is most closely related to the Sacramento
sucker, with which it co-occurs (13). The distribution of
Modoc suckers into a small number of isolated populations

suggests that there may be interesting intraspecific taxo
nomic patterns as well, representing either two separate in
vasions of suckers from the Sacramento River or repeated
evolution of the Modoc sucker phenotype. Although some
hybridization tal<es place where the two species co-occur, it
is apparently rare and insufficient to create problems for the
Modoc sucker (13).

Names Modoc suckers occur primarily in Modoc County,

which was named for the Modoc Indians, who otherwise
have a history of being treated very badly by our civiliza
tion. "Modoc" is the English mangling of the name of

the Modoc people for themselves, People of Tule Lake,
roughly "Moatakni maldaks" (5). Cato-stomus means infe
rior (down) mouth. Mierops means small eye.

Distribution Modoc suckers were originally described from
Rush Creek, Modoc County, a major tributary to Ash Creek,
and were thought to be confined to that watershed (1). At
present populations are known from two small watersheds
in the upper Pit River watershed and tributaries to Goose

Lake in Oregon. The Pit River populations are in the Ash
Creek and Turner Creek watersheds. In the Ash Creek

Figure 67. Modoc sucker. Top: Female, 16
cm SL, Johnson Creek, Modoc County.
Bottom: Male, 9 cm SL, Washington Creek,
Modoc County.

Modoc Sucker, Catostomus microps Rutter

Identification Modoc suckers are small (usually <16 em
SL), with short heads (head length divisible into standard
length 4-5 times), small eyes (orbit width less than 6% of
SL), and small scales (79-89 [usually >81] in the lateral
line). Scales belowthe lateralline number 9-12; scales above
the lateral line number 14-19 (usually 15) (1,2,3,4). There

are 10-11 rays in the dorsal fin, 7 in the anal fin, and 8-10
in the pelvic fins. Recent studies indicate that ranges of
meristic counts may be somewhat broader than those given
here (13). The axillary process is absent from the pelvics.
The lower lip has a deep medial notch, with only one of 5-6

rows of papillae connecting the two halves. The upper lip
has 2-4 (usually 2) continuous rows of papillae. The
fontanelle beneath the skin on top of the head is usually
closed, or nearly so. Alive, they are deep gray to greenish
brown above, changing to yellow or white on the belly.
Breeding males develop an orange-red lateral band, orange

fins, and breeding tubercles on the fins and body. Breeding
females are less colorful and have few or no tubercles.

temperatures or flow regimes that are marginal for trout,
high mortality of trout from disease and stress, and removal
of large trout by anglers. In natural situations the two
species show strong segregation in use of resources (10). In
addition, small trout can be observed following big suckers
around, feeding on invertebrates stirred up by their brows

ing. Young-of-year suckers are prey for trout on occasion.
More important, larval suckers are typically abundant when
fall-run juvenile chinook salmon are moving downstream
and are often heavily fed upon by the salmon (32,33,34).
They may thus contribute to rapid growth and increased
survival rates of juvenile chinook.

The ecological role of Sacramento suckers in streams is
poorly understood and worthy of study. Among potential
major roles for the species are the following: (1) keystone

species affecting the composition of invertebrate commu
nities through grazing (directly and indirectly), (2) rearing
substrate for parasitic glochidia larvae of increasingly rare
native mussels, (3) high-energy food resource for juvenile
salmon and trout, and (4) prey for otters, ospreys, bald
eagles, herons, and other predators. Spawning aggregations

of large suckers are especially important for eagles just
before or during their nesting season, as an easy source of
energy (31, 35).

The Goose Lake sucker is listed as a state Species of Spe
cial Concern because the Goose Lake basin has been altered
by agriculture, especially diversions that block spawning
migrations and may cause Goose Lake to dry up more rap
idly under conditions ofsevere drought (27). Riparian graz
ing has also reduced cover, pool depth, and other factors im
portant to suckers in streams. On the other hand, reservoirs

created by the diversions also serve as drought refugia for
suckers. After a crisis created by drought dried up the lake
1992, cooperative efforts between agencies and landowners
resulted in a better understanding of the distribution of
suckers (e.g., its presence in ranch reservoirs) and in other
efforts to improve conditions for all fish in the basin (27).
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Status IF, except Goose Lake sucker, ID. The Sacramento
sucker is one of the few species of native fishes that has
thrived despite massive changes to California's waterways.
Although it is scarce or absent from many lowland habitats
where it once occurred, it has expanded its populations in

many areas by taking advantage of reservoirs and regulated
streams. It has also persisted in many now-isolated streams
because of its ability to both withstand adverse environmen
tal conditions and flood the environment with young when
favorable conditions return. Its extraordinary ability to re
cover from disasters is reflected in the general failure of fish
eries agencies to eliminate it from streams where it was

perceived to be competing with trout for food and space.
After a major poisoning operation, the population is usually
back to its former abundance (or higher) within 6-9 years
(21). An exception to this "rule" is lower Hat Creek, Shasta
County, whichwas poisoned in 1968 to eradicate suckers that
dominated the fish fauna (30), and where suckers are at pres

ent a minor part of a fish fauna dominated by rainbow trout.
The suckers did not return in part because a barrier was
constructed downstream before the poisoning operation; it
prevents use of the creek by suckers moving up from Britton
Reservoir (30). Other factors may also have contributed to
continued suppression of sucker populations, such as main

tenance of large populations of predatory trout.
In fact, the idea that suckers cause rainbow trout popu

lations to collapse is largely a myth. When trout populations
are small and sucker populations are large, the circumstance
is usually due to a combination of factors, such as water
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watershed fish are found in Johnson Creek (tributary to
Rush Creek), Rush Creek (probable), Dutch Flat Creek, and
Willow Creek (apparently a hybrid population) (6,7). In the
early 1970s small numbers were still present in upper Ash
Creek, Lassen County (8), but it is unlikely that any exist
there today. In the Turner Creek watershed fish are found in
Turner, Hulbert, and Washington Creeks, as well as Coffee
Mill Gulch (6, 7) and Garden Gulch (13). Modoc-like suck

ers are present in Cedar Creek, formerly a tributary to the
South Fork Pit River, which now flows into Moon Reservoir
(3, 15), although it appears they are most closely related to
Tahoe suckers and so may represent a separate species or in
vasion (13). In Oregon Modoc suckers were originally re
ported from Bauers Creek (Lake County) in the Goose Lake

drainage in the 1930s (14), a record that was largely ignored
or forgotten despite the presence of museum specimens
(13). Theywere rediscovered in 1997 by Stewart Reid of the
USFWS, who also found records of additional fish from
nearby Thomas Creek (13). The Bauers Creek population
was confirmed to be present in 2001 (13).

Life History Modoc suckers are pool dwellers in a few
small, often intermittent, headwater streams flowing

through meadows and dry forests (elevation 1,286-1,567
m). Sections of stream in which Modoc suckers live are
characterized by moderate gradients, low summer flows,
and high spring flows fed by local snowmelt. They are most
abundant in reaches dominated by large mud- and rock
bottomed pools partially shaded by overhanging trees
and shrubs and containing cool «25°C), moderately clear
water. Deep (1-2 m) pools may be essential as drought

refuges. Within pools there is some segregation by size,
with the smallest fish occurring among rocks in shallow
water and larger fish in the deepest areas (0.5-2.0 m), near
or under overhanging tree roots and plants. They are
largely absent from sections dominated by riffles, includ
ing channelized sections (8).

Even in areas where they are most abundant, Modoc suck

ers seldom dominate the fish fauna; they usually make up less
than 20 percent of the fish present. They are commonly as
sociated with speclded dace, rainbow (redband) trout, Pit
Klamath brook lamprey, California roach, and Pit sculpin,
and occasionally with Sacramento sucker, brown trout, and
Sacramento pikeminnow. The abundance of the latter four

species is negatively correlated with the abundance ofModoc
suckers (8). This is partly the result of different habitat pref
erences (sculpin), but predation may playa role in the cases
of brown trout and pikeminnow. Modoc suckers have been
found in the stomachs ofbrown trout, which is known to re
duce sucker populations in other streams.

The feeding habits of Modoc suckers are like those of

other sucker species: more than 75 percent detritus and al
gae, the rest aquatic insect larvae and crustaceans that live
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ment of fish. Dutch Flat Creek originally flowed through a
wet meadow but was diverted to flow along one edge of the
meadow, resulting in downcutting to bedrock (and drying

up of the meadow, now a juniper flat). In both situations
habitat for Modoc sucker has been reduced.

Brown trout predation. Brown trout are the most pis
civorous of nonnative trouts and have a well-deserved rep
utation for reducing or eliminating populations of other
fishes. When large trout are found in pools in Modoc sucker
areas, suckers are scarce and tend to be found in the stom
achs of the trout.

With all these simultaneous threats, it is a bit of a mir
acle that the Modoc sucker did not become extinct before
interest in its conservation developed. Many active meas
ures have been taken by the USFS, BLM, CDFG, and other

agencies to restore Modoc sucker populations by improving
their habitat and reducing the likelihood of further inva

sions of unfriendly species. Livestock have been fenced out
of riparian zones along many streams, substantially im
proving cover for suckers (11). Barriers to upstream movec ~

ment of Sacramento suckers have been constructed on
lower Johnson and Turner Creeks. Stream improvement
measures, including deepening of pools and attempts at
bank stabilization, have been instituted in Turner Creek. In

1990 an effort to eliminate green sunfish, bluegill, and large
mouth bass from Washington Creek through poisoning was
unsuccessful, but it may nevertheless have given the sucker
populations a boost. Key habitat on private land in Dutch
Flat Creek was purchased, and fencing, bank stabilization,
and other measures were taken to improve the habitat.
These measures and others have made the future of the

Modoc sucker much brighter. Much more, of course, still
needs to be done, such as rehabilitating other stream
reaches on private land, eliminating brown trout and other
alien fishes, and restoring the suckers, where feasible, to
other tributaries to Ash Creek.

that usually only one row ofpapillae crosses completely. The
upper lip has 2-4 rows of papillae. The frontoparietel
fontanel (on top of the skull, beneath the skin) is usually
open. The dorsal fin has 9-11 rays; the anal fin, 7; and the
pectoral fins, 14-16. Live fish tend to be dark olive on the

back and upper half of the sides, the dark contrasting
sharply with the yellow or white of the belly and lower half
of the sides. There is typically a well-defined lateral band. In

Isolation. Modoc suckers are known from only two
widely separated watersheds of the Pit River, Ash Creek and

Turner Creek, and from two streams in the upper Goose
Lake basin. The natural isolation of the watersheds from

one another does provide some security for the species in
that a disaster affecting one system is not likely to affect the
others. All have large enough drainages that extinction due
to natural causes is unlikely if the watersheds remain in
good condition. However, in Ash Creek the once wide
spread sucker is now found in populations in isolated small
headwater streams, for which local extinction is always a
threat (7).

Stream channelization. Until fairly recently, it was com

mon practice in the Pit River region to straighten out and
dredge streams flowing through meadows, to reduce flood
ing and increase grazing time in spring. The long-term con
sequences of such channelization are often negative even in
terms of grazing benefits (e.g., dry meadows become in
vaded by junipers and sagebrush), but they are disastrous
for Modoc suckers. Channelization eliminates pools, so
long sections become unsuitable habitat (l0).

Grazing. The watersheds supporting Modoc suckers
have been subjected to grazing by cattle and sheep for over
100 years, on both private and public land. Loss of riparian
vegetation from grazing-combined with roading, logging,
and other practices that cause water to run off the land
faster-has resulted in severe downcutting of stream chan
nels in the Washington Creek watershed, although enough
deep pools still remain to support suckers. Everywhere, con
centration of cattle on stream banks has led to reduction of

cover through slumping banks, elimination of overhanging
plants, and sedimentation of pools. Conditions have typi
cally been worst on private land, where cattle and sheep

have ~een kept in fenced pastures next to streams that have
often been channelized as well.

Water diversions. In 1977 there were at least 26 diver
sions on Modoc sucker streams in California (3), and many
of them still exist today. Water in Modoc sucker streams is
diverted for two main reasons: irrigation of pastures and
Christmas tree farms, and elimination of meadows too

soggy for grazing. Irrigation diversions have been a partic
ular problem in Ash and Rush Creeks, where diversions re
duce flows and dams probably reduce or eliminate move-

Tahoe Sucker, Catostomus tahoensis Gill and Jordan

Identification Tahoe suckers have large heads (head length
divisible 4 times into SL), long snouts (half ofhead length),
and fine scales (82-95 in the lateral line, 16-19 rows above

it, 12-15 rows below it). The caudal peduncle is thicle, the
least depth divisible 12 times into S1. Their subterminal
mouths are large, with papillose lower lips so deeply incised

in or on muddy substrates or among filamentous algae. Chi
ronomid midge larvae seem to be particularly important
(8). However, the jaw structure of these suckers indicates
that they may be better adapted to scraping algae from rocks
than most other sucker species (2).

Modoc sucker growth rates for the first 4 years oflife are
similar to those of other suckers in small streams. Thus they

average 7 cm SL at 1 year, 11 cm SL at 2 years, 14 cm SL at 3
years, and 18 cm SL at 4 years. However, unlike most other
sucker species, including Sacramento sucker, they appar
ently seldom grow larger than 15 cm SL (8). The largest and
oldest Modoc sucker known was 28 cm SL and 5 years old
(as determined from scales). The typical small size of
Modoc suckers may be a response to small, cool streams
rather than the result ofan intrinsic limit on maximum size.

The largest collection of Modoc suckers measuring more
than 15 cm SL was taken from a warm irrigation ditch along
Rush Creek that had deep (2-3 m), permanent pools. The
largest and oldest fish are typically females.

The small size and short lives of Modoc suckers are par
tially compensated for by maturation at an early age. Most
males and females mature in their third year at about 12 cm
S1. A few males mature during their second year. Spawning

takes place over fine gravel in the lower end of pools or in
riffles between mid-April and early June. When stream
flows increase, the suckers move upstream, typically into
small tributaries, for spawning. Spawning has been ob
served from midmorning to late afternoon, at temperatures
of 13-16°C (9), in water around 15 cm deep. Spawning be
havior is similar to that of other suckers: Males enter the

spawning grounds first and wait for females. When a ripe fe
male enters, 2-3 males quicldy assume positions on each

side, and milt and eggs are released simultaneously (9). Fer
tilized eggs drop into interstices in the gravel. Females have
a fairly high fecundity for their size, compared with other
suckers: two females, measuring 162 and 165 mm SL, con

tained 6,395 and 12,590 eggs, respectively (8).

Status lB. The Modoc sucker is formally listed as an en
dangered species by both state and federal governments.
When Alan Marciochi and I studied these fish in the early
1970s, their situation was regarded as perilous, because of
the poor condition of their California streams. These fish
barely managed to persist through two periods of severe

drought, but today their situation is secure enough that up
grading the species to threatened status can be seriously
considered. The rediscovery of the Oregon populations
lends additional credence to this suggestion, although the
systematic interrelationships of the various populations
must be worked out first. The interacting factors that con
tributed to the endangered status of the suckers were (1)
isolation, (2) stream channelization, (3) grazing, (4) water

diversions, and (5) brown trout predation.

SUCKERS, CATOSTOMIDAE190
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During spawning season, males space themselves evenly
on spawning riffles but do not seem to be territorial or even
aggressive. When a female approaches they will leave their
stations, spawn, and then resume them again (7). Intense
spawning activity may result in the creation of shallow,
nestlike depressions in sand or gravel (1), although none
were observed in runs of suckers from Lake Tahoe (7). The
vigorous spawning act, however, does seem to ensure that
most of the adhesive yellow eggs get buried in gravel.

Spawning success varies considerably from year to year.
Large numbers of young-of-year typically appear during
years when there are sustained high flows during spawning
(17, 18). This presumably is the result offlooded vegetation,
which provides habitat for larval and postlarval fish. This
habitat has abundant food (small invertebrates), warm tem
peratures, and shelter from both predators and high stream
velocities. However, when brown trout are abundant in a
stream, their predation on small suckers as they emerge from
protected habitats may keep populations small (17, 18).

The males appear first on the spawning beds and are al
ways represented there in large numbers, each female be
ing attended by from two to eight or more. Twenty-five
males were seen attending one female in a pool. Occa
sionally another female would enter the pool from below,
when she would be met and inspectedby aschool ofmales
and then allowed to pass without further notice. Several
of these passing females proved on examination not to be
ripe. On account of the presence of so many males noth
ing definite can be observed of the spawning act, more
than that the eggs are extruded and shaken down in the
gravel by the female while the males struggle over and un
der her, churning the water to foam by their activities.

larger fish as well (7, 16). Lake spawning usually takes place
when temperatures are 12-23°C (16). Spawning sites typi
cally have rock and gravel bottoms at depths of 5-18 m, al
though some spawning may also take place in shallower ar
eas. In streams the preferred spawning grounds are gravel
riffles with few large rocks. Stream spawning is generally
preceded by nighttime upstream migrations when water
temperatures reach 11-14°C; an increase in flows may also
stimulate the movement. Historically, Tahoe suckers mi
grated more than 80 km up the Truckee River from Pyra
mid Lake in roughly a week (3).

Spawning is described by Snyder (1, p. 43):

Status IF. Tahoe suckers are common throughout their
range and are typically one ofthe most abundant fish where
they occur. Their role in stream and lake food webs is not
well understood, but they are often a major prey of large
trout (5). There is no evidence that they have a negative in
fluence on game fish populations, and in some streams their
numbers may be greatly reduced by brown trout predation
(17,18). They were once an important food source for Na-

Tahoe suckers are omnivorous bottom feeders. In
streams adults ingest a wide variety of organisms, as well as
inorganic and detrital material, but mostly algae and small
benthic invertebrates (especially larvae of chironomid
midges and caddisflies). Juveniles feed mainly on cladocer
ans and other animal material associated with aquatic
plants and beds of algae (9). Invertebrates seem to make up
a larger part of their diet in natural lakes (>60%), although
detritus, which has some nutritional value, is always signi
ficant. Lake suckers consume whatever small forms are
abundant in the benthos (8, 13). In Pyramid Lake algae,
midge larvae, and small crustaceans found in algal mats are
the principal foods of adults (3). In Lake Tahoe midge lar
vae, amphipods, and annelid worms "in a bulky matrix of
sand" are dominant (5, p. 53). In Eagle Lake their summer
diet is predominately Tricoptera larvae and pupae and am
phipods (14). In Webber Lake molluscs, midge larvae, and
amphipods are dominant, although in Stampede Reservoir
aquatic macrophytes and midge larvae make up the bulk of
the diet (13). Postlarval suckers «4 cm FL) feed mostly on
zooplankton, chironomid larvae, and small terrestrial in
sects. As they grow larger, they become increasingly bottom
oriented. As a result, the variety of organisms taken in
creases until, at about 13 cm FL, the diet is the same as that
of adult suckers (7). In Webber Lake juvenile suckers feed
largely on midge larvae and pupae (characteristic of open
areas), whereas adults feed more on amphipods (character
istic of aquatic vegetation) (13).

Growth in Tahoe suckers varies, presumably in response
to foq4 availability and water temperature (13). Growth is
fastest during the first year oflife, suckers averaging 40-70
mm SL, and continues to be fairly steady (20-40 mm/year)
until maturity is reached at ages 3-6. In streams 5-year-old
fish are likely to measure 120-130 mm SL, in lakes 140-160
mm (13, 14). The annual increment is less in older suckers
(5-10 mm). The fastest-growing populations studied have
been those in Eagle Lake, Lassen County, where 7-year-old
fish measure 20-30 cm SL and 10-year-old fish measure
30-35 cm SL (14). Fish larger than 15 cm or older than 7
years are rare in streams, but fish in natural lakes may reach
over 60 cm SL and ages of 27 years or more (14, 15). Males
and females have similar rates of growth.

Fecundity varies with size and age of female (7, 16). In
Tahoe and Pyramid Lakes the number of eggs ranges from
2,400 in a female measuring 15 cm FL to 59,300 in a female
measuring 43 cm FL. Mean fecundity is around 20,550 eggs
(typical of about a 31-cm female) (16).

Spawning takes place in March-August, the time of year
depending on altitude and water temperature, although
typically it occurs in March-May. In Tahoe, Pyramid, and
Eagle Lakes there appear to be two spawning populations:
one that spawns in streams, consisting of fish less than 25
cm SL, and another that spawns in the lakes, containing

Figure 68. Tahoe sucker, 11 cm SL,
Martis Creek, Placer County.

Ufe History Tahoe suckers are the "typical" suckers of the
northeast side of the Sierra Nevada in California and
Nevada. They occur in a wide variety of habitats but
achieve their greatest sizes and numbers in large lakes, such
as Lake Tahoe and Pyramid Lake, and perhaps in reservoirs
as well. In Lake Tahoe and Pyramid Lake adults tend to be
found at depths less than 15 m (5, 6). Miller reported
"herds" of large Tahoe suckers in Lake Tahoe at depths of
10-13 m "moving over the bottom and feeding in a man
ner suggesting the grazing of sheep" (5, p. 155). Occasional
suckers can be found as deep as 300 m in Lake Tahoe (7),
but they are rare below 60 m in Pyramid Lake (6). In alpine
(2,067 m) Webber Lake, Sierra County, small groups of
adult suckers roam around at all depths (to 18 m) during
the day but show a strong inshore movement to forage in
shallow water «1 m) at night (8). Juvenile suckers (65-140
mm SL) tend to stay in shallow water at all times, forming
tight shoals (8). Small «50 mm SL) suckers are found
mainly in spawning streams but occasionally occur in shal
low water of lakes as well.

In small streams small suckers select shallow «40 cm)
areas with slow currents «20 cm/sec), whereas adults select
pools and runs deeper than 60 em, typically in association
with heavy cover (9; 10). During the day, adults may rest
closely packed together under overhanging banks and other
cover, emerging to feed at night (10). Tahoe suckers can also
show seasonal movements in and out of streams, especially
from reservoirs. In lower Sagehen Creek adult suckers move
in from Stampede Reservoir in June through August, partly
for spawning and partly for foraging (10, 11). Although
Tahoe suckers are found in many waters that rarely exceed
IS-16°C in summer, they are also common where summer
temperatures may exceed 25°C. They are well adapted for
growing and feeding in the fluctuating temperature regimes
of small streams (12).

lished in the upper reaches of the Feather and Rubicon
Rivers in the Sacramento system (4).

4cm
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Distribution Tahoe suckers are native to the Lahontan
drainage system of California and west-central Nevada, in
cluding the Carson, Walker, Truckee, and Susan Rivers, and
Eagle Lake. They are abundant in natural lakes (e.g., Eagle,
Tahoe, Pyramid [Nevada], Independence, Webber) and in
reservoirs. Either through canals or thanks to introduction
by fishermen, Tahoe suckers have apparently become estab-

Names Named for Lake Tahoe, this species has also been
called Nevada sucker and red sucker.

Taxonomy There seems to be little controversy over the tax
0nomy of this species, which is related to other "standard"
suckers in Western drainages (20). The sandbar sucker, C.
arenarius (1), has proved to be the same species as C.
tahoensis (2). A complete taxonomic history is given in La

Rivers (3).

breeding males this band becomes a bright red stripe run
ning across brassy-colored sides. Breeding tubercles are well
developed on the anal and caudal fins. Larvae are described

by D. Snyder (21).
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lateral line, 11-14 scale rows above it, and 8-12 rows below
it. Gill rakers on the first gill arch number 30-35 (usually
more than 32) in adults and 25-28 in juveniles. The rakers
in adults have well-defined processes (bony bumps). The
dorsal surface of adult fish is greenish, and the ventral sur
face is yellow-gold. The coloration of reproductive adults
has not been described.

References 1. Snyder 1919a. 2. Shapovalov 1941. 3. R. R. Miller
1973.4. Hubbs et al.1943. 5. Crabtree and Buth 1981. 6. Buth and
Crabtree 1982.7. Swift et al. 1993.8. Deinstadt et al. 1986. 9. E. P.
Pister, Desert Fishes Council, pers. camm. 1998. 10. C. C. Swift,
pers. comm. 1999. 11. G. R. Smith 1992.

Taxonomy Catostomus snyderi was first described by C. H.
Gilbert from Upper Klamath Lake (1). It most closely
resembles other large "standard" suckers of western
drainages, such as the Tahoe sucker and largescale sucker
(c. macrocheilus) of the Columbia River basin, and is pre
sumably derived from a common ancestor (10). However,
today it is closely tied genetically to the Lost River, short
nose, and Klamath smallscale suckers with which it shares
the Klamath Basin (13). In fact, it shares a gene pool with
the other three suckers as the result of recent hybridization
events, even though each of these species was the result of
millions of years of independent evolution. Nevertheless,
the species maintain their morphological identities, al
though hard-to-identify hybrid individuals also exist.

This type of complex genetic interaction is fairly com
mon among western fishes (e.g., Colorado River Gila species)
and seems to be one way of dealing, in an evolutionary

reach 19-22 mm TL and are usually found in quiet, sedge
dominated margins and backwater areas (3).

Status ID. Owens suckers have adapted to the damming of
the Owens River and the creation of Crowley Reservoir, so
they still have large populations in a good portion of their
native range. Successful introductions into June Lake and
the Santa Clara River have also been made. They have
showed some capacity to adjust to the presence of non
native fishes; they were once the only fish in Convict Lake,
which they now share with alien trout species. However,
their total range is limited, and the bulk of their population
seems to depend on reservoirs that are dominated by intro
duced game fishes, so their populations do need to be mon
itored. Because of their abundance and wide distribution in
Owens Valley, theyhave notyet been introduced into Owens
Valley Native Fish Sanctuary north of Bishop, although this
facility is available to strengthen their protection should this
ever be necessary (9).

Hatchery in large numbers, although the numbers seem to
have declined in recent years (7).

Life History In the Owens River and two of its tributaries,
lower Rock Creek and lower Hot Creek, Owens suckers are
most abundant in sections with long runs and few riffles
(8). The substrate in these sections consists mostly of fine
material, with lesser amounts of gravel and rubble. Water
temperatures are typically 7-13°C with pH 7.9-8.0. Adults
also thrive in lakes and reservoirs, such as Convict Lake (na
tive) and Crowley Reservoir, where they seem to occur on
the bottom at all depths.

The life history of Owens suckers is undoubtedly similar
to that of the closely related Tahoe sucker (3). They seem
to be nocturnal feeders that ingest aquatic insects, algae,
detritus, and inorganic matter sucked off the bottom.
Age and growth have not been studied, but they rarely ex
ceed 50 em SL. They spawn from earlyMay to early July. The
population in Crowley Reservoir spawns in springs and
gravel patches along the lake shore as well as in tributary
streams, sometimes in large numbers (10). On 17 May 1975,
500-1,000 adults were observed spawning in a 200-m sec
tion of Hilton Creek (10). At about the same time, small
numbers were observed spawning in the reservoir at depths
of 1-2 m (10). Larvae transform into juveniles when they

Klamath Largescale Sucker, Catostomus snyderi Gilbert

Identification This species is similar to other Catostomus
species, with its short head, subterminal mouth with papil
lose lips, large scales, and solid body, although the caudal
peduncle is thicker than that in most other species. There is
a deep medial incision on the lower lip, resulting in only one
row ofpapillae extending across the lip. The upper lip is nar
row and has 4-5 complete rows ofpapillae. The dorsal fin is
short (11 [occasionally 10 or 12] rays), with a basal length
equal to or shorter than that of the longest dorsal ray. The
dorsal fin insertion is closer to the snout than to the caudal
fin. There are 7 anal fin rays. Scales are large, 67-81 along the

Figure 69. Owens sucker, 28 em SL,
Crowley Reservoir, Mono County.
Drawing byA. Marciochi.

Names Cato-stomus means inferior (down) mouth; fumei
ventris means smoky belly, referring to the characteristic
color pattern.

Distribution The Owens sucker is endemic to the Owens
River watershed in southeastern California and is widely
distributed in streams of Owens Valley, including Owens
River and Bishop Creek. It is most abundant in Crowley
Reservoir, Mono County. Other populations exist in Con
vict Lake, Mono County, and Lake Sabrina, Inyo County.
There is also an introduced population in June Lake in the
Mono Lake Basin. A population became established in the
1930s in the Santa Clara River, Los Angeles County, via
Owens Aqueduct. It is apparently present in lower Sespe
Creek of this drainage, the outflow from Fillmore Trout
Hatchery, and Piru Creek and Reservoir (7). Adults have
been observed spawning in the outflow from Fillmore Trout

Taxonomy Owens suckers were first described as a popula
tion of C. arenarius (1), a species now merged with C.
tahoensis. Although they were subsequently recognized as
being distinctive by C. 1. Hubbs in 1938 (2), they were not
formally described until 1973 by R. R. Miller (3). They are
a close relative of the Tahoe sucker (11). The introduced
population in the Santa Clara River hybridizes with the
Santa Ana sucker (4, 5, 6).

their sides. The belly is a dusky or smoky color. Reproduc
tive adults develop a dark, red-tinged stripe on the sides.
The paired fins may be faintly tinged with reddish-amber as
well.

Willsrud 1971. 8. Marrin 1983.9. Moyle andVondracek 1985. 10.
Decker 1989. 11. Decker and Erman 1992. 12. Vondracek et al.
1982, 1989. 13. Marrin et al. 1984. 14. P. B. Moyle and students,
unpubl. studies. 15. Scoppetone 1988. 16. Kennedy and Kucera
1978. 17. Strange et al. 1992. 18. Strange 1995. 19. Lindstrom
1996.20. G. R. Smith 1992.21. D. E. Snyder 1983.

SUCKERS, CATOSTOMIDAE194

Owens Sucker, Catostomus fumeiventris Miller

Identification Owens suckers are similar to Tahoe suckers
in having large heads, long snouts, coarse scales, and thick
caudal peduncles. Their subterminal mouth is large, and the
papillose lower lip is deeply incised. Lateral line scales num
ber 66-85 (usually fewer than 80), with 13-16 rows above
the lateral line and 9-11 below. Pectoral fins have 16-19
rays; dorsal fin, 10 rays, and pelvic fins, 9-10 rays. Adults are
slate-colored dorsally, and this coloration occasionally be
comes very dark; they often have weak, blue iridescence on

References 1. Snyder 1918. 2. Hubbs and Miller 1951. 3. La
Rivers 1962.4. Kimsey 1950. 5. R. G. Miller 1951. 6. Vigg 1980. 7.

tive Americans (19). Although no fishery exists for them at
the present time, both Snyder (1) and La Rivers (3) reported
them to be excellent eating.
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Oregon the populations of the fish are in good shape com
pared with the status of the other two sucker species, be
cause they do have some stream populations (which may be
distinct), they do not depend on lakes for rearing, and they
are able to ascend barriers, especially if fish ladders are pres
ent (3). The Klamath largescale sucker should be regarded
as a key member of the evolutionarily complex group of
Klamath basin suckers and protected in order to maintain
the genetic and ecological diversity of the group.

It is clear that more work needs to be done on the sys
tematics, distribution, and ecology of this species. Even
more clearly, there is a major need to rehabilitate stream and
lake habitats for all native fishes in the upper Klamath basin.

Taxonomy This species resembles the Modoc sucker (6) but
apparently is not closely related to it (see the Taxonomy sec
tion in the account of Modoc sucker). Within the species
there are meristic and genetic differences between the pop
ulations in the Klamath and Rogue Rivers (1). Emerging ge
netic evidence suggests that the two forms may eventually
merit treatment as separate species (7,8). The genotype of

References 1. Gilbert 1898. 2. Andreasen 1975. 3. Scoppetone
and Vinyard 1991. 4. Castleberry and Cech 1993. 5. Falter and
Cech 1991. 6. Scoppetone 1988. 7. Stubbs and White 1993. 8.
Buettner and Scoppetone 1991. 9. Scoppetone et al. 1995. 10.
Smith 1992. 11. M. Beuttner, USFWS, unpubl. data 1997. 12. G.
Scoppetone, USFWS, pers. comm. 1998. 13. Tranah 2001. ,14.

Dowling and Secor 1997.

lateral line, 15-18 above the lateral line, and 11-13 below
the lateral line), 10-12 dorsal fin rays, 6-7 anal fin rays, and
16-18 pectoral fin rays. The eyes are small and the fontanel
on top of the skull is either narrow or closed. The lips are
large with large papillae. The upper lip has 5-6 complete
rows of papillae while the lower lip has 4 rows, at least 2 of
which go completely across, leaving a shallow median cleft.
Klamath smallscale suckers are dusky olive brown on the
back and sides, and yellow to white on the belly.

Klamath Smallscale Sucker,
Catostomus rimiculus Gilbert and Snyder

Identification The Klamath smallscale sucker is a typical
sucker with a subterminal mouth, fine scales (81-,-93 in the

Figure 71. Klamath smallscale
sucker, 18 em SL, Scott River,
Siskiyou County. Drawing by A.
Marciochi.

Status IC. Listed as a species ofSpecial Concern in Califor
nia, the Klamath largescale sucker is a poorly known native
to waters that have been highly modified by dams, diver
sions, grazing, and pollution. California populations are on
the edge of its rather limited range. The Lost River drainage
in California has been highly altered and contains large
populations of introduced predatory fishes, such as yellow
perch and Sacramento perch. The largescale sucker hy
bridizes with the Lost River sucker and the shortnose
sucker, both of which have been formally listed as endan
gered by both the USFWS and CDFG. All this evidence in
dicates that Klamath largescale sucker may be on its way to
becoming a threatened species, especially in California. It is
possible that it is already absent from the state. However, in

largescale suckers to use fish ladders to pass barriers has
contributed to their survival (3). Males tend to migrate ear
lier than females, and spawning can continue through May
(2). Fecundity was estimated for three females at 39,697
(353 mm SL), 64,477 (405 mm SL), and 63,905 eggs (421
mm SL) (2).

Figure 70. Klamath largescale sucker,
12 em SL, Sprague River, Oregon.
OSU 013739.

Life History Ofthe three large suckers endemic to the upper
Klamath Basin, the least is known about the Klamath
largescale sucker. It seems to be the least lake-dependent of
the three species, although it is (or was) found in natural and
unnatural lakes of the basin. There is some evidence that it
needs fairly high water quality because it is largely absent
from highly eutrophic Upper and Lower Klamath Lakes, ex
cept in some bays where inflowing streams improve water
quality (3). Although these suckers can apparently with
stand, for short periods, temperatures as high as 32°C, dis
solved oxygen levels of 1 mglliter, and pH levels in excess of
10 (3,4, 5), conditions in polluted lakes may exceed even
these limits. Tributary streams that support largescale suck
ers rarely exceed 25°C. It is likely that historically the major
ity of the large adults were found in lakes, especially in deep
water, whereas juveniles lived either in streams or in shallow
areas of lakes. However, there are reproducing populations
in a number of the larger streams (3).

Klamath largescale suckers are presumably benthic om
nivores, as are other large Catostomus species. In Upper
Klamath Lake juveniles were found to feed mainly on zoo

plankton (9).
Growth rates of this fish have not been documented, but

it is likely that they become mature in 4-6 years at lengths
of 20-30 cm FL. A male measuring 31 cm FL was aged as 7
years old (8). The maximum recorded age is 31 years from

a fish measuring 46 cm FL (6).
Spawning migrations from Upper Klamath Lake, Ore

gon, occur from March through early May, depending on
flows and temperatures of the Sprague River, although tem
peratures can rangefrom 5.5 to 19°C during this period (7).
Upstream migrations can be fairly lengthy, and the ability of

Williamson River, and theWilliamson River above Klamath
Marsh (2). In California they are or have been found mainly
in the Lost River drainage and in the Klamath River down
stream to Iron Gate Reservoir (11). Individuals may be pres

ent in the lower Klamath River.

4cm

SUCKERS, CATOSTOMIDAE196

Names C. snyderi is named for J. O. Snyder, the California
ichthyologist who first recognized that Klamath largescale
suckers were undescribed and brought this fact to the atten
tion of C. H. Gilbert, his teacher at Stanford University (1).

Distribution The Klamath largescale sucker is native to the
Klamath River and Lost River-Clear Lake systems of Ore
gon and California. They are known from Upper Klamath
Lake, the Clear Lake-Lost River system, the entire Sprague
River, the lower 20 km of the Sycan River, the lower

sense, with harsh, rapidly changing environments, in which
high genetic diversity and morphological flexibility are ad
vantageous for responding to unpredictable change (14).
When environmental conditions stabilize, natural selection
works strongly to produce divergent phenotypes, the kinds
of fish we humans recognize as species.

In the Klamath basin, the naturally flexible arrangement
among the sucker species has been exacerbated by severe
human-caused change to the lakes and streams. The fact
that the different forms have persisted despite these changes
is a tribute both to their evolutionary flexibility and to the
general fitness of the basic phenotypes, the result of eons of
selection. For the most part, the species (as described in this
book) segregate in their reproduction and ecology. There
fore there seems little reason not to continue to recognize
the four species as such. (See further discussion in the ac

count of shortnose sucker.)
To make matters a bit more complicated, it seems that

the largescale suckers in the Sprague River (Oregon), a trib
utary to upper Klamath Lake, are genetically distinct from
all other suckers (13). Their status awaits resolution.
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Figure 72. Lost River sucker, 38
cm SL, Clear Lake Reservoir,
Modoc County. Drawing by A.
Marciochi.

LOST RIVER SUCKER

tributary streams, formerly in huge numbers (8). Their op
timal habitat is defined by conditions that existed in the
large lakes prior to their degradation. The lakes were shal
low «12 m) but fairly clear (Secchi depths typically>1 m),
cool (summer temperatures 16-24°C), and moderately al
kaline (pH 7.2-9.2) (9, 11). The water was well mixed by
summer winds, and so was oxygenated from top to bottom _
(6-10 mg/liter). These conditions allowed the growth of
large beds of submerged aquatic plants and extensive
marshes along the edges (9), providing plenty of inverte
brate food for adults and dense cover for larvae and juve
niles. Today Clear Lake (a natural lake converted into a
reservoir by a dam) comes closest to meeting these condi
tions, although it is highly turbid and does not support large
beds of aquatic plants. Suckers are found throughout the
reservoir, mainly at depths ofless than 1.5 m (10, 11).

The Klamath lakes have become highly eutrophic, and
suckers are now largely confined to regions near inflowing
tributaries or other areas where water quality is not inhos
pitable to fish life (10). In particular, low oxygen levels
may explain why suckers are largely absent from much of
the Klamath lakes and Copco Reservoir (11). Die-offs of
suckers begin when dissolved oxygen levels become lower
than 1.58 mglliter, and major die-offs occur when oxygen
levels drop to 1.05 mg/liter (16). In late summer, during
times of severe oxygen stress, the suckers may move up into
the rivers for refuge (10). pH levels higher than 10 and tem
peratures higher than 31-32°C are also likely to be lethal, at
least for juveniles (18). In Clear Lake Reservoir suckers ap
parently concentrate in deep areas in winter, but in summer
they are more widely distributed (11). Native fish associates
of the Lost River sucker are or were the shortnose sucker,
Klamath largescale sucker, tui chub, blue chub, and rainbow
trout, as well as various lampreys and sculpins.

Adult and juvenile suckers are bottom feeders, as indi
cated by the large quantities of detritus in their guts, along
with chironomid midge larvae and amphipods; small
amounts ofzooplankton are also consumed (7, 11). The dis
tinctive morphologyofthe mouth, head, and gill rakers may
be an adaptation for "grazing" on invertebrates and diatoms

Distribution Lost River suckers are native to the Lost River
and upper Klamath river systems, especially large lakes in
these systems (Tule Lake, Upper Klamath Lake, Lower Kla
math Lal<:e). In the Klamath system they are found upstream
(when spawning) in the Williamson and Sprague Rivers of
Oregon and downstream (as a result of recent colonization)
as far as Copco Reservoir and probably Iron Gate Reservoir.
In the Lost River system they are found in the main river and
in Clear Lake Reservoir, including upstream a few ldlome
ters into Willow and Boles Creeks (6). A small nonrepro
ducing population exists in Tule Lake (17). They are appar
ently absent from Lower Klamath Lake.

rakers were not necessarily diagnostic and placed the fish
back in Catostomus. However, he reconsidered this opinion
after a study of fossil fishes, which indicated that Deltistes
was closest to the Ch'hsmistes suckers (5). Its distinctiveness
was validated by the phylogenetic study of G. R. Smith (19).
There is indeed no other species quite like it. Recent genetic
studies, however, indicate that it shares a common gene
pool with other Klamath basin suckers, suggesting that the
genus Catostomus is most appropriate. As discussed in the
account of Klamath largescale sucker, the Lost River sucker
is both part of a fascinating evolutionary phenomenon and
a morphological species. -

Life History Lost River suckers seem to be adapted for lake
living, although they move out of their lakes to spawn in

Names Luxatus means dislocated or "put out of joint;' re
ferring to the crumpled appearance of the snout of many
large fish. In the Klamath lake area, Lost River suckers are
known to anglers as mullets. The Klamath Indians called
them tswam (1).

------~---~-~~~~~~ ...........------------------------_iiiiiiiiiiiiiiiiiiiiiiiiiiiiii__

large papillae; deeply notched lower lip with 1-3 rows of
papillae; short, widely spaced, triangular gill rakers (27-31
on the first arch) with nO processes; and small eyes. The dor
sal fin has its origin located only slightly in front of the ori
gins of the pelvic fins and has 10-12 rays. There are 7-8 anal
fin rays, 10 pelvic fin rays, and 82-113 scales along thelat
eralline, with 13-16 above it and 8-12 below. They are light
brown to black dorsally, often brassy on the sides, fading to

white or yellow on the belly.

Taxonomy The Lost River sucker has both unique features
and features that tie it to other distinctive suckers. The con
fusion this caused has led to it being placed in both Chas
mistes and Catostomus, as well as its own monospecific
genus, Deltistes. The sucker was originally described as
Chasmistes luxatus (1), then as Catostomus rex (2), followed
by D. luxatus (3). The last placement was largely on the ba
sis of the unusual gill rakers. R. R. Miller (4) thought the gill

Status IE. The Klamath smallscale sucker is a common
species in the Trinity, Klamath, and Rogue River water
sheds. If anything, dams and diversions have increased its
habitat by providing more quiet, warm waters. The species
is overdue for an extensive study of its life history, ecology,

and taxonomy.

References 1. Snyder 1908a. 2. Miller and Smith 1981. 3. Mof
fett and Smith 1950.4. Knudsen and Mills 1980.5. Scoppetone
1988.6. G. R. Smith 1992. 7. Tranah 2001. 8. D. Markle, Oregon

State University, pers. comm. 2001.

tributary streams they are typically associated with speck
led dace, pricldy (or marbled) sculpin, and juvenile steel

head.
Klamath smallscale suckers migrate up tributary streams

to spawn in spring; spawning in tributaries to Copco Reser
voir has been observed from mid-March to late April (4).
Juvenile suckers are most abundant in small streams used
for spawning. Fecundities of three fish were 15,300 (38 cm
SL), 20,000 (38 cm SL), and 16,400 eggs (35 cm SL) (4).

Klamath smallscale suckers seldom achieve large sizes,
and 50 cm FL would be exceptionally large. A sample of
suckers (N = 38) from the Klamath River below Iron Gate
Reservoir, which I aged using scales, indicates that they
reach about 11 cm FL in their second year, 15 cm FL in their
third year, 20 cm in their fourth year, 23 cm in their fifth
year, 26 cm in their sixth year, 31 cm in their seventh year,
34 cm in their eighth year, and 35 cm in their ninth year. Us
ing opercular bones, fish measuring 45 cm SL have been

aged at 15 years (5).
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Lost River Sucker, Catostomus luxatus (Cope)

Distribution Klamath smallscale suckers are widely distrib
uted in the Trinity River and its larger tributaries, the Kla
math River and tributaries below Klamath Falls, Oregon,
and the Rogue River in Oregon. There are also a few records
from the upper Klamath basin (8).

Life History Despite its wide distribution in three river sys
tems, the life history and ecology of Klamath smallscale
sucker have not been extensively studied, although it is un
likely that it differs in any major respect from the life histo
ries of other typical suckers. Klamath smallscale suckers
seem to be most abundant in deep, quiet pools of main
rivers and in slower-moving stretches of tributaries, but
they can be found in faster-flowing habitats when feeding
or breeding. Moffett and Smith reported that "it is common
to see large schools feeding along the bottom of the pool ar
eas any time of the year" (3, p. 19). They are also common
in reservoirs, such as Copco Reservoir on the Klamath. In

Identification Lost River suckers are large as adults (up to
1 m TL and 4.5 kg) and can be distinguished by their long,
narrow head; small, subterminal (almost terminal) mouth;
thin upper lip with only a moderate number (2-5 rows) of

Names Rimi-culus means split-small, referring to the shal
low cleft ofthe lower lip. Other names are as for Sacramento

sucker.

the Klamath form reflects limited past hybridization with
suckers from the upper Klamath Basin (see the account of
Klamath largescale sucker), increasing their genetic diver
sity (2,7). There is also a population of dwarfed fish in the
isolated upstream areas of Jenny Creek, a tributary to the
Klamath River in Oregon, although it is genetically similar

to the fish in the main river.
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growing on aquatic plants, a food source now much less
abundant in the lakes.

Lost River suckers grow rapidly in their first 5-6 years,
reaching 35-50 cm FL in this period (ll). When individu
als reach maturity at ages 5-9, growth slows down, and ma
ture fish measuring 50-60 cm FL may be 7-15 years old.
Larger fish may be over 20 years old; a fish from Upper Kla
math Lake measuring 74 cm FL was aged at 43 years (12).
Early reports mentioned fish as large as 1 m long (1), but
fish over 65 cm are rare today (ll). The largest and oldest
fish are females. Recruitment has been limited at times, re
sulting in populations of mostly large, old individuals; in
198695 percent of the suckers captured in Upper Klamath
Lake were 19-30 years old (7). An exception appears to be
Clear Lake Reservoir, where smaller and younger fish are
usually common (ll).

Spawning occurs in larger tributaries to the lakes:
Sprague and Williamson Rivers (Upper Klamath Lake),
Sheepy Creek (Sheepy Lake, Oregon), Lost River (Tule
Lake), and Willow and Boles Creeks (Clear Lake). In the
Lost River, however, the embryos do not survive (17). Ap
parently only part ofthe population ofadult suckers spawns
in any given year (13). Fish begin making short migrations
up into streams when discharge increases at any time from
early February through earlyApril, although March is prob
ably the most frequent month of movement (7, 10, 11, 13).
In Willow Creek radio-tagged suckers were found to mi
grate only 3-6 km andremain on spawning grounds for 2-3
weeks (13). Temperature per se does not appear to be a crit
icalfactor in stimulating migration, although a rise in tem
perature is often associated with an increase in stream flows
into the lake. Migration has been observed while ice was still
on Clear Lake Reservoir and inflowing temperatures were
4-7°C (ll, 13). Spawning has been observed at tempera
tures of 4-19°C (10), but it is apparently less frequent or
may stop above 12°C (13). Spawning may also take place in
large springs in the lakes (7), and springs may be used for
spawning in streams as well (13).

For spawning, fish select riffle or run areas with rocky or
gravel substrates (>1.25 cm in diameter), depths of21-128
cm, and water velocities of 1-84 cm/sec (7, 13). Patches of
gravel introduced into a spawning area will be used heavily
by spawning fish if flow and depth conditions are correct
(10). Spawning behavior is similar to that of other suckers,
in which one female spawns with several males and fertil
ized eggs drop into interstices in the rocks. Each female pro
duces 102,000-236,000 eggs (7).

Larvae emerge and spend at best only a short time in
shallow water along stream edges before moving into lakes.
Larval downstream movement occurs mostly at night over
about a 6-week period from late March to early June; the
timing of outmigration depends on spawning time (10, 11,
13). Juvenile suckers aggregate along the shoreline in water

Chemical contaminants. Watersheds feeding the lakes
are heavily contaminated with pesticides and other chemi
cals used in agriculture, mosquito control, and forestry, in
cluding persistent organochlorines (e.g., DDT) that were
banned long ago. The lowpopulations ofbenthic organisms
and low amphibian populations in Tule Lake may be an in
dication that this is a growing problem. The lack ofbenthic
food organisms may particularly be a problem for Lost
River suckers. However, effects of such contaminants are
probably dwarfed by other problems in the lakes.

Grazing. Where regular agriculture is lacking, grazing of
livestock is a major use ofthe land. Riparian areas are largely
unfenced, so riparian vegetation is often gone, resulting in
bank destabilization, loss of cover for fish, and increased
sedimentation. This is particularly a problem in spawning
streams, where suitable substrates for sucker spawning may
be buried or imbedded and cover for larvae eliminated. In
Modoc National Forest, much of the stream habitat above
Clear Lake Reservoir has been fenced to exclude cattle.

Logging. Sedimentation is a result oflarge-scale logging
and road building in the upper watersheds. The volcanic
soils in the area are highly vulnerable to erosion and, when
mobilized through erosion, fill streams and lakes with
nutrient-rich sediments. This process further exacerbates
the eutrophication of the lakes and buries spawning areas.

Exploitation. Lost River suckers have a long history of
being exploited, mainly because of their large size and ac
cessibilitywhile spawning. Such large, late-maturing fish are
easy to overfish, especially if the fishery targets large, old,
high-fecundity females that have high reproductive poten
tial. It is therefore possible that the sport fishery in the 1960s
and 1970s helped accelerate the decline of this species. Fish
ing is now banned.

Introduced species. Fishes introduced into these water
sheds include predatorybass, yellowperch, and Sacramento
perch, which inhabit both streams and lakes. More recently
fathead minnows have become extraordinarily abundant in
the large lakes (except Clear Lake Reservoir) and may offer
competition to small suckers just by their sheer abundance.
The effects of these introductions, and others, are not
known; they thrive in part because habitats have been al
tered in ways that favor them. Many ofthese species (but not
fathead minnow) coexisted with the suckers before water
quality became such a severe problem, so they may be able
to coexist in recovered systems. The impact of invaders is
lowest in Clear Lake Reservoir, where only Sacramento
perch are abundant (17).

As usual, all these problems interact with natural envi
ronmental fluctuations. Severe droughts exacerbate all
human-caused problems and create severe competition for
limited water between humans and fish. This was seen dra
maticallyin 1991 and 1992,when the Bureau ofReclamation
drained Clear Lake Reservoir to keep downstream farmers
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ing areas, because the lakes were no longer buffered by
nutrient-absorbing wetlands.

Dams. Dams have had two major direct effects: blocking
spawning migrations and flooding marshlands. Chiloquin
Dam (built 1914-1918) on the Sprague River (Oregon) par
tially blocked access of suckers to much of their historical
spawning habitat, increased their vulnerability to fisheries
when they aggregated below the dam, reduced recruitment
of gravel to downstream spawning areas, and perhaps in
creased the likelihood of hybridization with other sucker
species. Anderson-Rose Dam on the Lost River may have
had similar effects on fish migrating up from Tule Lake. On
the other harid, by increasing the size of Clear Lake Reser
voir, this dam may have increased the amount ofhabitat for
fish during most years, and it may be the long-term best
hope for the species. Ironically, the large, shallow reservoir
was created as a means for evaporating large quantities of
water in order to reduce the amount ofwater flowing to the
Tule Lake region. However, in the drought years of 1991 and
1992 Clear Lake Reservoir was drawn down so low (maxi
mum depth 1.2 m)\by the Bureau of Reclamation to supply
water to farmers that many fish were lost downstream (17).
Concern over the survival of the remaining fish in the face
of winter freeZing was sufficiently strong that some were
captured and sent to Dexter National Fish Hatchery in New
Mexico, as potential brood stock.

Diversions. Diversions reduce stream flows, lower lake
levels, and send juvenile suckers down canal systems from
which they cannot return on their own. Diversion of water
from natural lakes decreases their ability to dilute pollutants,
increases their alkalinity, and reduces shoreline marsh habi
tat. Studies on Upper Klamath Lake indicate that water
quality becomes significantly worse when diversions greatly
reduce lake level, increasing the blooms of noxious algae.
Diversion ofwater from streams can reduce flows and deepen
habitats to the point that they can no longer support suckers.

Organic pollutants. The lakes in the upper Klamath basin
are surrounded by agriculture, and excess fertilizers; wastes
from cows, humans, and other animals; and various other
contaminants are dumped into them via irrigation return
water. When these pollutants are added to the increase in
phosphorus from "natural" sources, the lakes become more
and more nutrient rich (hypereutrophic). Inpouring of nu
trients has converted naturally productive lakes into green
soups ofbluegreen algae, with wide daily fluctuations in oxy
gen and carbon dioxide levels. In the lalzes and rivers during
summer, dissolved oxygen concentrations are frequently low,
while temperatures, turbidity, pH, algae, and bacteria are all
at high levels. Low levels of dissolved oxygen are associated
with fish die-offs (16). The environment is thus increasingly
hostile to native fish life. The major exception to this set of
conditions is Clear Lake Reservoir, which is not highly pol
luted; despite its name, it is naturally very turbid (17).

Status lB. State (1974) and federally (1988) listed as En
dangered. Lost River suckers were once an important food
resource in the Klamath and Lost River basins. In 1879 Cope
(1) reported that Lost River suckers, fresh and dried, were a
staple food of the Modoc and Klamath tribes. The suckers
were still abundant in 1894 when Gilbert found them to be
"the most important food fish in the Klamath Lake region"
(8, p. 6). He also mentioned that attempts had been made
to can suckers commercially, as well as to render them for
oil. Prior to 1924 large numbers were taken annually from
SheepyCreek for consumption by people and hogs (14). In
more recent years a major snag fishery for "mullet" devel
oped in the Williamson and Sprague Rivers, with over
10,000 fish being harvested in 1968; levels declined there
after, to 687 in 1985 (7,16).

Lost River suckers and their principal habitats have been
subjected to just about every environmental insult possible,
with no end in sight. The suckers are gone from Lower Kla
math and Sheepy Lakes, uncommon in Upper Klamath and
Tule Lakes, and common only in Clear Lake Reservoir. That
a few thousand fish manage to hang on in various lakes is a
tribute to their longevity, fecundity, and persistence in
spawning. The catalogue of insults below is largely derived
from the USFWS Recovery Plan (10).

Drainage. Some of the earliest attempts to eliminate the
lacustrine habitats involved draining various lakes to create
farmland. After 1924 most of Sheepy Lake, Lower Klamath
Lake, and Tule Lake were drained. Although the lakes par
tially reflooded after farming attempts failed, sucker popu
lations never became reestablished in Sheepy and Lower
Klamath Lakes and remain small in the miniaturized Tule
Lake. Equally important, starting in 1905, the Bureau of
Reclamation began draining and diking the vast marshes
around and near the lakes and rivers, eliminating over
100,000 acres of wetlands. This included many kilometers
of critical native fish rearing marshes along the edges of
lakes. This is most likely one of the most important causes
of decline, because low survival of juvenile suckers is clearly
a major problem. Drainage of marshes presumably also
greatly increased direct input of agricultural pollutants into
lakes, both from drained marshlands and from surround-

less than 50 cm deep, preferably in openings in beds of
emergent plants or near beds of submerged macrophytes
(10). They also select areas with fairly high water quality
(dissolved oxygen levels> 4.5 mg/liter, pH < 9) (10). As
they increase in size, the suckers become increasingly bot
tom oriented. Presumably this habitat selection behavior,
which probably exposes the small suckers to high predation
rates, was highly adaptive when deltas of the inflowing
streams supported large expanses of marsh, which would
provide cover for small fish. These marshes are now largely
absent.

SUCKERS, CATOSTOMIDAE200
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and moderately all,aline (pH < 8.5), with bottoms domi
nated by large beds of aquatic vegetation. The only lake to
day that approaches these conditions, although it is fairly
turbid, is Clear Lake Reservoir. Here the fish are generally
found in water greater than 1.5 m deep. The other lakes in
its range have mostly turned into shallow, eutrophic, anoxic,
warm lakes that have heavy blooms of planktonic algae
(mainly Aphanizomenon) encouraged by high levels of
phosphorus entering the lake from outside sources. As a
result, in hypereutrophic Upper Klamath Lake, the remain
ing suckers huddle around inflowing water from streams
and springs, where water quality is less noxious than that in
the lake. To a certain extent they can withstand adverse
conditions; they can tolerate temperatures up to 31-33°C,
oxygen levels near 1-2 mg/liter, and pH levels of around 10
(2,7,8, 16), but it is clear they prefer more moderate con
ditions. Presumably a tolerance for adverse conditions al
lowed them to survive through natural periods of drought,
when lake levels were low. However, it has not allowed them
to adjust to the extreme conditions that exist more or less
continuously at present. Occasionally shortnose suckers
will inhabit pools in streams; both juveniles and adults were
observed using a 1.7-km stretch of Willow Creek, favoring
areas with undercut banks and depths greater than 50 em
(11). Native fishes associated with shortnose suckers are or
were the Lost River sucker, Klamath largescale sucker, tui
chub, blue chub, and rainbow trout, as well as the various
lampreys and sculpins.

Adult shortnose suckers, like other Chasmistes species,
feed primarily on zooplankton, especially cladocerans (9),
although the guts of only a few adults have been examined.
The presence of detritus in fish from Clear Lake Reservoir
indicates that they may also feed close to the bottom. Juve
nile suckers apparently are more benthically oriented, feed
ing mainly on chironomid larvae and other insects (9).

Shortnose suckers can grow to about 50 em FL, although
fish over 45 em FL are unusual today. The oldest fish
recorded was 33 years old (48.5 em FL; from Copco Reser
voir), but in Clear Lake Reservoir fish measuring 35-40 em
FL are 10-15 years old (9, 10). Growth is highly variable
among individuals and is most rapid in the first 5 years of

logical diversitymayincrease the ability ofthe sucker to per
sist through periods of rapid change. Shortnose suckers do
not seem to have a hard time recognizing one another, even
if we do.

The now-extinct population of Chasmistes in Lake of the
Woods, Oregon, has been referred to C. stomias (6), and its
taxonomic position relative to the shortnose sucker is not
certain.

Life History Shortnose suckers are adapted for life in large,
shallow lakes that are cool (summer temperatures rarely
higher than 25°C), clear, well oxygenated (4-9 mg/liter),

Figure 73. Shortnose sucker,
38 cm SL, Clear Lake Reser
voir, Modoc County. Drawing
by A. Mardochi.

Names Chasmistes means "one who yawns," referring to the
large, flexible mouth; brevi-rostris translates as short
snouted. The Klamath Indians called the shortnose sucker
xooptu (3).

Distribution Shortnose suckers are native to the upper Kla
math River and Lost River basins in Oregon and California.
The foci of their original distribution were Upper Klamath,
Lower Klamath, Sheepy, Tule, and Clear Lakes, as well as
larger, deeper sections of river, although they were found in
tributary streams while spawning. In the Lost River drainage
today they are found in Clear Lake Reservoir, the main river
below the reservoir, and the Boles Creek and Willow Creek
drainage above the reservoir, with populations present in
small reservoirs scattered along the creeks (1). A small pop
ulation is also present in Tule Lake, the terminus of the Lost
River (2). In the Klamath River basin they are present today
in Upper Klamath Lake (Oregon) and its major tributaries
(Williamson, Sprague, and Wood Rivers) and perhaps the
lower reaches of smaller tributary streams as well. Small
numbers are present in Iron Gate and Copco Reservoirs
(California) on the Klamath River (2).

lips without papillae, and more (39 versus 35) gill rakers (1).
Juveniles are best distinguished from other suckers by the
separated lobes of the lower lip, often with a ridge between
them; the caudal peduncle is short and deep; and the anal
fin, when depressed, will reach past the beginning of the
caudal fin (2). Live fish are dark on the back and sides, rang
ing from silvery to white on the belly and lower lip region
of the head. Spawning fish have a reddish cast to their scales
in a lateral band.

Taxonomy The shortnose sucker is one of the distinctive
lake suckers of the genus Chasmistes that are native to large
lakes of the western United States and that have a fossil his
tory going back millions of years (17). It was described as
Chasmistes brevirostris in 1879 byE. D. Cope (3). Two addi
tional species of Chasmistes, c. stomias and C. copei, were
described from Upper Klamath Lal,e a few years later (4,5).
The former "species" seems to represent large, spawned-out
specimens of C. brevirostris, each with a well-developed
hump on the snout (or, perhaps, hybrids with the Lost River
sucker), whereas the latter "species" seems to represent large
specimens without the snout hump. The confusion in iden
tifying shortnose suckers experienced by early workers con
tinues to this day because of the sucker's highly variable
morphology. The variability may be partly the result of hy
bridization with other sucker species in the region (6, 18).
The hybridization is largely the result of the high degree of
alteration ofthe aquatic environments ofthe basin in recent
decades, but it also represents an evolutionarily positive
phenomenon in the sense that higher genetic and morpho-

References 1. Cope 1879.2. Eigenmann 1891. 3. Seale 1896.4.
R. R. Miller 1959.5. R. R. Miller and Smith 1981. 6. Buettner and
Scoppetone 1991. 7. Scoppetone and Vinyard 1991. 8. Gilbert
1898.9. Hazel 1969. 10. Stubbs and White 1993. 11. Scoppetone
et al. 1995. 12. Scoppetone 1988. 13. Perkins and Scoppetone
1996. 14. Coots 1965. 15. ECO Northwest 1994. 16. Martin and
Saiki 1999. 17. G. Scopptone, USFWS, pers. comm. 1999. 18.
Saiki et al. 1999. 19. Smith 1992.

erful motivation has clearly been the Endangered Species
Act, with its considerable powers of economic persuasion,
especially its ability to limit the "take" of Lost River and
shortnose suckers. Beyond the ongoing actions, many oth
ers are needed to make rivers and lakes more habitable for
suckers and native life in general (10). An economic analy
sis indicates that measures taken to restore wild sucker pop
ulations could, in the long run, have a net benefit to both lo
cal and national economies and greatly improve the quality
oflife in the upper Klamath basin (15).
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Identification Adult shortnose suckers are distinguished by
large heads with oblique, terminal mouths; thin (for a
sucker), striated lips; and deeply notched lower lips. Lip
papillae are minute and few (0-5 rows). The snout is blunt,
frequently with a small hump; the body is nearly cylindri
cal. The gill rakers, numbering 32-41, are slender, triangu
lar, and densely tufted at the ends (although some end in
knobs instead); lateralline scales number 67-92, with 12-20
scale rows above the lateral line and 9-13 rows below it; dor
sal fin rays number 10-13, and anal fin rays number 7 (1).
Shortnose suckers show considerable variability in mor
phology and meristics, especially in the Lost River water
shed; for example, some may have subterminal mouths and
fairly wide lips. Suckers from the Upper Klamath Lake basin
differ somewhat from those in the Lost River basin, tending
to have wider and deeper heads, terminal mouths with thin

Shortnose Sucker, Chasmistes brevirostris Cope

from failing. This was done despite the fact that the reservoir
is the best remaining habitat for both Lost River and short
nose suckers and supports the most viable populations.
Ironically, during the severe drought of 2001, enormous
controversy was generated when the remaining water in the
reservoir was reserved for fish, rather than farms. The fish
were widely blamed for creating economic problems that in
reality had a long and complex history. These crises would
have been much less controversial if agricultural practices in
the basin had not already badly polluted Upper Klamath
Lake, making it an untenable habitat for the suckers. Major
fish kills (such as those in 1996 and 1997) occur there, so the
suckers are under continuous threat of extirpation (17).

Dozens of efforts, big and small, now seek ways to allow
the suckers to persist, including culturing of fish by the Kla
math tribe. Part of the motivation for these efforts has been
to restore the lakes to a condition more conducive to fish
ing and recreation and to improve the quality of water sent
downstream into salmon habitat. However, the most pow-
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Razorback Sucker, Xyrauchen texanus (Abbott)
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does not occur in Texas. Possibly he mistook the Colorado
River for a smaller stream of the same name in Texas (23)
or simply had a shaky knowledge of geography.

Distribution The razorback sucker was originally found
throughout the Colorado River and its major tributaries in
Wyoming, Utah, Colorado, New Mexico, Arizona, Nevada,
and California (5). It was presumably once found as far
south as the Colorado Delta in Mexico during periods of
high flow. When the Salton Sea filled in 1904 and 1905, it
was colonized by razorback suckers, repeating natural
invasions that took place when the predecessor ofthe Salton
Sea, Lake Cahuilla, existed (6). Today their distribution is
limited to scattered individuals (5). In California there are
probably no self-sustaining populations, but a few individ
uals have been found in the river as far south as Imperial
County, especially in the Senator Wash area. Most fish
are releases from fish hatcheries. As of 2000, nearly 60,000
suckers had been planted in the reach between Davis
Dam (Nevada-Arizona) and Parker Dam-Havasu Reservoir
(California-Arizona), butthere is no evidence ofnatural re
cruitment (26, 30).

Life History The conspicuous, knife-edged hump of these
fish is an adaptation for living in the swift, muddy waters of
large rivers. The hump, together "with the long, flat, sloping
head, undoubtedly steadies the fish against the bottom in
currents where the water has a tendency to push down on
the anterior portion of the body while the dorsal keel pro
vides increased stability when faced into the current" (2,
p. 360). However, this adaptation is presumably used pri
marily to move through swift water during floods or mi
grations, because most of the time razorback suckers con
centrate in slower-moving sections of river, deep pools,
backwaters, or oxbows (5). They will also readily inhabit
reservoirs, gravel pits, and other habitats on the river. His
torically it is lil<:ely that floodplains were important habitat
for all life history stages, and even at the present time adults
will selectively use permanent, weedy backwater habitats in
the lower river (27). Overall they are associated with shal
low «2 m) areas with bottoms of sand and mud, where ve-

bright yellow on the belly, with an orange band on each side.
Breeding tubercles are well developed on the anal, caudal,
and pelvic fins, as well as on the caudal peduncle and pos
terior part of body (1, 5). Males in general are smaller than
females, with slimmer bodies, larger fins, and a more pro
nounced keel on the back (5). Spawning females may also
have tubercles, although they are less developed than those
in males, and have similar spawning colors.

Names Razorback describes the sharp keel on the species
well, much better than the older common name humpback
sucker, which implies deformity (2).Xyrauchen translates as
"razor nape." Just why C. C. Abbott used the trivial name
texanus when he described the species is not known, for it

Figure 74. Razorback sucker,
36 cm SL, Green River,
Wyoming. Drawing by
Marciochi.

Taxonomy This species was described in 1861 as Catosto
mus texanus but placed in its own genus in 1889 (2,5). The
species has apparently been around for at least 5 million
years (31), and its closest relatives are Chasmistes and
Deltistes suckers, large lal<:e species (29). There is some evi
dence of introgressive hybridization with the flannelmouth
sucker, C. latipinnis (3,4).

References 1. Buettner and Scoppetone 1991. 2. Stubbs and
White 1993. 3. Cope 1879. 4. Gilbert 1898. 5. Evermann and
Meek 1897. 6. Andreasen 1975. 7. Castleberry and Cech 1993.8.
Falter and Cech 1991. 9. Scopettone et al. 1994. 10. Scoppetone
1988. 11. Perkins and Scoppetone 1996. 12. Coots 1965. 13. Bond
1966. 14. ECO Northwest 1994. 15. G. G. Scoppetone, USFWS,
pets. comm.1999.16. Saiki et al. 1999. 17. Miller and Smith 1967,
1981. 18. Tranah 2001.

cleft, which completely separates the two halves. There are
68-87 lateral line scales, 13-16 dorsal fin rays, 7 anal fin rays,
36-50 gill rakers, and a well-developed fontanel on the top
of the skull. Live fish are dusky to olivaceous on the back,
brownish on the sides, and yellow-orange to white on the
belly. Spawning males become nearlyblack on the back and

ments. In the Klamath River shortnose suckers were once so
abundant that they, along with Lost River and Klamath
largescale suckers, were a major food source. Spawning runs
of the three suckers were later fished commercially in Ore
gon and then became subject to a snag fishery for "mullet:'
The causes ofthe decline are many, but drainage oflakes and
marshes, dams on spawning streams, and heavy organic pol
lution of lakes are the main culprits. These are discussed in
detail in the account of the Lost River sucker, which shares
the same habitats. In addition, the population in Lake of the
Woods, Oregon (perhaps a separate species), was eliminated
by "rough fish" control measures to improve trout fishing,
mainly treatment of the lake with a fish poison (13).

In the Klamath River basin there are apparently only a few
thousand adult shortnose suckers left, mostly large, old in
dividuals. Successful recruitment has been unusual, and only
the long life and high fecundity of adults has allowed the
species to persist. In the Lost River basin the population in
Clear Lake Reservoir has been estimated at around 73,000
fish, and successful recruitment occurs on a regular basis
(11). This relatively large population, however, is concen
trated in a reservoir that can be drained during severe
drought or made shallow enough that suckers are subject to
intense bird predation. A similar situation exists with the
small population in Gerber Reservoir in Oregon. The con
centration of fish in reservoirs means that they are very vul
nerable to major disasters, such as a pesticide spill or dam
breakage. A recovery plan for the shortnose sucker (11) notes
the importance of maintaining multiple populations, espe
cially in recognition of the morphological, life history, and
presumably genetic differences between populations in the
Klamath River and Lost River basins. An evaluation of the
economic consequences of improving conditions for native
suckers in the two basins indicates that such an investment
could have a net positive effect on regional economies (14).

SUCKERS, CATOSTOMIDAE204

Identification Razorback suckers measuring more than 2
em TL are distinguished by the sharp-edged keel on the
back before the dorsal fin. They have a subterminal mouth
with weakly papillose lips; the lower lip has a deep median

Status IB. The shortnose sucker has been officially declared
Endangered by both federal (1988) and state (1974) govern-

life, bywhich time most fish are around 30 em FL; thereafter
growth takes place at a typical rate ofless than 1em/year (9).
Females apparently grow faster and reach larger sizes than
males. Maturity usually sets in at ages 5 or 6, although some
males may mature at age 4 (15).

Spawning takes place in tributary streams or, occasion
ally, in springs in lakes (2). Movement upstream to spawn
ing areas can begin as early as late February and take place
as late as early May. In large rivers in Oregon spawning mi
gration typically begins in late March or early April, but in
Willow and Boles Creeks, California, it typically begins as
soon as stream flows start to rise in response to melting
snows, often in February and March. Increase in stream flow
seems to be the most important trigger for spawning mi
grations, because spawning has been observed at tempera
tures from 5.5 to 19°C (2). Reproductive suckers can move
at least 46 Ian upstream in Boles Creek for spawning, al
though most do not move that far (9). They move similar
distances up the Sprague and Williamson Rivers, Oregon.
Spawning shortnose suckers select moderately fast-flowing
areas of stream (velocities of 18-125 em/sec, typically
66-120 em/sec), with large gravel to cobble substrates and
depths of 11-130 em (usually 30-90 em) (2, 11). Like other
suckers, shortnose suckers spawn in small groups, usually a
female followed by several males. The fertilized eggs are
scattered over the substrate and sink into interstices in the
gravel. Each female can produce large numbers of eggs; two
females measuring 49 em FL contained 36,763 and 56,217
eggs (12). The average fecundity of females is estimated to
be around 38,000 eggs (11).

The embryos develop for several weeks (the exact time
depends on temperature) before hatching. Larvae begin
moving downstream almost as soon as they can swim, but
most emigration takes place between late April and early
June (2, 11). Larvae move mainly at night, with peak emi
gration times around midnight (11). During the day, they
hang out in the water column in shallow «50 em) water
over hard substrates (2). Once in lakes, larvae transform
into benthically oriented juveniles, which prefer to aggre
gate along the edges of beds of aquatic plants, in shallow,
clear water with high levels of dissolved oxygen.
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locities are less than 50 cm/sec (5), although large, radio
tagged suckers have been found to use areas as deep as 3.4
m with velocities of up to 60 cm/sec, even in summer, when
foraging on sand bars in midchannel (7). Juveniles prima
rily inhabit warm, shallow areas, which today often means
ditches and irrigation canals (27).

Although razorbacks establish localized populations in
river reaches or in reservoirs, there is evidence from tagged
fish that many individuals move considerable distances.
One fish moved 266 km upstream over a 4-year period but
then moved back to its area of origin (5). The relationship
between such movements and spawning is not known.

Adults generallyswim about in small schools, often inwa
ter less than 1 m deep, feeding on the bottom. In reservoirs,
however, they seem to be found mainly in water deeper than
1 m. Their usual food is algae and detritus, although aquatic
insect larvae and zooplankton are also consumed (8,9, 10).
The presence of zooplankton in the diet-retained by long,
complex gill rakers-indicates that the suckers are at least
partially adapted for plankton feeding (10), which may help
them persist in reservoirs. Larval suckers feed first on di
atoms, detritus, and algae but quickly switch to rotifers and
small planktonic crustaceans (11, 12).As the suckers become
more benthic in orientation, chironomid larvae and other
small insects become important in the diet.

Razorback suckers have highly variable growth rates. In
ponds, where conditions for growth are nearly optimal, a
few fish from a single brood may reach 40 cm TL in their
first year, while others only reach about 5 cm TL; however,
the disparity in size disappears after 5 years or so, at 55-60
cm TL (24). In captivity most females reach 30 cm or more
and mature in 3-4 years, but in the wild growth to such size
and maturity usually takes 7-9 years. Back-calculations of
growth from otoliths indicate that wild males reach 10-11
cm SL in their first year and wild females about 14 cm S1.
By the fifth year (after which growth tends to slow down sig
nificantly)' males average about 20-22 cm SL and females
26-28 cm S1. Thereafter both sexes grow at a rate of about
7-8 mm/year (16). In Mohave Reservoir, once fish reach 60
cm or so, growth becomes so slow that it is not detectable.
Razorbacks are reputed to reach 90 cm (7.3 kg) (13,16), but
there are no recent records of fish over 76 cm SL (5-6 kg),
and fish longer than 50 cm have apparently always been un
common. The largest and oldest fish are females. Most fish
present in the lower river in the 1980s and 1990s were large
(40 cm SL or more) individuals that were 24-45 years old
(16), although smaller and younger fish of hatchery origin
are also present today. There is evidence of only occasional
natural recruitment, even though successful spawning is
observed (5). In the Green River (Utah and Colorado) there
has been enough natural recruitment from spawning dur
ing years of high flow to maintain a small, precarious pop
ulation (22).
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there are either hatchery fish from stocking operations or,
perhaps, exceedingly old individuals from previous eras.
There is little hope that natural, self-sustaining populations
of razorback suckers can be reestablished in California as
long as conditions in the lower river remain unchanged.
Their best hope for survival is in the upper river or in large
tributaries, in reaches managed specifically for native fishes.

A major recovery program (adopted in 1998) is in effect
for the razorback sucker. It focuses on rearing fish in hatch
eries and using the resultant progeny in attempts to reestab
lish populations in the wild, primarily in the upper river
basin, and especially the Green River (5). Part of the critical
habitat is a 100-year floodplain in parts of the lower river
(27). The program has met with only modest success, but
three national fish hatcheries and at least four grow-out fa
cilities are devoted to rearing Colorado River native fishes.
In addition, experimental restoration of high-flow events
and habitats is being tried. If pursued indefinitely, such ef
forts may result in partial recovery ofrazorback sucker pop
ulations, although probably not in California. A successful
recovery plan for razorback sucker will thus involve restora
tion of flow regimes and floodplain habitats similar to the
natural ones in a number of major tributaries to the Col
orado River, augmentation of sucker populations with
hatchery-reared fish, and careful genetic monitoring (23).

the 1950s, however, they were uncommon throughout their
range, and today they are extremely rare, especially in the
lower river (5,27).

The decline of razorback sucker reflects how much the
lower Colorado River has been altered from its original
condition (15). The near extinction of this fish is all the
more remarkable because it can live and spawn in reser
voirs and ponds, is exceedinglylong lived, and has veryhigh
fecundity-characteristics that should favor its survival.
The ultimate cause of its decline has been the alteration of
the natural flow regime of the river through the construc
tion of numerous dams and diversions throughout the en
tire Colorado River basin, with concomitant changes in wa
ter quality, physical habitats, and frequency offlood events.
Limited natural recruitment in the upper river has been
weakly associated with unusual high-flow events (22). The
changed river greatly favors an array of nonnative fishes
at least 25 species. These fishes in turn prey on embryos,
larvae, and juveniles of razorback suckers, to the point that
none survive (5). Particular problems have been the explo
sive spread of red shiners, which inhabit backwaters and
prey on larvae (17), and large populations of channel and
flathead catfish, which prey on juveniles (21). Although
.other factors no doubt contribute to the decline, successful
rearing of razorback suckers in fish exclosures and in iso
lated ponds indicates the major importance ofpredation by
alien fishes (5, 11).

There is recent evidence (mainly collection oflarvae) of
reproducing populations in Havasu Reservoir, in the river
below Parker Dam (San Bernardino County), and in Sena
tor Wash (Imperial County) (23,25). However, recruitment
of young appears to be slight, and populations are main
tained mainly by hatchery introductions (26,30). Recruit
ment is only likely to happen if larvae resulting from early
spawning drift downstream and settle in habitat that is rel
atively predator free, such as a canal that was dry during the
previous year. Some of these fish may grow fast enough to
become too large (20-40 cm) to be prey for most piscivo
rous fish and hence survive into the following years (if their
habitat is not destroyed or dried up). Other fish present

Status IB. The razorback sucker is listed as Endangered by
both state (1974) and federal (1991) governments. Razor
back suckers were once one of the most abundant fishes in
the lower Colorado River and served as a major food source
for the Mojave people and other tribes that lived along the
river. Commercial fisheries have existed for them at various
times and places. When the Salton Sea filled with Colorado
River water, razorback suckers were among the most abun
dant colonizers, both historically and prehistorically (6). By

The first sign of spawning is the appearance of loose
shoals of males near potential spawning sites, starting in
November or December; females come in to join the shoals
for spawning for short periods of time in the following two
months. Individuals use multiple spawning sites but may
return to the same areas year after year (13). Spawning takes
place January through June, depending on water tempera
tures, but usually occurs before April in the lower river (e.g.,
Mohave Reservoir) (5, 20). Water temperatures recorded
during spawning have ranged from 10SC to 21°C, but op
timal temperatures seem to be around 15°C (5). However,
optimal temperatures for embryo survival are 20-25°C
(18). In the upper river spawning is usually associated with
the increasing flows of spring runoff events (19). Spawning
takes place over alluvial fans of inflowing streams, gravel
bars of the main river, and shallow waters of reservoirs,
where substrates are suitable (clean gravel and cobble), wa
ter is kept in motion by current or waves, and depths are less
than 3.5 m (often less than 0.6 m) (5). Spawning behavior
is similar to that of other suckers and can take place at any
time ofthe day or night (5, 13). "One female is attended by
2 to 12 males, the group moving slowly in circles of three to
five feet in diameter. Upon reaching a suitable spawning
site, the female, closely pressed by the male on either side,
settles on the bottom and starts to vibrate her body. When
this act reaches a convulsive stage, the eggs and milt are si
multaneously expelled. As this occurs, the three fish move
forward and upward, leaving a cloud of silt and sand as
spawning is consummated" (13, p. 107). The repeated
spawning acts will clean a bottom area of silt and other fine
debris and create shallow depressions 20 cm or more in
depth (5). Each female spawns many times, releasing any
where from 36,000 to over 140,000 eggs (average, 1,800
2,100 eggs/cm SL) over the spawning period (5).

The fertilized eggs adhere to the substrate and hatch in
1-2 weeks. Larvae emerge from the bottom, absorbing their
yolk sac in 7-12 days depending on temperature (5). They
then drift downstream into shallow backwaters or rise into
the open waters of shallow bays of reservoirs (5, 11, 14). In
such habitats they grow rapidly on plentiful food, but, out
side isolated ponds, few or none reach the juvenile stage, be
cause they are eaten by green sunfish, red shiners, and other
alien predators (5, 11,28).

SUCKERS, CATOSTOMIDAE206
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lower Colorado River. A limited population is found in the
Lost River drainage (Antelope Creek) (4), so it is likely they
will eventually spread throughout the upper Klamath
drainage. In the Owens River drainage they are common in
ponds and streams on valleyfloors. They are also apparently
common in the lower reaches of the Carson, Wall<:er, and
Truckee Rivers in Nevada (13, 14), but I am not aware of
records from California for these watersheds. On the North
Coast they are found in the Russian River drainage but are
absent from watersheds farther north to the Oregon border,
including the lower Klamath River. They appear to be ab
sent from the upper Pit River and Goose Lake. However,
given the ease with which they can be moved around by an
glers' they can be expected anywhere in the state, especially
in ponds. In fact, I have the suspicion that they have re
placed brown bullhead as the most common bullhead
catfish in California, if not the most widely distributed, and
are frequently mistaken for brown bullhead or yellow bull
head as a consequence.

Life History Little work has been done on black bullheads in
California, and this summary is largely based on work done
in other states (5, 6, 7). Their preferred habitats are ponds,
small lakes, river backwaters, and sloughs and pools oflow
gradient streams with muddy bottoms, slow currents, and
warm, turbid water. In California these habitats are typically
farm ponds, sloughs, reservoirs, and the highly altered lower
reaches of rivers. They are capable of surviving water tem
peratures up to 35°C (38°C under laboratory conditions)
(15). They are quick to invade new areas and are often abun
dant in ditches, intermittent streams, and other temporary
habitats, including waters in which dissolved oxygen con
centrations drop to 1-2 mg/liter (15). They are also capable
ofliving in the brackish waters of estuaries; in Suisun Marsh
I have found them living in salinities as high as 13 ppt. In Cal
ifornia they are typically associated with other alien species
that favor highly altered environments, especially bluegill,
green sunfish, inland silverside, carp, red shiner, fathead
minnow, goldfish, channel catfish, and threadfin shad (17).

Black bullheads are highly social and are usually found
in loose shoals. Adults tend to be in physical contact with

Figure 75. Black bullhead, 10 cm
SL, Maryland. From Lee et al.
(1980).

Names A-mei-urus translates as "without less tail;' presum
ably referring to the lack of a fork in the caudal fin; melas

means black. The name bullhead was originally applied in
England to freshwater sculpins. It was apparently trans
ferred to various catfishes in North America because ofsim
ilarities in head shape. An old name for the bullhead catfish
is horned pout. Black bullhead is a bit of a misnomer be
cause the fish are typically bright yellow; the name appar
ently originated from the solid black anal fin, used as a dis
tinguishing feature.

Distribution Black bullheads are native to much of the
United States east of the Rocky Mountains, except the east
ern seaboard, penetrating into southern Canada (2). Their
range has been greatly filled in and expanded through in
troductions and now includes most Western states. Their
exact year of introduction into California is not known, be
cause most early introductions were simply recorded as
"catfish" or "bullheads;' and these are reported as early as
1874. However, the earliest confirmed record is dated 1942,
from the Colorado River (3), and it is likely that earlier
records of "bullheads" were all brown bullheads. They are
now widespread and common in the Central Valley (in
cluding the San Francisco Estuary). They are the most com
mon catfish in coastal drainages from San Luis Obispo
County south to the Mexican border (16). They are present
in scattered localities in the streams tributary to Monterey
Bay (e.g., Llagas Creek) but are likely to become more wide
spread there. They are widespread but uncommon in the

the caudal fin. There are 15-21 gill rakers on the first arch.
Their colors are solid (not blotched) and are typically dark
on the back and pale on the belly. Live adult black bullheads
are often bright gold-yellow on the sides and belly. The
young are black to dusky in color with white bellies.

Taxonomy Black bullheads were formerly placed in the
genus Ictalurus, but bullhead catfishes (including the white
catfish) are now recognized as constituting a distinct evolu
tionary lineage from other catfishes and have been placed
back in their own genus (1,2).

spine contains poison that can cause considerable dis
comfort for the unlucky predator or angler. The locking
mechanism ofthe spines also serves as a means for mak
ing a wide variety of sounds, through rubbing the base of
the pectoral spines on a special part of the cleithrum, a
bone in the pectoral girdle (Fine et al. 1997). Spines are
used by fishery workers to determine the ages of catfish,
because annual rings are visible in thin cross sections

through them.
The ictalurid catfishes are native only to waters east of

the Rocky Mountains, except in Mexico. The seven species
found in California have all been introduced. However, fos
sil catfishes are known from California and other parts of
the West. There is some uncertainty over the distribution of
the three species of "square-tail" bullhead catfishes (black,
brown, and yellow bullheads) in California because the
species are easily confused. Therefore individuals of these
species should be identified carefully.

The catfishes support major sport fisheries in warm wa
ters of California. They have large, self-sustaining popula
tions, attain large sizes, and are highly edible. Channel
catfish are a major aquaculture species in California as well.

208

Black Bullhead, Ameiurus me/as (Rafinesque)

Identification Black bullheads are stout-bodied catfish dis
tinguished by the combination of a square-tipped, slightly
notched tail; darkly pigmented membranes between light
colored rays of the short (19-23 rays, including rudimen
tary rays), rounded anal fin; dark chin barbels (always
darker than the chin); pectoral fin spines that are smooth to
rough but rarely with strong "teeth" on the rear edge; jaws
equal in length (although the upper one may protrude
slightly); and a pale vertical bar usually found at the base of

The North American catfishes (Ictaluridae), with about 45
recognized species, are but a small part of the large catfish
order (Siluriformes), which contains more than 2,200
species, most which live in fresh waters of the tropics. They
are related to minnows (Cyprinidae), linked to them by
Weberian ossicles, the small chain ofbones used to transmit
sound from the swim bladder to the inner ear.

Within the Ictaluridae there are three distinct groups:
large, "typical" catfishes and bullheads (Ameiurus, Ictalu
rus, and Pylodictis), small madtoms (Noturus), and blind
cave catfishes (Satan, Trogloglanis, and Prietella). All of
these fishes have much in common: (1) nocturnal, bottom
feeding habits; (2) absence of scales; (3) 8barbels (4 pairs):
2 on the snout, 2 on the end of the maxillae, and 4 on
the chin; (4) a well-developed adipose fin; (5) hundreds of
tiny teeth arranged in bands on the roof of the mouth; and
(6) rays that have been modified into stout spines on the
pectoral and dorsal fins. The spines are apparently the main
reason why catfish are not taken as often by predatory fish
as one would expect given their large numbers. The spines
can be held or locked in an erect position, making each
fish a large spiny mouthful; the sheath of skin over the
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ters on private lands. In short, they can be expected just
about anywhere in the state, although great care must be
taken not to confuse them with black or yellow bullheads.

Life History Brown bullheads are the most widely distrib
uted bullhead in California, both because of their early in
troduction and because they can adapt to a wide variety of
habitats, from warm, turbid sloughs to clear mountain
lakes. They are most abundant, however, in larger bodies of
water, such as sloughs of the Sacramento-San Joaquin
Delta, Clear Lake (Lake County), and foothill reservoirs,
where they are usually associated with the deep end of the
littoral zone (2-5 m), beds of aquatic plants, and muddy
bottoms. In rivers brown bullheads are found mainly in
sluggish, low-gradient reaches in association with deep
pools, high turbidity, beds of aquatic plants, and soft sub
strates (2).

They can live at temperatures from nearly 0 to 37°C, but
optimum temperatures for growth seem to be 20-33°C (3).
It is not unusual to find them in "trout" streams, especially
in the Sierra, although such streams typically reach 20°C or
more in the summer and have sluggish, soft-bottomed
reaches (e.g., Grizzly Creek, Plumas County). When tem
peratures are low, they burrow into loose substrates and be
come torpid (3, 15), and this behavior may explain their
ability to persist in cold streams. However, feeding has been
observed at temperatures as low as 4°C (4). In the Eel River
small populations ofbrown bullhead live in warmer reaches
of the mainstem, where small fish can he found in both
riffles and pools. However, it is not certain whether or not
these populations would exist without periodic infusions
from Pillsbury Reservoir upstream (5).

Brown bullheads tolerate awide range ofsalinities and al
kalinities. I have found individuals in Suisun Marsh at salin
ities in excess of 13 ppt. A population was established in al
kaline Eagle Lake (Lassen County) in the early 1900s when
lake levels were high and alkalinities moderate (pH presum
ably around 8). It persisted until the early 1980s, by which
time pH values regularly exceeded 9. Low oxygen levels

Figure 76. Brown bullhead, 18 cm
SL, Clear Lake, Lake County.
Drawing by A. Marciochi.

obscure because of misidentifications and introductions. It
has been widely introduced throughout the western United
States and southwestern Canada and is present in every ma
jor river system in the West.

The brown bullhead arrived in California in 1874, when
70 fish from Lake Champlain, Vermont, were planted in
ponds and sloughs in Sacramento County (1). This appar
ently was the only introduction into the state, but the
species quicldy became abundant and was soon widely dis
tributed throughout California. By 1890 the California Fish
Commission claimed to have planted catfish (mostlybrown
bullheads) in every county of the state (1). Theywere an im
portant part of the commercial fishery of the Delta by the
early 1890s. They are established today in the following lo
cations: (1) most larger coastal drainages from Southern
California to the Klamath River, including the Eel and Mad
Rivers; (2) the upper Klamath basin, including the Lost
River; (3) the entire Sacramento-San Joaquin system, in
cluding the Pit River and possibly Goose Lake; (4) the lower
reaches ofthe Truckee, Walker, and Carson Rivers in Nevada
(so potentially in California as well); and (5) the Owens
River. In the Colorado River most, or perhaps all, records
may be misidentifications (13), and their presence should
be confirmedwith voucher specimens. Lack of records from
the remaining, mostly arid, watersheds probably reflects my
ignorance of their existence in stock ponds and other wa-

tling. Their bellies are white to yellow, and they lack a pale
band at the base of the caudal fin.
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Names Nebulosus means clouded, referring to the mottled
sides. This was the original "square-tail catfish" of Califor
nia introductions. Other names are as for black bullhead.

Distribution The native range of brown bullhead included
most ofthe United States east ofthe Great Plains and south
eastern Canada, although its exact historical distribution is

Status IID. Black bullheads seem to be expanding their
range in California and becoming increasingly abundant in
highly disturbed lowland aquatic environments. Their im
pact on other species, native and nonnative, is not known.
In ponds and small streams they may form populations
consisting of individuals too small for harvest, but in many
places they do support small fisheries. Their use as a pond
or reservoir fish in general should be discouraged in favor
ofother catfishes-or evenbetter, native non-catfish species

Taxonomy See the account of black bullhead.

toral fins and pushing out larger objects with her snout. As
the nest nears completion, the male frequently touches the
female with his barbels or rubs up against her. When they
are ready to spawn, they line up head to tail, and the male
wraps his tail fin over the head of the female. The female
quivers and releases a number of eggs, which the male fer
tilizes (12). The fertilized eggs stick to each other, forming
a yellow mass in the nest, which parental fish stir with their
pelvic and anal fins, keeping the embryos well oxygenated.
Once they hatch (5-10 days depending on temperature),
the young, laden with yolk sacs, stay in the nest until they
can swim freely, usually another 4-5 days (7).

The young stay together for 2-3 weeks in a tight ball that
seems to be in continuous motion. The ball of young is
guarded by one or both parents until the young reach about
25 mm TL, at which point they disperse into shallow wa
ter, sometimes swimming about in small shoals. In general
they are gregarious fish during the day but more dispersed

at night.

BULLHEAD CATFISHES, ICTALURIDAE210

Identification Brown bullheads are plain, heavy-bodied
catfish with square tails and blunt snouts supporting 8 dark
(usually) barbels, including a long one at each corner of the
wide, terminal mouth. The anal fin is short (21-24 rays, in
cluding rudimentary rays, but easily countable rays number
19-22), with membranes that are the same color as the rays.
The pectoral and dorsal fin spines have 5-9 sawlike teeth on
their posterior edges and feel very rough. Dorsal fin rays
number 6-7. There are 11-15 gill rakers on the first gill arch.
Adults are plain yellow-brown on their sides with dark mot-

each other during the day, when they are deep in beds of
aquatic plants or under some other cover. They come out to
forage actively at night. Young-of-year bullheads, in con
trast, swim about during the day in tight schools. Despite
their diurnal habits, young black bullheads feed mostly at
dawn and dusk, although adults presumably feed continu
ously throughout the night (8). Black bullheads of all sizes
are omnivorous bottom feeders. They feed extensively on
aquatic insects, crustaceans, and molluscs and occasionally
take live fish and scavenge on dead ones. In sloughs of the
Sacramento-San Joaquin Delta they feed on, in order of
importance, fish, amphipods, isopods, snails, and other in
vertebrates (9). In reservoirs they eat earthworms and ter
restrial insects as water levels rise over previously dry areas,
and they move out into open water to feed when planktonic
midge larvae and pupae are abundant (10). In ponds and
small lakes chironomid midge larvae typically dominate
their diet (18). Their stomachs almost invariably contain
substantial detritus, algae, and pieces of aquatic plants, al
though the nutritional value of this material to bullheads

has not been determined.
The growth ofblack bullheads is highly variable and de

pends on conditions such as temperature, food availability,
and degree of overcrowding. Under optimal conditions
with artificial feeding, they reach 30 cm TL (500 g) in a year.
However, in the wild they need 3-9 years to reach a similar
size. In Putah Creek, Yolo County, bullheads measuring
20-25 cm TL are 2-3 years old. The maximum size is ap
parently around 61 cm TL (3.6 kg), reported for a fish from
New York (7). In ponds black bullheads often form stunted
populations with small sizes (17-23 cm TL) at maturity.

Fecundity varies from 1,000 to 7,000 eggs perfemale but
is typically 2,500-3,000 eggs (11). Black bullheads spawn in
June and July, usually after water temperatures exceed 20°C.
A sudden rise in temperature may trigger spawning (11).
Before spawning, the female of each pair constructs a shal
low depression by fanning away fine materials with her pec-

Brown Bullhead, Ameiurus nebulosus (Lesueur)
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the Sacramento-San Joaquin Delta and elsewhere in north
ern California (4), but it is highly lil<:ely that the records are
misidentified brown bullheads. Extensive sampling of the
Delta by CFG biologists over many years did not produce
any yellow bullheads (10, 11). Thus all records of yellow
bullheads from northern California should be regarded as
suspect unless confirmed by expert examination of speci
mens. I regard them as established only south of the
Tehachapi Mountains.

Life History Yellow bullheads are usually found in clear,
warm water in low-gradient streams with permanent flows
and rocky bottoms, or in shallow weedy bays of lakes (5, 6,
7). Lack of suitable habitat may explain why they are so un
common in California. In the Colorado River they occur
mainly in clear, weedy backwaters and canals, where dis
solved oxygen levels can be low and temperatures high. They
have the ability to withstand slightly lower dissolved oxygen
levels and the same high temperatures as black bullhead (9).
Compared with the information available on black and
brown bullheads, little is known about yellow bullheads, es
pecially in California. However, their life history does not
seem to be stril<:ingly different from that of the other two
species, even though there are habitat differences (6).

Yellow bullheads are nocturnal and omnivorous, but
they consume less plant material than other bullheads.
Their diet consists mainly of aquatic insects, molluscs, crus
taceans (especially crayfish), and fish (5).

Growth is similar to that ofbrown bullheads; in their na
tive range they can achieve lengths of more than 47 em TL
and weights of up to 1.4 kg (6, 8). Breeding age, behavior,
and time are also similar to those for brown bullheads (6),
as are fecundities (8).

Status IIC. Yellow bullheads are uncommon in California
and are lil<:ely to remain so. There is little reason to attempt
to establish them where they are not already present be
cause they do not seem to have any outstanding advantages

Distribution Yellow bullheads are native to most of the
United States east of the Rocky Mountains, from the Great
Lakes to Texas and Mexico. They have not been as widely in
troduced in the western United States as black and brown
bullheads and have only a few populations established out
side their native range. Their exact date of introduction into
California is not known, but the first authenticated records
are from the Colorado River in 1942, by which time the
species was already widespread in the lower river (1). They
are fairly common in the lower Colorado River, especially in
backwaters, well into Mexico (2). Outside the Colorado
River and associated canals, records are few. In Southern
California they have been recorded from Evans Reservoir,
Riverside County, and from the Santa Ana River, Orange
County (3), and so may be present in other reservoirs in the
region as well. There are occasional reports of this fish from

on the caudal fin base, but the anal fin often has a dark
stripe running across it.

Figure 77. Yellow bullhead, 21 em
SL, Colorado River. Drawing by A.
Marciochi.

Names Natalis translates as "having large buttocks," a refer
ence to the obese specimens originally described by the
French naturalist C. A. Lesueur in 1819. Other names are as
for black bullhead.

Taxonomy See the account of black bullhead.

tion. Nests are typically depressions in sand or gravel in
close proximity to cover, such as beds of aquatic plants or a
fallen tree. They are constructed by females, with some as
sistance from males. Nesting may occasionally occur in a
burrow in a bank, hollow log, or pile of rocks (3). Spawning
is preceded by courtship behavior in which the male and fe
male swirl around the nest, head to tail. Spawning occurs
when the two fish are side by side, facing in opposite direc
tions (3). The eggs are laid in batches until the female has
deposited her entire clutch. Females lay 2,000-14,000 eggs,
depending on size (10), in a gelatinous mass. Usually both
sexes tend the developing embryos by chasing away preda
tors and other bullheads and by stirring the embryos with
their fins and mouths. After hatching (6-9 days, depending
on temperature), yolk sac-fry remain in the nest for another
week or so, closely guarded by the parents. When the young
become free swimming, they leave the nest in a tight,
swirling ball, which is guarded by the parents until the
young begin to disperse at about 50 mm TL (3). The pri
mary guard of the nest and young is the male, although sur
vival of the young is significantly higher when the male is
assisted by the female (12).

all nearly the same length. The 6 chin barbels are pale yel
low to white, with a long barbel at each corner of the
mouth. The pectoral and dorsal fin spines are stout and
sawtoothed on their hindmost surfaces (but not as sharply
so as in the brown bullhead). There are 13-15 gill rakers
on the first gill arch. Typical adult coloration is yellow
brown on the sides, without mottling, with a white chin
and belly. The fins are dusky. There is no pale vertical bar

References 1. Dill and Cordone 1997. 2. Moyle and Daniels
1982. 3. Becker 1983.4. Keast 1968a. 5. Brown and Moyle 1996.
6. Keen 1982. 7. Emig 1966. 8. Keast and Webb 1966. 9. Turner
1966a. 10. Carlander 1969.11. McCammon and Seeley 1961. 12.
Blumer 1985. 13. W. L. Minckley, Arizona State University, pers.
comm. 1999. 14. E. Bianchi et al., University of California, Davis,
unpubl. ms. 1978. 15. Loeb 1964.

Status IID. The brown bullhead is abundant and widely
distributed in California and is an important contributor to
recreational fisheries. For example, it is the most important
catfish in the fishery of Clear Lake, Lake County (1). It is
most abundant in habitats altered by human activity, such
as reservoirs, and its impact on native fishes and aquatic
ecosystems is unknown. It is reared in small numbers in
California's aquaculture industry, primarily for planting in
ponds for fee fishing.

Identification The yellow bullhead is a stout-bodied cat
fish, with a straight-edged to slightly rounded tail and a
wide, terminal mouth lined with dense rows of small,
sharp teeth. It is distinguished by a slightly rounded anal
fin with 24-27 rays (including rudimentary rays) that are
the same color as the membranes between the rays and are

Yellow Bullhead, Ameiurus natalis (Lesueur)
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(<1 mglliter) can also be survived bybrown bullheads, either
by becoming torpid when they coincide with low tempera
tures or through gulping air when temperatures are high (3).

Their social behavior is similar to that ofblack bullhead.
They are most active at night and will form feeding aggre
gations. However, size-based feeding hierarchies deter
mined by aggressive behavior are also known (6). Although
they concentrate in favorable habitats, such as weedy bays
or sloughs, they are also capable of extended movement.
Tagged fish in a California reservoir have been recaptured
as far as 26 km from the point of release (7).

Foraging brown bullheads swim along the bottom at an
angle, their barbels just touching the substrate. The barbels
locate food through a combination of taste and feel. When
a fish detects something edible, it quickly turns around and
snaps it up, often taking in detritus or algae at the same time
(8). When small «60 mm TL), they feed mostly on chi
ronomid midge larvae and small crustaceans, but they con
sume larger insect larvae and fish as they increase in size.
Brown bullheads from the Sacramento-San Joaquin Delta
eat mostly amphipods, isopods, crayfish, dragonfly larvae,
and snails (9). In Clear Lake they feed extensively on inland
silversides and other small fish that are abundant inshore
(14). However, they are opportunistic, omnivorous scav
engers, so that almost any organism of suitable size can be
expected in their diet (3, 7).

The growth of brown bullheads is fairly rapid in Cali
fornia. They reach 7-10 em TL in their first year, 10-14 em
in their second year, 14-20 em in their third year, and 19-28
em in their fourth year (7, 14). Much faster and slower rates
have been recorded (10). The maximum length is about 53
em TL and the maximum weight about 2.2 kg, but fish more
than 30 em TL and 450 g are uncommon. The oldest fish on
record was captured from Clear Lake 8 years after it had
been tagged. Because it already measured 25 em TL when
tagged, it was probably at least 10 years old (11).

Brown bullheads normally first breed in their third year.
The spawning season in California is typically May through
mid-July and usually begins when water temperatures ex
ceed 21°C (3). The first step in spawning is nest construc-
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Status IID. White catfish are the most important catfish for
sport fishing in the Sacramento-San Joaquin Delta and sup
port important sport fisheries in many lakes and reservoirs.
Their popularity is due to their abundance, accessibility,
and size. In the Delta 81,000-460,000 kg of white catfish
were harvested annually by commercial fishers until 1953,
when the fishery was banned (15). At the time it was
thought that the commercial fishery was overexploiting
catfish and reducing the catch of anglers. Mortality rates of
larger catfish declined after closure of the fishery, so much
so that white catfish are now regarded as underexploited; all
catch limits for the sport fishery were removed in 1988 (15).
In other California waters they are also underharvested and
so are lilzelyto remain a popular sport fish. Efforts to expand
their range, however, should not be allowed, because adults
are piscivores and therefore most likely to change eco
systems into which they have been introduced (16). Their
introduction into Clear Lake, for example, was associated
with the decline of native cyprinids in the lake (1).

FL, respectively (11). Growth in the north and west Delta is
slightly faster. In the Sacramento River growth rates are
higher than those of Delta fish after the third year of life
(following a switch to a piscivorous diet); by ages 7 and 8,
these catfish are 9-10 cm longer than their Delta counter
parts (11). The fastest-growing fish in California live in
Clear Lake, where white catfish for the first 8 years average
119, 183, 244, 297, 343, 372, 396, and 407 mm FL, respec
tively (11, 12). Males grow faster and become larger than
females (11). Growth rates in Putah Creek appear to be
similar for the first 3-4 years, although a 7-year-old fish
measured only about 35 cm FL. In their native habitats
white catfish can attain lengths of over 60 cm TL and
weights of 3 kg, but fish over 2 kg are unusual. The official
state angling record, however, is a fish from a pond in
William Land Park weighing 10 kg (assuming this was not
a misidentified channel catfish).

White catfish mature at 20-21 cm FL, which means that
in California they are usually 3-4 years old. Spawning takes
place in June and Julywhen water temperatures exceed 21°C
(12), but it can occur into September (17). The male builds
a nest on sand or gravel, near cover, or in cavelike situations
among rocks. Reproductive and parental behavior is simi
lar to that of the bullheads, although care of young is only
by the male (14). Each female lays 2,000-3,000 eggs, which
hatch in about a week at 24-29°C.

References 1. Dill and Cordone 1997. 2. Brown and Moyle
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Geldern 1964. 9. McCammon and Seeley 1961. 10. Rawstron
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catfish and are most abundant in slow-current areas-such
as Frank's Tract (a submerged island), the east and central
Delta, and the south Delta around Old River-which they
share with other warmwater fishes (4). During the day they
tend to avoid heavy beds of aquatic plants and water less
than 2 m deep, but they move into shallower water (<50 cm)
at night (18). They can live in salinities as high as 11-14.5
ppt (5, 6,17), although they disappear from Suisun Marsh
when salinities exceed 8 ppt. They are also very successful in
Clear Lake, Lake County, numerous reservoirs, and some
farm ponds in California. They are usually found in water
that exceeds 20°C in summer and can survive temperatures
of 29-31°C (7). In reservoirs they concentrate at depths of
3-10 m during late spring and early summer. They tend to
disperse in summer, although the bulk of the population is
located below 10 m. If the reservoir stratifies, depth distri
bution is modified and catfish seek out temperatures greater
than 210c. In winter they are found mostly at depths of
17-30 m (8). Tagging studies in lakes and reservoirs indicate
that white catfish wander about but that there are no regu
lar seasonal migrations (9, 10). However, in the Delta most
angler recaptures of tagged fish take place near the site of re
lease, as do recaptures of fish in subsequent years as part of
CDFG studies (18). Delta white catfish also seem to aggre
gate in the deepest part of sloughs and channels in winter
and then disperse more widely in the warmer months (18).

White catfish are carnivorous bottom feeders but occa
sionally swim into surface waters of reservoirs to prey on
plankton-feeding fishes. On the bottom they eat whatever
organisms are most available, smaller fish eating smaller or
ganisms. Thus young-of-year catfish (4-10 cm FL) in the
Delta feed mostly on amphipods, opossum shrimp, and
chironomid midge larvae. As they grow larger, their diet be
comes more diversified and includes fish and large inverte
brates, but amphipods and opossum shrimp are still the
most important items (4). This may explain why adult
white catfish in the Delta are much slower growing than
other populations, in which the adults feed primarily on
fish (I 1). In Putah Creek, Yolo County, juvenile white
catfish feed mainly on aquatic insects, especially baetid
mayfly larvae, while older fish feed on a range of items from
algae to crayfish to bullfrog tadpoles. In reservoirs threadfin
shad are particularly important, although in Clear Lake a
wide variety of fishes (but especially inland silversides) are
eaten (12, 19). White catfish also commonly feed on car
rion; parts of dead birds and mammals have been found in
their stomachs, as have parts ofAmerican shad that died af
ter spawning (12,13).

Growth rates ofCalifornia white catfish varywidely. One
ofthe slowest-growing populations known anywhere is that
in the south and central Delta, which for the first 8 years of
life averages 125, 163, 192,214,229,243,258, and 272 mm

Figu re 78. White catfish, 11 em SL,
Clear Lake, Lake County. Drawing
by A. Marciochi.

Life History White catfish evolved in the sluggish lower
reaches of large coastal streams of the Atlantic coast, so it is
not surprising to find them abundant in the Sacramento
and San Joaquin Rivers and in the San Francisco Estuary.
They avoid the deep, swift channels favored by channel

Distribution White catfish were originally found in the
lower reaches of coastal streams from the Hudson River,
New York, south into Florida, including a few streams en
tering the Gulf of Mexico. California populations are ap
parently derived from either 56 or 74 fish imported in 1874
from the Raritan River, New Jersey, and planted in the San
Joaquin River near Stockton (1). They spread rapidly
through the Central Valley and were planted in many reser
voirs and lakes, including Clear Lake (Lake County). They
apparently had been introduced into San Diego County
reservoirs by the 1940s, but by the 1980s they had colonized
a number of southern California reservoirs by way of the
California Aqueduct. They are found in large reservoirs on
streams tributary to Monterey Bay. On the North Coastthey
are found in the Russian River (including Mendocino
Reservoir) and Ruth Reservoir on the Mad River. They be
came established in the lower Eel River around 1990 (2).

They are notably absent from the Klamath River basin,
from the Colorado River, and from the Pit River and Goose
Lake. There are no records from Great Basin drainages in
California, but white catfish are apparently present in
Nevada in the Carson and Truckee River basins (3), so they
could be found in some waters of eastern California.

Names Catus means catlike. White catfish are the "fork
tailed catfish" ofmuch of the early California fish literature.
Other names are as for black bullhead.

References 1. Dill and Cordone 1997. 2. Ruiz-Campos 1995. 3.
Swift et al. 1993.4. Contreras 1973. 5.E.Miller 1966. 6. Becker 1983.
7. Minckley 1973. 8. Carlander 1969. 9. Smale and Rabeni 1995.10.
Turner 1966a. 11. D. Kohlhorst, CDFG, pers. comm. 1999.
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Taxonomy See the account of black bullhead.

White Catfish, Ameiurus catus (Linnaeus)

Identification White catfish are stout-bodied bullheads
with forked tails. The fork of the tail is not as deep as in
channel and blue catfish, and the tail lobes are rounded, the
upper often slightly longer than the lower. There are 22-25
rays in the rounded anal fin (including 2-3 rudimentary
rays), 5-6 soft rays in the dorsal fin, and 8-9 soft rays in each
pectoral fin. The spine on each pectoral fin has 11-15 sharp
teeth on its rear edge. There are 18-21 gill rakers on the first
gill arch. The mouth is terminal, with long, dark maxillary
barbels; the chin barbels are white. The head becomes dis
proportionately large in individuals measuring more than
40 cm TL. The body is usually gray-blue to blue-black on
the back and sides and white on the belly. Some fish may
have a mottled appearance, and those taken from extremely
turbid water may be very pale.

for fisheries over other species of catfish. Their effects on
native fishes in the lower Colorado River are not known,
but they are part of the suite of predators that prevent
reestablishment.
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may be the result of accidental ingestion with invertebrates
and fish. They are not fussy eaters, however, because they
adjust readily to living on commercial catfish chow in cap
tivity and consume a wide variety of organisms in the wild.
For small channel catfish «20 em FL), the main food is
crustaceans (amphipods in the Delta) and the larvae of
aquatic insects. As the catfish grow larger, fish and crayfish
become increasingly important, although catfish of all sizes
will consume aquatic insects. Usually fish measuring more
than 30-38 em TL are piscivorous, but any organism of ap
propriate size, including small mammals, is eaten (2,3,6).

Channel catfish are on average a fast-growing species,
but there is considerable variation in growth from popula
tion to population. In good habitat they typicallywill reach
7-10 em TL in the first year, 12-20 em in the second year,
20-35 mm in the third year, 30-40 em in the fourth year,
and 35-45 in the fifth year (7). In California channel catfish
in Lake Havasu Reservoir on the Colorado River grow con
siderablymore slowly than the population in the main river
(8). Fish from the riverreach 53 em FLin their seventh year;
those in the reservoir take 12 years to reach the same size. In
their native range channel catfish have been reported reach
ing more than 1 m TL, weighing over 26 kg (South Car
olina), and living for nearly 40 years (Quebec). In Califor
nia fish measuring more than 53 em TL (2.5 kg) or more
than 10 years old are unusual. The largest California fish on
record, from Santa Ana River "lakes," Orange County
(caught in 1994), weighed 23.9 kg.

The age and size of channel catfish at first spawning are
highly variable; ages from 2 to 8 years have been recorded,
as have lengths of 18-56 em TL (7). Channel catfish typi
cally must grow to 30 em TL and be 3 or more years old be
fore spawning. Spawning requires temperiltures of21-29°C,
with 26-28°C being optimum (3, 10). tn California this
means they spawn in April through August, depending on
the region (11). A few fish may spawn more than once in a
season (7, 9). However, it is not unusual for planted popu
lations not to reproduce at all, especially in reservoirs and
ponds, so these populations must be maintained by contin
uous stocking.

Probably the main reason some populations of channel
catfish fail to reproduce naturally is lack of suitable spawn
ing sites. They require cavelike sites for nests, preferring
old muskrat burrows, undercut banks, logjams or riprap
made up of large rocks. In ponds they will use old barrels
or similar containers for nest sites. The first signs ofspawn
ing are darkened males cleaning and defending nest sites,
which are often in short supply. Females pair off with
males well before spawning but do not assist in nest clean
ing (3). The head-to-tail spawning behavior is similar to
that ofblack bullheads (3, 10). Spawning occurs repeatedly
over 4-6 hours until the female has deposited all her eggs.
The fertilized eggs adhere to each other. Each female lays

Life History As their streamlined bodies and deeply forked
tails indicate, channel catfish are adapted for living in main
channels of large streams. In rivers adults typically spend
days in pools or beneath logjams or undercut banks, mov
ing into faster water to feed at night. Young-of-year, how
ever, will live full time in riffles, taking advantage of rocks
that break the current. Optimal habitat for channel catfish
of all sizes is supposedly clear warmwater streams with
sand, gravel, or rubble bottoms (2, 3). Thus in the Platte
River, Nebraska, adult channel catfish were found in areas
ofdense cover, where depths were mostly greater than 60 em
and velocities were less than 40 em/sec, that were close to ar
easwith much more rapid flows (4). Juveniles «21 em TL),
in contrast, were found at depths of 10-70 em, usually in
fast water (10-80 em/sec) over sandybottoms (4). However,
they grow well in a wide variety of water bodies, from farm
ponds to reservoirs to turbid, muddy-bottomed rivers like
the lower Colorado. This tolerance is one of the main rea
sons they are the most commonly cultured North American
catfish. Although they can live in waters with oxygen con
centrations as low as 1-2 mg/liter, they grow best above 3
mg/liter and at temperatures of 24-30°C. They can with
stand temperatures of 36-38°C, with 39°C being lethal (5).
Despite their tolerance for moderate salinities, channel
catfish in the Delta are not common in brackish water (6);
I have not collected them in Suisun Marsh at salinities
greater than 10 ppt.

Channel catfish are reputed to be omnivorous, but de
tritus and plant material frequently found in their stomachs

1925 and 1930, a group ofRoseville businessmen planted 65
channel catfish in the American River; it is assumed that
Central Valley channel catfish populations were subse
quently derived from this plant, although there are no con
firmed records of their presence until 1942 (1). Likewise, in
the Colorado River channel catfish seem to have become es

tablished in the 1920s, probably from plants in Arizona or
Nevada as early as 1912. In southern California it is most
likely that channel catfish plants in reservoirs in the 1920s

and 1930sled to their establishment (1). From the 1960s on
ward, public and private fish hatcheries have reared channel
catfish, resulting in their distribution throughout the state
in public waters and private ponds. They can thus be ex
pected almost anywhere where conditions are suitable, al
though self-sustaining populations occur mainly in warm
water reservoirs, lakes (e.g., Clear Lake, Lake County), and
sluggish riverine areas (e.g., upper Pit River, Sutter Bypass
and Delta channels on the Sacramento River, lower Col
orado River). They are absent from North Coast watersheds
north of the Russian River, including the Klamath River.
However, a single adult channel catfish was captured in an
irrigation canal in 1996 in the Klamath basin, so they may
be present there (12).

rays, the pectoral fins, 4-5 rays. The barbels are dusky to
white in color and the maxillary barbels are black and
longer than the head. The normal color of adults is gray
blue on the sides, often with an olive gold tinge, fading to
white on the belly. Young-of-year often have black-tipped
fins. Spawning males become dark, with enlarged heads,
thickened lips, fatty pads behind and above their eyes, and
thickened fin membranes. Males have a distinct urogenital
papilla that extends toward the tail, so males have just one
opening behind the vent, while females have two.

Taxonomy See the account of black bullhead.

Distribution Channel catfish were originally distributed
throughout the Mississippi-Missouri River system south
ward into northeastern Mexico, but their range has been ex
panded through introductions to almost all parts of North
America. The history of channel catfish in California is
murky (1). They were first planted in 1891 in Cuyamaca
Reservoir, San Diego County, and in the Feather River, but
this transplant seems to have failed in both places. Addi
tional plants in San Diego County took place in 1895 and
1922, but their success is also doubtful. Sometime between

Names Icta-lurus means fish-cat; punctatus means spotted.
Spawning males have been called chuclde-headed catfish or
mistaken for blue catfish. Channel catfish have also been
called spotted catfish.

Figure 79. Channel catfish. Top: Adult, 24 em 5L, Clear Lake,
Lake County, byA. Marciochi. Bottom: Juvenile, 13 em 5L, Mary
land, from Lee et al. (1980).

D. Kohlhorst, CDFG, pers. comm.1999. 19. E. Bianchi et al., Uni
versity of California, Davis, unpubl. obs. 1978.
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Channel Catfish, Ictalurus punctatus (Rafinesque)

Identification Channel catfish are elongate, small-headed
catfish distinguished by deeply forked tails with pointed
lobes, rounded anal fins with 24-29 rays, upper jaws that
project beyond their lower jaws, and conspicuous eyes (for
a catfish). They can usuallybe recognized by the presence of
tiny, conspicuous black spots scattered over the light
colored back and sides. The spots may be absent or few on
very large or very small fish. The dorsal fins have 5-6 soft

McCammon 1967. 14. Breder and Rosen 1966. 15. 5chaffter and
Kohlhorst 1997. 16. Moyle and Light 1996. 17. Wang 1986. 18.
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mouth is terminal with a lower jaw projecting beyond the
upper jaw. The caudal fin is slightly rounded and slightly in
dented in the middle with a yellow to white patch on the up
per lobe (except in large adults). The anal fin is short (14-17

References 1. Dill and Cordone 1997.2. Raquel1986. 3. Perry
1968.4. Pelzman 1971. 5. Brown and Dendy 1961. 6. Carlander
1969.7. Perry and Avault 1969.8. M. Lembeck, unpubl. rpts. 9.
Taucher 1987. 10. Cross 1967. 11. D. Kohlhorst, CDFG, pers.
comm.1999.

Status IIe. There seem to be three main reasons why blue
catfish were introduced into California: commercial catfish
farmers wanted to raise them, anglers thought they could
provide a trophy sport fishery, and agencies thought they
might be useful in control ofnuisance clams (4). Given their
ecological similarity to channel catfish, blue catfish add
little to California's sport fisheries except another species
that can grow fairly large. When planted in reservoirs they
mostly just replace channel catfish in the fishery. Because
blue catfish seem to grow more slowly and are harder to
catch than channel catfish, their planting may actually de
crease total catfish catch. They do not seem to have as.illuch
value for aquaculture compared with channel catfish and
are reared in only small numbers in the state. Given their
limited value and given that they have some potential to
harm populations of other fish because of their predatory
habits, their use in California beyond their present range
should be discouraged.

states (4). Exceptional growth of blue catfish in California
has been observed only in El Capitan Reservoir, which is
deep and turbid. Unlike channel catfish, blue catfish can
reach lengths of more than 1.6 m and weights of more than
45 kg, at least in their native big rivers. The largest blue
catfish from California, caught in 1996 in Lower Otay
Reservoir, Orange County, weighed 37.3 kg (9). Just how
large they actually can grow is debatable, because most of
the "record" catfish were in fact caught before reliable
records were kept. However, blue catfish weighing 90-100
kg may once have been caught (10). None approaching such
weights have been caught in the past hundred years, how
ever. Just how old such monster catfish would be is also a
matter of conjecture; 50 years or older would not seem un
reasonable, although the oldest blue catfish on record are 21
years old.

Spawning takes place in early summer when water tem
peratures reach 21-25°e. Blue catfish use hole nests like
channel catfish, so it can be assumed that their spawning
and parental behavior are similar. The extent to which they
spawn successfully in California is not known.

Distribution Blue catfish are native to the main channels of
the Mississippi and Missouri Rivers and their principal
tributaries from South Dakota southward, as well as Gulf
coast rivers well into Mexico. In 1969 blue catfish from
Arkansas were introduced into Jennings Reservoir, San
Diego County (1). Subsequently they were introduced into
other southern California reservoirs (including Sutherland,
El Capitan, San Vicente, Irvine, Santee, and Matthews
Reservoirs), as well as into ponds of a commercial fish
breeder in Imperial County. In 1978 a single adult fish was
caught in the Sacramento-San Joaquin Delta, and in 1984
and 1985 juveniles were collected, indicating that repro
duction was taking place (2). They continue to be found in
the Delta, but in very low numbers (11). Their introduction
into central California was presumably due to escapees
from catfish farms. Their use in aquaculture is likely to fur
ther their spread, especially into the Colorado River.

Identification Flathead catfish have an extremely large flat
head with small eyes that are located toward the top. The

Flathead Catfish, Pylodictis olivaris (Rafinesque)

Life History Deep channels of big rivers are the original
habitat for blue catfish, but they also do well in large reser
voirs and fish farm ponds. In rivers they remain on the bot
tom during the day in deep (8-10 m) areas with moderate
currents. They seem to avoid muddy-bottomed pools and
backwaters, except in spring, when they spawn. At night they
are often found feeding in rapids or other swift-flowing
areas. In reservoirs they prefer deep water but may move
into shallows to feed at night. They can survive a wide range
of temperatures (0-37°C) and salinities (up to 22 ppt), al
though they seem to growbest at temperatures around 27°C
and at salinities between less than 7 and 8 ppt (3,4).

The feeding habits of blue catfish are similar to those of
channel catfish, except they are more strongly piscivorous
and nocturnal. They feed mostly on crustaceans and aquatic
insects when young, but they will take fish when they are as
small as 10 cm TL. Once they reach 20-30 cm, fish are their
main source offood, although large invertebrates may also be
eaten (5). They also seem to consume fish larger than those
eaten by channel catfish. In southern California reservoirs
they were introduced in part to feed on the abundant Asiatic
clam Corbicula, but they do so to only a limited extent.

The growth rates of blue catfish seem to be about the
same as, or slightly less than, those of channel catfish living
in the same waters (6, 7). Limited data from southern Cali
fornia reservoirs indicate that their growth is decidedly
slower than that of channel catfish (8), but the two species
have similar growth rates in warmwater reservoirs in other

Figure 80. Blue catfish, 9 cm SL,
Clifton Court Forebay, Contra
Costa County.4cm

Taxonomy See the account of black bullhead.

Names In the midwestern United States blue catfish are of
ten called white catfish, fulton, or Mississippi catfish. Icta
lurus means fish-cat;furcatus means forked.

pale color; they resemble the much commoner channel
catfish. However, the anal fin is long (30-35 rays) with a
straight edge that tapers downward to the end of the caudal
peduncle. Their color is pale blue to olive on the sides (white
on the belly), and there are no black spots. The bodies of
adults are steeply humped before the dorsal fin and can be
fairly stout. Their eyes appear small in the head and the bar
bels are white; the maxillary barbels are just barely longer
than the head. They can be sexed using characters given for
channel catfish.

state. The impact of channel catfish on native fishes, am
phibians, and invertebrates is not known, but given their
predatory nature, it is unlikely to have been positive.

Channel catfish are an important aquaculture species
throughout the United States, and large numbers are raised
in catfish farms in the Central Valley, along the Colorado
River, and elsewhere. In 1997 about 6 million pounds of
channel catfish were reared in California, with a market
value of about $1l.8 million. Most of these catfish were
sold to specialty food markets that sell live fish. Most
processed channel catfish sold in supermarkets in Califor
nia are imported from farms in the southeastern United
States (13).

References 1. Dill and Cordone 1997.2. E. Miller 1966. 3. Becker
1983. 4. Peters et al. 1989. 5. Allen and Strawn 1968. 6. Turner
1966a. 7. Carlander 1969. 8. Kimsey et al. 1956.9. Dill 1944. 10.
Clemens and Sneed 1957.11. Wang 1986. 12. D. Markle, Oregon
State University, pers. comm. 1998. 13. F. Conte, UniversityofCal
ifornia, Davis, pers. comm. 1998.

BULLHEAD CATFISHES, ICTALURIDAE

Blue Catfish, Ictalurus furcatus (Lesueur)

Identification Blue catfish are long bodied with deeply
forked tails, terminal mouths with projecting snouts, and a

Status IID. Channel catfish are a popular and widely dis
tributed sport fish in California because they are easy to
raise in hatcheries, have fairly fast growth rates, and are ca
pable of reaching large sizes. In recreational fishing ponds
they are usually most successful in association with large
mouth bass and bluegill. Their ready availability from pri
vate fish farms has resulted in their spread throughout the
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2,000-70,000 eggs, depending on size (7), about 8,800 per
kilogram of body weight (3). The male tends the develop
ing embryos by aerating them with vigorous movements
ofhis body. The embryos hatch in 5-10 days (usually 6-7),
and new larvae measure 10-12 mm TL (11). The young
start actively swimming about 1-2 days after hatching and
leave the nest after about 7 days. Usually the male ceases
guarding them at this point or shortly thereafter. Young
may stay in a shoal of siblings for a week or two before dis
persing into shallow, flowing water at about 25 mm TL.
Some juveniles also enter the water column, resulting in
their collection in ichthyoplankton surveys (ll).
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their time in swallowing bait, and it is all to easy to jerk the
bait out of a fish's mouth.

Although flathead catfish were introduced after the ma
jor decline of native fishes in the lower Colorado River, they
are now a major impediment to reintroduction of native
minnows and suckers owing to their predatory habits (13).
Because of their potential negative effects on native fishes
and on fisheries for other species, any effort to introduce
them into rivers and reservoirs beyond the Colorado River
should be strongly opposed.

References 1. Turner and 5ummerfelt 1971. 2. Jordan and
Evermann 1896. 3. Dill and Cordone 1997. 4. Swift et al. 1993.5.

Minckley and Deacon 1959.6. Peters et al. 1989. 7. Becker 1983.

8. Minckley 1982. 9. Pisano et al. 1983. 10. Young and Marsh
1990.11. Carlander 1969. 12. Breder and Rosen 1966. 13. Marsh
and Brooks 1989.

his tail around her head, and the female releases 30-50
eggs, which he swims over and fertilizes (12). Each female
lays 4,000-59,000 eggs, depending on size (1). Once the
female has laid all her eggs, the male chases her offthe nest.
He guards the embryos and keeps them stirred up with his
mouth and fins. After hatching, the young form a tight
shoal that stays in or around the nest for several days and
is guarded by the male. The shoal gradually disperses as
the young assume a solitary existence and move into riffles
and runs.

Status lID. Flathead catfish are well established in the lower
Colorado River. They are more abundant than angler catches
indicate because catching them requires both knowledge of
their habits and the ability to sit for long night hours, fish
ing on the bottom with large bait fish. The patience of the
angler is also tried because flathead catfish normally take

Figure 81. Flathead catfish, 14 cm
5L, Rio Conchas, Mexico. Drawing
by A. Marciochi.

and runs with rocks or other complex structure, preferring
deep cover. Summer temperatures of rivers with flathead
catfish are typically around 24-34°C. Adults are solitary for
most of the year and seldom wander far from home pools
(7). Like other catfishes, they are largely nocturnal in habit
and move at night into shallow flowing areas to forage.

The feeding behavior of adult flathead catfish reflects
their sedentary habits. They usually lie in wait in one place
until suitable prey organisms come near enough to be in
haled by the sudden opening of their enormous mouths.
Adults (25 cm TL or more) feed mostly on fish and crayfish,
including native minnows and suckers in the Colorado
River. In the California portion of the river small flatheads
«10 cm TL) feed largely on aquatic insect larvae, gradually
becoming more piscivorous as they grow larger (5, 7). Large
(18-81 cm TL) flathead catfish feed on aquatic insects,
crayfish, and fish, including red shiner, channel catfish,
common carp, and threadfin shad (8).

In their native range growth is fastest in large, muddy
rivers with an abundance of small fish for prey. Not sur
prisingly, therefore, growth in the lower Colorado River is
fast, with the fastest growth recorded in the Coachella
Canal (9, 10). In the Colorado River (in contrast to the
Coachella Canal) they reach around 11 cm TL (versus 12
cm TL) at age 1,20 (24) at age 2, 38 (39) at age 3, 46 (48)
at age 4, 59 (58) at age 5, 71 (69) at age 6, 79 (72) at age 7,
93 (80) at age 8, and 100 or more at age 9 (9, 10). They can
live as long as 19 years and achieve lengths greater than 1.4
m and weights greater than 45 kg (11). It is not unusual to
catch large (9-13 kg) flathead catfish from the lower Col
orado River; the largest on record weighed about 27 kg
(caught in 1992).

Male flathead catfish usually do not become mature un
til they are 3-5 years old and exceed 38 cm TL; females wait
until they are 4-6 years old and in excess of 46 cm TL (11).
Spawning takes place in early summer (presumably May
through early July in the Colorado River) after temperatures
reach 22-24°C (7). The fish form pairs, and both sexes ei
ther construct a nest depression or occupy and enlarge sub
merged holes in streambanks (12).

The male courts the female in the nest by rubbing re
peatedly against her. When she is ready to spawn he wraps
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Distribution Flathead catfish are native to most of the
Mississippi-Missouri drainage, as well as to the Rio Grande
and rivers along the coast of the Gulf of Mexico to north
eastern Mexico. Theywere introduced by the Arizona Game
and Fish Department into Martinez Reservoir on the lower
Colorado River in 1962 and were first recorded in Califor
niain 1966 (3). Theyhave since spread into canals ofthe Im
perial Valley (4) and into the Gila, Salt, and Verde Rivers of
Arizona.

Life History Flathead catfish inhabit the turbid waters of
large rivers and reservoirs. The adults prefer to live on the
bottom of deep pools (1-2 m or deeper) or under rocks and
large logs in areas with strong flow (5, 6). Areas with com
plex logjams are particularly favored. Juveniles live in riffles

rays, including 2 small rays that are hard to see) and
rounded; the adipose fin is large and projecting. The spine
in each pectoral fin is rough on both sides. The body is sur
prisingly slender in contrast to the head. Flathead catfish are
black when young. As they increase in size they first become
olive, mottled with brown on the sides and back, and then
a plain olivaceous yellow-brown. Males can be distinguished
from females by their distinct genital papilla with a small
round opening at the tip. The genital papilla of females
is smaller and recessed. The two urogenital openings of the
female, however, appear as a longitudinal slit (1).

Names Pylodictis is a misspelling of Pelodichthys, meaning
mud fish (2); olivaris refers to their greenish coloration.
They are often called mud cats by anglers.
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Salmon and Trout, Salmonidae

Names Prosopium is from the Greek word meaning face or
mask, referring to the large bones in front of the eyes, which

243MOUNTAIN WHITEFISH

be outlined in dark pigment. Breeding males develop nup
tial tubercles on the head and sides. Juveniles are silverywith
7-11 dark, oval parr marks on each side.

Taxonomy Mountain whitefish are widely distributed
across the West with many disjunct populations, such as
those found in streams in the Lahontan drainage in Cali
fornia and Nevada. It is highly likely that a thorough taxo
nomic analysis across their range will reveal a number of
distinct units. The Lahontan population especially deserves
close scrutiny because it is the one most isolated from other
populations.

suitable streams outside the original native range and in
reaches upstream of natural barriers within the native
range. California rainbow trout have also been planted in
many places throughout the world, as have California chi
nook salmon (although much less successfully).

It is a reflection of the state of aquatic habitats in Cali
fornia that two species of native salmonids (bull trout, pink
salmon) are extirpated and that most varieties of anadro
mous salmonids are in danger of extinction, as are endemic
subspecies of rainbow and cutthroat trout. Considering
that these fishes have historically supported major fisheries,
native salmonid management in California must in general
be regarded as a failure over the past century. Only recently
have major efforts, many heroic, some successful, been
made to restore or recover declining populations. A funda
mental problem in restoration, especially for anadromous
salmonids, is understanding the causes of declines, which
are a synergism between natural and human-related factors.
Natural shifts in production regimes in the ocean (the
Pacific Decadal Oscillation and ENSO events) can cause
major declines in salmon populations even if stream and
river habitats are in good condition (Hare et al. 1999), as can
droughts even if ocean conditions are favorable. Likewise,
excessive ocean or stream harvesting can mask positive ef
fects of stream and river restoration programs, and large re
leases of hatchery-reared fish can confound determination
of causal factors underlying declines of wild fish. It is clear
that restoration ofthe diversity and production ofsalmonid
fishes requires an understanding of how all these factors
interact-and a great deal ofpatience. Large investments in
habitat restoration and better management practices for
fisheries, hatcheries, and regulated rivers are clearly needed,
even though returns on investments will take a long time to
be realized.

and the fascinating diversity within species was largely ig
nored. Natural diversity was then confused by widespread
planting of hatchery salmonids of mixed origin. In recent
years the tools of molecular genetics have allowed for more
positive definitions of distinct forms (regardless of physical
appearance) and for determination of relationships among
them-information that has been useful for conservation
efforts. Molecular genetics has been particularly helpful in
identifying runs of salmon and steelhead, which otherwise
are distinguished mostly by life history traits. Today eight
species native to California are recognized, including one
char and one whitefish. Within the two native "trout"
species (rainbow and cutthroat) numerous subspecies are
recognized, although a number have not been formally de
scribed. Anadromous forms (salmon, steelhead, sea-run
cutthroat) arguably have genetically distinct runs in every
major stream, but they are increasingly divided up by life
history strategy (run timing), genetic groupings, or some
mixture of the two.

Despite the natural richness of California's salmonid
fauna, numerous attempts have been made to establish still
other species. Four species became established and wide
spread: brook trout, lake trout, brown trout, and kokanee.
Four others were introduced but did not become estab
lished. Introductions of Bonneville cisco (Prosopium gem
miferum) , lake whitefish (Coregonus clupeaformis), and At
lantic salmon (Salmo salar) failed immediately. Arctic
grayling (Thymallus areticus) occasionally established self
sustaining populations following their numerous introduc
tions; the most recent such population was in Lobdell
Reservoir (Mono County), and it lasted about 25 years.
Grayling are now extinct in the state. The most pervasive
salmonid introduction in California, however, has been that
of "native" rainbow trout, which are now found in most

Identification Mountain whitefish can be distinguished
from other California fishes that possess an adipose fin by
the combination oflarge scales (74-90 in the lateral line); a
small, toothless, ventral mouth; a short dorsal fin (12-13
rays); and a slender body that is nearly cylindrical in cross
section. The head is short (about 20% of TL), with a later
ally compressed snout that overhangs the mouth. Gill rak
ers are short (19-26 on the first gill arch) and armed with
small teeth. Branchiostegal rays number 7-10 per side; anal
fin rays, 11-13; pelvic fin rays, 10-12; and pectoral fin rays,
14-18. The axillary process at the base of the pelvic fins is
well developed. The tail is forked. The body is silvery and
olive green to dusky on the back, and scales on the back may

Mountain Whitefish, Prosopium williamsoni (Girard)

such dynamic environments as long as the water is fairly
cool «22°C maximum) and well oxygenated. In fresh wa
ter populations quickly adapt to local conditions, from tiny,
clear, high mountain streams, to alkaline lakes, to large
coastal rivers, to intermittent streams. Anadromous salmon
and steelhead are major pelagic predators of northern seas
and show an astonishing variety of life history adaptations,
both within and between species, that maximize their abil
ity to use freshwater habitats for reproduction and ocean
habitats for feeding. Their ability to move long distances
through the ocean has resulted in colonization of remote
coastal streams from Baja California to the Aleutian Islands.
The tendency of anadromous forms to give rise to land
locked forms has resulted in numerous distinct populations
in lakes, headwaters, and other isolated environments.

Thus an evolutionary premium has been placed on fish
that are adaptable in behavior and life history patterns, op
portunistic in feeding, and capable of moving long dis
tances through both fresh and salt water. Perhaps because
they are tetraploid (have twice as much genetic material as
most fishes), they show rapid evolutionary responses to new
environments, developing distinctive forms often described
as species or subspecies. For example, in isolated mountain
streams, golden-colored trout have evolved independently
in many areas (e.g., California golden trouts, Paiute cut
throat trout, redband trouts), probably within the past
10,000-50,000 years.

The evolution of many local forms, races, and runs of
salmonids has always posed a challenge for taxonomists, as
well as for anglers who desire to give distinctive-looking
trout the taxonomic respectability of a Latin name. Early
taxonomists, such as David Starr Jordan or John Otterbein
Snyder, simply described every fish they caught as a new
species, but it soon became evident that most of these
"species" had characters that broadly overlapped those of
other forms. In reaction, many forms were lumped together,

No family of fish has excited as much interest through the
centuries as the Salmonidae, at least in the Western world.
The Salmonidae contains legendary fishes: salmon, trout,
and char (subfamily Salmoninae); whitefish (subfamily
Coregoninae); and grayling (subfamily Thymallinae), over
which controversies over conservation and management
continue to rage. All members (66 or more species, de
pending on who is counting) are native to the Northern
Hemisphere, but species have been introduced into suitable
waters all over the world. A salmonid fish is generally rec
ognizable by its fusiform body, forked tail, adipose fin, and
axillary scale (usuallyvisible as a distinct process) at the base
of each pelvic fin. Most juveniles have bands on the side
(parr marks).

Because salmonids have a long history as major sport
and commercial fishes, a delightful vocabulary has devel
oped for various stages of salmonid life histories. Spawning
adults construct a redd (nest depression) in which alevins
(sac-fry) hatch from embryos. When fry develop vertical
bars on their sides, they are called parr. In anadromous
forms parr lose their parr marks and turn silvery as they
start moving out to sea. They are then termed smolts. Males
that have spent only ayear at sea but have returned to spawn
are grilse, although such males are more often called jacks.
Similar females, which are rare, are called jills. Kelt is a rarely
used term for spawned-out fish. A dedicated salmonid an
gler can be termed a finatic.

Salmonids have been around since the Eocene, and most
species have probably been extant for millions of years
(Stearley 1992). However, their present distribution and
abundance have been strongly shaped byPleistocene events.
In northern and mountain areas they followed the advance
and retreat of continental glaciers, rapidly colonizing new
streams and lakes, whereas in southern areas their ranges
expanded and contracted according to changes in rainfall
and sea level associated with glaciation. Salmonids thrive in
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to black. Females are drabber and paler than males, often
appearing a dull, dark pink on the sides. "Standard" spawn
ing males are characterized by strongly hooked jaws and
slightly humped backs. The jaw is less strongly hooked in
jack males and is only slightlyhooked in females. Both sexes
have small black spots on the back, dorsal fin, and upper
lobe of the caudal fin, with no spots on the lower lobe of the
caudal fin. The gums of the lower jaw are gray, except the
upper area at the base of the teeth, which is generally
whitish. Parr have 8-12 narrow parr marks centered along
the lateral line. The parr marks are narrow and widely
spaced. The adipose fin ofparr is finely speclded, imparting

already reduced in numbers by the 1950s (4). They still seem
to be fairly common in low-gradient reaches of the Truckee,
East Fork Carson, East and West Walker, and Little Walker
Rivers (15). Small populations are still found in Little
Truckee River, Independence Lalze, and some small streams,
such as Wolf and Markleeville Creeks, tributaries to the East
Carson River (15). Their populations in Sierra Nevada
rivers and tributaries have been fragmented by dams and
reservoirs, and whitefish are generally scarce in reservoirs. A
severe decline in the abundance ofwhitefish in Sagehen and
Prosser Creeks followed the construction of Stampede and
Prosser Reservoirs, respectively (13,15). These observations
all suggest that they are less abundant and less widely dis
tributed than formerly. A thorough survey of their distri
bution and abundance is needed, along with a study oftheir
taxonomic status in relation to other populations ofmoun
tain whitefish.

Mountain whitefish are an underappreciated game fish
because their cyprinid-like appearance belies (to most an
glers) their culinary and sporting qualities. Ichthyologist
angler J. o. Snyder wrote in 1918 that "it rises to a fly ... ,is
as game as trout, and by some is preferred as a game fish"
(14, p. 69). Anglers have also held them in low regard be
cause of their supposed competition with trout for food, an
assumption for which there is no real evidence (3). Like
wise, there is no evidence that they prey on trout eggs or fry
(10). In fact it is possible that alien trout maylimit whitefish
populations by preying on their fry, recorded as an item in
brook trout diets (3).

References 1. Sigler 1951. 2. Pontius and Parker 1973. 3. Ellison
1980.4. R. G.Miller 1951. 5. McMee 1966.6. Cordone and Frantz
1966. 7. Scott and Crossman 1973. 8. Sigler and Sigler 1987. 9.
Davies and Thompson 1976. 10. Thompson and Davies 1976. 11.
Rogers et al. 1996. 12. Northcote and Ennis 1994. 13. Erman
1986.14. Snyder 1918. 15. E. Gerstung, CDFG, pers. comm. 1999.
16. Ihnat and Bulldey 1984. 17. T. 1. Taylor, Entrix, Inc., pers.
comm. 1990. 18. Wydoski 2001.

Status ID. Mountain whitefish are still common in their
limited California range, but their populations are frag
mented. There is no question that they are less abundant
than they were in the 19th century, when they were har
vested in large numbers by NativeAmericans and then com
mercially harvested in Lake Tahoe (5, 14). There are still
runs in tributaries to Lake Tahoe, but they are relatively
small and poorly documented. Whitefish apparently were

above 9°C (16). Spawning is preceded in streams by up
stream or downstream movements to suitable spawning ar
eas, possibly as the result of homing to historical spawning
grounds (12). From large rivers whitefish may move up
stream into smaller tributaries for spawning, but the be
havior is variable (12). Movement is often associated with a
fairly rapid drop in water temperature (9). From lakes
whitefish migrate into tributaries to spawn, but some
spawning may take place in shallow waters as well. Favored
spawning areas are riffles (or wave-washed areas in lakes)
where depths are greater than 75 cm and substrates are
coarse gravel, cobble, and rocks less than 50 cm in diameter
(10). Whitefish do not dig redds but scatter eggs over gravel
and rocks, where they sink into interstices. The eggs are not
adhesive. Little is known about spawning behavior, but they
seem to spawn at dusk or at night, in groups of more than
20 fish (10). They become mature in their second through
fourth year, although the exact timing depends on sex and
size. Each female produces an average of 5,000 eggs, but fe
cundity varies with size, from 770 to over 24,000 (7, 8, 18)
or around 11-12 eggs per gram of body weight (10). The
embryos hatch in 6-10 weeks (or longer, depending on tem
peratures) in early spring. Newly hatched fish are carried
downstream into shallow (5-20 cm) backwaters, where they
spend their first few weeks. As fry grow larger, they gradu
ally move into deeper and faster water, usually in areas with
rock or boulder bottoms (12). Fry from lake populations
move into the lake fairly soon after hatching and seek out
deep cover, such as beds of aquatic plants.

Coho Salmon, Oncorhynchus kisutch (Walbaum)

Identification Coho are fairly large salmon, with spawning
adults typically attaining 55-70 cm FL and weighing 3-6 kg.
They have 9-12 dorsal fin rays, 12-17 anal fin rays, 13-16
pectoral fin rays, and 9-11 pelvic fin rays. Lateral line scales
number 121-148, and the scales have single pores. There are
11-15 branchiostegal rays on either side of the jaw. Gill rak
ers are rough and widely spaced, with 12-16 on the lower
half of the first arch.

Spawning males are typically intensely dark red on the
sides, with the head and back dark green and the belly gray

Figure 86. Mountain whitefish,
28 cm SL, Sagehen Creek, Placer
County.

their lives, but most show complicated movements in rela
tion to feeding, spawning, and overwintering (9).

As their subterminal mouths and body shape suggest,
they are bottom-oriented predators on a wide variety of
small aquatic insects (1,2,3). They feed in part by stirring
up the bottom with their tail and pectoral fins and then
turning to feed on exposed invertebrates (17). Small juve
niles feed mainly on tiny chironomid midge, blackfly, and
mayfly larvae (12), with their diet becoming more diverse
with size. In Walker River adults feed mainly on larvae of
mayflies (56% by volume) and caddisflies (34%) during
summer (3). In Lake Tahoe they also feed on bottom
dwelling invertebrates: snails, dragonfly larvae, chironomid
midge larvae, mayfly larvae, caddisfly larvae, crayfish, and
amphipods (4). Small amounts (about 10%) of zooplank
ton and surface insects are also taken (4). Whitefish diets are
strongly tied to abundance ofprey, although fish measuring
greater than 10 cm SL feed oh a greater variety oforganisms,
including larger prey, than smaller fish. Most feeding takes
place at dusk or after dark. However, in streams they will
feed on drifting invertebrates, including terrestrial insects,
during the day (10).

Growth is highly variable, depending on habitat, food
availability, and temperature (18). Growth of fish from a
small alpine lake (Upper Twin, Mono County) was similar
to that of fish from high-elevation waters in other states: 11
cm SL at the end of year 1, 13.5 cm at year 2, 15 cm at year
3, 17 cm at year 4, and 20 cm at year 5 (1, 5). Fish from rivers
at lower elevations seem to be 25-30 percent larger at any
given age after the first year. Young reared in tributaries to
Lake Tahoe were largest in the Truckee River (8.6 cm FL at
10 months) and smallest (7.3-7.8 cm) in small tributaries
(4). Large individuals (25-50 cm SL) are probably 5-10
years old. The oldest fish on record (from Canada) is 17
years; the largest seems to be one measuring 51 cm FL and
weighing 2.9 kg from Lake Tahoe (6). A standardized
length-weight equation is 10glO Wg = -5.086 + 3.036 loglo
TL

mm
(ll).

Spawning takes place in October through early Decem
ber at water temperatures of 1-11°C (usually 2-6°C) (12).
High embryo mortality is experienced at temperatures
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Life History Mountain whitefish are most common in clear,
cold streams with large pools that exceed 1 m in depth and
in mountain lakes. Generally they live in waters with sum
mer temperatures of 11-21°C (16). In California most of
their populations are found at elevations of 1,400-2,300 m.
In Lake Tahoe they generally live close to the bottom in
fairly deep water, although they move into shallows during
spawning season. They typically swim about in schools of
5-20 fish. Studies of whitefish in Sheep River, Alberta, indi
cate that some individuals stay in limited areas throughout

Distribution Mountain whitefish are one ofthe most widely
distributed species in western North America. Outside Cal
ifornia they are found throughout the Columbia River
watershed (including Wyoming, Montana, Oregon, Wash
ington, Idaho, British Columbia, and Alberta), the upper
reaches ofthe Missouri and Colorado Rivers, the Bonneville
drainage, and the Mackenzie and Hudson Bay drainages
in the Arctic. In California they are found in streams
and lakes (including Lake Tahoe) on the east slope of the
Sierra Nevada, in the Truckee, Carson, and Walker River
drainages. They are absent from Susan River and Eagle Lake.

give the head its distinctive appearance; williamsoni is after
Lt. R. S. Williamson, who commanded the Railroad Survey
of California and Oregon, during which this species was
first collected.
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Life History The life history and habitat requirements of
coho salmon have been well documented, from the classic
studyin Waddell Creek byShapovalovand Taft (10) to more
recent summaries (5, 11, 12, 13).

Juvenile coho are generally at highest densities in deep
(;::1 m), cool pools with plenty of overhead cover, especially
in summer, but they use a wide variety of habitats if cover,
depths, temperature, and velocities are appropriate. They
are typically associated with instream cover (such as under
cut banks, logs, and other woody debris) close to areas that
are productive for feeding. Juveniles show pronounced
shifts in habitat with season, especially in California streams
(14,15,42). In spring, when stream flows are moderate and
fish are small, they are widely distributed through riffles,
runs, and pools. As stream flows diminish in summer, they
increasingly concentrate in pools or deeper runs. During
winter, before emigration, they seek refuges from high
velocity flows generated bywinter storms. Especially impor
tant are large off-channel pools with complex cover or small
spring-fed tributary streams. Availability of overwintering
habitat is one of the most important and least appreciated
factors influencing the survival of juvenile coho in streams.

Juveniles prefer and presumably grow best at tempera
tures of 12-14DC. They do not persist in streams where sum
mer temperatures reach 22-25DC for extended periods of
time or where there are high fluctuations in temperature
at the upper end of their range of tolerance (11, 13). In
the Mattole River watershed (Humboldt and Mendocino
Counties), coho were found to be absent from tributaries in
which the maximum temperature exceeded 18°C for more
than a week, suggesting that thresholds for persistence may
be lower than once thought (43). Temperatures exceeding
25-26°C are invariably lethal. Preferred water velocities are
0.09-0.46 m/sec, depending on habitat, and juveniles ac
tively seek refuges from high velocities (16). For fish to hold
in fast-moving water, dissolved oxygen levels must be near
saturation. Typical coho rearing streams are very clear. Even
moderate silt loads can damage the gills of small coho and
reduce growth rates; likewise, even short periods of high
turbidity or silt loads can be detrimental to the emergence,
feeding, and growth ofyoung coho (11, 13). It is worth not
ing that some juveniles rear in the freshwater portions of es
tuaries and lagoons rather than in streams.

Studies by J. Nielsen (17, 22) indicate that habitat use by
juvenile coho in some California streams is more compli-

uncertain. The first population north of San Francisco Bay
is found in Redwood Creek, Marin County. Thereafter small
populations are scattered in coastal streams and rivers. In
the ocean most coho salmon spawned in California streams
remain in waters off California or southern Oregon (5,27).
They have been caught in ocean waters as far south as Baja
California, Mexico (5).

Distribution In North America coho salmon historically
spawned in most coastal streams from central California to
the Kukpuk River near Point Hope, Alaska (5). In Asia they
ranged historically from North Korea and northern Japan
(Hokkaido) to the Anadyr River in Russia. In California
spawning populations were once found in most coastal
streams from the Smith River (Del Norte County) south to
the San Lorenzo River (Santa Cruz County), with individ
ual fish straying as far south as Big Sur River. Today the
southernmost populations are found in Scott and Waddell
Creeks (Santa Cruz County), although a small run is main
tained in the San Lorenzo River by artificial propagation
(36). There are historic records ofthe occurrence of coho in
582 California streams, but by 1991 about half these streams
had lost their populations (6). Coho salmon once ascended
Klamath River and its tributaries at least as high as Klamath
Falls, Oregon, but are now blocked from the uppermost
river by Iron Gate Dam, about 306 km from the mouth.
Likewise, in Trinity River they can ascend only as high as
Lewiston Dam, about 306 km from its mouth on the Kla
math (6). In the Eel River system they formerly spawned in
about 390 km of tributaries to South Fork Eel River, lower
mainstem Eel River, and Van Duzen River (8). In the Sacra
mento drainage coho salmon were never common, but a
small population probably once spawned in the McCloud
and Upper Sacramento Rivers, as well as in some tributar
ies to San Francisco Bay (9). There was a small population
using Corte Madera Creek in San Francisco Bay, although it
most likely is now gone. As of 1998 coho were present in
Scott and Waddell Creeks (Santa Cruz County), with no
other populations present in coastal streams south of San
Francisco Bay. J. J, Smith (37) has noted a few adults in San
Vicente Creek (Santa Cruz County) and in Gazos and
Pescadero Creeks (San Mateo County), but their origin is

The name was as written down by Georg Wilhelm Steller, a
German naturalist who participated in Russian exploration
of the north Pacific coast ofAsia in 1733-1744. He collected
specimens of most species of Pacific salmon and took ex
tensive notes on their biology, but he died on his return
journey. In 1784 Thomas Pennant, an Englishman, de
scribed the salmon using Russian materials and attached to
his descriptions common names recorded in an account of
the expedition; the account he used had been written in
Russian and translated into English. In 1792 Johann Julius
Walbaum, another German naturalist in Russian employ,
took the names Pennant used and converted them into
Latin, as the species names for the salmon. Walbaum's
names became the official scientific names for the species.
If the species names of Pacific salmon do not seem to make
any sense in any language, consider the transformations of
words that must have taken place in the chain ofevents lead
ing to their formal adoption!

Figure 87. Coho salmon. Top: Spawning male,
51 em SL, British Columbia. Bottom left: Spawn
ing female, 50 em SL, British Columbia. Bottom
right: Parr, 7 em SL, Scott Creek, Santa Cruz
County.

Names Silver salmon is a common name often used in Cal
ifornia, but coho salmon has gained wide usage and is the
common name adopted by the American Fisheries Society.
Coho is derived from a Native American dialect name for
the species. Oncorhynchus means hooked snout; kisutch is J.
J. Walbaum's Latinization of the vernacular name used in
the Kamchatka Peninsula of Russia in the 16th century (4).

fish from different regions mix at sea, and individuals may
"stray" into nonnatal streams for spawning. These two op
posing and dynamic evolutionary forces keep coho salmon
(and other salmon) surprisingly uniform in morphology
and life history throughout their range, while producing
runs that show strong, genetically based adaptations to lo
calor regional environments. In California coho popula
tions are the southernmost for the species, and they have
adapted to the extreme conditions (for the species) of many
coastal streams. Allozyme data indicate that California
stocks are genetically differentiated from stocks in more
northern areas. On the basis of such data, as well as other
evidence such as life history attributes, NMFS has divided
California coho populations into two ESUs, each represent
ing groups of populations that interbreed more with each
other than with other populations and that exhibit adapta
tions to regional environments (3). The southern Oregon
Northern California coasts ESU is composed of populations
in streams from Cape Blanco in southern Oregon (just
north of the Rogue River) to Punta Gorda (Mattole River,
Humboldt County) in northern California. In the ocean
these fish tend to be found mainly off California. The cen
tral California coast ESU extends from Punta Gorda to the
San Lorenzo River, Santa Cruz County; it includes the
southernmost populations of the species as well as those in
San Francisco Bay.
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Taxonomy The genus Oncorhynchus contains six species of
"salmon;' two species of"salmon-trout," and several species
of "trout" (the number of which depends on who is count
ing). "Salmon" are those species (0. kitsutch, keta, gor
buscha, tshawytscha, nerka, masou) in which females (and
usually males) die after spawning and are for the most part
anadromous. "Salmon trout" are cutthroat trout (0. clarki)
and rainbow trout (0. mykiss), which are either anadro
mous or resident in streams and which can spawn multiple
times. "Trout" are species derived from anadromous forms
but that are now completely landlocked (e.g., Mexican
golden trout, O. chrysogaster). The six salmon species, how
ever, form a group with a common ancestor (1). Within that
group, coho and chinook salmon are more closely related to
each other than to other salmon, a fact that may explain oc
casional human-induced hybridization (2).

Coho salmon have thousands of semi-isolated popula
tions in coastal streams over a wide range. At the same time,

to it a gray color, while their pelvic, pectoral, and dorsal fins
lack spots and are often tinted orange.
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cated than is generally appreciated. She found four distinct
types of juveniles, perhaps with a genetic basis, which she
termed estuarine, margin, thalweg, and early pulse juve
niles. Estuarine juveniles move downstream into estuaries
soon after emergence and rear in intertidal areas. Marginju
veniles remain in stream margins and backwaters during
summer, where growth is typically slow, so that yearling fish
move downstream at less than 70 mm S1. Thalweg juveniles
are the "standard" juveniles that rear in deeper parts of the
main channel, feeding and growing steadily all season long;
they are around 100 mm SL when they smolt and head out
to sea. Early pulse juveniles show two pulses of growth, one
in spring and one in autumn, and transform into smolts at
greater than 100 mm S1. Nielsen (17) characterizes their be
havior as "trout-like" in that theyhang out under deep cover
during the day and forage on drifting invertebrates at dawn
and dusk. These four types of juveniles presumably have
different survival potentials under varying conditions. The
early pulse juveniles in particular may have a strong advan
tage during times of drought because they can dominate
pool habitats and remain in areas with cool seeps during the
day (17). Estuarine juveniles are probably especially scarce
today because most small estuaries in California are much
shallower and warmer than they were historically (as a re
sult of siltation from logging, road building, and agricul
ture) and so are much less suitable as rearing habitat. When
large numbers of juvenile coho of hatchery origin are re
leased into a stream, this delicate subdivision of habitat
breaks down, along with social hierarchies, and survival of
wild coho is reduced (22).

Another factor complicating habitat use by juvenile coho
salmon is competitors and predators. Principal competitors
for the food and space of juvenile coho are other salmonids,
especially chinook salmon, steelhead, and cutthroat trout.
Coho will segregate from steelhead of similar size, domi
nating pools, while steelhead occupy runs and riffles (25).
Temperature plays an important role in segregating chi
nook salmon parr from coho parr: coho stay in cool tribu
taries; chinook live in warmer main rivers. Despite a con
siderable degree of habitat segregation among juvenile
salmonids, interactions are common. The more aggressive
coho typically dominate, causing other species to grow
more slowly (18, 26). Juvenile coho also prey on other
salmonids, and this may increase segregation and be a ma
jor cause ofmortality for other species (27). However, when
habitat conditions in California streams favor juvenile
steelhead so that their densities are higher than those of
coho, growth of coho may be suppressed through competi
tion for food in crowded pools, especially when flows are
low, and through aggressive interactions with large 1- to 2
year-old steelhead (19). Large juvenile steelhead and cut
throat trout can also be predators on coho juveniles in large
pools. Reduction in such pools and elimination of large
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largest coho from California was caught in Lagunitas Creek
(Marin County) in 1959 and weighed 10 kg.

California coho salmon have a fairly strict 3-year life
cycle, with about half spent in fresh water and half spent in
salt water. The main exception to the 3-year rule are jack
males, which are essentially 2years old. The combination of
a 3-year life cycle and a strong homing instinct means that
each stream has three distinct populations based on the
timing ofruns, which are isolated both temporally and spa
tially from one another. The jacks, however, keep runs from
being genetically isolated from one another, as do rare pre
cocial females.

Coho salmon migrate up and spawn mainly in streams
that flow directly into the ocean or are tributaries of large
rivers. Spawning migrations begin after heavy late fall or
winter rains breach sand bars at the mouths of coastal
streams, allowing fish to move into lagogns. Upstream mi
gration typically occurs when stream flows are either rising
or falling, not necessarilywhen streams are in full flood. The
timing of return varies considerably, but in general they re
turn earlier in the season in more northern areas and in
larger river systems (27). In the Klamath River coho run be
tween September and late December, peaking in October
November. Spawning itself occurs mainly in November
and December (28). The early part of the run is domi
nated by males, with females returning in greater numbers
during the latter part of the run. Coho move up the Eel
River 4-6 weeks later; arrival in the upper reaches peaks in
November-December (27). In short coastal streams of Cal
ifornia, most coho return during mid-November through
mid-January (27). In the southernmost populations in
Scott and Waddell Creeks (Santa Cruz County), spawning
migrations often do not occur until November or Decem
ber (10), and spawning may extend into February or even
early March (37). In Oregon streams spawning can occur as
late as mid-March if drought conditions delay rains or
runoff (5).

Females typically choose a spawning site near the head
of a riffle, just below a pool, where water changes from
smooth to turbulent flow and there is abundant medium to
small gravel. The flow characteristics of redd locations usu
ally ensure good aeration, and the circulation facilitates fry
emergence from gravel. Each female builds a succession of
redds in the same place, moving upstream as she does so and
depositing a few hundred eggs in each (44). Thus spawning
takes about a week to complete, during which time each fe
male lays 1,400-3,000 eggs. There is a positive correlation
between fecundity and size of females, but California coho
have lower fecundities than fish from more northern pop
ulations (5). A dominant hooknose male accompanies a fe
male during spawning, and one or more subordinate or jack
males may also engage in spawning. In a tributary to Lagu
nitas Creek I once watched a large hooknose male defend a

112,600 coho were caught in commercial and recreational
ocean fisheries, a number that greatly exceeded the pro
duction capability of California populations alone (40).
Oceanic coho tend to school together, but schools break
apart when feeding occurs (5). Although it is not known if
schools are mixtures of fish from different streams, fish
from each region tend to be found in the same general area.
Oceanic coho salmon become increasingly piscivorous as
they increase in size, feeding voraciously and opportunisti
cally on a wide variety of small pelagic marine fishes; how
ever, shrimp, crabs, and other pelagic invertebrates con
tinue to be important food in some areas (5). Presumably
one reason California coho may not move far in the ocean
is the productivity of the upwelling system off the Califor
nia coast, which provides high densities of food and cold
temperatures. During ENSO events, when productivity de
clines and temperatures increase, coho growth and survival
decrease (25). There is also some evidence that growth and
survival of oceanic coho may decrease when a region is
flooded with large numbers of hatchery fish (26).

In streams juvenile coho can also be voracious feeders,
ingesting any organism that moves or drifts over their hold
ing area. Their diet is mainly aquatic insect larvae and ter
restrial insects, but small fish are taken when available. The
importance ofdifferent foods depends on the season and on
the preferences of individual fish. During winter months
when temperatures in California streams are typically
5-10°C, flows are high, and water is turbid-coho feed in
frequently and opportunistically (24). In Pudding Creek
(Mendocino County) winter coho fed on flying insects and
mayfly larvae when flows were low but on earthworms
when flows were high (24). In spring and summer territory
sizes decrease as food abundance increases and growth rates
increase. When adults are spawning, loose eggs and frag
ments of decaying carcasses can be major foods for juvenile
coho, improving growth and body condition during a pe
riod when other food is often scarce (38).

Peaks of feeding in streams are typically at dawn and
dusk, when drifting insects are most available, but daytime
feeding on abundant prey is also common. A similar pattern
has been noted for feeding by juveniles in the ocean (39).

Growth in fresh water, as indicated previously, varies
with a number of factors, but smolts leaving California
streams as "yearlings" (12-15 months old) measure 8-15
cm F1. Some juveniles will achieve even larger sizes before
emigration by staying 2 years in the stream. In Prairie Creek
(Humboldt County) 20 percent of the emigrating smolts in
2000 were 2-year-old fish (42). Once they enter the produc
tive marine environment, young coho grow 1.1-1.5
mm/day, reaching 40-50 cm FL in their first year at sea and
returning to spawn after 16-18 months at sea at 60-80 cm
FL (3-6 kg) (5, 10). Males that return as jacks, after 6
months at sea, are typically around 40 em FL (10). The
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trout as the result of logging and other human activities can
actually cause a temporary increase in summer growth and
survival of coho in some streams (20), although the positive
effects are likely to be negated by loss of coho overwinter
ing habitat and their increased vulnerability to bird and
snake predation. Predators are one of the largest sources of
direct mortality in streams, and juvenile coho are constantly
having to adjust their behavior in order to balance the risk
of predation with the need to forage (21).

The foraging behavior of juvenile coho is complex, but
the fish are usuallyplaced into three foraging categories: ter
ritorial, floater, and nonterritorial fish (21, 22). Territorial
coho are typical thalweg juveniles that defend feeding terri
tories in flowing water from other coho and salmonids. They
usually are among the fastest-growing fish in the stream.
Floaters are small, slow-growing coho that live in the same
areas as territorial fish but either are constantly on the
move, avoiding territorial fish, or occupy stream margins.
Nonterritorial coho are found mostly in pools individually
and in small shoals, often feeding in the water column at the
upstream end. During winter territorial behavior largely
disappears when fish aggregate in deep cover, move into side
channels, or move up into small clear tributaries (5).

Emigration from streams in California takes place in
March, April, and May and begins when groups of 10-50
fish abandon their deep cover or feeding territories and en
ter the mainstem of the river system (5, 11). Most of this
movement takes place at night. Outmigration typically
peaks from late April to mid-May, if conditions are favor
able. Migratorybehavior is tied to a combination offactors,
such as rising or falling water levels, day length, water tem
perature, food densities, phase of the moon, and dissolved
oxygen levels, although it is also clearly a "programmed"
behavior. Downstream movements are not continuous, but
are interspersed with periods of holding and feeding in ar
eas oflow current velocity (23). The outmigrants are mostly
1 year old and measure 10-13 cm FL, although a few larger
2-year-olds may also be present. Parr marks are still promi
nent in early migrants, but later migrants are silvery, having
transformed into smolts. In the estuary smolts often linger
for a period, moving up and down with tidal currents, sug
gesting that a period of estuarine residence is preferred for
adjusting their osmoregulatory system to seawater (23).

After entering the ocean, immature salmon initially re
main inshore, close to the parent stream, where they feed on
pelagic marine invertebrates. They gradually move north
ward, staying over the continental shelf. Coho salmon can
range widely in the north Pacific; the movements of Cali
fornia fish are poorly known but it appears that although
some move as far north as Alaska (5), most stay in Califor
nia and Oregon waters. Curiously, most coho caught off
California in ocean fisheries were reared in coastal Oregon
streams (natural and hatcheries). In 1990, for instance,
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redd against a subordinate male and at least two jacks. At
one point the hooknose male actually grabbed a jack be
tween its jaws and lifted it out of the water with a shaking
motion. Nevertheless, when the female decided to spawn,
the jacks joined the hooknose male in the act. Both males
and females die after spawning, although the female, recog
nizable by her visibly worn and whitened tail, may guard a
nest for up to 2 weeks.

Embryos hatch after 8-12 weeks of incubation; the time
is inversely related to water temperature but also has a ge
netic component (33). Hatchlings remain in the gravel un
til their yolk sacs have been absorbed, 4-10 weeks after
hatching. Under optimum conditions, mortality during this
period can be as low as 10 percent; under adverse conditions
of high scouring flows or heavy siltation, mortality may be
close to 100 percent (27). Upon emerging, alevins seek out
shallow water along stream margins. Initially they form
shoals, but as they grow bigger the shoals break up and
many juveniles (parr) set up individual territories.

Status lB. The two coho salmon ESUs in California were
listed (in 1996 and 1997) as Threatened by NMFS because
of a 90-95 percent decline in abundance in the previous 50
years and evidence of continuing decline (41). The central
California ESU in particular is in danger of extinction (34),
and populations south ofSan Francisco Bay are listed as En
dangered (1995) by the state. Calculating the exact extent of
the decline is difficult because records of coho numbers are
few, even for individual streams. Historical estimates of
statewide coho salmon abundance are very rough, made by
knowledgeable fisheries managers based on limited catch
statistics, hatchery records, and personal observations of
runs in various streams. In years of high ocean productivity,
California streams may once have supported nearly a million
spawners (35). Maximum estimates for number of coho
spawning in the 1940s range from 200,000 to 500,000 (36).
Coho numbers held at about 100,000 statewide in the 1960s
(29, 35), with 40,000 in the Eel River alone, and then dropped
to a statewide average of around 33,500 for the 1980s (6).
Coho salmon numbers in California, including hatchery
stocks, are presently less than 6 percent of the conservative
estimates oftheir abundance during the 1940s, and there has
probably been at least a 70 percent decline in numbers since
the 1960s. In the drought years 1988-1990, about 31,000
adult coho salmon entered California streams each year (6).
However, hatchery fish made up 57 percent of this total, and
many populations in the Klamath and other rivers contained
at least some fish of recent hatchery ancestry. Hatchery
stocks, without exception, have in their ancestry fish from
other river systems, often ones outside California (6).

Coho salmon are widely distributed in coastal streams of
California. Their populations show large fluctuations, but
the general trend has been downward, especially in wild
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and other large woody debris should be added to streams
to create pools. Juvenile overwintering habitat must be
identified in each stream and special protection or en
hancement accorded to it.

Serious consideration should be given to eliminating all
production hatchery programs, especially those that rely on
nonnative stocks. This would reduce the effects of inter
breeding of hatchery coho with wild coho and reduce the
spread of hatchery diseases to wild fish. Where population
augmentation is deemed necessary, small-scale, localized
hatchery operations using local wild stock could be set up
as temporary measures (but these must be used with ex
treme caution, with firm closure deadlines), as was done on
Freshwater Creek, Humboldt County.

Monitoring populations is a necessity; spawning streams
should be identified and populations censused annually.
This would allow population trends to be followed and pro
vide a focus for restoration efforts. The challenges of man
aging a resource as diffuse as coho salmon are considerable,
but if declines are not reversed soon we are lil<ely to lose
most, if not all, of our wild populations, including the
southernmost populations of the species.

There are numerous small black spots on the back, dorsal
fin, and both lobes of the tail in both sexes. They can be dis
tinguished from other spawning salmon by color pattern,
particularly the spotting on the caudal fin and the black
gums of the lower jaw. They have 10-14 major dorsal fin
rays, 14-19 anal fin rays, 14-19 pectoral fin rays, 10-11
pelvic fin rays, 130-165 pored lateral line scales, and 13-19
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fornia coho are especially affected because virtually all wild
females are 3 years old. Therefore a severe winter flood or
summer drought, in conjunction with human-caused fac
tors, can eliminate one or more year classes from a stream.
There is good evidence that this has happened repeatedly in
coastal drainages, where decline of coho is linked to poor
stream and watershed management. In more northern
streams (Mendocino to Del Norte Counties), most damage
has been done by post-World War II logging practices that
removed riparian vegetation and woody debris from chan
nels, caused stream temperatures to increase, filled pools
with silt and gravel, altered stream channels, and otherwise
modified habitats. In more southern streams road con
struction, poor farming and grazing practices, and water di
versions have been major causes of coho declines. At pres
ent populations are so low that moderate fishing pressure on
wild coho mayprevent recovery, even in places where stream
habitats are adequate. Lil<ewise, predation by seals and sea
lions on returning fish when populations are low may pre
vent recovery. Prior to the declaration of coho as a threat
ened species, existing regulatory mechanisms-such as fish
ing regulations, forest practice rules, and stream alteration
agreements-were demonstrably inadequate to protect the
species in California, Oregon, and Washington, and popula
tions declined steadily and precipitously as a result.

The key to stopping the decline of coho salmon is to
protect their spawning and rearing streams and to restore
damaged habitat. This is a difficult task because it means
modifying or halting logging, farming, and road construc
tion activities in dozens of coastal drainages and imple
menting habitat restoration plans in hundreds of streams.
In many streams it means that major rehabilitation proj
ects must be funded and completed. The continued closure
or limitation of the fishery until population trends state
wide are reversed is also a necessity. Given the large scale of
coho problems, innovative approaches to stream restora
tion must be tried, working with landowners, timber com
panies, and gravel miners. For example, logging operations
in sensitive drainages should be required to leave wide
buffer zones along all streams (including fishless tributar
ies and seasonal streams) and to log and build roads in ways
that add no silt to streams and do not increase the risk of
landslides. In areas already degraded by logging, rootwads

Chinook Salmon,
Oncorhynchus tshawytscha (Walbaum)

Identification Spawning adults of chinook salmon are olive
brown to dark maroon without conspicuous streaking or
blotches on the sides. Spawning males are darker than fe
males and have hooked jaws and slightly humped backs.

populations ofsmall coastal streams. Of582 coastal streams
that historically held coho salmon, recent records for 244 of
them indicated that 40-50 percent had lost their coho runs
(6). In Del Norte County 45 percent of streams for which
there are reliable records have lost their coho, mainly in the
Klamath-Trinity system. Corresponding percentages for
other counties are as follows: Humboldt County, 31 per
cent; Mendocino County, 41 percent; Sonoma County,
86 percent. For the four counties farther south the value
is 56 percent, but this number excludes streams in the
Sacramento drainage and includes streams with extremely
low populations that are enhanced byhatcheryproduction.
Big-river populations are presently maintained by hatch
eries for the most part. The Sacramento drainage, specifi
cally McCloud River, supported coho salmon in the 19th
century (7, 30), but they were extirpated before any good
records could be kept. Historical numbers of spawners in
the Klamath River system have been estimated at 15,400
20,000, with 8,000 for Trinity River (30). Only 1,700 coho
returned to Klamath Basin hatcheries in 1990 (40), and
3,100 returned in 1991 (31).

The largest concentration of wild fish (with little or no
hatchery influence) remaining was thought to be in South
Fork Eel River, estimated to have runs of about 1,300 fish. A
1990 survey, however, revealed a population one-halfto one
third that size. Lagunitas Creek (Marin County) supports
one of the more consistent small-stream coho runs. This
stream and its tributaries historically supported 500-2,000
adult spawners yearly (36); in recent years, the numbers
seem to be stable (32). A similar, if much smaller, self
sustaining run exists in nearby Redwood Creek. Brown et al.
(6) considered 5,000-7,000 fish to be a realistic assessment _
of total naturally spawned adults returning to California
streams each year since 1987, although this number includes
some stocks that contain fish of recent hatchery derivation.
Presently, there are considerably fewer than 5,000 wild coho
salmon (no hatchery influence) spawning in California each
year (9,35). Many of these fish are in populations offewer
than 100 individuals. These small populations are likely to
be below the minimum sizes required to preserve genetic di
versity and to buffer them from natural environmental dis
asters. There is every reason, therefore, to think that Califor
nia's coho populations are continuing to decline.

The reasons for the decline include poor land use prac
tices (especially those related to logging and urbanization)
that degrade streams, genetic and behavioral interactions of
wild stocks with hatchery fish, introduced diseases, and
overharvesting (6). These significant human factors are
superimposed on natural factors-mainly floods, droughts,
and ENSO conditions in the ocean-that naturally cause
coho populations to fluctuate. Populations at natural lows
may now not be able to recover because of damaged habi
tats. Although all salmon are affected by these factors, Cali-
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American, Feather River, Yuba, and mainstem Sacramento
Rivers; then Butte, Big Chico, Deer, Mill, Antelope, Battle,
and Cow Creeks; then Little (upper) Sacramento, McCloud,
and Pit Rivers (6). In the Pit River chinook salmon once as
cended high enough to spawn in Hat Creek and the Fall
River, Shasta County (6). On the west side ofthe Sacramento
Valley, where water is less abundant and more seasonal than
on the east side, runs of chinook salmon historically oc
curred in most years in the following creeks: Clear, Cotton
wood, Stony, Thomes, Stillwater, Cache, and Putah (6).

In the Klamath River chinook salmon once ascended
into Upper Klamath Lake, Oregon, to spawn in the major
tributaries to the lake (Williamson,· Sprague, and Wood
Rivers), but access to this region was blocked by Copco
Dam, built in 1917 (5, 7). Today they are known to spawn
in a number of streams besides the main~tem Klamath
River; starting upstream, these include Bogus Creek, Shasta
River, Scott River, Indian Creek, Elk Creek, Clear Creek,

Salmon River (including major forks and Wooley Creek),
Bluff Creek, Blue Creek, and the lower reaches of some of
the other smaller tributaries to the mainstem. In the Trinity
River chinook salmon spawn in the mainstem (with their
upstream distribution limited by Lewiston Dam), the north
and south forks, Hayfork Creek, New River, and Canyon
Creek.

CDFG plants "surplus" juvenile salmon to support fish

eries in large reservoirs with some degree of success. Reser
voirs in which they have been planted include Shasta, Al
manor, and Berryessa. Adult salmon have been observed as
cending streams tributary to Shasta and Almanor (55), but
there is no evidence yet of spawning success.

Since 1872 many attempts have been made to establish
chinook salmon elsewhere in the world, but the only suc

cessful transplants seem to have been made to New Zealand
and the Laurentian Great Lakes (8, 9). The fish in New
Zealand became established as the result of repeated plants
of juveniles originating from embryos from uncertain
sources in the upper Sacramento River drainage, but most
likely from Battle Creek (57).

Life History Chinook salmon show a fascinating array of
life history pattern adaptations that allow them to take ad
vantage of diverse and variable riverine environments.
Healey (2) divides the life history strategies into two basic

types, stream-type and ocean-type, and notes that within
these two broad categories there are local variations that are
typically recognized as runs or stocks. Stream-type chinook
have adults that run up streams before they have reached
full maturity, in spring or summer, and juveniles that spend
a long time (usually>1 year) in fresh water. Ocean-type chi

nook have adults that spawn soon after entering fresh water,
in summer and fall, and juveniles that spend a relatively
short time (3-12 months) rearing in fresh water. In Califor-

Distribution In North America chinook salmon occur in
streams north to Kotzebue Sound, Alaska. In Asia they are
found from northern Japan (Hokkaido) and the Amur
River of Russia north to the Aanadr River of Russia (2, 8).

Although chinook salmon are often caught in the ocean off
southern California, the southernmost spawning runs have
been in the Central Valley, specifically in the San Joaquin
and Kings Rivers (Fresno County) (28). Chinook salmon
are widely distributed in the pelagic zone of the north
Pacific Ocean; the southern extent of their distribution de

pends on ocean temperatures. For the most part, they are
rarely found south of 40° north latitude, except off Califor

nia, where they are regularly found south of Monterey Bay
(about 35° north latitude) (2).

Along the North Coast of California, spawning runs oc
cur (or occurred) in larger coastal streams north of San
Francisco Bay to the Oregon border, as indicated in the Tax

0nomy section of this account. The largest of these runs has
been in the mainstem Eel River and its tributary, Tomki
Creek. In the Central Valley spawning occurred in all major
streams draining the Sierra Nevada and (in the north) the
Cascades, although distribution of spawning fish has been
severely truncated by dams blocking access to upstream ar
eas (6). From south to north, these streams are as follows:

Kings, San Joaquin, Merced, Tuolumne, Stanislaus, Cala
varas (intermittent spawning), Mokelumne, Cosumnes,

and late-fall-run salmon in the Sacramento and San

Joaquin Rivers and tributaries.

4. Central Valley spring-run ESU. This ESU covers
spring-run chinook salmon in both rivers and their

tributaries, although it exists today only in the Sacra
mento River drainage.

5. Sacramento River winter-run ESU. This unique run
originally spawned in cold waters of the McCloud,
Pit, and upper Sacramento Rivers but is presently
found only in the mainstem Sacramento River, below
Keswick Dam.

Names King salmon is a widely used name in California,
but chinook salmon is the official common name selected
by the American Fisheries Society for use throughout the

world. Other names occasionally applied are spring salmon,
quinnat salmon (especially in New Zealand), and tyee (for
large adults). Chinook is the name of a large tribe of Native
Americans that lived along the Columbia River. Tshawytscha
is derived from the name for these fish used by the natives
of the Kamchatka Peninsula of Russia as it was written
down by a German naturalist, translated into Russian, con
verted into English, and put into Latin by another German
naturalist (see the account of coho salmon for details and
for other names).

1. Southern Oregon and California coastal ESU. This ESU
covers fall-run chinook salmon in coastal streams
from Cape Blanco in Oregon south to San Francisco
Bay. It includes fall-run chinook in the lower Klamath
River and some spring runs in Oregon as well.

2. Upper Klamath and Trinity Rivers ESU. This ESU in
cludes all fall-, late-fall-, and spring-run chinook

salmon in the Trinity River and in the Klamath River
upstream of the mouth of Trinity River.

3. Central Valley fall-run ESU. This ESU covers fall-run

run, (8) Humboldt Bay tributary fall run, (9) Eel River fall
run, (10) Bear River fall run, (11) Mattole River fall run, (12)
Garcia River fall run, (13) Russian Riverfall run, (14) Cen

tral Valley fall run, (15) Central Valley late fall run, (16)
Sacramento winter run, and (17) Central Valley spring run.
The four major Central Valley runs can be distinguished by
molecular techniques (58). In the Klamath-Trinity and
Central Valley basins, stocks in major tributaries are often
recognized independently as well, with considerable justifi
cation, based on small but important differences in genet

ics and life histories. Recognition of tributary runs increases
the total by about 12 runs in the Central Valley and at least
6 in the Klamath-Trinity basin. The San Joaquin fall run is
recognized as a distinct unit for management because it is
the southernmost run of the species, other runs have been
extirpated from the basin, and timing of migrations shows
small differences from Sacramento runs. However, thanks

to hatcheries, transplants, and straying ofSacramento River
fish, it may no longer be genetically distinguishable from
runs in the American River. A number ofruns have been ex
tirpated in the past hundred years, most famously the San

Joaquin spring run, but some apparently disappeared be
fore theywere formally recognized (e.g., the Eel River spring
run). NMFS (5) recognizes five ESUs of chinook salmon in
California, based on genetic and life history similarities
among geographically proximate populations:

Figure 88. Chinook salmon. Top: Spawning male, 64
cm SL, American River, Sacramento County. Bottom
left: Spawning female, 60 cm SL, American River,
Sacramento County. Bottom right: Parr, 9 cm SL, Mill

4cm Creek, Fresno County (1970).
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Taxonomy Within the genus Oncorhynchus, chinook
salmon are most closely related to coho salmon (2,3), with
which they occasionally hybridize (4). (See the account of

coho salmon.) Within the species there are many distinct
populations, usually recognized as "runs" or "stocks;' that
show geneticallybased adaptations to local and regional en
vironments. In California, runs that are widely recognized
by fisheries managers and others who work with chinook
salmon are, from north to south: (1) Smith River fall run
(and spring run), (2) Klamath-Trinity fall run, (3) Klamath

Trinity spring run, (4) Klamath late fall run, (5) Redwood
Creek fall run, (6) Little River fall run, (7) Mad River fall
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branchiostegal rays on each side of the jaw. More distinc
tively, they possess a larger number (>100) of pyloric cecae
than other salmon. Gill rakers are rough and widely spaced,
with 6-10 on the lower half of the first gill arch. Spawning
adults are the largest Pacific salmon, typically 75-80 cm SL

(9-10 kg), with lengths in excess of 140 cm (45 kg). The
largest on record for California weighed 38.6 kg (1). Parr
have 6-12 parr marks, each equal to or wider than the spaces
between and most extending below the lateral line. The adi

pose fin of parr is pigmented on the upper edge but clear at
its center and base; the dorsal fin occasionally has one or
more spots on it, but other fins are clear.
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nia, where the salmon are at the southern end oftheir range,
both types are present, with a wide array of variations on
the themes. Because the amount oftime some juveniles rear
in fresh water depends in part on conditions in the river, the
classification of some runs as having ocean- or stream-type
life history categories may be ambiguous.

Variations on life history themes are named for the tim
ing of spawning runs of adults (fall-run, late-fall-run,
winter-run, and spring-run), but there are differences among
them at all life history stages, as shown for Central Valley
chinook runs (Table 11). Other river systems in California
support or supported mainly fall-run and spring-run chi
nook, with timing of life history events similar to that of
Central Valley chinook, although smaller runs have nar
rower migration time windows. For example, in the Kla
math River the first fall-run chinook historically appeared
in mid-July and the run was finished by early November, al
though in recent years run timing has become 1-4 weeks
later, apparently as a result of the operation of a hatchery
and fish ladder (10, 11).As might be expected from such an
adaptable species, there are local versions of each life history
variation. Thus Blue Creek, a fairly pristine tributary to the
lower Klamath River, supports just a late fall run of salmon
(12). In a tributary to the Smith River (Del Norte County)
three distinct runs have been noted: mid-November to mid
December, late December to mid-January, and late January
to mid-February (13). In the San Joaquin River, fall-run chi
nook arrive later than they do in the Sacramento River
(Table 11). Clearly chinook salmon have enormous capac
ity to adapt to local conditions.

Fall-run chinook salmon are unambiguous ocean-type
chinook adapted for spawning in lowland reaches of big
rivers and their tributaries. They move up from the ocean
in late summer and early fall in mature condition and typ
ically spawn within a few days or weeks of arriving on the
spawning grounds. Juveniles emerge from the gravel in
spring and move downstream within a few months, to rear
in mainstem rivers or estuaries before heading out to sea
(14). The strategy allows salmon to take advantage of ex
tensive high-quality spawning and rearing areas in valley
reaches of rivers, which are often too warm to support
salmon in summer. The success of this strategy is reflected
in the fact that fall-run chinook have historically been the
most abundant run in California. It has also made them
ideal for rearing in hatcheries, almost to the exclusion of
other runs. An interesting component of this strategy is a
high rate of "straying" of adults from natal streams that al
lows them to talze advantage in wet years of favorable con
ditions in streams not normally used for spawning or to
colonize new spawning areas that develop as a result of flu
vial processes. In recent years straying of fish of presumed
hatchery origin has resulted in the establishment of spawn
ing runs of 100-200 fish in Guadalupe River and Coyote
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however, by the presence of predators (other fish, birds),
which may force fish to select areas of heavy cover and sup
press foraging in more open areas (24). During the night,
juvenile chinook may abandon their foraging areas in swift
moving water and retreat to quiet edge waters or pools (2),
as an energy-conserving measure or as a way to avoid pre
dation from pikeminnows, which often feed at night.

A major limiting factor for juvenile chinook salmon is
temperature, which strongly affects growth and survival.
For Central Valley fall-run chinook fry, optimal tempera
tures for growth and survival are 13-18°C (25), although
throughout the range of chinook positive growth is experi
enced at temperatures of 5-19°C (65). Few fish can survive
temperatures greater than 24°C for even short periods of
time, and at around 22-23°C major mortality is experi
enced in wild populations (26, 65). At sublethal tempera
tures growth is reduced and predation rates may be in
creased as a consequence. Presumably, there are slight
(I-2°C) differences in optimal and lethal temperatures of
chinook salmon of different runs and stocks. Temperature
can interact with turbidity to affect the survival of juveniles.
At moderate levels, reduced water clarity reduces the ability
ofpredators to find juvenile salmon, although as clarity de
creases salmon have an increasingly hard time finding their
own prey (24, 27). Not surprisingly, salmon fry tend to
move downstream, and smolts emigrate to the ocean when
freshets increase river flow, increase turbidity, and decrease
temperatures. Peak periods of movement tend to be at
night, further reducing predation risk of small salmon.
At Red Bluff Diversion Dam on the Sacramento River, this

Table 11

Generalized Life History Timing of Central Valley Chinook Salmon Runs

Juvenile Juvenile
Migration Peak Spawning Peak emergence stream

period migration period spawning period residency

Sacramento River basin
Late fall run October-April December Early January- February-March April-June 7-13 months

April
Winter run December-July March Late April- May-June July-October 5-10 months

early August
Spring run March-September May-June Late August- Mid-September November- 3-15 months

October March
Fall run June-December September- Late September- October- December- 1-7 months

October December November March
San Joaquin River basin

(Tuolumne River)
Fall run October-early November Late October- November December- 1-5 months

January January April

Source: Yoshiyama et al. (1998).

of their historical spawning areas is blocked by dams, and
they persist in just a few streams in the Sacramento and Kla
math drainages.

Once juvenile salmon emerge from the gravel, they ini
tially seek areas of shallow water and low velocities while
they finish absorbing the yoll< sac. Many, however, disperse
downstream, especially ifhigh-flow events correspond with
emergence (2). Dispersal behavior shows variation among
fry that emerge from a single redd, with larger individuals
most lilzely to disperse (19). Movement occurs mostly at
night and tends to cease after a couple of weeks, when fry
settle down into rearing habitat in streams or estuaries. The
social behavior of juveniles varies from schooling to terri
toriality. Stream-type juveniles are more likely to be territo
rial and behave aggressively toward one another than are
ocean-type juveniles (20). However, I have observed juve
nile chinook salmon (70-80 mm FL) in Deer Creek (Tehama
County) foraging together in small groups in open areas
among rocks in riffles and runs or at the tail end of pools.
Such behavior may have been partially induced by inter
actions with larger, aggressive rainbow trout common in the
area. Indeed interactions among species of salmonids in
streams are complex and can result in displacement of in
dividuals of one species by those of another; usually the
pattern that emerges is one of segregation in use of micro
habitats (21,22,23). Often segregation is strongly related to
size of fish, regardless of species.

In general, there is a shift in microhabitat use by juvenile
chinook to deeper and faster water as they grow larger.
Microhabitat use and foraging behavior can be influenced,

Creek, tributaries to south San Francisco Bay. Smolts were
found in Guadalupe River in 1998 (56).

Latejall-run chinook salmon are mostly stream-type chi
nook found mainly in the Sacramento River today. They are
the largest and most fecund salmon in California, com
monly weighing 9-10 kg as adults, in part because they his
torically came in as mainly 4- and 5-year-old fish (15, 16).
Adults typically hold in the river for 1-3 months before
spawning. They are adapted for spawning and rearing in
reaches of mainstem rivers, such as the upper Sacramento,
that remain cold and deep enough in summer for rearing of
juveniles. Juveniles grow rapidly in these reaches, so by the
time they enter the ocean, after 7-13 months in fresh water,
they measure 150-170 mm FL, with all the survival advan
tages of comparatively large size confers (16).

Winter-run chinook salmon are unique to the Sacra
mento River. They typically migrate upstream as immature
silvery fish during winter and spring and then spawn sev
eral months later in early summer. As chinook salmon go,
the adults tend to be small and have low fecundity because
most return to spawn as 3-year-olds (16). Winter-run chi
nook were adapted for spawning and rearing in the clear,
spring-fed rivers of the upper Sacramento basin, especially
the McCloud River, where summer temperatures were typ
ically 10-15°C. These conditions were created by glacial and
snow melt water percolating through porous volcanic for
mations that surround Mt. Shasta and Mt. Lassen, and that
cover much of northeastern California. Today Shasta Dam
denies access to their historical habitats and they persist
mainly because water released from Shasta Reservoir dur
ing summer has for the most part been cold. The residence
time ofjuveniles in streams is less than a year (5-10 months),
followed by an indeterminate time in the estuary. They
are thus intermediate in characteristics between stream
and ocean-type chinook (2), a further indication of their
uniqueness.

Spring-run chinook salmon enter rivers as immature fish
in spring and early summer and exhibit a classic stream
type life history pattern, although the stay of some juveniles
in fresh water may be less than a year. They historically mi
grated upstream as far as they could go in the larger tribu
taries to the Sacramento, San Joaquin, Klamath, and Eel
Rivers, where they held for several months in deep, cold
pools. They then spawned in early fall, and juveniles reared
in the streams for 3-15 months, depending on flow condi
tions (15, 16). This strategy allowed salmon to take advan
tage of midelevation habitats inaccessible during summer
and fall (owing to high temperature and low flows in lower
reaches) and difficult to use during high-flow periods
(when holding pools are scoured). As a result of this strat
egy, spring-run chinook were once nearly as abundant as
fall-run chinook and were the dominant run in the San
Joaquin watershed (17, 18). Today, however, access to most
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adaptive behavior worked against the small salmon because
bright lights on the dam enabled pikeminnows and other
predators to feed effectively at night on fish coming over the
dam spillway! When it was realized that enhanced predation
may have been contributing to the decline of chinook
salmon stocks, the lighting was changed.

Juvenile chinook salmon move downstream at a wide
variety of sizes and conditions. In the Sacramento River ju
venile salmon can be found moving downstream during all
months, as both fry and smolts. Spring-run juveniles tend
to peak in winter (January-February) and then again in
spring (April) (29, 30). Fall-run juvenile outmigration
peaks in spring (March-April). Winter-run juveniles move
mainly in September-January, whereas emigrating late
fall fish seem to occur in spring through early fall (April
October). In general, stream-type juveniles move down
stream and out to sea as smolts, at lengths of 80-150 mm
FL, but ocean-type (fall-run) juveniles move downstream
at small sizes (30-50 mm FL) to rear in the estuary. Spring
run chinook in Butte Creek, Butte County, however, move
out as both small fry and smolts. Movement into the estu
ary may vary with year. In the Klamath River fall-run ju
venile salmon apparently move into the estuary in larger
numbers in years when river flows are low and tempera
tures high than they do when conditions for rearing are
better in the river (29). In the Sacramento River fall-run
juveniles move into freshwater portions of the estuary, in
cluding the Yolo Bypass, to rear in February and March, re
sulting in substantially higher growth and survival rates
than in rivers (14, 62). This habit allows them to reach
80-100 mm FL before they turn into smolts and migrate
out to sea. Juveniles from other runs apparently do not
spend as much time in the estuary but pass through fairly
rapidly on their way to sea. Whether or not this rapid pas
sage is a recent phenomenon as the result of drastic
changes in estuarine habitat or is the historical pattern is
not clear.

Downstream movements of juveniles of all runs serve
not only to disperse and move them toward the ocean, but
also to provide access to temporary habitats in which
slightly warmer temperatures and abundant food may en
courage rapid growth. The tendency ofjuveniles in rivers to
move toward shallow edges, especially during the day, puts
them in heavy cover or among emergent vegetation, where
invertebrates are abundant and where many predators have
a hard time finding them. In the CentralValley during high
flow periods, these fish historically moved into the flood
plain, where they could rear for several months. The Yolo
Bypass, an artificial floodplain near Sacramento, apparently
serves that function periodically today. During periods of
flooding large numbers of juvenile salmon can be found
there, where they have exceptionally high growth rates (62).
Lilcewise, juveniles may move into lower reaches of inter-

up in the wrong stream. Straying is presumably also an
adaptive mechanism, allowing salmon to colonize newly
opened areas and to mix genetically with other runs, espe
cially those in other streams close to the natal stream.

In rivers chinook salmon can migrate upstream more
than 2,000 km (Yukon River, Alaska), although most mi
grate relatively short distances «150 km). Historically in
the Sacramento River system some migrated over 630 km to
spawn in the Fall River. In the Klamath River some prob
ably migrated around 450 km to their highest point in Ore
gon, although they can travel only 306 km (as far as Iron
Gate Dam) today. In terms of elevation, they reach about
1,800 m in Mill Creek (Tehama County), one of the highest
elevations known for spawning Pacific salmon.

Once they reach their home stream, salmon first select
areas for holding, although fall chinook may spawn without
any delays. Spring chinook select large deep (usually >2 m)
pools, typically with bedrock bottoms and moderate veloc
ities. In California spring chinook usually hold where mean
water column velocities are 15-80 em/sec: often under
ledges, in deep pockets, or under the "bubble curtain"
formed by water plunging into pools (15). The fish do not
necessarily stay in the same pool all summer long, but move
between pools, usually with a net upstream movement.
Holding areas are near spawning areas, which may be the
tails of holding pools. Chinook have been observed digging
redds and spawning at depths from a few centimeters to sev
eral meters and at water velocities of 15-190 em/sec, but
most seem to spawn at depths between 25 and 100 em and
velocities of 30-80 em/sec (2). Winter-run chinook salmon
are a major exception to this generalization, because they
usually spawn at depths of 1-7 m in the Sacramento River
(40). Regardless of depth, the key to successful spawning is
having an adequate flow of water around developing em
bryos, which means they have to be buried in coarse sub
strate (typically a mixture of gravel and small cobbles) with
a low silt content. When each redd is dug, the female essen
tially cleans an area measuring 2-10 m2 , loosening gravel
and mobilizing "fines" so that embryos will have access to a
steady flow of oxygen-containing water (2). Redd sites are
apparently chosen in good part by the presence of subsur
face flow. This is one reason that redds from previous
spawners are often desirable places for later fish to spawn
(to the detriment of early embryos).

Spawning behavior is similar to that of coho salmon, in
cluding the presence of small jack males that spawn as
streakers. In addition, mature 1-year-old males have been
observed that have never gone to sea (2) and are assumed to
spawn by sneaking into the nest of large adults. Some of
these precocious parr, which have enormous testes (about
21 % of body weight) may actually survive to spawn a sec
ond time (54). The combination of regular and irregular
males ensures a high degree of fertilization of eggs-more
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heavily on invertebrates, such as crab larvae and amphipods
(11). As they grow larger, fish increasingly dominate their
diet. They typically feed on whatever pelagic planktivore is
most abundant, usually herring, anchovies, juvenile rock
fish, and sardines off California (2). Once the switch to fish
is made, growth is rapid, amounting to 0.35-0.57 mm/day
(2). Thus at age 2 Sacramento River fall-run chinook aver
age about 55 em FL; at age 3, about 70 em FL; at age 4, about
90 em FL; and at age 5, about 100 em FL. Obviously there is
considerable variation in length at different ages. Salmon
with stream-type life histories are typically 5-15 em smaller
at a given age because they enter the ocean as relatively small
1-year-old fish (2). Because ocean growth rates are similar
among different runs but sizes at ocean entry are different,
the lengths of adults returning to spawn at a given age will
differ among runs. Thus Sacramento late-fall-run fish seem
to be bigger on average than salmon of other Sacramento
runs because they spawn mainly as 4- or 5-year-olds, even
though they have a stream-type life history, whereas winter
run fish are among the smallest of the spawning Sacra
mento salmon because they are stream-type salmon that
spawn mostly at age 3.

Over the past several decades, strong selection for large
fish by the commercial fishery has meant that sma1l3-year
old fish of all runs are increasingly abundant. In the case of
San Joaquin River tributaries, a significant percentage (up
to 67%) of the run in some years has been 2-year-old males
(jacks or grilse) or, surprisingly, females (jills; 14% in 1996)
(38). Usually, 2-year-olds are only males. Harvesting of
older and larger fish not only selects for smaller adult
salmon but also increases the variability in run sizes. When
salmon return at multiple ages they can both reduce the im
pact of disasters that might wipe out the spawn of one year
(e.g., a scouring flood) and ensure that fish spawned in dif
ferent years are able to interbreed.

In the ocean chinook salmon home to their natal region
over great distances. Various celestial orientation mecha
nisms have been proposed to explain how salmon find their
way to the mouth of their natal river, but there is evidence
that an internal compass (possibly geomagnetic) may be in
volved. Migrating salmon have been followed with sonic
tags and found to move at a fairly steadypace, day and night,
at depths (35-40 m) that make navigating by sun and stars
unlikely (38). Once they reach the region of the stream
mouth, many "landmarks" are available to guide them
further, including geomagnetic anomalies, visual cues, and
distinctive odors from their home streams (39). Upstream
migration takes place mainly during the day, with fish ap
parently tracking stream odors on which they imprinted
when small (2). While a majority of fish do home to the
same stream in which theywere hatched-behavior that ac
counts in part for the extraordinary adaptations to local
conditions found in salmon-some also "stray" and wind

mittent tributaries for rearing during high-flow periods,
presumablybecause such areas have abundant food and few
large predators (31).

Once in the ocean, juvenile chinook from California
rivers tend to stay along the California coast, although there
may be a general northward movement of fish, leading to a
few being found offWashington (2). Concentration of Cal
ifornia salmon in marine waters off the state is not surpris
ing considering their high productivity. This productivity is
caused by upwelling generated by the complex phenome
non known as the California Current, a southward-moving
current originating in the Gulf ofAlaska. In these food-rich
waters, juvenile salmon swim, presumably in schools, at
depths that vary with season (0-100 m) but are typically
deeper (20-45 m) than those ofmost other salmon (2). The
importance of ocean productivity to chinook populations
is indicated by a decline in ocean survival of salmon during
years when the current does not flow as strongly and up
welling decreases (32). The ocean stage of the chinook life
cycle lasts 1-5 years.

While in fresh water, juvenile chinook salmon are op
portunistic drift feeders and eat a wide variety of terrestrial
and aquatic insects. In the regulated Sacramento and lower
American Rivers, small salmon (40-80 mm FL) feed mainly
on larvae and pupae of chironomid midges, baetid mayfly
larvae and adults, and hydropsychid caddisfly larvae, al
though a wide variety of other organisms are taken as well
(33,66, 67). Likewise, in the fluctuating flows of the lower
Mokolumne River, juvenile salmon were found at different
times feeding predominately on zooplankton, on chirono
mid larvae, and on the larvae of Sacramento suckers (34).
Zooplankton was taken when large amounts of cladocerans
and copepods were being flushed from an upstream reser
voir, whereas suckers were consumed when theywere abun
dant in shallow water. In regulated rivers, such as the Sacra
mento, prey size does not increase substantially with fish
size, despite the increase in mouth gape, because of the low
availability of large organisms (66). However, if food is
abundant, size of prey seems to make little difference in
growth rates (62, 68). In the Sacramento-San Joaquin
Delta, terrestrial insects are by far the most important food,
but crustaceans are also eaten (35). When juvenile chinook
enter flooded areas during high water, they consume large
amounts of the zooplankton and small insect larvae that fa
vor such areas. In contrast, in Mattole River lagoon, juvenile
chinook feed on aquatic (drift) and terrestrial insects,
largely ignoring abundant zooplankton and benthic am
phipods (61). Juvenile chinook feed mostly during the day,
with peaks at dawn and during the afternoon, perhaps be
cause their most common prey, chironomid larvae and pu
pae, drift mostly during the day (36).

After juveniles enter the ocean, they become voracious
predators on small fish and crustaceans. Small fish feed
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than 90 percent. Each female produces 2,000-17,000 eggs.
Although the number of eggs increases with body size, the
relationship is not as strong as that in other salmon; it varies
among populations and runs (2). For example, Sacramento
fall-run chinook appear to have exceptionally high fecun
dity for a given size (2). The average fecundity of females in
the Sacramento River in recent years has been estimated to
be 3,700 for winter-run, 4,900 for spring-run, 5,500 for fall
run, and 5,800 for late-faIl-run fish, with differences result
ing from a combination of average body size and other fac
tors (16).

For maximum embryo survival, water temperatures
must be between 5 and BOC and oxygen levels must be close
to saturation (2, 30, 65). Under such conditions embryos
hatch in 40-60 days and remain in gravel as alevins (sac-fry)
for another 4-6 weeks, usually until the yolk sac is fullyab
sorbed. After emerging from gravel, fry are typicallywashed
downstream into back- or edge water areas, where velocities
are low, cover is dense, and small food items are abundant.
As they grow larger and more agile, they move into deeper
and faster water.

Status lA-E. Chinook salmon are in long-term decline in
California, although they are not, as a species, in immediate
danger of extinction. Through the 21st century, however,
our society will be making decisions that will determine
whether we have just a few "museum runs" supported by
hatcheries or whether we continue to have a diversity ofchi
nook salmon runs in the major rivers of the northern part
of the state that support fisheries. We are in danger of turn
ing what was once a major cultural resource (63) into a cu
riosity known to only a few. We have already lost some ma
jor runs, most notably the southernmost run, the San
Joaquin spring run, which once numbered in the hundreds
of thousands. Other runs are barely hanging on. The fol
lowing is an assessment of the status of the 17 runs com
monlyrecognizedin the state as of1999: (1) Smith River fall
and spring run; (2) lower Klamath River fall run; (3) Upper
Klamath-Trinity fall run; (4) Klamath-Trinity spring run;
(5) Klamath late fall run; (6) Redwood Creek fall run; (7)
Little River fall run; (8) Mad River fall run; (9) Humboldt
Bay tributaries fall run; (10) Eel River fall run; (11) Bear
Riverfall run; (12) Mattole River fall run; (13) Russian River
fall run; (14) Central Valley fall run; (15) Central Valley
late fall run; (16) Sacramento winter run; and (17) Central
Valley spring run.

Smith River fall-run chinook. ID? The Smith River, on
the Oregon border, is a relatively unaltered stream that has
never supported a particularly large chinook salmon popu
lation. Annual estimates are generally 15,000-30,000 fish.
There is no evidence of a long-term decline in the fall run,
but data are limited. There also seem to be a few (about 500)
spring-run chinook in the system, but their past and pres-

ent status is poorly understood (17). NMFS (5) classifies all
Smith River chinook as part of their southern Oregon
California coastal ESU (SOCC-ESU).

Lower Klamath River fall-run chinook. IC. NMFS (5)
considers salmon in the lower Klamath River, below the
mouth of the Trinity River, to be part of its SOCC-ESU,
while those spawning in the upper Klamath and Trinity
Rivers are considered a part of its upper Klamath and Trin
ity River ESU (UKTR-ESU). The lower Klamath River fish,
including the run up Blue Creek, are tied to Smith River fish
genetically and also share some details of life history (e.g.,
late spawning comparedwith upper-river fish) (10, 12). The
differences between fish from the upper and lower rivers are
probably becoming increasingly obscured by the large
numbers of hatchery fish released into the upper Klamath
and Trinity Rivers that undoubtedly "stray" into lower Kla
math spawning areas. Regardless of genetics or origin, the
Klamath River fall run (from both the upper and the lower
river) was once one of the most numerous runs in Califor
nia, totaling perhaps 500,000 annually at one time. From
1876 to 1933 the runs supported a large inriver commercial
fishery, which in turn supported several canneries near the
mouth of the river. The numbers caught during this period
are not certain because coho salmon and various chinook
salmon runs were reported together. But it is likely that peak
catches (in 1915) were around 100,000, dropping to fewer
than 20,000 fish 20 years later (7). The intense fishing pres
sure also resulted in average fish being small and mostly 3
year-olds. The last cannery shut down in 1933, and the com
mercial fishery switched to offshore troll fisheries, sport
fisheries, and an inriver gill net fishery by the local Native
Americans. In the 1960s and 1970s these fisheries harvested
about 350,000 chinook of all types from the Klamath, a ma
jority of them presumably originating from hatchery pro
duction. Wild populations of chinook continued to decline,
however. The offshore commercial fishery was essentially
shut down in the 1990s. The numbers of wild-spawning
lower Klamath fall-run chinook of natural origin (such as
those in Blue Creek) are poorly known, but they presum
ably total 2,000-3,000 fish in some years.

Upper Klamath-Trinity fall-run chinook. Ie. The status
ofwild fish in these two rivers is hard to determine because
millions of hatchery juveniles have been released over the
years. If fish spawning in the mainstem and streams with
heavy hatchery influence are excluded, annual numbers of
wild fish are probably 20,000-40,000, although total num
bers of fall-run fish have been as low as 11,000 (in 1991).
With the upper reaches of the rivers cut off by dams and
reaches below dams having reduced and altered flow
regimes, the number of salmon using the remaining habitat
is clearly but a small fraction of the original total. Unfortu
nately, salmon ofthe upper Klamath and TrinityRivers were
not counted independently of other runs before the 1930s.

However, fall-run salmon in the Shasta River (arguably a
distinct run), tributary to the upper Klamath, historically
numbered 20,000-80,000 or more fish per year alone; they
now number a few hundred to a few thousand. The decline
of the Shasta River chinook was caused by degradation of
the watershed and stream habitat by agriculture, which ac
celerated following the increase in irrigation permitted by
construction of Dwinnell Dam in 1926 (41, 42). Based on
numbers like these, it is likely that the majority of the
500,000 or more fish that once entered the Klamath-Trinity
basin were upper Klamath-Trinity fall-run chinook.

Klamath-Trinity spring-run chinook. IB. Spring-run
chinook in the Klamath-Trinity system are on the verge of
disappearing. They are lumped in by NMFS (5) with fall
run and late-fall- run fish in the UKTR-ESU because of ge
netic similarities, but substantial differences in life history
traits merit separation of the runs for conservation pur
poses. In the Klamath drainage the principal remaining run
is in the north and south forks of the Salmon River and in
Wooley Creek, tributary to the Salmon River. The north and
south forks of the Trinity River, and possiblyNew River, also
support a few fish (43). The large run of spring chinook in
the mainstem Trinity River is apparently maintained en
tirely by hatchery production.

The Klamath-Trinity system once supported spring-run
chinook populations that totaled more than 100,000 fish.
Even this estimate is probably low, because spring-run fish
were apparently the main run of chinook salmon in the Kla
math River in the 1800s, but it was depleted by the end of
the century as the result of hydraulic mining and commer
cial fishing (11). In each of four upper Klamath tributaries
alone, historical run sizes were estimated by CDFG (43) to
be at least 5,000: Sprague River (Oregon), Williamson River
(Oregon), Shasta River, and Scott River. Runs in the Sprague
and Williamson Rivers were probably extirpated before
1900 as the result of dams constructed in Oregon; if any fish
remained, they were eliminated with the construction of
Copco Dam across the main river in California in 1917. The
run in Shasta River, probably the largest tributary run in the
Klamath drainage, disappeared in the early 1930s as a result
of habitat degradation and increased summer water tem
peratures caused by Dwinnell Dam. The smaller Scott River
run was extirpated in the early 1970s by a variety of causes.

In the Trinity River runs that once existed above Trinity
Dam included an estimated 5,000 or more fish in mainstem
Trinity River above Lewiston and 1,000-5,000 each in Stu
art Fork Trinity River, East Fork Trinity River, and Coffee
Creek (43). In the Salmon River drainage an estimated to
tal of 500-1,500 adults used the north and south forks and
Wooley Creek each year through the mid-1990s, but the
number dropped to fewer than 200 in 1998 (59). In South
Fork Trinity River numbers have ranged from 0 to 300 in re
cent years, down from the 7,000-11,000 fish that once held

in the stream (15). The low numbers now using the south
fork are largely a response to the 1964 flood, which triggered
landslides that filled in holding pools and covered spawn
ing beds.

Klamath late-fall-run chinook. IA? This run, consid
ered part of the UKTR-ESUbyNMFS (5), has always hada
shaky identity. However, the presence in mainstem rivers
and large tributaries oflarge fresh salmon that seem to come
up after the fall run isfinished has been long noted (11, 12).
It is quite likely that, even iflate-fall-run chinook did once
exist as a distinct run in the Klamath system, they no longer
do because of changes in flow and temperatures in the
mainstem rivers and because of the flooding of the envi
ronment with juvenile hatchery-reared fall-run fish.

Redwood Creek fall-run chinook; Little River fall-run
chinook; Mad River fall-run chinook; Bear River fall-run
chinook; Humboldt Bay tributaries fall-run chinook; Mat
tole River fall-run chinook. IB. These runs (and those in the
Smith, Eel, and Russian Rivers) are considered by NMFS to
be part of theSOCC-ESU, which is listed as Threatened.
Most of the larger coastal tributary streams have chinook
salmon entering them from time to time, but these streams
appear to have had consistent annual runs, although even
historically the runs were probably only a few hundred fish
each. NMFS (5) lumps them all in the SOCC-ESU, but given
the poor supporting evidence it is equally reasonable to put
all coastal populations south of the Klamath River into a
separate ESU. The small size ofthese populations has always
made them vulnerable to extirpation from natural and un
natural causes, and not surprisingly their numbers have
typically been less than 100 per stream in recent years, al
though CDFG (44) regards these populations as "viable."

Eel River fall-run chinook. IB. The Eel River basin his
torically had fall chinook runs that averaged about 93,000
fish, sometimes reaching nearly 600,000 fish-enough to
support canneries on the lower river (53). By the 1950s the
runs were averaging about 24,000 fish (14,500-38,000).The
changes to channel spawning and rearing habitat wrought
by the major floods of 1955 and 1964, in combination with
overfishing and poor ocean conditions, caused a decline
from which they never really recovered. Thus by the 1990s
runs often numbered fewer than 5,000 fish, with numbers
in upper reaches (e.g., Tomki Creek) dwindling to fewer
than 50 fish in manyyears (53). The Eel River probably once
also supported a small spring-run chinook population, but
there are no records of its abundance.

Russian River fall-run chinook. IA. Early records of chi
nook salmon in the Russian River are scant, but given the
habitats and flows once typical of the river, it is logical to as
sume that it supported a run (45). Unfortunately, the
salmon disappeared with the advent of agriculture and
water projects in the basin. Attempts to reestablish self
sustaining runs through annual planting ofhatchery fish do
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not appear to have been successful, although some spawn
ing has been observed in the basin (45). Hatchery fish have
been of multiple origin, but mainly Sacramento River and
Klamath River stocks (5).

Central Valley fall-run chinook. ID. This ESU is consid
ered a candidate for Threatened status by NMFS (5), has al
ways been the most abundant run in the CentralValley, and
may have numbered over a million spawners in some years
(46). It occurred in all major tributaries, each ofwhich had
a distinct run. In the period 1967-1997 average numbers in
the Sacramento River, including hatchery fish, ranged from
107,300 to 381,000 fish, with an average of around 200,000
fish. In the San Joaquin system annual numbers have been
smaller and more variable, ranging from 1,100 to 77,500,
with halfbeing fewer than 10,000 fish. The runs approached
extinction during the drought-influenced years 1989-1992.
In both cases runs are heavily supplemented with fish of
hatchery origin (10-65%, depending on run, year, and who
is counting) from large hatcheries on Battle Creek and the
Feather, American, Mokelumne, and Merced Rivers. It is not
certain to what extent naturally spawning salmon depend
on hatcheries to maintain their populations or vice versa.
Reduction in the ocean fishery combined with favorable
ocean conditions resulted in increased returns of this run,
in both hatchery and wild fish, in the late 1990s. In part be
cause of the uncertainty of the role of hatchery fish in the
ESU, NMFS (5) has considered listing it as a threatened
species.

Central Valley late-fall-run chinook. IE. This run is
listed by CDFG as a Species of Special Concern (15). Al
though NMFS (5) regards it as part of the fall-run ESU, it
has such a distinctive life history pattern that it needs sepa
rate recognition and management. The historical abun
dance of late-fall- run chinook is not known because it was
officially recognized as distinct from fall-run chinook only
after Red Bluff Diversion Dam was constructed in 1966. In
order to get past the dam, salmon ascended a fish ladder in
which they could be counted with some accuracy. The four
chinook salmon runs present in the river were revealed as
peaks in the counts, although salmon passed over the dam
during every month of the year. Like those of winter-run
and spring-run chinook, their numbers have declined since
counting began in 1967. In the first 10 years of counting
(1967-1976) the run averaged about 22,000 fish; it declined
to an average of about 10,000 fish through 1990 and then to
about 6,700 fish in 1991-1994 (64). There have been no
counts of 20,000 fish or more since 1975, although 16,000
fish were counted in 1987. After 1991 full counts were no
longer made because the gates at Red Bluff Diversion Dam
had been opened to allow free passage of winter-run chi
nook adults and smolts. As a result migrants no longer have
to pass over the ladder. (This is a good thing, because delays
below the dam, caused by the inability of fish to locate the

Causes of Chinook Salmon Declines All chinook salmon
runs in California have declined, some to extinction. The
declines will continue, interrupted by times of high returns
from fortuitous natural conditions, unless major restora
tion efforts are successful. These efforts must address the
multiple causes ofthe decline and lookbeyond further tech
nological fixes (52). Because chinook salmon are big-river
fish, the state of their populations is a good reflection of the
ecological health of California's major rivers.

The single biggest cause has been the construction of
massive dams and diversions on all major rivers. In the
Sacramento-San Joaquin system these dams have denied
chinook salmon access to over half the stream reaches they
once used and to over 80 percent of their historical holding
and spawning habitat (6). Likewise, chinook salmon have
been denied access to the upper reaches of the Klamath and
Trinity Rivers and their larger tributaries. Most severely af
fected by dams have been stream-type chinook, which use
upper stream reaches for holding, spawning, and rearing.
Dams generally also render habitat below them less suitable
for salmon by reducing flows, increasing temperatures,
causing rocks in streambeds to become deeply embedded so

fish also originate in Coleman (on Battle Creek) and Feather
River hatcheries, where fish designated as spring-run are
nearly indistinguishable from hatchery fall-run fish (46).
These hybrid fish are able to sustain themselves in the hy
brid conditions of a regulated river, but it is problematical
to countthem as spring-run.

Sacramento winter-run chinook. IE. This unique run is
listed as Endangered by both state and federal govern
ments. It is endangered because Shasta Dam completely cut
the run off from its historical spawning grounds in cold
tributary rivers. It survived only because releases from
Shasta Reservoir were cold enough in most years for em
bryos and young to survive through summer. It now per
sists in about 70 km of river below Keswick Dam, where it
declined to near extinction as the result ofdifficulty in pass
ing Red Bluff Diversion dam and high mortality from ex
cessively warm water during drought years. Run size
dropped from nearly 120,000 fish in 1969 to 191-1,200 fish
in recent years, with an average of 600 in 1990-1997 (64).
Efforts to protect the run have included a cradle-to-grave
hatchery program (49) and modification of release facili
ties at Shasta Dam to allow colder water to be placed in the
river when the reservoir is low. A recovery plan for winter
run fish has been written as well (40), including innovative
criteria for recovery that take into account the uncertain
ties of estimating their numbers (51). Probably the best ac
tion that can be taken to protect winter-run chinook is to
restore runs to Battle Creek, where it should be possible for
the fish to complete their life cycle without excessive ma
nipulations of flows, temperatures, or fish.
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The Sacramento River drainage as a whole is estimated
to have supported spring-run chinook runs exceeding
100,000 fish in manyyears between the late 1800s and 1940s
(6, 17), but these estimates may be low by a factor of 3 or 4
(60). As in the San Joaquin drainage, these chinook popu
lations were also drastically reduced following the con
struction of barrier dams. Historical run sizes for tributar
ies to the Sacramento River were estimated to be 15,000 or
more above Shasta Dam (McCloud River, Pit River, Little
Sacramento River); 8,000~20,000 in the Feather River above
Oroville Dam; 6,000-10,000 in the Yuba River above Engle
bright Dam; and 10,000 or more in the American River
above Folsom Dam.

The decline of spring-run chinook in the Sacramento
drainage began when streams were disrupted by gold min
ing and irrigation diversions, but it accelerated following
the closure of Shasta Dam in 1945, denying spring-run
salmon access to major spawning grounds in the McCloud,
Pit, and upper Sacramento Rivers (a loss of at least 250 km
of habitat, including the best holding, spawning, and rear
ing habitat in the Sacramento drainage). The principal
habitats remaining open to spring-run chinook are Deer,
Mill, and Butte Creeks (Tehama and Butte Counties), which
historically were minor habitats for these salmon. Diking
and draining of the sinks and channelization ofButte Creek
ironically may have allowed salmon easier penetration into
upstream areas, especially after flows were enhanced by
transfer ofwater from the Feather River into Butte Creek for
power generation. In 1969-1979 estimates of spawning fish
in Deer and Mill Creeks averaged 2,300 and 1,200 fish, re
spectively. From 1980 to 1999 the estimates were 695 and
400 fish (64). Butte Creek supported runs that varied from
10 to 8,700 or more fish from 1951 to 1979, although the
early records are poor and inconsistent (17, 64). In
1980-1989 the estimates averaged 530 fish, and the number
jumped to 3,550 fish in the following decade, thanks to large
runs in 1996 (7,480) and 1999 (20,260) (64). Spawning
populations in other tributary streams, such as Antelope
and Big Chico Creeks, are considerably smaller, with vari
ous small creeks supporting runs offewer than 100 fish, and
often none at all.

The mainstem Sacramento River also supports some pu
tative spring-run chinook. Estimates of "spring-run" fish
spawning in the river range from 3,700 to 21,000 fish be
tween 1969 and 1997, with an average population of 6,700
fish per year overall and 2,500 since 1990 (64). However,
most of these fish appear to be hybrids with fall-run fish.
Such hybridization takes place both naturally and artifi
cially. Natural hybridization takes place in cold waters em
anating from Shasta Dam, in which early-migrating, imma
ture fish hold through the summer; they are not spatially
segregated from later-arriving fall- run fish, so interbreeding
takes place. Many, and perhaps most, of the "spring-run"

ladders, were apparently a major source of mortality for
salmon.) No reliable estimates of late-fall-run numbers
have been available since 1994, so their actual status is not
known. Given the fact that they are largely spawners in the
mainstem, where many threats to their existence exist, there
is little reason to be optimistic about their long-term sur
vival. Some late-fall-run chinook are now reared at Battle
Creek Hatchery to supplement wild stocks. It is likely that
the San Joaquin River also once supported a late fall run, but
it is now extinct.

Central Valley spring-run chinook. IE. Sacramento
spring-run chinook were listed as Threatened by the Cali
fornia Fish and Game Commission in 1998 and by NMFS
in 1999. Spring-run chinook salmon in the Sacramento
San Joaquin River system historically made up one of the
largest sets of runs on the Pacific coast (46). Commercial
fisheries for spring chinook caught in excess of 567,000 fish
in 1883 alone (versus 213,000 fall-run fish). Runs in the up
per San Joaquin River probably exceeded 200,000 fish at
times, and it is likely that an equal number offish were once
produced by the combined spring runs in Merced,
Tuolumne, and Stanislaus Rivers. However, early historical
population levels were never measured. In 1955 CDFG es
timated that with proper water management the San
Joaquin drainage could still produce about 210,000 wild
chinook salmon per year, with fall-run chinook (originally
a minor portion of the San Joaquin salmon runs) replacing
spring-run populations lost to dam construction. The last
large spring run in the San Joaquin River occurred in 1945,
when 56,000 fish made it up the river (47). When Friant
Dam was completed in 1948 the remaining fish were cut off
from their upstream habitats.

The impact of the dam and efforts to rescue San Joaquin
spring-run chinook salmon were recorded by CDFG biolo
gist George Warner (48, p. 62): "In 1948, disaster struck. Fri
ant Dam ... had been completed and the Bureau of Recla
mation assumed control of the river ... [and] bureau offi
cials diverted water desperately needed by salmon down the
Friant-Kern Canal to produce surplus potatoes and cotton
in the lower San Joaquin Valley. Only enough water was re
leased in the river to supply downstream canals and some
of the pumps." CDFG crews succeeded in trapping 1,915
spring-run chinook and trucking them to the base ofFriant
Dam. The fish were able to hold in the cold releases through
the summer and then spawn successfully in the fall. Unfor
tunately, when the juvenile salmon attempted to move out
to sea, they ended up stranded in a dry stretch of river. In
the words of Warner (48, p. 65): "The tragic conclusion to
the history of the 1948 spring run was that the only benefi
ciaries of our efforts to salvage a valuable resource were the
raccoons, herons, and egrets:' Efforts to rescue the run in
1949 and 1950 also failed; thus San Joaquin spring-run chi
nook salmon became extinct.
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spawning kokanee can be distinguished from trout by the
lack of spotting (except occasional vague spots on the dor
sal fin and fine speclding on caudal fin), long anal fin (13-18

rays), 28-40 slender, closely spaced gill rakers, and slightly
oblique mouth. They also have 11-26 complete dorsal rays,
11-21 pectoral rays, 9-11 pelvic rays, 120-150 lateral line
scales, and 11-16 branchiostegal rays on each side. Parr have
8-14 oval parr marks centered on the lateral line that are
narrower than the spaces between them. The backs of non
reproductive fish have a blue-green sheen, the sides are sil
very, and the fins are without spotting.

Taxonomy Kokanee are nonanadromous sockeye salmon
that are frequently referred to as a subspecies (0. nerka ken
nerlyi) of sockeye. However, landlocked populations of
sockeye have evolved independently in many different
places, and these populations differ from each other in their
characteristics, so there seems little reason to maintain the

subspecific name (1). Each population of kokanee is genet
ically distinct from the anadromous form that presumably
gave rise to it, demonstrating reproductive isolation (2).

warming scenarios for California foresee an increase
in climatic variability, meaning an increase in the
natural variability of salmon populations. This pre
diction provides additional incentive to get other
human-caused sources of population variability un
der control ifwe are to maintain salmon populations.

With all these factors harming salmon populations, the
restoration of remaining runs to self-sustaining and har
vestable levels is extremely difficult and expensive. Hun

dreds of small problems have to be dealt with, while bigger
fixes involving the management of entire ecosystems are be
ing implemented. Imaginative solutions are required, such
as (1) removing dams and barriers on some streams (e.g.,
Battle Creek); (2) restoring runs to streams from which they
have been eliminated, ranging from small streams (e.g.,
Putah Creek) to large rivers (e.g., the San Joaquin River);
(3) restoring meander belts and floodplains; (4) creation of
better rearing habitat in estuaries; (5) changing hatchery
and harvest practices to favor wild fish; and (6) tying the
restoration of salmon to the creation of a better environ

ment for all creatures, including humans. As Michael Black
(52, p. 70) states, "Instead of gleefully manipulating nature,
we must use our considerable intellectual gifts to modify
our own beliefs, behaviors, and cultures in keeping with a
biologically healthy river. By emulating what wild anadro
mous fish require to thrive, salmon and steelhead may just
be capable of showing us the way."

Identification With their solid bright red bodies and green

heads, spawning kokanee are unmistakable. Males develop
a distinct hump on the back, and the snout becomes long
and hooked, with large teeth. Both sexes lack black spots on
the back or caudal fin and have 19-27 long, slender, and
rough gill rakers on the lower half of the first gill arch. Non-

Kokanee (Sockeye Salmon),
Oncorhynchus nerka (Walbaum)

areas is just beginning to betaken seriously as a con
tributing cause of the decline of wild fish. Flooding
an environment with hatchery fish can have a nega
tive impact on everything from social structure to
food supplies to the spawning success of wild fish.
During years of low ocean productivity, even com
petition for limited food in the ocean is possible.

6. Diseases, native and introduced, can be propagated
in hatchery fish and spread to wild fish.

7. Pollution is an ongoing and pervasive problem. Major
sources of human sewage were cleaned up following
passage ofthe CleanWaterAct, but organic pollution,
especially from livestock, can still be a problem in
some areas. Although fish kills from heavy metals,
pesticides, and other toxicants still occur on occasion,
much more common and harder to deal with are the

sublethal effects, which may reduce the ability of fish
to deal with disease and other natural sources ofstress
(50). There are also ongoing threats ofmajor fish kills
due to toxic wastes originating from the abandoned
Iron Mountain Mine near Redding and similar

sources.

8. Loss ofriparian forests can increase the temperatures
of streams and decrease the amount of trees and
other large woody debris that falls into streams.
Cool temperatures and dense cover are important

for salmon survival in streams.

9. Siltation of spawning areas from catastrophic and
chronic sources reduces spawning success. The ulti

mate example of this was furnished by the hydraulic
mining debris that flowed down many rivers follow
ing the Gold Rush, wiping out many runs tem
porarily. However, in more recent times landslides
and chronic siltation from poor land management
(especially related to road construction, logging,
and grazing) often reduce the ability ofspawning ar

eas to support fish.

10. The effects of introduced fish, invertebrates, and

plants can be many and various, if poorly docu
mented. California's waters, but especially its estuar
ies, have a high rate of invasion of alien organisms
(mainly from the ballast water ofships) .New species
can change the way ecosystems function or the avail
ability of food and cover, to the detriment of juve

nile salmon.

11. Natural factors-such as long periods of drought, ex
treme flooding events, and periods oflow ocean pro

ductivity-can also decimate salmon populations.
In fact, salmon populations naturally showed wide
fluctuations in response to long periods of drought
or ocean productivity. Most contemporary global

SALMON AND TROUT, SALMONIDAE

1. Fisheries, both in the ocean and in streams, can easily
overharvest salmon, especiallywhen fish from already
depleted wild runs are mixed with fish of hatchery
origin in the catch. Hatchery fish can sustain much
higher catch rates than wild fish, but they cannot

usually be harvested selectively before they reach the

hatchery.

2. Entrainment of juveniles in diversions as they move
downstream can cause major losses. The significance
of the losses is often controversial, including losses to

the two big pumping plants in the south Delta. The
usual solution to the problem, screening diversions,
can be expensive and is often ineffective. A more ef
fective strategyis to combine screens with a reduction
in diversions during periods of high outmigration.

3. Loss of floodplain and estuarine rearing habitat by
diking and draining has had an unknown impact, al
though there is growing evidence that such habitat
was once of major importance for the growth and
survival of juvenile salmon.

4. Enhanced predation can be a major cause of death of
juvenile salmon where removal of cover or unfavor
able hydraulic conditions make them unusually vul
nerable to piscivorous birds and fish. A particular

problem is posed by nonnative predatory fish, such
as striped bass, which can consume outmigrating
salmon in large numbers. Artificial enhancement of
striped bass numbers and the introduction of new
predators (e.g., northern pike) are likely to increase

these predation rates.

5. Competition from hatchery-reared juveniles for food
and space in streams and from adults for spawning

they cannot be used for spawning, reducing cover for juve
niles, and changing channel configurations. The massive re
duction in salmon numbers has had far-reaching and little
understood consequences for aquatic ecosystems of which
the salmon were once a part. The salmon were a major
source of energy and nutrients for nutrient-starved rivers
and riparian areas in the mountains, bringing the produc
tivity of the California Current oceanic region far inland.
No doubt the abundance of fish and wildlife in river corr

idors that once supported large populations of native
peoples was partly tied to the annual fertilization effect of

salmon runs.
Beyond dams, many other factors have contributed to

the decline of chinook salmon, and each run has a litany of
special problems associated with it. The most commonly
mentioned general factors will merely be listed here (in no
particular order) because they are covered in greater detail

elsewhere in this book and in the literature cited at the end
of this account.
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Status IID. Kokanee were originally introduced into Cali
fornia to provide fisheries in reservoirs that would either be
self-sustaining or only require periodic plants of small fish.
They were also planted as forage for more piscivorous
salmonids. Enthusiasm for kokanee led to their becoming
widely established during the 1950s and 1960s in large,
coldwater lakes and reservoirs. They have largely failed to
provide a forage base for trout in reservoirs, although they
are consumed in small numbers by larger trout. In small
lakes they may actually depress trout growth and popula
tion size by competing for zooplankton. Angling for koka
nee has become popular in recent years, resulting in expan
sion of the hatchery program to raise fingerlings, including
bringing in fish from outside the state (4, 11). Even so, most
populations are probably underexploited because special
ized fishing techniques (e.g., trolling with small lures in
deep water) are required during much of the season. The
only time they seem particularly vulnerable to more con-

temperatures. In Taylor Creek, the principal spawning
stream for Lake Tahoe kokanee, spawning occurs between
late September and late November, although most takes
place in early October (14). Most spawning takes place in
streams in gravel riffles a short distance from the lake when
temperatures are 6-13°C. Taylor Creek is enhanced as a
spawning stream because USFS increases flows from an up
stream dam (14). However, lake spawning in beds of gravel
close to shore, usually at depths less than 18 m, is sometimes
important in lakes and may be important in Lake Tahoe in
some years (5).

The first sign that spawning is about to begin is congre
gation of kokanee near the mouths of streams or near lake
spawning sites. Like other salmon, kokanee home to the
stream in which they were hatched (or planted as fry) and
locate the stream in part by its distinctive odor (l0). The fe
male builds the redd and defends the area from other fe
males while her male partner defends the area from other
males. Spawning behavior is similar to that ofother salmon.
Each female contains 200-1,800 eggs, larger fish containing
more eggs. Fertilized eggs are buried beneath 5-15 em of
gravel by the female. Many females die before releasing all
their eggs. Particularly low spawning success is found in
Lake Tahoe kokanee, of which only II percent and 28 per
cent of the dead females examined in 1967 and 1968, re
spectively, were spawned out and 30 percent and 46 percent,
respectively, had died without spawning at all (5). This low
success rate is compensated for in part by the high survival
rates of embryos. Spawning fish live 2-4 days in Taylor
Creek, which is fairly typical for the species (14).

Fry emerge in April through June and move downstream
immediately. Most movement takes place at night. Some
maybegin feeding while in the stream, but most do not start
until they enter the lake.

opossum shrimp (Mysis relicta), they fed mostly on water
fleas (Daphnia pulex); copepods and midge larvae were
minor items (5). After the establishment of shrimp, which
depleted zooplankton (6), kokanee diets became domi
nated by midge pupae, copepods, and terrestrial insects
(7). In Oroville Reservoir kokanee feed primarily on cope
pods and cladocerans, taking small fish and insects on oc
casion (8). Kokanee diets change little as fish grow larger,
although newly emerged fry in streams subsist on aquatic
insects for short periods of time. Dietary changes with sea
son primarily reflect changes in available zooplankton (8).
Feeding ceases just prior to spawning. In some lakes koka
nee show daily movements up and down the water column,
moving up into warmer waters to feed at night and then
down into cooler waters to digest their meals during the
day. Apparently, this strategy maximizes the efficiency of
food use (13).

Growth in kokanee can be fairly rapid for a freshwater
salmonid. They typically reach 10-25 em TL in their first
year, 18-31 em in their second year, 22-44 em in their third
year, and 23-47 cm in their fourth year (9). In Oroville
Reservoir they average 27 em atthe end ofyear 2, and 37 em
at the end of year 3 (8). In the 1960s Lake Tahoe kokanee
tended to be at the upper end of each length group, and fish
longer than 53 cm (1.4 kg) were present (5). Following the
depletion of larger zooplankters by opossum shrimp,
growth rates decreased dramatically, with spawning adults
reaching only 24-35 em (7, 14). In contrast, sea-run sock
eye usually reach 65-80 em TL (4-7 kg) before spawning.
Males typically grow larger than females.

The size and age of spawning kokanee depend in part on
growing conditions (e.g., food availability, light, and tem
perature regimes) and in part on the origin of the stock.
Some populations complete their life cycle in 2 years; oth
ers (e.g., the one in Lake Pend Oreille, Idaho) take as long as
7years. Most populations mature in 4 years, including those
present in Lake Tahoe. In many instances fish from popula
tions with 4-year cycles in their native lakes mature in 3
years in California (e.g., those in Oroville Reservoir), pre
sumablyas a result of better growing conditions (8). Some
kokanee transplants into California, however, have been
from populations with 2-year life cycles because these pop
ulations are alleged to have superior growth rates. Some
plants of these fish have been made into lakes that already
contained fish with 3- or 4-year life cycles, but it is not
known if the two groups of fish coexist as they do naturally
in some British Columbia lakes or if they interbreed. Most
kokanee measure at least 20 em TL before they spawn, but
mature fish as small as 16 em have been recorded.

Kokanee normally spawn between earlyAugust and early
February, but spawning has been recorded in California as
late as early April. The time of spawning is determined in
part by genetic background and in part by lake and stream

Figure 89. Sockeye salmon. Top: Spawning
male, 49 em SL, British Columbia. Bottom left:
Spawning female, 46 em SL, British Columbia.
Bottom right: Parr, 8.5 SL, Alaska.

Life History In California anadromous sockeye salmon oc
cur only as rare strays mixed in with runs of chinook and
coho salmon, so their life cycle will not be dealt with here.
In any case, the life cycle of kokanee is similar to that of
sockeye salmon except that kokanee mature in lakes rather
than the ocean.

Kokanee prefer well-oxygenated open waters of lakes
and reservoirs, where temperatures are 10-15°C. They in
habit surface (1-3 m) waters as long as temperatures remain
in the preferred range or colder. As surface waters warm up
in summer, they gradually move deeper. In Lake Tahoe they
are found most of the year at depths ofless than 4 m, but in
July through September they concentrate at depths of 17
40 m (5). In large midelevation reservoirs (e.g., Shasta
Reservoir) they stay in the hypolimnion during summer.
Heavy kokanee mortality will occasionally occur when the
hypolimnion becomes depleted of oxygen.

As the fine gill rakers of kokanee attest, their main food
is zooplankton. In Lake Tahoe, prior to the introduction of

rainbow trout of the Kamloops strain, also imported from
British Columbia. Plants were subsequently made in many
of California's lakes and reservoirs, with varying degrees of
success (3). Today kokanee populations are present in many
coldwater reservoirs and some lakes in the Sierra Nevada and
in lalces and reservoirs scattered around the state. They are
present in Lewiston and Trinity Reservoirs on the Trinity
River, and occasional juvenile "sockeye" salmon collected in
salmon outmigrant traps in the lower Trinity River presum
ably originated from these fish (15). They are also reared in
California hatcheries to fingerling size and planted, by air, in
about 30 lakes and reservoirs (4). In 1992 all hatchery fish
originated from Bucks Lake, Plumas County (4).
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Distribution Spawning populations of sockeye salmon and
their derivative kokanee populations are native to rivers and
lakes of North America from the Columbia River north to
the Yukon River in Alaska. Individual anadromous sockeye
found in streams south of the Columbia system, including
California, are probably nonspawning strays or fish from
kokanee populations that decided to go out to sea. In Asia
sockeye and kokanee occur from northern Japan to the
Anadyr River in Russia (1). Kokanee have been successfully
introduced into coldwater lakes throughout Canada and the
northern and western United States. They have also been
successfully introduced into New Zealand (12). Kokanee
were brought into California in 1941 from Idaho and suc
cessfully established in Salt Springs Reservoir on the North
Fork Mokelumne River (Amador County), in order to es
tablish salmonid fisheries in fluctuating reservoirs. Progeny
from this population, apparently mixed with other kokanee
imported from outside the state, were planted in a number
of natural lakes in the Tahoe region, including Lake Tahoe
(ll). In 1951 kokanee from Kootenay Lake, British Colum
bia, were planted in Shasta Reservoir to provide forage for

Names Sockeye salmon are often called red or blueback
salmon and kokanee are sometimes called redfish. Sockeye
is an approximation of the name given it by the Native
Americans who lived along the Fraser River in Canada, as is
kokanee. Nerka is a Russian name for sockeye salmon. For
other names see the account of coho salmon.

Hybridization can nevertheless take place, usually by small
jack males of kokanee spawning with female sockeye (2).
Kokanee populations in California, established through in
troductions, have many different origins (11).
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pink salmon were found in the Sacramento River, "which it
[sic] ascends in tolerable numbers in October" (17, p. 54).
In 1891 pink salmon trapped at Baird Station on the Mc
Cloud River were spawned artificially and the young re
leased in the river (11). During the 1930s commercial fish
ermen on the Sacramento River reportedly captured a
dozen or more pink salmon in some seasons (6). During the
period 1949-1958, 38 pink salmon were taken in the Sacra
mento River watershed; this total included 12 fish from
Coleman National Fish Hatchery, 4 in Mill Creek, and 3 at
Nimbus Fish Hatchery on the American River (6). Limited
spawning occurred in the Sacramento-San Joaquin river
system during 1989, because seven pink salmon smolts
were salvaged at the state's J. E. Skinner Fish Protective Fa
cility near Tracy in March 1990 (15).

Life History Pink salmon are best known for their 2-year life
cycle (2, 3), although occasionally 3-year-old fish are re
ported (12, 18). Adults move into fresh water between June
and September and spawn from mid-July to late October,
depending on geographic location. Spawning in California
has been recorded only in September and October (9, 11).
Most pink salmon spawn in the intertidal or lower reaches
of streams and rivers. Upstream migrations of 100-700 km
occur in some river systems, and there are records of fish
300-400 km up the Sacramento River system (11). Spawn
ing streams are determined by the physiological require
ments of the salmon, as follows (13). Optimal temperatures
are 5.6-14.4°C; O.O°C and 25.6°C are the lethal limits.
Spawning generally occurs at temperatures of 7.2-12.8°C,
with 4.4-13.3°C optimal for hatching. Embryos and alevins
require fast-flowing (21-101 cm/sec) and well-oxygenated
(>6 mg/liter) water for normal development and survival.

Spawning occurs in gravelly riffles with water depths of
20-60 cm. The six redds built by females in the lower Rus
sian River were all situated along stream edges where the
substrate was finer (9). No redds were found in the middle
portion of the riffle where the substrate was composed of
coarser gravel. Spawning males are aggressive and defend
territories in riffles. They often inflict severe wounds on
each other with their large jaw teeth during conflicts. While
males fight, females dig redds. To dig, a female turns on her
side and repeatedly cuts at the gravel with her tail, displac
ing gravel downstream. When the depression is approxi
mately 90 cm long and 45 cm deep, the female signals the
male ofher readiness to spawn by sinldngto the bottom un
til her anal fin touches the gravel. The male swims alongside
the female and the two quiver and gape while simultane
ously releasing eggs and sperm. Not all eggs are released in
one spawning, so the female digs a new redd above the old
one and buries the eggs from the preceding spawning while
doing so. She may thus dig several redds in succession and
spawn with more than one male.

Names Humpback salmon or simply "humpy" is a widely
used common name. They are called pink salmon because of
their pink flesh, which increases their value as commercial
fish. Gorbuscha is derived from the Russian word for hump
back. For other names see the account of coho salmon.

Distribution Spawning pink salmon ascend coastal streams
of northern Asia, from Korea through Japan to Siberia (3).
Along the Pacific coast of North America they range from
the MacKenzie River in the Yukon Territory of Canada
south to coastal streams of California. In the ocean they
have been documented as far south as La Jolla (4). However,
the largest runs on the southernmost end of their range are
in streams tributary to Puget Sound (2). In California small
numbers have been reported from the San Lorenzo River
(5), the Sacramento River and tributaries (6), the Klamath
River (7), and the Russian, Garcia, and Ten Mile Rivers (8).
A pink salmon caught in the Mad River also was reported
in the popular press (Arcata Union, Sept. 6, 1928; 16), which
stated that this species had been frequently taken in the
Mad River by net fishermen many years earlier. Pink
salmon have been observed spawning in the Ten Mile and
Garcia Rivers (8), and Fry (9) observed at least six pink
salmon redds in the lower Russian River in 1955. Irregular
occurrences of spawning in some Mendocino County
streams have also been reported (10). During the 1800s

unusual. Young in fresh water are always small (less than
5 cm TL), silvery, and without parr marks or spots on the
dorsal fin.

Taxonomy This species was first described in 1792 and has
since been regarded as one of the most distinctive Pacific
salmon. There are biochemical differences among pink
salmon stocks in different river systems (1,2) but, except for
size, no major morphological differences. However, the
fairly strict 2-year life cycle of pink salmon means that in
each river system even- and odd-year runs are genetically
distinct and may be more closely related to runs in other
river systems of the same year type than to the run of a dif
ferent year type in the same system (2). From Washington
on south, pink salmon are predominately odd-year fish, in
cluding those that once spawned in California. NMFS (2)
determined that there are only two distinct ESUs in the
Pacific Northwest: the Snohomish River (Washington)
even-year pink salmon and the southern odd-year pink
salmon, occurring from southern British Columbia to
Washington and presumably Oregon and California. How
ever, no genetic data exist on the southernmost populations.

Pink salmon are most closely related to chum salmon,
.but "natural" hybrids have been noted between pink and
chinook salmon in tributaries to the Laurentian Great
Lakes (14).

Figure 90. Pink salmon. Top: Spawning male, 46
em SL, Alaska. Bottom left: Spawning female, 44
em SL,Alaska. Bottom right: Parr, 6em SL, Alaska.

troutlike in form and olive green on the sides, with long,
dusky, vertical spots. Marine-phase fish are steely blue to
blue-green dorsally, white ventrally, and silvery on the sides.
The back and upper parts of the lateral surfaces have large
black spots, which are also present on the adipose and cau
dal fin lobes Nonspawning pink salmon can be distin
guished from other salmon by the combination of large
black spots on the back, dark oval blotches on both tail
lobes, and 16-21 gill rakers on the lower half of the first gill
arch. The mouth is terminal and there are sharp teeth on
both jaws, the vomer, the palatines, and the tongue. They
have 10-16 complete rays in the dorsal fin, 13-19 in the anal
fin, 14-18 in each pectoral fin, and 9-11 in each pelvic fin.
The scales (147-198 in the lateral line) are deeply embed
ded in spawning fish. Branchiostegal rays number 10-15 on
each side of the jaw. The maximum size recorded for pink
salmon is 76 cm SL (6.3 kg), but fish over 60 cm (2.5 kg) are

bald eagles and other birds. Future hatchery programs
should rely only on stocks already present in the state, to re
duce the probability of disease being brought in with fish
from out of state.

References 1. McPhail and Lindsey 1970. 2. Wood and Foote
1996.3. Seeley and McCammon 1966.4. Hendrickson and Hen
drickson 1993. 5. Cordone et al. 1971. 6. Richards et al. 1991. 7.
Frantz 1979-1981. 8. Hiscox 1979. 9. Carlander 1969. 10. Lorz
and Northcote 1965. 11. Dill and Cordone 1997. 12. Lever 1996.
13. Bevelhimer and Adams 1993. 14. Beauchamp et al. 1994. 15.
T. Kisanuki, USFWS, pers. comm. 1998.
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Identification Spawning male pink salmon have a pro
nounced purple hump behind the head, a greatly enlarged
and hooked snout, and jagged teeth. Spawning females are

Pink Salmon, Oncorhynchus gorbuscha (Walbaum)

ventional salmonid fishing techniques is when they congre
gate off stream mouths prior to spawning.

The introduction of kokanee into reservoirs is gener
ally regarded as a success because they support a sport fish
ery at relatively low maintenance cost. When introduced
into natural lakes they undoubtedly changed ecosystem
processes because they are fairly efficient planktivores.
Their impact on native fishes, such as pectinifer tui chubs in
Lake Tahoe or Lahontan cutthroat trout in Independence
Lake, is not known but is probably negative. Nevertheless
the annual spawning run in Taylor Creek is now celebrated
in an annual festival for humans and an annual feast for
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Alaska and then southward into California. Historically,
they were reported to occur in streams from San Francisco
to the Bering Straits (3, 20), and were considered to be
"abundant in the fall, from Sacramento northward" (4,
p. 55). In the Pacific Northwest chum salmon are abundant
in streams of British Columbia and Washington, including
the Columbia River. They become progressively less abun
dant in the ocean and as spawners in Oregon streams south
to Cape Blanco (5,6). Only small populations exist from
the Rogue River on south.

In California small runs of chum salmon were histori
cally present in streams from the Sacramento River north.
In the 1880s chum salmon constituted a minor portion of
the salmon catch from the Humboldt County coast sent to
San Francisco markets, and they also occurred in catches in
the Sacramento River (7). Based on a 10-year (1949-1958)
survey of the Sacramento River system, during which 68
chums were recorded, Hallock and Fry (8) concluded that a
very small run was present. A few fish are still tal(en in the
Sacramento drainage, but no spawning has been recorded
in recent decades.

Today small runs of chum salmon still seem to maintain
themselves in three California rivers: Smith, Klamath, and
Trinity. In the Smith River drainage a small run is reported
more or less annually in Mill Creek, a tributary to the estu
ary (9). Spawning behavior has been observed there as well
(14). A few adult and juvenile chum salmon have also been
observed annually in the South Fork Trinity River, the ap
parent remnant ofa larger run that existed there prior to the
1964 flood (15). Evidence of successful spawning is the an
nual capture of small numbers of juveniles (38-58 mm FL)
in a rotary screw trap set at river km 34 on the Trinity River
(16). Evidence ofspawning in the Klamath River is provided

Names Chum salmon have been called dog salmon because
they were the salmon Eskimos fed to their sled dogs. They
are sometimes marketed as "silver-brite" salmon. Keta means
"fish" in a dialect of the Amur people in southeastern Rus
sia (2). See the account of coho salmon for details and for
other names.

dency to their natal streams (2), resulting in genetic differ
entiation ofspawners in different streams. There is some ev
idence that, even within a single river system, genetic dif
ferences associated with spatial separation of spawners may
occur (2). Nothing is known about the relationship of Cal
ifornia populations to other populations of chum salmon,
but presumably they are linked to the closest large popula
tions in Washington.

Figure 91. Chum salmon. Top:
Spawning male, 60 em SL, British
Columbia. Bottom left: Spawning
female, 48 em SL, British Colum
bia. Bottom right: Parr, 7 em SL,
Klamath River, Del Norte County.

Distribution Chum salmon have the widest natural geo
graphic distribution of the Pacific salmons, ranging from
Korea up along the Arctic coast of Russia, and from the
Mackenzie River on the Canadian Arctic coast through

Taxonomy Chum salmon are most closely related to pink
and sockeye salmon, forming a subgroup within On
corhynchus (1). Chum salmon show a strong homing ten-

10-14 major rays in the dorsal fin, 13-17 in the anal fin,
14-16 in each pectoral fin, and 10-11 in each pelvic fin. The
scales (124-153 in the lateral line) are deeply embedded in
spawning fish. Branchiostegal rays number 12-16 on each
side ofthe jaw. Their maximum size is about 1 m SL (15 kg),
but they are typically less than 80 cm SL (6-7 kg). The parr
have 6-14 small, pale parr marks, and the width of the light
areas between the marks is greater than the width of the
marks themselves. There is no spotting on the fins, and the
back is mottled green, the sides silvery green.

nomenon. In California they have never been common
enough to excite much attention, although they occurred
on a regular basis in the past. In the late 1880s they were in
cluded in the salmon catch sent from the North Coast to San
Francisco markets (11). In recent times they were still com
mon enough to be noticed. Taft (8, p. 198) cited reports that
considerable numbers of pink salmon were running in
northern California streams in 1937: "many quite large
schools of them" in the Ten Mile River and "several hun
dreds" in the Garcia River, "spawning all over from the Red
Bridge to the western boundary of the Indian Reservation,
a distance of about two miles." They also were observed in
the Russian River during that year (8).

Today, however, pink salmon are extremely rare in Cali
fornia. Most fish now recorded in the state are probably fish
that strayed while at sea and followed other species of
salmon upstream. Their occurrence in the Russian River in
1937 and evidence of limited spawning in 1955 (9) would
indicate that this run was the southernmost for the species,
except for occasional spawners in the Sacramento River. A
run in the Russian River has not been recorded since 1955.
Given the major changes that have taken place in the river
since then-such as gravel mining, construction of Dry
Creek Dam, and a number of major pollution events-it is
not surprising that pink salmon no longer spawn there.
Thus, although occasional pink salmon are observed in Cal
ifornia, they must be regarded as one of the species extir
pated from the state.

References 1. Beacham et al. 1985.2. Hard et al. 1996.3. Heard
1991. 4. Hubbs 1946.5. Scofield 1916. 6. Hallock and Fry 1967.

7. Snyder 1931. 8. Taft 1938. 9. Fry 1967.10. Roedel 1953. 11. U.S.
Commission for Fish and Fisheries 1894. 12. Omel'chenko and
Vyalova 1990.13. Emmett et al. 1991. 14. Rosenfield 1998.15. D.
McEwan, CDFG, pers. comm. 1990. 16. S. Van Kirk, pers. comm.
1997. 17. California Fish Commission 1880. 18. Anas 1959.
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Chum Salmon, Oncorhynchus keta (Walbaum)

Status IA. Pink salmon are extinct in California but abun
dant in the northern parts of their range. In Alaska and
Canada they support major commercial fisheries. In an
evaluation of the status of southern populations, NMFS
concluded that some populations of odd-year pink salmon
in Washington were in decline but that the ESU did not
merit listing as threatened. Populations in Oregon and Cal
ifornia were regarded as not persistent enough for consid
eration (2). This lack ofpersistence is probably a recent phe-

Identification Spawning male chum salmon are heavy
bodied and slightly humped, and have a long, hooked snout
with conspicuous canine-like teeth at the ends of the jaws.
They are dark olive on the back and dark maroon with ir
regular greenish vertical bars on the sides. Females are sim
ilar in color, although the maroon is less well developed;
they lack a hump, often have a distinct midlateral stripe, and
have a jaw that is less hooked. In the ocean silvery chum
salmon can be distinguished from other salmon by the ab
sence of large black spots on the back and caudal fin (al
though black specldes may be present) and by the 18-28
short, smooth gill rakers on the first gill arch. They have

A female usually lays 1,200-1,900 eggs over several days
(2,3). Both males and females die a few days to a few weeks
after spawning. Embryos hatch in 4-6 months, presumably
in February and March in California. Alevins emerge from
the gravel in April or May, at which time the yolk sac has been
absorbed. The fry, measuring 35 mm TL, immediately begin
to migrate downstream into the estuary. Migration takes
place at night, and fish usually reach the estuary in one night.
Once in the estuary they form large schools and remain in in
shore areas for several months before moving outto sea. Most
juveniles do not remain in fresh water long enough to feed,
although those that hatch from redds farther upstream will
feed on aquatic insects. At sea juveniles feed on small crus
taceans and other invertebrates. Maturing adults feed mostly
on fish, squid, euphausids, amphipods, and copepods.

Pink salmon wander great distances in the ocean, and
tagged fish have been captured 2,700 km (1,700 mi) from
where they were tagged (10). However, they are fairly faith
ful to their parent streams and return there for spawning.
The 2-year life span of pink salmon results in distinctive
populations, which form odd- and even-year spawning
runs. Some streams may support major runs of both (odd
and even) years, whereas others may support major runs of
one or the other year. Historically, the southernmost pink
salmon fisheries in North America landed large numbers
only in odd-numbered years.

I011056            .



by collections of juvenile chum salmon dating back to at
least 1944 (in the California Academy of Sciences). Lil<:e
pink and sockeye salmon, individual chum salmon may also
occur in North Coast rivers as strays that presumably move
upstream with coho or chinook salmon. Chums have been
found in ocean waters as far south as San Diego (10, 11), but
the southernmost freshwater record has been the San
Lorenzo River, Santa Cruz County (12).
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other factors has certainly contributed to population de
creases.

If chum salmon are to exist in California, regular surveys
of the South Fork Trinity, Klamath, and Smith Rivers are
needed to determine the status of the few fish spawning.
The exact timing and place of spawning must be deter
mined. Suitable habitat, flow, and water quality should be
maintained in order to protect and enhance all the imper
iled salmonids (including summer steelhead) in those
rivers. Once key spawning areas are known, specific plans
for enhancing populations should be established.

dorsal fin has 10-12 principal rays; the anal fin, 8-12 prin
cipal rays; the pelvic fins, 9-10 rays; and the pectoral fins,
11-17. The tail is slightly forked. There are 16-22 gill rakers
on each arch and 9-13 branchiostegal rays. The scales are
small, with 110-160 pored scales along the lateral line,
18-35 scale rows above the lateralline, and 14-29 scale rows
below it.

The coloration of young is similar to that of adults ex
cept that they also have 5-13 widely spaced, oval parr marks
centered on the lateral line; the interspaces are wider than
the parr marks. Juveniles also possess 5-10 dark marks on
the back between the head and dorsal fin, white to orange
tips on the dorsal and anal fins, and few or no black spots
on the tail. Adults from small streams may retain the color
patterns of parr.
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Taxonomy Rainbow trout are the most abundant and wide
spread native salmonid in western North America. They are
successful because they have adapted to a wide variety of
habitats (including fish hatcheries) and are flexible in life
history patterns. As a result many local populations are dis
tinctive and have been awarded taxonomic recognition.
Variation, however, is often considerable. Distinctive char
acters, especially colors, are often in part phenotypic re
sponses to local conditions and may be lost if fish are trans
ferred to another habitat (1). Mixing of rainbow trout in
hatcheries and indiscriminate planting have further blurred
distinctions among populations, especially in California.

probably always been uncommon. Most populations, in
cluding the one in the Sacramento River, have been extir
pated. Today they occur sporadically and in very low num
bers. The three rivers in which there seems to be some
evidence of annual or nearly annual spawning (Smith, Kla
math, and Trinity) probably support populations of 10-50
fish each, and it is doubtful that they will be viable in the
longrun.

Nevertheless, chum salmon continue to appear in Cali
fornia's rivers. For example, in the 1980s and 1990s perhaps
20 chum salmon were seen at Nimbus Fish Hatchery on the
American River or caught by fishermen in the upper Amer
ican River (17). There are no recent records of chums ob
served during stream surveys in the northern Sacramento
River drainage (18) or in the San Joaquin drainage (19).

The historical uncommonness of chum salmon in Cali
fornia makes it difficult to identify factors that have nega
tively affected their abundance. Chum salmon in general do
not migrate far upriver in the southern part of their range
(2), and the lower reaches of coastal California streams are
often the most degraded reaches. Habitat deterioration of
spawning areas from logging, road building, mining, and

Rainbow Trout, Oncorhynchus mykiss (Walbaum)

Identification Rainbow trout are highly variable in color,
body shape, and meristic characters. Nevertheless, adults
can usually be recognized as silvery trout with numerous
black spots on the tail, adipose fin, dorsal fin, and back (best
developed anteriorly) and an iridescent pink to red lateral
band. The spots on the tail are typically in radiating lines.
The cheeks (opercula) are also pinkish, the back iridescent
blue to nearlybrown, the sides and belly silver, white, or yel
lowish. Resident stream forms are generally darker than lake
or sea-run forms. The mouth is large, the maxillary bone
usually extending behind the eye, with well-developed teeth
on the upper and lower jaws, head and shaft of the vomer,
palatines, and tongue. Basibranchial teeth are absent. The

Status lB. Endangered in California. Chum salmon are the
second most numerous salmon in the North Pacific region,
but they are in long-term decline in their southern range. In
California they are increasingly rare, although they have

cm, 81 percent less than or equal to 15 cm, and 6 percent silt
or sand. In a survey of redds in Washington, 80 percent were
located in depths of 13.4-49.7 cm, with a mean depth of27
cm. Incubation temperatures are 4.4-13.3°C, although
embryos can survive colder temperatures after they have
developed for a period and become cold tolerant. Optimum
outmigration river temperatures for fry are 6.7-13.3°C.

Adults show strong homing behavior to natal streams, in
which they select spawning sites in which there are good
intragravel flows (upwelling). Females are territorial and
dig and spawn in a series of 4-6 redds, each one immedi
ately upstream ofthe previous one. A decreasing number of
eggs is laid in later redds. The combined set of redds aver
ages 2.8 m2 in size, and the female guards the last redd
pocket until she dies. Males, which are sexually active for
10-14 days, may spawn with several females, and they are
physically aggressive toward other males. Large dominant
males defend females vigorously. Subdominant, or satellite,
males may sneak spawn-that is, they will approach a
spawning pair from downstream and attempt to fertilize
some eggs. Large females can layover 4,000 eggs, but the
average fecundity is 2,400-3,100 eggs per female.

Fertilized eggs are 6.0-9.5 mm in diameter and hatch af
ter about 2-6 months of incubation, usually from Decem
ber to February. Alevins are 20-24 mm long at hatching and
grow to 30-35 mm while in the gravel; they absorb their
yolk sac in 30-50 days and then emerge from the gravel.
Fry in streams measure 30-70 mm TL, depending on the
distance they migrate from the spawning grounds to the
estuary. Fry typically emerge from the gravel at night and
immediately migrate downstream. Migration is mainly
nocturnal in some river systems, but they may migrate dur
ing daylight in other areas. Fry do not school as strongly as
do pink or sockeye fry, and they are attracted to the shade
or darkness of aquatic vegetation.

Fry may not feed in fresh water if their downstream
migration is short; if they are in fresh water for a lengthy
period, they consume small crustaceans and insects, with
chironomid larvae being of particular importance. In estu
arine and nearshore marine areas they take epibenthic prey;
such as harpacticoid copepods and gammarid amphipods.
As they move into deeper water and grow larger, calanoid
copepods, hyperiid amphipods, crustacean larvae, lar
vaceans, euphausids, pteropods, and fishes become part of
the diet. The major prey of chum salmon in the ocean are
gelatinous zooplankton (jellyfish, ctenophores, and salps),
and they presumably are the reason chums have a large
baglike stomach, unique among salmonids (13).
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Life History Chum salmon normally complete their life
cycle in 3-5 years, although a few males may complete it in
2 and some females may live as long as 7 years. They are
highly migratory and versatile in their use of fresh and
marine waters. Their life history and habitat requirements
have been well studied in British Columbia and Alaska, and
most of the information presented here is taken from these
studies (2,5,6). They can spawn in intertidal areas, but some
populations in the Amur River of Russia and the Yukon
River of Alaska and Canada spawn 2,500 km or more up
river. Normally chum salmon spawn within 200 km of the
ocean. There are no natural, completely landlocked forms.
They appear unable to hurdle waterfalls and other barriers
that present few difficulties for the passage of other salmon
species. In general chum salmon (like pink salmon) have a
short freshwater and an extensive marine life stage, and they
are especially dependent upon estuaries during the non
migratory juvenile stage. In North America there is a north
ern (early-run) stock that spawns from June through Sep
tember and a southern (late-run) stock that spawns from
August through January. In Washington, Oregon, and Cali
fornia all stocks are late run. Early-run fish generally spawn
in mainstems of streams, whereas late-run fish spawn in
smaller streams that have more favorable winter tempera
tures. In the Sacramento River they have been captured from
earlyAugustto earlyFebruary (8). InWestBranch Mill Creek,
a tributary of the Smith River, chums were observed enter
ing during mid-December, when stream flows were high (9).
No fish were seen in years lacking high December flows, al
though it is possible that chums spawned in mainstem
Smith River or its other tributary streams during those years.

Chum salmon adults and maturing juveniles are epi
pelagic in the ocean, but all stages are bottom oriented in
rivers and streams (2). Adults migrate upstream in water ve
locities up to 2.44 m/sec and spawn in velocities of 46-101
cm/sec. Upstream migration occurs in water between just
above freezing and 21.1°C, with an optimum range of 8.3
15.6°C. Optimum spawning temperatures are 7.2-12.8°C,
with oxygen levels greater than 80 percent of saturation, al
though short dips to 5 mg/liter can be survived. Spawning
gravels are typically 1.3-10.2 cm in diameter, but eggs and
alevins are found primarily in medium-size gravel (2-4 cm
diameter). In the Columbia River drainage chum salmon
redds were composed of 13 percent gravel greater than 15
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the small streams of the Big Sur Coast, and small intermit
tent streams of San Luis Obispo County, south to Point
Conception.

Southern California steelhead. The Southern California
steelhead is one of the most distinctive steelhead ESUs in
terms of both genetics and life history (10). It basically in
cludes all populations south of Point Conception, histori
cally into Baja California. Curiously, the ESU shows not
only unique genetic characteristics but also high genetic di
versity, suggesting that it developed from a population that
survived in a Baja California refuge during the Pleistocene
and that has recently come into contact with steelhead of
more northern origin (76). Its high diversity mayhelp to ex
plain the remarkable capacity ofthis ESU to persist in seem
ingly unfavorable environments (76,78).

The southernmost anadromous populations today ap
pear to be in Malibu Creek (Los Angles County) and San
Mateo Creek (San Diego County) (61). Southern steelhead
are winter-run steelhead that persist in streams whose lower
reaches flow through coastal plains, which present substan
tial migration passage problems to and from distant head
water spawning and rearing habitats. These reaches are es
sentially passable only when winter rains create substantial
flows for short periods. Their occurrence in such a de
manding environment requires distinctive ecological and
physiological adaptations.

Resident rainbow trout. This is simply a catchall desig
nation for hundreds ofnonanadromous wild rainbow trout
populations that exist throughout California and that are
either derived naturally from steelhead (and would there
fore be part of the appropriate ESU) or, more likely, are of
mixed hatchery and native origin. It has no validity as a tax
0nomic unit except to indicate the presumed mongrel na
ture of most rainbow trout populations.

Upper Kern redband trout. This group of three sub
species is treated separately in the section of this book on
golden trout. They are most closely related, among rainbow
trout, to redband trout in the McCloud and Pit Rivers (65).
The reasons for separate treatment are related to history,
convenience, and interest, not taxonomy.

McCloud River redband trout. These trout are native
rainbows with brick-red bands on their sides that live in the
McCloud River watershed (Fig. 93, p. 283). They have a long
and cloudy taxonomic history, confused by the introduc
tion of nonnative strains of rainbow trout into the system
and by past natural (if limited) connections to Sacramento
River populations (73). The name stonei was used by D. S.
Jordan to designate resident redband trout found in the up
per Sacramento River drainage but mainly in the upper Mc
Cloud River (11), whereas Behnke (2) uses it as a name of
convenience for all redband trout populations, of multiple
origins, in the McCloud and Pit drainages. To complicate
matters further, Sheepheaven Creek, a tiny tributary to the

common traits in their genetics and chromosomes (4) and
also by the presence of an unusual life history form: half
pounders, immature steelhead that return from the sea to
overwinter in fresh water (see Life History). There are two
distinct spawning types: winter (ocean-maturing) steelhead
and summer (stream-maturing) steelhead. Winter steel
head typically move upstream between November and
April and spawn fairly soon after their arrival on the spawn
ing grounds. Summer steelhead migrate between late April
and June and spend summer in deep pools in canyons,
spawning in December-April. They are distinguished from
winter steelhead by time of migration (5), the immature
state of the gonads at migration (6), and the location of
spawning areas (5, 7). Attempts to distinguish juvenile sum
mer and winter steelhead and resident juvenile rainbow
trout using otolith nuclei widths, scale circuli densities, and
visceral fat content have been onlypartially successful (8,9).
The temporal and spatial isolation of spawning fish from
winter steelhead serves to maintain genetic differences (77),
although summer steelhead in this ESU and in others are
more closely related to winter steelhead in their watershed
than to summer steelhead in other ESUs.

Northern California steel head. These steelhead make
up another ESU recognized by NMFS, which includes all
trout in streams from Redwood Creek (Humboldt County)
to the Gualala River (Sonoma County), including the Eel
River. This ESU is closely related to the Klamath Mountains
Province ESU and contains both winter and summer steel
head and, apparently, half-pounders as well. There are no
summer steelhead south of Matolle River. The differences
between summer and winter steelhead are the same as those
discussed for Klamath Mountains Province steelhead.

Central Valley steelhead. Rivers of the Central Valley
contain only winter steelhead, although summer steelhead
may have been present prior to the construction of large
dams (61). The winter run might be better termed the "fall
run" because they start entering fresh water in August, with
a peak in late September-October, after which they hold
until flows are high enough in tributaries to enter for
spawning (62, 79). This ESU does not include steelhead in
streams tributary to San Francisco and San Pablo Bays.
Nonmigratory populations of rainbow trout not of hatch
ery origin belong to this ESU, as would populations of pre
sumably "residualized" steelhead that live in reservoirs
above major dams and migrate into tributary streams.

Central California coast steelhead. This is an ESU that
includes coastal populations of winter steelhead from the
Russian River south to Aptos Creek (Santa Cruz County),
including fish in streams tributary to San Francisco and San
Pablo Bays.

South/Central coast steelhead. This ESU comprises
winter steelhead populations found in three tributaries
to Monterey Bay (Pajaro, Salinas, and Carmel Rivers), in

Figure 92. Rainbow trout, 21 cm
SL, California.

Coastal rainbow trout, O. m. irideus
Klamath Mountains Province steelhead

Klamath winter steelhead
Klamath summer steelhead

Northern California steelhead
North Coast winter steelhead
North Coast summer steelhead

Central Valley steelhead
Central Coast steelhead
South/Central Coast steelhead
Southern steelhead

Redband trout
Upper Kern redband trout

California golden trout, O. m. aguabonita
Little Kern golden trout, O. m. whitei
Kern river rainbow trout, O. m. gilberti

Upper Sacramento redband trout
McCloud River redband trout, O. m. stonei
Goose Lake redband trout, O. m. subsp.
Eagle Lake rainbow trout, O. m. aquilarum

There are many unresolved questions about the rela
tionships and identity of native rainbow trouts in Califor
nia (73), but the following classification seems to make
sense from a conservation perspective. Probably the weak
est part of this classification is the recognition of six distinct
groups (ESUs) of steelhead in California, based on analysis
by NMFS of genetic and life history data. Given the genetic
diversity of steelhead populations (73), more groups are
likely to be recognized in the future. However, recognition
ofthese six groups as distinct stocks of steelhead or rainbow
trout does help to conserve diversity in life history adapta
tions. All forms listed as "steelhead" have nonmigratory

populations in their watersheds.

Klamath Mountains Province steel head. This is an ESU
recognized by NMFS that includes coastal rainbow trout
from the Elk River in Oregon through the Klamath and
Trinity Rivers. Rainbow trout in this region are linked by
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Nevertheless, molecular techniques are increasing our abil
ity to recognize common ancestry and evidence for the ge
netic basis of differences among populations. Major con
troversies center mainly on giving subspecies designations
to various evolutionary groups in nonanadromous popula
tions and in designating ESUs in anadromous populations
(steelhead) and their resident derivatives. Such designations
are, for better or worse, important for protecting distinctive

trout and their habitats.
The complex nature of rainbow trout systematics is re

flected in attempts to synthesize existing knowledge (2,3).
Rainbow trout and cutthroat trout have generally been
thought to be more closely related to one another than ei
ther is to Pacific salmon species, because of similarities in
appearance and life histories (60). However, rainbow trout
are more closely related to salmon species than they are to
cutthroat trout, which have more ancestral characteristics
than rainbow trout or Pacific salmon (3,66). Like cutthroat
trout, rainbow trout are prone to becoming isolated in
headwater areas or in streams distant from the ocean and
rapidly evolving distinctive forms. Occasionally natural
barriers break down and isolated forms reunite with the
main gene pool, resulting in "hybrids" that confuse taxono
mists. Of course, the process ofbarrier breakdown has been
accelerated by human activity. Behnke (2) thinks that, prior
to modern disruption of rainbow trout gene pools, there
were three distinct groups: redband trout of the upper
Columbia and Fraser River basins, redband trout of the
Sacramento-San Joaquin River drainage, and coastal rain
bow trout. Redband trout is the general designation given
to native, mostly resident, forms in interior basins, whereas
coastal rainbow trout is used to refer to all anadromous
coastal forms and their recent resident derivatives, from
Alaska to Baja California. All three groups are represented
in California: Columbia redbands by hatchery introduc
tions (Kamloops rainbow), native redbands by golden trout
and a number of other forms, and coastal rainbows by steel
head and most rainbows in coastal and Central Valley

streams.
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McCloud River, contains a distinctive population of red
band trout (12,13,65) that may deserve separate subspecific
designation on its own. Regardless, rainbow trout in the up
per McCloud watershed are a collection of isolates that de
serve special recognition and protection (65), reflecting
evolutionary responses to a complex and changing envi
ronment. Probably there are one or more distinctive red
bands in tributaries to the Pit River as well, but most popu
lations have hybridized with coastal rainbows, so taxonomic
recognition may not be possible.

Goose Lake redband trout. These are genetically distinct
(13,65) redband troutthat persist in the tributaries to Goose
Lake, as well as in the lake itself. Behnke (2) suggests that
Goose Lake redbands maybe most closely related to redband
trout of nearby Warner Basin, Oregon. However, genetic
studies indicate a closer relationship to McCloud River red
bands (65) with some genetic connections to Sacramento
River coastal rainbows (72). Regardless of their complex ties
to other trout populations, there is adequate evidence to re
gard Goose Lake redband trout as a distinct ESU.

Eagle Lake rainbow trout. J. O. Snyder (14) described
this trout as a subspecies of rainbow trout. Needham and
Gard (1), pointing out that all other native Great Basin
trout populations are cutthroat trout, suggested that Eagle
Lake rainbow trout were descended from introduced or
immigrant rainbow trout from the Feather or Pit River
drainages. Busack et al. (15), in an extensive electro
phoretic, karyotypic, and meristic analysis, found that,
even though the Eagle Lake trout is electrophoretically
close to both coastal and redband rainbow trout and is
meristically most similar to coastal rainbow trout, its
karyotype (of 58 chromosomes) is like that of redband
trout. They suggested that Eagle Lake rainbow trout are de
rived from immigration or unrecorded introduction of "a
rainbow trout with 58 chromosomes" (p. 423). However,
molecular evidence demonstrates that they are most
closely related to other California redband trout (65, 72).
Rainbow trout presumably colonized Eagle Lake via upper
Pine Creek and an ancient connection with a headwater
tributary of the Pit River.

Hatchery strains. Hatchery strains of rainbow trout are
typically of mixed origins because of intense selection for
traits favorable for hatchery production, such as rapid
growth under crowded conditions, resistance to disease,
and high fecundity (21). Such strains are true domestic an
imals, as distinct from their wild ancestors as cows and
horses are from their ancestors. Some hatchery strains,
however, are maintained with little or no crossing with
other strains, although they are still highly domesticated.
Kamloops rainbow trout (a strain of O. m. gairdneri) from
British Columbia were imported repeatedly from 1950 to
1986 and reared in California hatcheries because of their
reputation for fast growth, large size, and ease of catch.

Life History Few, if any, fishes have been as intensively stud
ied as rainbow trout. There are many reasons for this phe
nomenon, but the most prominent are (l) their worldwide
distribution in cold waters; (2) their ease of culture, thanks
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bow trout. Goose Lake redband trout are endemic to Goose
Lake and its major tributaries (Lassen and Willow Creeks in
California and the extensive Thomas Creek system and
Crane Creek in Oregon) as well as to smaller streams, such
as Cottonwood and Pine Creeks in California and Augur,
Bauer, Camp, Cox, Drews, Shingle Mill, Snyder Meadow,
and Warner Creeks in Oregon. Joseph, Parker, and East
Creeks, tributaries of the upper Pit River in California, also
contain trout genetically similar to Goose Lake redband
(13). McCloud River redband trout have been reported from
creeks tributary to the McCloud River, such as Sheep
heaven, Tate, Edson, and Moosehead Creeks (2, 12, 13, 18)
and from the McCloud River above Middle Falls (2, 12, 13,
17, 18). Redband trout from Sheepheaven Creekwere trans
planted into nearby Swamp Creek in 1972 and 1974 and
into Trout Creek in 1977 (68). They are now established in
both streams. Eagle Lake rainbow trout are endemic to
Eagle Lake, Lassen County, and its main tributaries, Pine
and Papoose Creeks (15, 17). They have been planted in nu
merous waters throughout California from hatchery stocks
originating from trout captured annually at the Pine Creek
egg collecting station and from domestic brood stock. The
trout have also been exported to other states and to Canada.
It is unlil<elythat naturally reproducing populations ofpure
Eagle Lake trout are present in any of these planted waters.

Rainbow trout have been introduced into coldwater
streams throughout most of the world. They are now pres
ent in South and Central America, Africa, Asia (including
India), Europe, New Zealand, Australia, Papua New Guinea,
Tasmania, Hawaii, and Reunion (in the Indian Ocean) (19).
In North America they are found in every state and province
that has cold waters. Likewise, they are probably the most
widely distributed fish in California; their natural distribu
tion has been greatly expanded by transplants into most
coldwater streams and lakes, including many waters that
were originally fishless. The California rainbow trout gene
pool has likewise been expanded by introductions of trout
from British Columbia and elsewhere (22). They are the
principal species raised in California trout hatcheries and
are widely stocked even where they cannot reproduce.
Many, if not most, wild rainbow trout populations around
the world had their origins in California. Supposedly, most
of these fish originated from the lower McCloud River,
where Baird Hatchery in the late 1800s produced large
numbers of fertilized rainbow trout eggs for export; these
fish were apparently hybrids of steelhead and resident fish.
However, in New Zealand at least, most of the trout appar
ently originated from Sonoma Creek, Sonoma County (20).

Distribution Rainbow trout were originallynative to Pacific
coast streams from the Kuskokwim River in Alaska down to
streams in Baja California. The southernmost population is
O. m. nelsoni, a redband trout isolated in the Rio Santo
Domingo in the mountains of Baja California (67). In the
Columbia River drainage theywere found throughout Ore
gon, Washington, and British Columbia and penetrated as
far inland as major falls on the Snake River in Idaho. The
easternmost populations are found in the Athabasca River
in Alberta, the result of a stream capture from the Fraser
River system ofBritish Columbia (2). In Asia rainbow trout
are native mainly to the north Pacific coast south of the
Kamchatka Peninsula. In salt water, steelhead are found
throughout the North Pacific ocean.

In California coastal rainbowwere originally found in all
permanent streams from San Diego County north to the
Klamath River drainage. It is uncertain if anadromous fish
once present in the upper Klamath basin were coastal rain
bows or anadromous redband trout (2); prior to 1917
steelhead spawned in the tributaries to Upper Klamath
Lake, Oregon (24). Coastal rainbows are also native to the
Sacramento-San Joaquin system, including Pit and lower
McCloud Rivers, where they hybridized naturally with red
band trout. Most CentralValley streams probably originally
contained steelhead in reaches readily accessible from the
ocean and resident populations above barriers or in less ac
cessible streams, such as those that historically emptied into
Tulare and Buena Vista Lakes in the San Joaquin Valley.

The distribution of various steelhead ESUs is given un
der Taxonomy. Of special interest is the distribution of
the life history variety known as summer steelhead (17)
although it might more accurately be called "stream
maturing steelhead" (61). Summer steelhead runs have
been recorded from the Middle Fork Eel, mainstem Eel, Van
Duzen (tributary to the Eel), Mattole, Mad, North Fork
Trinity, New (tributary to the Trinity), and South Fork Trin
ity Rivers, as well as Canyon Creek (in the Trinity system),
the Klamath River drainage (Dillon, Elk, Indian, Red Cap,
Bluff, and Clear Creeks), the Salmon River, Wooley Creek
(tributary to the Salmon), Redwood Creek, and the Smith
River (5). Up to 50 percent of California summer steelhead
are concentrated in the Middle Fork Eel River. Other Eel
River populations (North Fork Eel, Black Butte River,
Woodum Creek, and Larabee Creek) are now gone (17).

Redband trouts, including three golden trouts and Eagle
Lake trout, occur in isolated places at the edges ofthe coastal
rainbow range in the Sacramento-San Joaquin basin. Their
distribution, as indicated under Taxonomy, has been frag
mented and confused by the introduction of hatchery rain-

Somewhat ironically, it is likely that rainbow trout origi
nated in North America and invaded Eurasia during the
Pleistocene period (2).

Names The scientific name ofrainbow trout has along and
esoteric history that resulted in a sudden shift to O. mykiss
after nearly 150 years of calling it Salmo gairdneri or S. iri
deus (16). The rainbow trout was first described from Kam
chatl<a populations in 1792, by J. J. Walbaum, as Salmo
mykiss. In 1836 J. Richardson described steelhead from the
Columbia River as S. gairdneri. In 1855 Gibbons described
juvenile steelhead from San Leandro Creek (now buried in
Oakland) as S. iridea. Subsequently North American biolo
gists and anglers tended to refer to resident rainbow trout
as S. irideus and steelhead as S. gairdneri, until they gradu
ally recognized that steelhead and resident rainbow trout
were really the same species. Although S. irideus faded from
use, the name persisted in the common name "rainbow
trout" (irideus means rainbow). Resident rainbow trout
were originally called "brook trout" but began being called
rainbow trout after the introduction of "true" brook trout
from the eastern United States. More recently Behnke (2)
has resurrected irideus as the subspecific name for coastal
rainbow trout.

Meanwhile North American scientists, after some ini
tial confusion as to which fish the name S. mykiss applied
to (2), generally refused to recognize Russian rainbow
trout as belonging to the same species as the one here, pre
sumably for patriotic reasons. With the end ofthe cold war,
the oldest species name for rainbow trout, mykiss, was
finally applied to North American forms. At the same time,
systematic work indicted that rainbow trout were more
closely related to Pacific salmon, Oncorhynchus spp., than
to Atlantic salmon and trout, Salmo spp., hence the name
O. mykiss. Mykiss is another one of the transformed Kam
chatkan common names for salmonids (see the discussion
in the account of coho salmon for this and other names).

Kamloops rainbow are still widely planted in lakes and
reservoirs, especially in high-elevation lakes, although some
lines have been hybridized with California rainbows (21).
Another hatchery strain usually kept relatively pure is one
derived from Eagle Lake rainbow trout. This strain does es
pecially well in alkaline lakes and reservoirs and can attain
large size faster than other strains because it matures at a
later age.

Other rainbow trout. Royal silver rainbow trout, sup
posedly native to Lake Tahoe and now extinct, present a
zoogeographic puzzle similar to that of Eagle Lake rainbow
trout. However, there is little reason to doubt that J. O. Sny
der's 1912 description of"Salmo regalis" was based on large
size rainbowtrout derived from fish introduced in the 1860s
and 1870s. His royal silver rainbow trout differs little from
rainbow trout of known origin that have grown to large
sizes in other large lakes. A similar situation exists in regard
to the legendary emerald trout"Salmo smaragdus" of Pyra
mid Lake, Nevada (2).
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to which they are readily available as experimental animals;
(3) their significant value for aquaculture and fisheries; (4)
their diversity of life history strategies; and (5) their mys
tique among anglers, who support studies or become fish
biologists themselves. This account is far from comprehen
sive, focuses on California populations, and relies heavily on
my personal experiences of working with this fish.

The life historypatterns of California rainbows are both
variable and flexible. Two basic patterns are migratory life
history and resident life history; both types often exist in
the same population, but dominance of one or another is
frequently a defining trait for a population. Migratory
rainbows are either sea-run (anadromous), lake-run (lim
nodromous), or within-river (potadromous) migrators. In
California most lake-run fish are derived from steelhead
in reservoirs behind impassable dams. However, Eagle
Lake trout migrate into the headwaters of Pine Creek, and
Goose Lake redbands migrate into tributaries of Goose

Lake.
Steelhead have two basic life history patterns, winter and

summer. Winter steelhead enter streams from the ocean
when winter rains provide large amounts of cold water for
migration and spawning. They typically spawn in tributar
ies to mainstem rivers, often ascending long distances. They
return to the ocean after spawning, if possible. Summer
steelhead (also known as spring-run steelhead) typically en
ter rivers as immature fish during receding flows of spring
and migrate to headwater reaches containing deep pools.
They spend summer in these pools, where they mature to
spawn in winter or spring.

In the ocean the distribution of different steelhead stocks
is poorly known, but it is likely that most California fish, es
pecially those from southern California, do not wander far
from the California coast. Some populations of steelhead
have an additional variant in their life history pattern, the
half-pounder. These are immature fish, measuring 25-35
em FL, that overwinter in fresh water after spending a sum
mer in the ocean (23). In large rivers some steelhead, mainly
small males, move only as far as the river but return to trib
utary streams for spawning. In contrast, resident rainbow
trout often spend their entire lives in a few hundred meters
of stream, although some may migrate considerable dis
tances within a stream system to find suitable spawning
grounds. It is likely that most resident populations of trout
produce individuals that are prone to wander more than
others, helping to maintain gene flow among populations
and reestablishing populations that have become extinct.
For example, when Goose Lake (Modoc County) dried up
in 1992, runs of large redband trout that lived in the lake
disappeared. The only Goose Lake redband trout remaining
were resident in small alpine tributaries that flowed into the
lake and were above the reach of lake spawners. After the
lake refilled the migratory lake population reestablished it-
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between Sacramento suckers and rainbow trout produced
no evidence of competition (32). To the contrary, juvenile
trout will follow large suckers around as they browse on the
bottom and pick up invertebrates disturbed by sucker feed
ing. In coastal streams juvenile steelhead interact with juve
nile coho and chinook salmon, with the result that each
species selects different microhabitats in complex ways (35,
36). Juvenile steelhead possess more cylindrical bodies,
shorter median fins, and larger paired fins than other
salmonids with which they co-occur, giving them an ad
vantage when holding or swimming in fast water (58).
However, competition among difference size classes of
steelhead in different habitats may result in reduced growth
of one size class at the expense of another. In degraded
streams, where shallow water predominates, abundant
small steelhead may suppress the growth oflarger ones (64).
When alien brown trout and rainbow trout are found in the
same stream, adult brown trout tend to select slower areas
with undercut banks and other cover, pushing rainbow
trout into faster, more open water, where they are more vul
nerable to anglers and predators.

One of the main reasons rainbow trout are such suc
cessful competitors is that they are highly aggressive and of
ten defend feeding territories in streams (38). Other
salmonids recognize aggressive displays of rainbow trout
(e.g., rigid swimming, flared operculae, nipping at the cau
dal peduncle of invading fish) and usually react either by
fleeing or by challenging the trout with similar displays, per
haps driving it off its position. The winners of such inter
specific contests are determined by a number offactors, but
relative size and habitat preferences play leading roles. Ag
gressive displays are also important in interactions among
rainbow trout at a site. Individual trout may set up feeding
territories, which they then defend from each other. The
number of territories depends on many factors, but prob
ably the most important are size of fish, speed of current,
water temperature, and availability of cover. Superimposed
on this territorial mosaic, however, is a dominance hier
archy in which large fish are dominant over small fish and
hold much larger territories within which small fish are tol
erated (38). In pools, where feeding takes place mainly at the
inflow, the social structure is much looser, and trout of sim
ilar size may shoal when not feeding. In the Eel River I have
observed steelhead measuring 20-25 em FL schooling in big
pools with pikeminnows of similar size.

Stream-dwelling rainbow trout feed mostly on drifting
aquatic organisms and terrestrial insects, but they will also
take active bottom invertebrates. Thus stomachs from a
sample of trout taken from one stream at the same time are
likely to contain a hodgepodge of terrestrial insects, adult
and emergent aquatic insects, aquatic insect larvae, am
phipods, snails, and occasional small fish. Individual trout,
however, tend to specialize in the organisms on which they

peratures optimal for growth are likely to be 2-3°C lower
than those under more constant conditions (25). The opti
mal temperatures for fry may also be somewhat lower than
those for juveniles.

At low temperatures rainbow trout survive oxygen con
centrations as low as 1.5-2.0 mg/liter, but normally con
centrations close to saturation are required for growth. Ac
tivity is reduced as oxygen concentration drops, even at low
temperatures (31). Their tolerance of varying chemical
conditions ofwater is also broad. They can live at pH values
from 5.8 to 9.6. All other factors being equal, their best
growth seems to be achieved in slightly alkaline waters (pH
7-8), although Eagle Lake trout have adapted to highly al
kaline waters (pH 8.4-9.6).

In streams different sizes of rainbow trout show distinct
preferences for different microhabitats as defined by depth,
velocity, substrate, and cover (32,33,34,74,75). Fry «50
mm SL) typically concentrate in shallow «50 em) water
along stream edges, where water column velocities are low
(1-25 em/sec). Juveniles (50-120 mm SL) occur in deeper
(50-100 em) and faster (10-30 em/sec) water, usually
among rocks or other cover. Larger fish seek out a wide va
riety of deeper habitats (often including "pockets" behind
rocks, runs, or pools) but typically stay close to fast water
capable of delivering drifting invertebrates to them, such as
inflowing water at the head of pools. Adult trout increase
their foraging efficiency by moving into high-velocitywater
only to feed and then quicldy returning to low-velocity
areas for holding.

Predators have a strong effect on microhabitats selected
by rainbow trout. Small trout select places to live based
largely on proximity to cover in order to hide from both
avian predators (kingfishers, mergansers, herons) and
predatory fish. Birds are a threat primarily either in shallow
water or near the surface, whereas predatory fish (including
large trout) approach from deep water. In the Eel River, for
example, the invasion of predatory pilzeminnows resulted
in a dramatic shift from juvenile trout being present at a
wide range of depths to being present mainly in riffles too
shallow for large pikeminnow foraging (37). Thus mean
depth dropped from 70 to 39 em and mean water column
velocity increased from 19 to 44 em/sec.

Even though rainbow trout are the only fish species
found in many California streams, more often than not they
occur with other salmonids (especially juvenile coho and
chinook salmon in coastal streams and brown trout in inte
rior streams), as well as with sculpins, suckers, and one or
two species of minnows, such as speclded dace or Califor
nia roach. It is unusual, however, to find more than three to
four other species in abundance in streams where rainbow
trout are common. They interact successfully with other
species, rarely competing with nonsalmonids but often
dominating other salmonids. Thus a study of interactions

self, presumably from fish dispersing from upstream resi

dent populations.
Regardless oflife history strategy, for the first year or two

of life rainbow trout are found in cool, clear, fast-flowing
permanent streams and rivers where riffles predominate
over pools, where there is ample cover from riparian vege
tation or undercut banks, and where invertebrate life is di
verse and abundant. In streams, there are strong shifts in
habitats with size and season: the smallest fish are most of
ten found in riffles; intermediate size fish, in runs; and large
fish, in pools (74,75). In smaller streams larger trout often
migrate to large rivers, lakes, or the ocean. A key character
istic of all these habitats is cool temperatures. Rainbows are
found where daytime temperatures range from nearly O°C
in winter to 26-27°C in summer, although extremely low
«4°C) or extremely high (>23°C) temperatures can be
lethal if the fish have not previously been gradually accli
mated. Even when acclimation temperatures are high, tem
peratures of 24-27°C are invariably lethal to trout, except
for very short exposures (25, 26). Thus juvenile steelhead
disappeared from a section of Big Sulphur Creek (Mendo
cino County) when hot springs caused summer tempera
tures to rise above 26°C for extended periods (27). For large
trout, especially adult steelhead, lethal temperatures are
usually around 23-24°C.

When temperatures become stressful in streams, sur
vival requires trade-offs. Juvenile steelhead, faced with the
increased energetic costs ofliving at high temperatures, will
move into fast riffles to feed because food is most abundant
there, even though there are additional costs associated with
maintaining position in fast water (28). In Sespe Creek,Ven
tura County, where summer temperatures regularly exceed
27°C, trout seek out the bottoms of pools where springs
keep temperatures lower (17-210c) during the day; how
ever, these same areas may have low, potentially lethal, lev
els of dissolved oxygen (29). In the Eel River, mass mortal
ity of juvenile steelhead was observed after large numbers
sought out relatively small spring areas to avoid lethal tem
peratures and presumably depleted the oxygen (69). At high
temperatures rainbows are also much more vulnerable to
unusual stress (e.g., being caught by an angler) and likely to
die as a consequence. When temperatures are high for trout
but optimal for a coexisting fish species, interactions may
reduce trout growth (63).

The optimal temperatures for growth of rainbow trout
are around 15-18°C, a range that corresponds to tempera
tures selected in the field when possible (30). Thus in a sec
tion of the Pit River containing a thermal plume from an
inflowing cold tributary, rainbow trout selected tempera
tures of 16-18°C (30). However, many factors affect choice
of temperatures by trout (if they have a choice), including
the availability of food. Under the fluctuating conditions
present in most streams in summer, the mean daily tem-
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feed, even over a long period of time, and do not take the
whole range of foods available (39). Diet also changes with
size; larger fish tend to take larger prey. Rainbow trout are
nevertheless very opportunistic; for example, steelhead ju
veniles in the Trinity River during an April study were feed
ing largely on ants (40). In the lower American River, where
fluctuating flows from dam releases limit the diversity of
benthic organisms, small steelhead fed largely on adults and
larvae of small mayflies and chironomid midges (41). Feed
ing was reduced during a year when water level fluctuations
were more extreme.

When water is turbid from sediment, drift feeding is re
duced (59). In the McCloud River, which is slightly turbid
owing to suspended glacial material, rainbow trout feed
mainly on the bottom, and the classic evening "rise" to feed
on drifting and terrestrial organisms is often not seen (42).
Rainbow trout can feed at anytime ofday or night, but there
are typically feeding peaks at dawn and dusk, when drift
levels are still high and there is enough light to see drifting
organisms, as well as terrestrial insects that are more active
at night. In winter feeding is considerably reduced from
summer levels, and trout feed mostly on bottom-dwelling
invertebrates.

In lakes feeding varies with the availability of prey. Al
though benthic invertebrates and zooplankton seem to be
preferred, terrestrial insects are eaten when other foods are
scarce. In Eagle Lake, Lassen County, in June and July, even
large trout (30-50 cm SL) will often be found with stom
achs full of zooplankton, although others will be filled with
leeches, caddisflies, or amphipods. Later in the season they
may switch to feeding on small fish, especially the abundant
tui chubs. In general, rainbow trout in lakes eat more fish
than do stream-dwelling rainbows, although fish normally
do not become an important part of the diet until the trout
reach 30-35 cm TL. In reservoirs rainbow trout achieve
rapid growth on planktivorous fishes such as threadfin shad
and wakasagi. As in streams, feeding is most intense during
summer but can continue throughout winter at tempera
tures as low as 1°C (43).

After steelhead leave their home streams, they feed on es
tuarine invertebrates and marine krill, but as they increase
in size fish gradually become more important to their diet.
The large size and rapid growth achieved by steelhead can
be attributed in large part to their diet of fish, squid, and
crustaceans taken in ocean surface waters (44). In streams
adult steelhead feed opportunistically, but most caught by
anglers have empty stomachs. However, 95 percent of adult
fish in Deer and Mill Creeks, Tehama County, were found to
contain food, mainly caddisfly larvae and salmon eggs (80).

Growth rates in nonmigratory rainbow trout depend on
temperature, food availability, flow, and trout densities (71).
In small, high-gradient streams California rainbow trout
typically reach 75 mm FL at the end of their first year, 140

bay by the aggressive attacks of the dominant male. Mature
parr can spawn with females even if a large male is absent
(6), a strong indication that this is indeed a successful alter
native way to be a male. Both resident rainbows and steel
head can spawn annually, but it is not unusual for fish to
skip a year between spawns. After spawning spent steelhead
often move gradually downstream and hang out in pools for
periods of time during the downstream migration. In Wad
dell Creek females seem to move downstream fairly quicldy
after spawning while males tend to linger for the chance of
additional spawning; as a result the weight loss ofboth sexes
is similar by the time they return to the ocean (70). Steel
head can spawn up to four times, but mortality rates be
tween fish of succeeding ages are high, typically 50-75 per
cent, so that very few fish spawn so often.

The number of eggs laid per female depends on size and
origin but ranges from 200 to 12,000 eggs. Rainbow trout
measuring under 30 cm TL typically contain fewer than
1,000 eggs; steelhead contain about 2,000 eggs per kilogram
of body weight.

The eggs hatch in 3-4 weeks (at 10-15°C), and fry
emerge from the gravel 2-3 weeks later. The fry initially live
in quiet waters close to shore and exhibit little aggressive be
havior for several weeks.
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Status IA-E, IID. It is ironic that whereas rainbow trout are
probably the most widely distributed fish in California,
many of their distinctive populations are in danger of ex
tinction. Their wide distribution is largely a result of two
factors: (1) the ease with which they are raised in hatcheries
and then planted to support fisheries and (2) planting of
rainbow trout in coldwater streams outside their native
range. When fish ofhatchery origin dominate, native strains
tend to disappear. This section therefore deals first with
hatchery trout and then with native forms.

Hatchery rainbow trout. The term hatchery rainbow
trout refers to any resident trout that has spent part of its life
cycle in a hatchery; most such fish are thorougWy domesti
cated, having been the result of 50-100 generations of se
lection for life in hatcheries. Hatcheries were developed to
support trout fisheries because rainbow trout are the most
popular game fish in California. After World War II the per
ception of fisheries agencies was that demand for trout was
far beyond the natural reproductive capacities of wild pop
ulations, especially when so many trout streams had been
altered by dams. Therefore CDFG began devoting a consid
erable portion of its fishing license revenues to rearing do
mestic trout for planting on a put-and-take basis, a practice
that still continues. (Put-and-take trout are raised to be
caught as quickly as possible.) Most trout planted measure
18-30 cm TL and are caught within 2 weeks of planting
(49). This is fortunate because hatchery-raised rainbows are
ill adapted for survival in streams and are likely to die of

tures in high mountain areas may delay spawning until July
or August. In some streams in the Bay-Delta region, such as
Putah Creek below Monticello Dam, spawning takes place
in December.

For steelhead, age at maturity depends on the combina
tion ofyears in fresh water (1-3 years) plus years at sea (1-4
years). In their classic study of steelhead in Waddell Creek,
Santa Cruz County, Shapovalov and Taft (6) identified 32
different freshwater-saltwater combinations, but most fish
were offour types: 2/1 (30%),2/2 (27%),3/1 (11%), and 1/2
(8%). The relative abundance of these types varies from
river to river. In the lower Klamath River over half the
spawners are 2/2, the percentage increasing in tributaries,
with the added wrinkle that most return to fresh water as
half-pounders as well (47). In addition, in the Klamath and
a few other North Coast drainages, there are runs of both
winter and summer steelhead, with the latter fish coming in
while still immature and delaying spawning for 8-10
months (5). To make matters even more complicated, small
precocial jack males that may have spent only a few months
at sea, or not gone to sea at all, are present in most steelhead
populations. This variability in life history strategy pre
sumably allows steelhead to maintain their abundance and
genetic diversity in the face ofhigh variability in both ocean
and stream conditions, and allows them to use a wide vari
ety of stream habitats.

California winter steelhead enter coastal streams after
rains increase flows, which in turn breach sandbars on
mouth lagoons and permit passage through lower reaches.
Fish may move upstream any time during the period
December-March, although the peaks for such activity are
typically in January and February. Summer steelhead seem
to enter streams as flows taper off in spring and spawn the
following winter. Steelhead and other rainbow trout have
well-developed homing abilities and usually spawn in the
same stream and area in which they had lived as fry. This
means that races and runs of trout develop that are adapted
to local conditions. Summer steelhead, for example, prefer
holding in deep (3 m or more), cold (10-15°C) pools dur
ing summer, but they sometimes persist even when tem
peratures reach 25-27°C for short periods of time. These
fish are also capable of spawning in tributaries that dry up
during summer, because fry emigrate soon after hatching.

As in most other salmonids, the female digs a redd with
her tail, usually in the coarse (1-13 cm diameter) gravel of
the tail of a pool or in a riffle. Water velocities over redds are
typically 20-155 cm/sec, and depths are 10-150 cm. Mating
behavior between a pair of large adult fish is similar to that
of other salmonids but is complicated by the presence of
other males, which sneak in to spawn along with the mated
pair. In steelhead, the sneaker males can range from small
parr (15-20 cmFL) that have probably never been to sea, to
jacks, to slightly smaller subordinate sea-run males, kept at

mm at the end of their second year, 190 mm at the end of
their third year, and 235 mm at the end of their fourth year
(45). In warm, low-gradient streams they may reach 90-100
mm FL in year 1, 150-210 mm in year 2, 210-300 mm in
year 3, and 300 mm or more in year 4, although fish older
than 3 years are rare (especially in heavily fished popula
tions). In large productive streams, such as the upper Sacra
mento River, fish may reach 140-150 mm FL in year 1 and
measure 380-400 mm byyear 4, growing 30-50 mm/year in
subsequent years as they feed increasingly on fish (45). In
the neighboring McCloud River, which is cooler, growth
rates are similar to those in small headwater streams, but
fish may reach 30-35 cm FL by living 6 or 7 years (46).

Growth ofsteelhead in fresh water is also highlyvariable,
but sizes of 10-12 cm FL at the end ofyear 1 and 16-17 cm
at end of year 2 are fairly typical in larger streams where
food is abundant. In small California streams with low
summer flows, steelhead usually measure 5-9 cm FL at the
end oftheir first summer and 10-16 cm at the end oftheir
second summer. If summer flows are higher and food is
abundant, they may reach 10-20 cm FL in their first year.
An additional spurt of growth may occur in spring, just
prior to smolting (70), giving smolts age 1 and above an ad
ditional size advantage. Steelhead smolts migrate out to sea
at 1-3 years of age, at 10-25 cm FL. After 1-2 years at sea
they return at 35-65 cm (1.4-5.4 kg) (47).

In alpine lakes and reservoirs rainbow trout reach 10-16
cm FL in their first year, 13-20 cm in their second, and
19-22 cm in their third. In such lakes they seldom live
longer than 6 years or grow to more than 40 cm FL. In Eagle
Lake trout are raised in a hatchery for 18 months until they
reach 30-40 cm FL and then planted in the lake. Trout mea
suring 43-46 cm TL are 2 years old, and those 46-56 cm are
3 years old. Similar growth is achieved by fish planted as
fingerlings in some reservoirs (e.g., Crowley Reservoir,
Mono County), but generally it is somewhat slower, espe
cially after the first year. The largest known nonsteelhead
rainbow trout (from Jewel Lake, British Columbia) weighed
23.9 kg (48), although the largest one caught by angling
(from Lake Pend Oreille, Idaho) weighed 16.8 kg. The
largest such fish from California (Feather River) weighed
9.6 kg; the largest California steelhead known (Smith River)
weighed 12.4 kg (caught in 1976). The largest steelhead on
record, from Alaska, weighed 19.1 kg (48). The oldest rain
bow trout known are those from Eagle Lalce; they once
reached 11 years before the population became supported
by hatchery fish. Steelhead occasionally live for 9 years, but
in general rainbow trout 6-7 years old are unusual.

Most nonanadromous rainbow trout mature in their
second or third year, but the time of first maturity varies
from the first to the fifth year. Mature fish can be of any size
from about 13 cm FL on up. Most wild rainbow trout are
spring spawners, from February to June, but low tempera-
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starvation or stress within a few weeks if not caught. Iflarge
numbers are planted in streams with wild trout popula
tions, their sheer numbers are likely to disrupt established
hierarchies, making wild fish more vulnerable to angling.
Such streams generally must be continually planted if any
sort of trout fishery is to be sustained because neither wild
nor domestic trout can maintain themselves very easily. The
increasing popularity of catch-and-release fishing has re
sulted in many anglers questioning the value ofplanting do
mestic trout in streams. One response has been to plant fish
mainly in roadside streams subject to heavy angling use or
in streams that cannot sustain wild trout.

In lakes the survival rates of planted catchable-size fish
are much higher than those in streams because a compara
tively low expenditure of energy is required to stay alive
(and become adjusted to the environment) in the absence
of current. In addition, the trout are less vulnerable to
angling and predators. In some reservoirs, such as Crowley
Reservoir, food is so abundant and available to hatchery
rainbows that they grow very quickly and to fairly large
sizes. In hundreds of once-fishless alpine lakes, rainbow
trout are planted, usuallyby airplane, as fingerlings. Despite
the low productivity of these lakes, enough trout survive
and grow to support back country fisheries. A hidden cost
of these aerial transplants has been changes in lake eco
systems, represented by extirpation of some invertebrates
and elimination of many populations of the mountain
yellow-legged frog (Rana 111uscosa) (55). In many lightly
fished lakes planted on a routine basis, trout have estab
lished self-sustaining populations, so stocking is not really
necessary to sustain fisheries (50). It is clear that the policy
of aerial planting of trout in wilderness lakes needs careful
evaluation (see also the discussion as part of the account of
brook trout).

Despite generally low survival rates of planted trout in
streams, a few apparently survive and occasionally inter
breed with wild trout. This was probably more generally
true in the past, when plants were frequently made of trout
of wild origin. Thus indiscriminate planting of rainbow
trout has led to loss through hybridization of many popu
lations of rainbow, redband, and golden trout, as well as of
cutthroat trout. Only in the past few decades have the aes
thetic values of distinctive local populations been officially
recognized and large-scale efforts made to conserve them.

Hatchery steel head. Steelhead have been propagated in
California hatcheries since the 1870s based on the idea that
hatcheries would greatly increase steelhead numbers. The
idea gained in popularity after dams and diversions cut off
access to much of their historical upstream habitats (51).
Hatchery steelhead have been a mixed blessing, at best. Al
though they probably maintained the steelhead fishery in
the Sacramento River and a few other places, they also al
lowed habitat protection and restoration to be largely ig-

were also listed as Threatened in 1997 by NMFS. In the five
largest streams in the region (Pajaro, Salinas, Carmel, Big
Sur, and Little Sur Rivers), a total of fewer than 500 fish
spawned annually during years of drought (1987-1991),
down from around 5,000 in the early 1960s (4). Numbers in
small creeks in San Luis Obispo County were also very low
during the drought. Numbers have partially rebounded to
predrought levels, although these levels were depressed
from historical levels. For example, in a study that crossed
ESU boundaries, steelhead were noted to have been present
historically in 72 streams in San Mateo,. Santa Cruz, and
Monterey Counties. In the early 1990s they were still at his
toricallevels in 17 streams, in decline in 32, extirpated from
1, and ofunknown status in 26 (56). Causes ofdecline in the
region are multiple but are directly related to dams and di
versions, siltation of spawning areas, and blocking of access
to spawning areas by culverts and other barriers (56). Pop
ulations in small, permanent streams of the Big Sur Coast
have remained in good condition.

Southern steel head. lB. This distinctive ESU was listed
as Endangered by NMFS in 1997, reflecting the fact that its
distribution largely coincides with the concentration ofhu
man populations in southern California. Most of its streams
have been dammed, diverted, and urbanized to one degree
or another. Of92 streams in which it historically spawned in
the six south coastal counties, it is now absent from 39, in
cluding all streams south ofVentura County, except Malibu
Creek (Los Angeles County) and San Mateo Creek (San
Diego County) (61). The total stream miles in which juve
niles now rear amount to less than 1 percent of the histori
cal number (17). In all larger streams its numbers are a small
fraction of its original abundance. Although there is consid
erable interest in at least maintaining the remaining anadro
mous populations of this fish, restoration will be difficult
given increasing population pressures combined with the
effects of global warming, which is likely to make both
streams and the ocean off southern California less habitable
for southern steelhead. Nevertheless, restoration of this un
usual ESU is possible if adequate flows are provided, habi
tats are restored on a watershed scale, and access is provided
to historical spawning and rearing areas (72,76,78).

McCloud River redband trout. lB. Because of questions
about the exact distribution of"pure" forms ofthis trout, its
status is poorly known, although even the most generous
definition of the form would still make it a species of con
cern because of its limited distribution. Its populations cen
ter in a few small creeks, most notably Sheepheaven Creek,
that have until recently been subjected to abuse from log
ging and grazing (17). The upper McCloud River has been
subjected to annual plants of hatchery rainbow trout and
heavy fishing (halted in 1995), so the mainstem fish are ge
netically closest to coastal rainbows (65). An interagency
conservation agreement was signed in 1998 that limits the
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of the main reasons given for the listing of this ESU by
NMFS. In the Eel River introduced pikeminnows have,
through predation and competition, decreased the capacity
of the mainstem river to grow juvenile steelhead. The Mid
dle Fork Eel River is also one ofprincipal remaining strong
holds for genetically distinct summer steelhead (77), al
though their numbers have declined from their historical
abundance; the river supports an annual run of 400-1,700
fish, which are vulnerable to poaching (17).

Central Valley steelhead. lB. This ESU was listed as
Threatened by NMFS in 1998. Winter steelhead were once
widely distributed in the Sacramento and San Joaquin
drainages, but construction of dams on most of its tribu
taries separated them from historical spawning and rearing
areas. The principal remaining wild populations are a few
hundred fish that spawn annually in Deer and Mill Creeks,
Tehama County, and a population of unknown size in the
lower Yuba River. Apparent wild steelhead are found else
where in the Sacramento system, mainly in the cold tail
waters of dams, but their identity is confused by the pres
ence of hatchery fish (of Eel River origin in the American
and Mokelumne Rivers) and by the presence of various
strains of rainbow trout of hatchery origin in rivers. With
the possible exception of a small population in the lower
Stanislaus River, steelhead appear to have been extirpated
from the San Joaquin basin (54).

Central coast steel head. lB. This ESU was listed as
Threatened by NMFS in 1997, based on an estimated 85
percent decline in abundance between 1960 and 1997. Even
in 1960 its numbers must have been reduced from histori
callevels, given urbanization, intensive grazing, agricultural
conversion, dams and diversions, and many other insults to
watersheds that have been accumulating for 150 years. The
Russian River was once the third most productive water
shed for wild steelhead in California (after the Sacramento
and Klamath Rivers), with annual runs of 20,000-60,000
fish supporting an important instream fishery (57). In re
cent years numbers have been highly variable, in the
500-10,000 range, with most fish of hatchery origin. The
only major hatchery is Warm Springs Hatchery in the Rus
sian River drainage, which was built to compensate for the
impact of a major dam on Dry Creek; since the dam was
built, steelhead numbers have declined, on average, "only"
bya factor of seven (55). In small streams of coastal SanMa
teo and Santa Cruz Counties, steelhead numbers seem to
have been relatively stable, iflow, since the 1970s. Most wa
ter diversions and severe logging occurred earlier, as did
major declines. In tributaries to San Pablo and San Fran
cisco Bays, steelhead have been nearly eliminated from low
land streams by dams, diversions, urbanization, and flood
control projects. However, many upstream habitats have
healthy resident trout populations, derived from steelhead.

South-Central coast steel head. lB. These steelhead

nored until recently. Often native populations (e.g., that in
the Sacramento River) declined despite hatcheries. It is likely
that hatcheries often removed more native fish as brood
stock from the river than they were able to produce. In re
sponse hatcheries imported stock better adapted to hatchery
conditions from elsewhere (e.g., Eel River stock for the Nim
bus Hatchery on the American River). Even though domes
tic steelhead typically have lower survival rates once released
than wild steelhead (52), they can be produced in large
numbers to make up for it. Hatchery steelhead, both as ju
veniles and as adults, then have negative genetic and behav
ioral interactions with remaining~ildsteelhead in streams,
continuing the downward spiral ojwild populations.

Coastal rainbow trout (resident). IE. Coastal rainbow
trout are the common wild rainbow trout in most of Cali
fornia, either as natural populations or through introduc
tions into other areas. Although the genetic identities of dis
tinct local populations have been lost in many instances as
a result ofplanting hatchery fish, wild strains adapted to lo
cal environmental conditions may persist (53). Some resi
dent fish present above dams may represent landlocked ver
sions of the original steelhead populations.

Klamath Mountains Province steel head. Winter-run
steelhead ID; summer steelhead lB. Listed as a candidate for
Threatened status by NMFS in 1998, steelhead in the
Klamath-Trinity basin have had their range reduced by the
construction of major dams on the Klamath, Trinity, and
Shasta Rivers, with further declines caused by downstream
changes to channels and water temperatures from de
creased flows. Poor watershed management (connected
with such practices as grazing, logging, and road building)
has contributed to declines as well, especially as a result of
siltation ofholding pools and spawning riffles and increases
in water temperatures due to loss of shading. Interactions
with hatchery steelhead have contributed to further de
clines of wild populations, as may have fisheries, including
catch of steelhead in gill nets on the high seas. Winter-run
steelhead are nevertheless still widely distributed and fairly
common in the basin, although much less abundant than
formerly. Summer steelhead, however, are in danger of ex
tinction because, in addition to all the usual causes of de
cline, they are exceptionally vulnerable to poaching when
oversummering in pools. As a consequence, during the
1990s there were perhaps 1,000-1,500 adults divided
among eight populations-less than 10 percent of their
former abundance (17).

Northern California steelhead. Winter-run steelhead
IC; summer steelhead lB. Steelhead in North Coast streams
were listed as Threatened by NMFS in 2000. They are still
widespread, but their numbers continue to decline for the
same reasons as in the Klamath-Trinity region, with each
river having its own suite of problems. The continuation of
logging practices destructive to steelhead streams was one
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GOLDEN TROUT

Taxonomy Golden trout are three subspecies of rainbow

trout native to the upper Kern River basin: California
golden trout, O. m. aguabonita; Little Kern golden trout, O.
m. whitei; and Kern River rainbow trout, O. m. gilberti. They
are here treated separately from the rest ofthe rainbow trout
subspecies because (1) historically the two classic golden

trouts (aguabonita, whitei) have been treated together as a
separate species (which they decidely are not), (2) the Cali
fornia golden trout is the official state fish of California, and
(3) there is a great deal of interest in their taxonomy, biol

ogy, and conservation.
The three golden trouts are part ofthe redband-rainbow

trout complex found in isolated areas of California and

Oregon and apparently represent remnants of the first in
vasion of rainbow trout into the region. They were subse
quently replaced in lowland areas by coastal rainbows, leav
ing the isolated populations to go in their own evolution
ary directions. The three trouts of the upper Kern basin
have color patterns that make them very distinctive to the
human eye but are otherwise similar to other types of rain

bow trout. As a consequence they have been subject to

a black band. The dorsal fin also has a white to orange tip.
The following meristic characters usually fit golden trout as
defined below: scales in lateral series, 150-210; scales above
lateral line, 34-45; pelvic fin rays, 8-10; gill rakers, 17-21;
pyloric ceca, 20-40; vertebrae, 58-61 (1,2). Basibranchial

teeth are present in some gilberti and whitei trout.

Golden trout, Oncorhynchus mykiss subspp.

Upper locations are
for red band trout.

Identification Golden trout are rainbow trout (see the ac
count of this species), so the basic rainbow trout character
istics apply to this subspecies. However, the coloration of
golden trout is spectacularly bright: the belly, cheeks, and
branchiostegals are bright red to red-orange; lower sides

bright gold; central lateral band red orange; and back deep
olive green. About 10 parr marks are usually present, even
in adults, centered on the lateral line. Spots are large and
concentrated on the dorsal and caudal fins. Body spotting is
highly variable, but spots are usually scattered across the
back with a few below the lateral line; the gilberti form is
heavily spotted. The pectoral, pelvic, and anal fins are or

ange, the latter fins having white to yellow tips preceded by

Figure 93. Top: California golden
trout, 18 cm SL, Clarence Lake,
Fresno County. Bottom: McCloud
River redband trout, 19 cm SL,
Sheepheaven Creek, Shasta County.

problems are being solved one by one, as the stream is
fenced, old channels restored, barriers created by roads and
a railroad breached, and land use patterns changed. One
major problem that still exists is the presence of a large pop
ulation ofalien brook trout in the prime spawning and rear
ing area for the trout, 45 km upstream from Eagle Lake. This
population will probably have to be eradicated iflarge num

bers of Eagle Lake trout are ever to be produced naturally
(17). It is possible, however, that reduction of the brook
trout population followed by heavy planting or reproduc
tion of Eagle Lake rainbows could eventually eliminate
brook trout, given the fairly warm summer temperatures of
upper Pine Creek. Weaning of the Eagle Lake trout and its
fishery from dependence on hatcheries is a necessary but
long-term process, as is restoration of most wild rainbow
trout populations.
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stocking of trout above Middle Falls to trout other than
rainbow trout. In 1998 brook trout were planted (62). How
ever, redband trout in tributaries would be even more se
cure (e.g., free from the threat of disease) if all stocking of
trout was halted, regardless of species.

Goose Lake redband trout. lB. The long-term persis
tence of this fish depends largely on the health of popula
tions in the headwaters of streams flowing into Goose Lake

in Oregon and California, even though much of the con
servation attention has focused on large fish in the lake it
self. The extirpation of the lake population during a
drought and its subsequent partial recovery indicate the
probable importance of downstream colonization of the
lake from headwater populations. Because of the high level
of concern over extirpation of Goose Lake redbands (and
other native fishes) from Goose Lake when it dried up, con

servation efforts have been under way in the watershed, by
both agencies and private landowners, to restore streams
(e.g., by changing grazing practices) and to remove or alter
migration barriers. The future of this fish is much more
promising now than it once was (17).

Eagle Lake rainbow trout. lB. This would seem to be a
form that is secure, because it supports a major trophy fish
ery in Eagle Lake and is reared in large numbers in hatch

eries by CDFG for planting in the lake. The fishery is sup
ported by two types of Eagle Lake trout: those that are
reared from "wild" fish collected annually at a weir on the
mouth of Pine Creek and those that are from domesticated
brood stock of Eagle Lake trout. It is assumed that domes
tic fish do not mix with fish ofwild origin returning to Pine
Creek, the historical spawning stream for Eagle Lake trout,
which seems unlikely. The Eagle Lake trout depends on

hatcheries for its existence because Pine Creek became in
accessible for spawning in most years after roads, railroads,
grazing, and logging changed its basic hydrology. In 1950 a
small number of fish Were taken from the creek by CDFG
and spawned in the hatchery. The 600 trout that resulted
then became brood stock, and some were replanted in the
lake. In 1959 the annual program of trapping fish for hatch

ery spawning began (with 16 fish), and little or no natural
reproduction was allowed to take place (62). These actions
saved the Eagle Lake trout from extinction.

Unfortunately, 50 years of reliance on hatchery produc
tion has probably altered the genome of the fish, and this
change may increase the difficulty of reestablishing a natu
ral population. A major effort is now under way to restore

the Pine Creek watershed, using a Coordinated Resource
Management Process that involves dozens of agencies,
ranchers, and interest groups. The goal is to restore a natu
rally spawning population of Eagle Lake trout. Restoration
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Names See the account of rainbow trout for genus and
species names. Aguabonita means beautiful water and "is
the name of a cascade on Volcano Creek, near which this
trout abounds" (7, p. 504). Gilberti is after Charles Gilbert,
a taxonomist who described many species ofwestern fishes,
while whitei honors Stewart Edward White, a naturalist who
wrote about golden trout. California golden trout are occa
sionally referred to as Volcano Creek golden trout.

Distribution Golden trout, as defined here, are native only
to the upper Kern River basin, Tulare and Kern Counties.

Kern River rainbow trout were once widely distributed
in the system; in the mainstem they probably existed down
stream as far as Keyesville (below where Isabella Dam is to
day) and in the South Fork downstream as far as Onyx. To
day populations defined as Kern River rainbow trout live in
the Kern River from Durrwood Creek upstream to Junction
Meadow. Populations were established through transplan
tation in Rattlesnake and Osa Creeks, and possibly upper
Peppermint Creek and others (23). Much of their remain
ing habitat is in Sequoia National Forest (about 291=) and
Sequoia National Park (about 40 km).

Little Kern golden trout are native to and are still found
in the Little Kern River above the falls on the lower river, al
though some of these populations show signs of introgres
sion with coastal rainbow trout (23).

California golden trout are native to Golden Trout
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Status IB. Golden trout are the official freshwater fish of
California and have been accorded high priority for preser
vation and management. Their continued existence, espe
cially in their native range, requires intensive management
and continuous monitoring.

Little Kern golden trout were listed by USFWS as
Threatened in 1977 after surveys determined that un
hybridized populations existed in only six small streams in
the Little Kern basin, about 10 percent of their original

(11). The stomachs of golden trout in a Sierra lake in July
1970 contained large caddisfly larvae, with cases, and hun
dreds of tiny seed shrimp (Ostracoda). The latter organisms
were swarming among beds of rushes that grew close to
shore. The ability of golden trout to feed on such micro
crustaceans has undoubtedly contributed to their success in
mountain lakes.

In small streams in their native range golden trout have
slow growth rates, reflecting the low productivity, the short
growing season, and (in some areas) the high densities of
trout (8). They can live up to 9 years, which is remarkably
long for a stream-dwelling trout. In streams they typically
attain 3-4 em SL by the end oftheir first summer oflife, 7-8
em by the end of their second summer, and 10-11 em by the
end of their third summer, and they grow 1-2 em/year
thereafter, reaching a maximum size of 19-20 em SL (8). In
troduced populations in lakes grow somewhat faster; they
reach lengths of 4-5 em FL during the first year, 10-15 em
by the second, 13-23 em during the third, and 21-28 em by
thefourth (11, 12). In lightly fished lakes golden trout reach
35-43 em FL by the seventh year. The largest golden trout
from California weighed 4.5 kg and was taken from Virginia
Lake, Madera County; the largest on record, from Wyoming,
weighed nearly 5 kg and measured 71 em TL (11). Quite
likely these fish were hybrids with coastal rainbows.

Golden trout become mature in their third or fourth
year and spawn when water temperatures reach 10-15°C
and high spring flows decline, usually by mid-May through
June (15, 16). Mature females (>95 mm) dig wide, shallow
redds in riffles with surprisingly small substrates (4- to 12
mm gravel), shallow depths (5-20 em), and water velocities
of 30-70 em/sec (15, 16). Spawning activity is highest dur
ing midafternoon, when water temperatures are highest
(15). Although spawning has been observed in lakes, it is
rarely, if ever, successful, and attempts to establish golden
trout in lakes without inlets or outlets suitable for spawning
have mostly failed (14). Each female lays 300-2,300 eggs, the
number depending on the size of fish according to the for
mula N = 1O.44FLcrn -1290 (11).

The embryos hatch in about 20 days at 14°C. The fry,
measuring 25 mm TL, emerge from the gravel 2-3 weeks af
ter hatching. Fry from lake populations move into the lake
at around 45-50 mmTL (11).

River basin. Kern River rainbows probably also coexisted
with Sacramento pikeminnow and hardhead, where their
elevational ranges overlapped.

The high mountain habitat of golden trout is tied to their
brilliant colors. Although the colors may fade dramatically
in golden trout kept in hatcheries or planted in lakes, with
out doubt they have a genetic basis (10). It is clear, therefore,
that the bright colors have an adaptive significance, partic
ularly because similar brilliant coloration has evolved inde
pendently in other Western trout from high mountain ar
eas, such as Paiute cutthroat trout, Gila trout (0. gilae) ,
Apache trout (0. apache), and Mexican golden trout (0.
chrysogaster). The usual explanation given is that bright col
ors make fish less visible to predators in clear streams with
bottoms of bright, rust-colored volcanic rocks. Although
this may be a partial explanation of the phenomenon, espe
cially in smaller streams of the upper Kern River basin, the
bottoms of streams to which golden-colored trout are na
tive are not consistently brightly colored, especially in areas
where decomposed granite makes up ~uch ofthe substrate.
In addition, birds and mammals likely to prey on trout are
infrequent in high mountain areas. An alternative explana
tion is behavioral. Most stream-dwelling trout species, es
pecially males, assume bright colors during the breeding
season. It is advantageous for male trout to temporarily sac
rifice some of their cryptic coloration to increase their
chances of reproductive success. Brightly colored males
tend to be most attractive to females and to have the great
est success in defending breeding territories. Stream
dwelling trout often defend feeding areas from other trout
when they are not spawning, but the advantages of being
brightly colored are outweighed by the disadvantages ofbe
ing more visible to predators. Because golden trout evolved
in an area where predators are scarce, it would be advanta
geous for them to retain brilliant colors even when not
spawning. The most brightly colored fish would have the
greatest success in defending feeding territories and be able
to grow faster, increasing reproductive success by achieving
larger sizes and, perhaps, maturity at younger ages.

One indication of the shortage of natural predators in
golden trout habitat is that golden trout are active through
out the day and night, although they do prefer to hold near
cover and are most likely to be found in open water at night
(21). They have home ranges in small streams, typically
measuring around 16-18 m (22), buttheyrarelymovemore
than 5 m in a day (21, 22). Long-distance movements seem
to take place mainly at night (21).

Golden trout feed at all times of day and at temperatures
as low as 2°C (21). Their food is essentially every inverte
brate that lives in or falls into their waters. In streams these
are primarily larval and adult aquatic insects, plus a few ter
restrial forms. In lakes golden trout eat mainly caddisfly lar
vae, chironomid midge larvae, and planktonic crustaceans

Life History Most studies on golden trout have been on
populations of California golden trout, so this summary is
largely of their biology. Presumably the biology of the other
two forms is similar.

Golden trout are largely native to streams of the Kern
Plateau at elevations above 2,300 m. Because the valleys of
the plateau were not subjected to Pleistocene glaciation,
they are broad, flat, and filled with alluvium, creating wide
meadows through which streams meander. These streams,
the principal habitat of golden trout, are wide, shallow, and
exposed, with limited riparian vegetation to provide cover.
The bottoms consist largely of sand, gravel, and some
cobble. The water is clear and usually cold, although sum
mer temperatures can fluctuate from 3 to 22°C on a daily
basis (8). Preferred habitats of the trout are pools and areas
associated with undercut banks, aquatic vegetation, and
clumps of sedges (21,22). The exposed, downcut nature of
the streams today is largely the result of heavy grazing of
livestock, which began in the 1860s, causing compaction
and accelerated erosion of loose alluvial deposits (9, 20).
The trout are also found in higher-gradient streams above
the valleys, in more conventional pool-riffle-cascade habi
tats, but many of these populations may have been the re
sult of early transplants above barriers. Outside their native
range golden trout occur in a wide range of habitats, from
mountain lakes to small cold streams. The principal char
acteristic ofthe high-elevation waters in which golden trout
have established self-sustaining "pure" populations is the
absence ofother trout species, although they do coexist nat
urally with Sacramento suckers in part of their native Kern

Creek (of which Volcano Creek is a small tributary) and the
South Fork Kern River in the upper Kern River basin (2, 3).
However, this fish has been translocated into many other
waters within and outside California. Even before they had
been formally described, they were being moved by enthu
siastic fishermen to other drainages in the Sierra Nevada!
One early transplant was into Cottonwood Lakes not far
from Golden Trout Creek. The lakes have served as a source
of golden trout eggs for stocking other waters. As a result
they were introduced into more than 300 high mountain
lakes and streams outside their native range in California
alone. About 100 of these lakes have since lost their golden
trout populations (23). In any case, it appears that most
transplanted golden trout populations in California, in
cluding those in Cottonwood Lakes, are hybridized with
coastal rainbow trout of hatchery origin (24).

California golden trout have become established in
mountain waters in other Western states and provinces, es
pecially the Rocky Mountain states, as a result of trades
among hatcheries of various trout stocks in the 1920s and
1930s. Most of these populations have also apparently hy
bridized with either coastal rainbows or cutthroat trout (2).
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much taxonomic confusion and controversy (1, 2, 3, 4).
Three species of golden trout were originally described:
Salmo aguabonita from the South Fork Kern River (Volcano
Creek), S. whitei from the Little Kern River, and S. roosevelti
from Golden Trout Creek, along with Kern River rainbow
trout as a subspecies of rainbow trout (5. gairdneri gilberti)
(5). However, the first two forms were eventually recog
nized as subspecies of S. aguabonita: S. a. aguabonita and
S. a. whitei, and S. roosevelti became a color variant of S. a.
aguabonita. More recently studies of meristic variation
demonstrated that the two "classic" golden trouts and Kern
River rainbow trout are all rainbow trout, rather than sep
arate species (1,2). This status was actually recognized as
far back as 1893 byD. S.Jordan, who described golden trout
as an offshoot of Kern River trout and made both of them
subspecies of rainbow trout (19). Genetic evidence confirms
both the relatedness and distinctiveness of the three forms
(3,6). Although "pure" populations of the three forms can
be distinguished biochemically (6), the identity of most
Kern River rainbows is cloudy. The present-day population
of wild rainbow trout in the Kern River that are heavily
spotted like original Kern River rainbow appear to be hy
brids between California golden trout and coastal rainbow
trout, with golden trout alleles becoming more prevalent as
one moves upstream (13,27).
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slash marks are faint or absent in young «8 cm TL) or sea
run trout and are sometimes present on rainbow trout.
More definitively, they possess basibranchial teeth, which
can be detected by feeling the floor of the "throat" with one
finger. Coastal cutthroat are similar to rainbow trout in
overall body color, but spotting is heavier, particularly be
low the lateral line and on the posterior half of the body.
Spots are also frequently present on the anal and paired fins,
which otherwise are uniform in color. Lahontan cutthroat
are similar to coast cutthroat, except that the body tends to
be dark olive to reddish yellow and the spots are larger and
fewer. Paiute cutthroat trout have coppery, greenish, or yel
lowish bodies with parr marks retained by the adults; their
bodies and caudal fins are largely without black spots, al
though there are generally a few on the dorsal and adipose
fins. Cutthroat trout in general have larger mouths (longer
maxillary bones) and more slender bodies than rainbow

elimination of grazing, most roads, harmful recreational
practices (e.g., offroad vehicle use), logging, and other de
grading factors. As much as possible, alien fishes must be
eliminated from the basin above natural barriers. Where
aliens cannot be eliminated entirely, artificial barriers
should be constructed to protect upstream areas, recogniz
ing that they are bound to fail periodically and that expen
sive reclamation projects will have to be repeated. Angling
regulations (preferably catch-and-release only for native
trout andkeep-all-you-catch for nonnative trout) shouldbe
strictly enforced, and educational programs should be put
in place to discourage anglers from moving nonnative trout
into native trout waters.

Cutthroat Trout, Oncorhynchus clarki (Richardson)

Identification Cutthroat trout are usually recognized by
numerous black body spots and yellow to red slashes ofpig
ment under each side of the lower jaw. However, cutthroat

Figure 94. Top: Lahontan cutthroat trout, 25 cm
SL, Granite Lake. Bottom: Paiute cutthroat trout,
16 cm SL, Silver King Creek, Alpine County.

rainbow trout stocked in tributary streams with catchable
size fish identified as Kern River rainbow trout; if this pro
gram does not succeed, the entire stocking program in the
basin will be reevaluated (26). Surveys to monitor trout
populations and identify habitats in need of improvement
are scheduled at 5-year intervals.

California golden trout are listed as a Species of Special
Concern by CDFG. Until about 1980, they did not arouse
much conservation concern because they had been so
widely transplanted and because they seemed to be doing
well in their native range. However, transplanted popula
tions either did not persist or hybridized with other trout.
In their native range they became threatened by a combina
tion ofinvasion ofnonnative trout and habitat degradation.
Alien brown trout are a continuous threat as predators and
competitors, even though theywere largely eradicated from
golden trout streams in the early 1980s and barriers were
constructed to prevent their reinvasion. Unfortunately;
most barriers are temporary. In the South Fork Kern River
the two artificial barriers need frequent repair, especially af
ter high-flow events. The uppermost barrier (at Templeton
Meadows) was recently reconstructed and appears to be ef
fective in excluding brown trout. The lower barrier (at
Monache Meadows) has not been very effective, and in 1993
CDFG biologists found a reproducing population ofbrown
trout above it. It is most likely that the trout ascended the
barrier during high flows, when the water drop was less than
1 m, but it would also have been relatively easy for anglers
to have moved fish over the barrier (23).

Another threat to California golden trout is degradation
of their streams from livestock grazing, which continues
(legally) even though the streams are now located in the
Golden TroutWilderness Area (Inyo National Forest). Some
reaches of stream from which livestock are excluded have
higher populations than reaches to which livestock are al
lowed access, trampling banks, eating riparian plants, and
polluting the water (20). Other fenced reaches, however,
show little improvement because grazing upstream still
causes sedimentation and affects processes that create the
deep, narrow channels needed by trout (23). Despite graz
ing, golden trout densities (1.3-2.7 fish per square meter)
and biomass (16-21 g/m2 ) are among the highest recorded
for trout streams anywhere (20). Unfortunately, the wide
and shallow stream morphology created by grazing favors
small trout, so few fish exceed 150 mm TL.

In the long run the survival of golden trout in their na
tive habitats will depend on considering the upper Kern
Basin as the truly special place it is. As the only major
unglaciated watershed in the Sierra Nevada, it contains
other unusual or endemic plants and animals as well. The
fragile meadow systems through which classic golden trout
streams flow must be treated with special care through the
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160 km of stream, and in a nearby stream (Coyote Creek)
established from a transplant made in the 1880s (17). The
immediate cause of decline was competition with brook
trout and hybridization with coastal rainbow trout, al
though habitat degradation from logging and grazing also
reduced the ability of some streams to support trout. To
eliminate alien trout, stream by stream, section by section,
alien and hybrid trout were chemically treated by state and
federal agencies. This work was completed in 1998. Unfor
tunately, hybrid Little Kern golden trout reappeared in the
mainstem and some tributaries, as a result of any or all of
the following: illegal planting of rainbow trout; stocking of
genetically contaminated, hatchery-reared golden trout; or
possible treatment failures (23). Up to 70 percent of the
watershed may have to be treated again to remove hybrid
fish (23).

Kern River rainbow trout are listed as a Species of Spe
cial Concern by CDFG. The form was thought to have dis
appeared through introgression with nonnative rainbow
trout (18), although it mayhave originated as a result ofnat
ural invasion ofcoastal rainbows into golden trout streams
(13). Genetic studies in the 1980s suggested that this fish
was still extant in some of its native range (3), but more re
cent studies indicate that genetically distinctive fish that can
be assigned to this taxon no longer exist in most areas (27).
However, the continued presence ofheavily spotted, brightly
colored fish that look like original Kern River rainbow
trout has encouraged management efforts to maintain this
phenotype. Primary threats to remaining populations are
continued introgression with nonnative rainbow trout and
habitat losses from poor watershed management (con
nected with such practices as grazing, logging, and road
building), combined with such stochastic events as floods,
drought, and fire. For example, some of the present habitat
of the fish suffered from the Flat Fire of 1976 and subse
quent landslides that filled in pools and deposited silt in
spawning areas. In addition introduced beaver have signifi
cantly altered the river in Kern Canyon in Sequoia National
Park, flooding meadows and increasing braiding and me
andering in the channel (25), thus reducing habitat avail
able for trout.

Efforts are being made to identify those streams still re
taining the "best" Kern River rainbow trout. A management
plan for the upper Kern River basin (above Isabella Reser
voir) has been drafted, and it contains recommendations
for enhancing the native trout populations. Problems ad
dressed in the plan include grazing in riparian areas and
heavy recreational use of the basin. In order to reestablish
populations of Kern River rainbow trout, CDFG biologists
have recommended that anglers be allowed to keep only two
fish in the upper basin, with a maximum length of 10 inches
(25 cm). There are currently plans to replace nonnative
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trout. The teeth are well developed on the upper and lower
jaws, head and shaft of the vomer, palatines, tongue, and ba
sibranchial bones. The dorsal fin has 9-11 major rays; the
anal fin, 8-12 major rays; the pelvic fins, 9-10 rays each; and
the pectoral fins, 12-15 rays each. The tail is moderately
forked. There are 15-28 gill rakers on each arch and 9-12
branchiostegal rays. Scales are typically smaller (usually
llO-l30 in the lateral line) than those of rainbow trout.

Parr have 9-10 oval parr marks centering on the lateral
line that are covered with black speckles dorsally. The inter
spaces are wider than the parr marks. The fins are generally
plain except for a dark leading edge on the dorsal fin and a
few spots on the adipose fin.

Taxonomy Four subspecies of cutthroat trout live in Cali
fornia: coastal cutthroat trout (0. c. clarki), Lahontan cut
throat trout (0. c. hel1shawi), Paiute cutthroat trout (0. c.
selel1eris), and Colorado cutthroat trout (0. c. pleuriticus).
The latter subspecies was introduced in 1931.

Cutthroat trout are an old (over 2 million years) lineage
of salmonids that apparently evolved in the Columbia River
basin and diverged into four distinct groups: coastal cut
throat, Columbia and Missouri river cutthroat, Great Basin
cutthroat, and southern Rocky Mountain cutthroat (1,2).
Coastal cutthroat trout in turn diverged from interior
forms perhaps amillion years ago and are distinct from them
in many ways (e.g., 68 versus 66 or 64 chromosomes). Al
though coastal cutthroat are regarded as just one subspecies
throughout their vast range, their populations fall into
regional groupings (ESUs) with common characteristics. Six
ESUs are recognized inWashington, Oregon, and California,
although all populations in California are part of the south
ern Oregon-California coastal ESU (SOCC-ESU), which
has its upper geographic limits at Cape Blanco, Oregon (36).

The three interior forms are also further divided, and
three to eight subspecies have been recognized for each (1,
2). The systematics of these subspecies are complicated and
subject to change, but in California there are three generally
recognized native subspecies: coastal cutthroat and two
Great Basin forms, Lahontan cutthroat trout and Paiute
cutthroat trout. The Paiute cutthroat is a recent derivative
of the Lahontan cutthroat and is differentiated from it
mainly by the near-absence of spots on the body (1). The
San Gorgiono trout (described as Sal1110 ever111al1l1ii) is an
extinct population of Lahontan cutthroat that was appar
ently temporarily established in the upper reaches of the
Santa Ana River, Los Angeles County, following a very early
transplant from Lake Tahoe (3).

Cutthroat trout will hybridize with rainbow trout both
naturally in coastal regions and through introductions of
rainbow trout into interior basins. Distinct populations of
hybrid forms sometimes result. Hatchery strains ofhybrids,
called "cutbows;' have also been developed.
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to anadromous trout show considerable local movement
and many wind up in downstream areas, mixing with
anadromous fish (33). In anadromous forms some fish mi
grate to sea during their first year, but others spend up to 5
years in fresh water before migrating to coastal waters or es
tuaries. Cutthroat trout evidently remain in shoals during
their saltwater residence (10).

Coastal cutthroat live mainly in small, low-gradient
coastal streams and estuaries. Even in large river systems
they tend to be most abundant in small tributaries and to
move into larger waters mainly when they are large enough
to prey on other salmonids. In Blue Creek, a tributary to the
Klamath River, downstream movement of yearling and
older cutthroat (12-20 em FL) occurs mainly in April-June,
coinciding with the outmigration of juvenile salmon, a
source offood for migrants (34). The apparent preference of
juvenile cutthroat for small streams and for shallow riffles
within larger streams is probably the result of interactions
with more aggressive coho salmon and steelhead juveniles,
which keep small cutthroat from occupying pools or larger
waters (7). Typical streams are cool «18°C) and well
shaded, with an abundance of instream cover (9). Preferred
temperatures are 9-12°C, with spawning temperatures of
6-17°C (9). Coastal cutthroat trout generally avoid water
with dissolved oxygen levels less than 5 mliliter, and feeding
and movement of adults are inhibited at turbidities greater
than 35 ppm. Embryo survival can be reduced to less than
10 percent if sediment levels exceed 103 ppm, combined
with dissolved oxygen levels lower than 6.9 mg/liter and wa
tervelocities in the redd ofless than 55 em/sec (9). Cutthroat
fry are typically found in water with velocities of less than
0.30 m/sec, with the apparent optimum being less than 0.08
m/sec; they prefer shallower and slower water than do older
life stages. Summer flows in natal streams average 0.12
m3

/ sec (9). Adults that spend winter in streams inhabit pools
with fallen logs or undercut banks, but boulders, depth, and
turbulence provide alternative forms of cover (5).

Coastal cutthroat in streams feed opportunistically.
Juveniles feed mostly on benthic and drift insects, micro
crustaceans, and occasionally smaller fish, including other
salmonids (7). Larger fish feed on insects, crustaceans,
salmon eggs, and other fish, becoming more piscivorous as
they increase in size. In fresh water adult cutthroat trout
prey on small fishes, such as threespine sticldeback,
sculpins, and juvenile salmon and trout. They are the top
predator in some streams, such as the Smith River, and
therefore may significantly affect community structure. In
the marine environment cutthroat trout feed on various
crustaceans and fishes, including Pacific sand lance (Am
1110dytes hexapterus) , salmonids, herring, and sculpins. Cut
throat trout returning to spawn from the ocean tend to feed
on insects and other stream prey during their first spawn
ing but in subsequent years may not feed if they have suffi-

population of Lahontan cutthroat from the West Fork Car
son River, planted there in the 1860s (32). However, Heenan
Lake is used to rear Independence Lake cutthroat for stock
ing elsewhere (14). By 1999 ten other populations had been
established in California within the native range, including
populations upstream of native waters in formerly fishless
areas (6, 32). All but one of these populations are small and
isolated, so unlikely to be self-sustaining through long peri
ods of time (32). In addition, small populations resulting
from introductions into formerly fishless high-elevation
streams exist in the Owens watershed (O'Harrel Creek) in
the eastern Sierra and in the Yuba watershed (Macklin
Creek, East Fork Creek), Stanislaus watershed (Disaster
Creek), Mokelumne watershed (Marshall Canyon Creek,
Milk Ranch Creek), and upper San Joaquin watershed (West
Portuguese Creek, Cow Creek) in the western Sierra (6).

Paiute cutthroat are native only to Silver King Creek,
Alpine County, below Llewellen Falls. Today they exist only
where introduced: Silver King Creek above the falls and
three tributaries (Fly Valley, Four Mile Canyon, and Bull
Creeks), two tributaries of Silver King Creek below the falls
(Coyote Valley Creek and Corral Valley Creek), and three
creeks in other areas: Cottonwood and Cabin Creeks (Inyo
County) and Stairway Creek (Madera County) (4, 32).

Colorado cutthroat trout are native to the upper Col
orado River basin ofWyoming, Utah, and Colorado, in the
southern Rocky Mountains. California populations of these
brightly colored trout originated from Trappers Lake, Col
orado. In 1931 they were successfully planted in the
Williamson Lakes (Inyo County), a small chain of isolated,
high-elevation lakes, but they were largely forgotten until
their rediscovery in the 1970s (30).

Life History Because coastal cutthroat trout are ecologically
quite distinct from interior forms, the life histories of
coastal cutthroat and Lahontan-Paiute cutthroats will be
discussed in two separate sections.

Coastal cutthroat trout. Coastal cutthroat trout are
more strongly tied to fresh water than most anadromous
fishes, especially in California. Most sea-run populations
leave their streams only for the summer months and return
to overwinter in fresh water, even as nonspawning fish (7).
Many of these fish never leave estuaries or lagoons or, ifthey
do go out to sea, remain close to the coast, often in low
salinity plumes of big rivers (7). Other populations do not
go to sea at all, although some of these populations exist up
stream of natural barriers to migration. In California most
populations are weakly anadromous and migrate mainly
between large and small streams or between rivers and es
tuaries (5). In the Smith River fish that are resident,
potadromous (migrating within the river system), and
anadromous live together in the same stream sections (8).
Even fish in populations isolated in streams above barriers

Distribution Coastal cutthroat trout live in coastal drainages
from the Eel River (Humboldt County) north to Seward,
Alaska. An isolated population may also exist on the Kam
chatka Peninsula in Asia (2). The diverse interior forms are
widely distributed in interior basins of western North
America, occupying headwater streams of the Columbia,
Missouri, Platte, Colorado, Rio Grande, and Saskatchewan
river systems, as well as the Bonneville and Lahontan
drainages of the Great Basin.

In California coastal cutthroat occur in coastal streams
from the Oregon border south to tributaries of Salt Slough
at the mouth of the Eel River and to Fox Creek, a tributary
of the Van Duzen River, a fork of the Eel (4,5). The streams
and lagoons in which they occur are largely within the
coastal rain forest, so most populations are within a coastal
zone that is 8 km wide at the mouth of the Eel and 48 km
wide at the Oregon border (5). Upstream from this zone is
a population in Elliot Creek, a tributary to Applegate River
in the Rogue River watershed of Oregon, 120 km from the
ocean (5). In 1958 fish from Elliott Creek were introduced
successfully into Twin Valley Creek, Siskiyou County, in the
Klamath River watershed (31). Although the transplant in
volved just six fish, the population is apparently still extant.

Lahontan cutthroat are native to streams and lakes of the
Lahontan basin in California, Oregon, and Nevada (6).
Behnke (2) considers populations in the Oregon and east
ern parts of the basin to be separate subspecies, still un
described. In California they are native to streams and lakes
on the east side of the Sierra Nevada (Carson, Walker, and
Truckee Rivers, and perhaps Susan River as well). Today only
scattered populations exist within their native range, in
cluding California. The only California populations that
seem to represent authentic endemic fish are in Indepen
dence Lake (Placer County) and By-Day Creek (Mono
County), although Heenan Lake may contain vestiges of a

Names Cutthroat trout is a name given these fish by anglers
in the 1880s, who were struck by the distinctive red slashes
below the gill openings. The name persisted despite early
opposition from ichthyologists (1). Coastal cutthroat trout
are often called sea-run cutthroat trout. Clarki is for Cap
tain William Clark, co-leader of the Lewis and Clark expe
dition to the Pacific coast; hel1shawi is after naturalist H. W.
Henshaw, who provided the specimen upon which the sub
species is based. Selel1eris refers to Selene, goddess of the
moon, and is a reference to the distinctive body coloration
oflive fish. Snyder (21, p. 472), in his description of Paiute
cutthroat (as a full species), stated: "The color is pale, the
whole body suffused with yellow.... The entire body ex
hibits evanescent opaline reflections, and the skin is translu
cent, so much so that the dorsal cranial bones are outlined
through the overlying tissue." Pleuriticus means side, a ref
erence to the bright lateral band on Colorado cutthroat.
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cient fat stored from marine feeding (7). Marine predators
include Pacific hake (Merluccius productus), spiny dogfish
(Squalus acanthias), harbor seals (Phoca vitulina), and adult
salmon (8). Freshwater predators include the usual array of
herons, mergansers, kingfishers, otters, snakes, piscivorous

fishes, and humans.
Coastal cutthroat trout attain 7-20 cm FL in their first

year oflife and typically measure 25-30 cm after 2-3 years
of stream life. Once they have migrated to the ocean, an es
tuary, or a large river and begin feeding heavily on fish, their
growth rate is 5-10 cm/year (7, 9). Maximum length is
around 50 cm FL. The angling record is a fish weighing 2.72
kg. In resident populations growth is much slower, and fish
may reach only half the size of anadromous forms at a given
age (11). Coastal cutthroat rarely live more than 7 years, but
10-year-old fish have been recorded (7).

Anadromous coastal cutthroat trout spawn first at 2-4
years of age and may return two to five times to overwinter
and spawn. In northern California they begin to migrate up
spawning streams in August-October following the first
substantial rainfall. Ripe or nearly ripe females have been
caught from September to April, indicating a prolonged
spawning period. Sexually mature cutthroat trout seem ca
pable of precise homing migrations to their natal streams.
Females excavate redds in clean gravel with their tails. The
completed redd measures approximately 350 mm in diam
eter by 100-120 mm in depth. After spawning is completed,
the female will cover the redd with about 150-200 mm of
gravel by displacing the substrate upstream of the redd.
Each female will dig a number of redds sequentially. Spawn
ing can take place during the day or night (9).

Stream sections with small or moderate-size gravel sub
strates are essential for spawning. The size of gravel used for
spawning ranges from 0.2 to 10.2 cm in diameter, with in
termediate sizes presumably being optimal. Finer material
reduces the survival of embryos, and larger substrates can
be excavated only with difficulty. Cutthroat trout usually
choose the tails ofpools in small streams for spawning, pre
ferring headwater tributaries of larger streams. Spawning
occurs at water velocities of 0.3-0.9 m/sec in northern Cal
ifornia, but cutthroat trout have been observed to spawn in
small streams in Oregon with flows as low as 0.01-0.03
m31sec, where velocities over the redds were very low (9).

Fecundity increases with the size and age of females. Eggs
oflarge females are also larger in size than those of smaller,
first-spawning females. Fecundities are 250-4,400 eggs, with
a mean of 1,100-1,700 eggs for females measuring between
200 and 400 mm TL (9). Embryos hatch following 6-7 weeks
ofincubation, depending on temperature. Alevins remain in
the gravel for an additional 1-2weeks until the yolk sac is ab
sorbed. Thus in California fry emerge from March to June
(12). Newly emerged fry move into shallow habitats on the
edges of streams, where currents are slow, temperatures
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Slough (6%), other small coastal streams (14%), and coastal
lagoon watersheds (5%) (5). There are more coastal cut
throat trout populations in northern watersheds because
they are able to use streams farther inland.

The exact status of coastal cutthroat populations is hard
to determine, because juveniles (those measuring <50 mm
SL) are very difficult to distinguish from more abundant
rainbow trout (steelhead) in the field. Migrating adult cut
throat may also sometimes be mistaken for steelhead at
some localities. Although abundance estimates of coastal
cutthroat are largely lacking, their numbers in most Cali
fornia streams are low (5, 24). Even in the Smith River
drainage, where the largest California populations occur,
cutthroat trout constitute a minor portion ofthe salmonids.
Diving surveys in the north, south, and middle forks pro
duced counts averaging 12 cutthroat trout (23-50 cm long)
per kilometer (5). In smaller Smith River tributaries densi
ties of juvenile cutthroat trout are typically 60 per kilome
ter, although where other salmonids are absent densities can
exceed 300 per kilometer. Gerstung (5) estimated that the
entire Smith River watershed supports, on average, 1,500
cutthroat measuring 20-50 cm TL and over 7,000 fish meas
uring <20 cm TL.

Overall California coastal cutthroat populations have
stable or slightly decreasing trends, although it is likely the
trends are within already depressed populations (5). Cut
throat trout populations have presumably declined consid
erably in historical times because they depend on small
streams that have been damaged by logging and other hu
man activities. A similar situation exists in Oregon, where
anadromous populations are regarded as being in the great
est decline and resident headwater populations are regarded
as being in reasonably good condition (25). Of the six ESUs
recognized by NMFS on the West Coast, only one (the
southwestern Washington-Columbia River ESU) is pro
posed for listing as Threatened (36). The SOCC-ESU was
not thought by NMFS to be in danger of extinction, al
though most populations were thought to be depressed and
concern was expressed about continuing threats to cut
throat habitats (36). In contrast, a 1993 analysis by the
Wilderness Society suggests that coastal cutthroat trout
could qualify as a threatened species throughout Washing
ton, Oregon, and California. An earlier analysis indicated
that coastal cutthroat populations in California faced a
moderate risk of extinction (37).

The greatest cause of coastal cutthroat trout population
declines in California and Oregon has been habitat alter
ation, particularly for developing embryos and fry in small
streams. Probably the most significant cause of habitat loss
is logging and its associated road building, which can result
in increased temperatures, loss of cover, reduction in food
supply, and increases in turbidity and siltation (5,8,25). For
example, severe damage has been caused by tractor logging

Status IE, IC, or lIB. All cutthroat trout in California need
special management if they are to thrive in the future.

Coastal cutthroat trout. Ie. Coastal cutthroat in Cali
fornia (as of1997) are present in 182 streams (many ofthem
small tributaries to larger streams) that include 1,100 km of
accessible habitat (compared with >9,650 km in Oregon)
(5). They also occur in four coastal lagoons covering 1,875
ha (5). California drainages in which they live include the
Smith River (30% of stream populations), the Rogue River
(6%), the Klamath River (13%), Redwood Creek (8%), the
Mad River (8%), Humboldt Bay (10%), the Eel River-Salt

Growth varies with water temperature and abundance
of food organisms. Slow growth is seen in small mountain
lakes, where Lahontan cutthroat reach 6-10 cm FL in 1
year, 18-22 cmFLin2 years, 31-33 cm in 3 years, and 38-45
cm in 4 years (18). In Pyramid Lake, Nevada, where tem
peratures are fairly warm and forage fish are abundant,
yearly average lengths are 22, 29, 36,43, 50, 57, and 63 cm
FL, respectively, with males and females being about the
same size (18). Present-day Lahontan cutthroat seldom live
longer than 9 years or reach more than 61 cm TL (2.2 kg),
but larger fish were once common in Tahoe and Pyramid
Lakes. The largest cutthroat trout ~hown, from Pyramid
Lake, measured more than 99 cm TL'(18.6kg) (22). In con
trast Paiute cutthroat trout seldom exceed 25 cm FL, as
might be expected of trout inhabiting a cold mountain
stream. They typically reach about 9 cm FL in their first
year, 13 cm in their second year, and 20 cm in their third
year, although some populations have slightly more rapid
growth rates (23). There are no records of Paiute cutthroat
over 3 years old.

Maturity is achieved in their second to fourth year, and
spawning takes place between April and early July. Lake
dwelling Lahontan cutthroat migrate up streams to spawn,
seeking out gravel riffles. Spawners generally home to the
same stream in which they were hatched. The stimulus for
spawning in Lahontan cutthroat seems to be a combination
of increasing daylight and increasing stream temperatures,
resulting in spawning at 8-16°C. Spawning behavior is sim
ilar to that of rainbow trout. Lahontan cutthroat females
produce 400-8,000 eggs (about 47 eggs per centimeter of
fork length). In Heenan Lake average fecundity is 1,720 eggs
(average length and weight 49 cm FL and 1.1 kg, respec
tively) (14). Each fish may spawn up to five times, but it is
likely that most females spawn just once or twice (18). Paiute
cutthroat have rather low fecundities: 325-350 eggs per 2
to 3-year-old female (23); they probably spawn just once.

Embryos hatch in 6-8 weeks, and fry emerge and begin
feeding about 2 weeks after hatching. As in other trout, fry
tend to occupyedge habitats in association with shallowwa
ter, low flows, and abundant food. Lahontan cutthroat ju
veniles tend to move into lakes in the first year.

Lahontan and Paiute cutthroat trout. Lahontan cut
throat trout were once the only trout (with the exception of
Eagle Lake rainbow trout) found on the east side of the
Sierra Nevada. They lived in a wide variety of cool waters,
from large terminal desert lakes to small mountain lakes,
from major rivers to small headwater creeks (15). This sub
species is particularly noted for its ability to thrive in highly
alkaline (3,000-13,000 mg/liter total dissolved solids, pH
8.5-9.5) Pyramid and Walker Lakes, although high values
(10,000 mg/liter and more) for total dissolved solids in
Walker Lake in the 1990s severely reduced survival (29).
Lahontan cutthroat are also noted for their ability to live in
waters of Nevada streams, where temperatures may exceed
27°C for short periods and fluctuate 14-20°C daily (6,39).
They can survive prolonged exposure to temperatures of
nearly 25°C, but growth ceases when 22-23°C is exceeded
(28). In California most populations were historically
found in coldwater streams, where they presumably used a
wide variety of habitats as long as oxygen levels were high,
temperatures rarely exceeded 23°C (and were typically less
than l7°C), and cover and food were plentiful. Paiute cut
throat, for example, are typicallymost abundant in meadow
sections ofhigh-elevation streams, where there are plentyof
undercut banks with overhanging vegetation and occa
sional deep pools for cover, as well as gravelly riffles with low
amounts of sediment for spawning (16, 17). In lakes cut
throat trout require, for growth and high survival, temper
atures less than 22°C, pH values of 6.5-8.5, and dissolved
oxygen levels greater than 8 mg/liter (6). Lahontan cut
throat tend to stay close to the bottom but feed pelagically

on small fish (18).
Stream-dwelling cutthroat trout may spend their entire

lives in less than 20 m of stream (19), but fish in rivers pre
sumably moved about as flows and prey availability
changed. In lakes they seem to roam widely and then make
extensive spawning migrations upstream. Trout in Pyramid
Lake, for example, once ascended 160 km up the Truckee
River into Lake Tahoe to spawn in tributaries to the lake, as
well as in various tributaries to the Truckee itself (22).

Like other trout, stream-dwelling cutthroat trout feed
mostly on drift, typically a mixture ofterrestrial and aquatic
insects. They are opportunistic, so whatever is most abun
dant in drift tends to be most abundant in their stomachs.
In lakes small cutthroat trout feed on insects taken at the
water's surface or on zooplankton, although if neither is
abundant they will feed on bottom-dwelling insect larvae,
crustaceans, and snails (20). Large trout in lakes (those
measuring more than 30 cm FL) feed mainly on other fish,

especially tui chubs (18).

warm, and small invertebrates abundant; the best of these
habitats are adjacent to areas with deciduous riparian vege
tation, which provides cover, shade, and food (13).
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on steep and unstable slopes in the Klamath River drainage,

where habitat recovery will take many decades in some

places (38). Within the Smith River drainage, 44 percent

of stream channels were rated as moderately to severely

damaged by landslides, siltation, channel scouring, and re

moval of riparian trees (5). Other causes of declines include

instream fisheries, pollution, interactions with hatchery

fish (including steelhead), and poor ocean conditions. An

additional problem is the frequently poor condition of es

tuaries, many of which have been substantially filled in as a

result of accelerated erosion upstream and then further al

tered by dredging to provide boat access.
Lahontan cutthroat trout. lB. This subspecies was listed

byUSFWS as endangered in 1970, but the status was changed

to threatened in 1975 to enable fisheries for hatchery

supported populations (e.g., Pyramid Lake). Lahontan cut

throat trout are now gone from most of the their native

range, and a majority of existing populations in California

are the result of reestablishment efforts. Populations now

occupy less than 3 percent of their historical range in the

Truckee, Wallzer, and Carson River basins (6). They are

somewhat better off in Nevada, occupying about 54

streams, representing less than 15 percent of their historical

habitat in the Quinn and Humboldt basins (6,27). Most

populations, especially in California, are isolated in small

creeks. They are likely to be maintained only through con

tinuous effort for two reasons. First, extinction risk from

"natural" causes (e.g., floods, droughts) is much higher in

small isolated streams with no natural source of fish to re

colonize them (27). The probability of local extinction is

greatly increased when streams have been degraded by graz

ing, logging, road building, mining, dams, diversions, and

other human endeavors (6). Second, the major cause of de

cline, interactions with alien trout, is still a factor in most of

their native streams and lakes. With few exceptions, popu

lations decline and disappear following the introduction of

rainbow, brown, and brook trout, often all three in the same

stream or lake. Habitat degradation and introduced trout

are synergistic in their effects, especially if the introduced

trout are fall or winter spawners, as opposed to spring

spawning cutthroat trout. Not only are nonnative juvenile

trout already occupying crucial habitat when cutthroat fry

are still emerging (and subject to aggressive displacement

and predation by the larger nonnatives), but they complete

sensitive early life history stages before degraded streams

become too warm or depleted of flows in late spring. In

streams without alien trout, the downstream limits of cut

throat trout are determined by high stream temperatures,

which in turn are tied to habitat degradation, especially

from grazing (27).
A particularly tragic loss among Lahontan cutthroat

populations was the extirpation of the populations oflarge,

fast-growing fish that once occupied Pyramid Lake and
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cally surrounded by a pale halo. Red spots are present only
on the lower sides. Adults are usually dark to olive brown on

the back, shading to yellow brown on the sides, and white to

yellow on the belly. The adipose fin is usually orange or red

dish, and paired fins never have white on their leading

edges. In large lakes brown trout can be silvery, with X

shaped clusters of small spots. Brown trout are slightly

heavier bodied than other California trout, with thicker

caudal peduncles. The mouth is large, the maxillary bone

extending beyond the rear margin of the eye in fish over 14

cm TL. The jaw of spawning males is usually hooked. Well

developed teeth are present in both jaws, as well as on the

head and shaft of the vomer, the palatines, and the tongue.

Basibranchial teeth are absent. The dorsal fin has 12-14

rays; the anal fin, 10-12 major rays; the pelvic fins, 9-10

rays; and the pectoral fins, 13-14 rays. The tail is straight

edged in large adults but may be slightly forked in young

fish. The anal fin is rounded on males but falcate (the rear

edge slightly indented) in females. There are 14-17 gill

rakers on each arch and 9-11 branchiostegal rays. Scales are

In the late 1980s Coyote Valley Creek was poisoned to re

move hybridized populations and then restocked. In

1991-1993 the mainstem of Silver King Creek and tributar

ies above the falls were retreated and restocked (35). By

1998, however, the population was low (32). Restoration ef

forts continue, but the situation for Paiute cutthroat trout
remains precarious.

Colorado cutthroat trout. lIB. This introduced sub

species continues to maintain its populations in Williamson

Lakes. In its native range it is in decline because of hy

bridization with introduced rainbow trout and other fac

tors (1). In 1987 fish from Williamson Lakes were taken

back to Colorado, and a population was established in a lake
in Rocky Mountain National Park (1, 30).

classified to Threatened in 1975 (23). It would be extinct if

a sheepherder had not moved Silver King Creek fish above

Llewellyn Falls (a barrier to upstream movement of fish)

in 1912. A population in the Corral Valley-Coyote Valley

Creek drainage, tributary to lower Silver King Creek, may

also have been established by transplants, although this is by

no means certain. By the 1920s rainbow trout had invaded

lower Silver King Creek and eliminated Paiute cutthroat

through hybridization and competition. In 1949 and the

1950s rainbow trout and Lahontan cutthroat trout were

planted above the falls, and the same process began, isolat

ing pure Paiute cutthroat trout in a couple of tributaries. By

that time (1946) Eldon Vestal, a CDFG biologist, had trans

planted the fish to Cottonwood Creek (Mono County). In

1964 Silver King Creek above Llewellyn Falls was poisoned

with rotenone to get rid of hybrid fish and was then re

stocked with fish from "pure" populations. Unfortunately,

some hybrid fish remained in the subsequent population.

In 1964 apparent hybrid fish (i.e., fish with many spots)

were found in Cottonwood Creek. In 1970 this stream was

poisoned, but only after a large number of fish with fewer

than five spots were removed by electrofishing. These fish

were then reintroduced back into the creek (26). The re

sulting population looked lil<e pure Paiute cutthroat trout,

but biochemical studies indicated that the population still

included hybrids. The pretreatment electrofishing had ap

parently selected for the "correct" phenotype even in hybrid

fish! Thus by the late 1980s unhybridized Paiute cutthroat

trout existed in only about 8 km of streams tributary to Sil

ver King Creek, plus a few other transplanted populations.

Brown Trout, Sa/rno trutta Linnaeus

Identification Brown trout are the only trout in California

with both red and black spots on the body. Black spots,

which are large and variable in size, are present on the gill

covers (many), tail (few and often indistinct), head, adipose

fin, dorsal fin, and sides. Dark spots on the sides are typi-

Lake Tahoe. Competition, predation, and diseases from in

troduced lake trout were presumably important factors in

their complete elimination from Lake Tahoe. However, lake

trout interactions probably just accelerated their extirpa

tion as the result of (1) an excessive commercial fishery at

the turn of the century, (2) logging-degraded spawning

streams, and (3) construction in 1905 ofDerby Dam on the

Truckee River, which stopped migration from Pyramid

Lake. The numbers of cutthroat trout ofPyramid Lake were

also reduced by commercial fishing, but the main cause of

their extinction was Derby Dam, which made the Truckee

River inaccessible for spawning through reduction of flows

and buildup of a large shallow delta in Pyramid Lake as lake

levels dropped (18, 22). The last spawning run, of fish aver

aging 8-9 kg, took place in 1938, and wild trout became ex

tinct a few years later. If diversions had continued at former

levels, it is likely that Pyramid Lake would have dropped

steadily lower until it became too allzaline for all fish life. By

1969 the lake had dropped nearly 30 m.

The loss of the Pyramid Lake fishery was felt keenly

enough so that in 1950, stocking ofhatchery-reared Lahon

tan cutthroat trout began, using brood fish that originated

from Heenan, Walker, and Summit Lakes. This effort was

successful, and the Pyramid Lake fishery is still largely

maintained by hatchery fish. However, listing of Lahontan

cutthroat as Endangered meant that restoration of natural

populations was required. Because restoration of flows to

the Truckee River was initially unthinkable, in 1976 Marble

Bluff Dam was built just above the large delta. This dam

sends water down a 5.6-km fishway for passage around the

delta and also has a fish elevator in the dam itself, so any fish

that make it to the base can be lifted over the dam (18). This

technological solution was at best modestly successful and

worked only fortuitously (once) for the endangered cui-ui

(Chasmistes cujus), which also required access to the

Truckee River for spawning. Because of the failure of Mar

ble Bluff Dam to recover cui-ui, Truckee River water has

been appropriated for fish, and water stored in upstream

reservoirs is now sent downstream in large amounts when

cui-ui are spawning. Such flows also benefit cutthroat trout,

mainly by helping to stabilize or even raise lake levels, be

cause much of the trout spawning habitat is not in good

condition.
For stream and small lake populations, numerous

restoration efforts are under way, often involving eradica

tion of nonnative trout above natural or human-made

barriers. The Lahontan cutthroat trout recovery plan of

USFWS has as its goal the delisting of the fish after sufficient

numbers (to be determined) of self-sustaining populations

are established (6). This is not likely to happen in the fore

seeable future.
Paiute cutthroat trout. lB. The Paiute cutthroat trout

was listed as Endangered by USFWS in 1969 and was re-
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midge larvae) and amphipods, and then (at sizes greater
than 25-35 cm TL) to fish.

Juvenile brown trout show considerable variability in
prey among individuals captured at the same time and lo
cation. Individual fish apparently specialize in certain types
of prey for varying lengths of time, although some individ
uals will be persistent generalists (15). Fish living in pools
are more likely to specialize than those living in riffles (15).
There is considerable evidence that brown trout in streams
engage in optimal foraging, balancing energy gain from
efficient gathering ofprey (specialists) with searching for al
ternate sources of food and being close to cover to avoid be
coming prey themselves (16).

Growth in brown trout is as variable as the waters they
inhabit. In California they reach anywhere from 3 to 8 cm
TL (usually 5-7 cm) in their first year, 7-22 cm (usually
13-16 cm) in their second, 13-36 cm (usually 19-28 cm) in
their third, and 23-45 cm (usually 35-41 cm) in their fourth
(6). Brown trout can reach large sizes: the largest known was
a sea-run individual from Scotland that measured 103 cm
TL (18 kg); the largest recorded from California was a 12
kg fish from Upper Twin Lake.(Mono County) caught in
1987. They can live as long as 38 years in alpine lakes in
Norway (25), butthe oldest one known from California was
only 9 years old, from Castle Lake (Siskiyou County).
Growth is usually faster in lakes than streams, but this gen
eralization does not apply to high alpine situations, where
growth is slow in both habitats. Growth is affected by tem
perature, al1<alinity, total dissolved solids, turbidity, popula
tion density, and food availability. In streams growth (espe
cially ofsmall individuals) is affected bytrout densities (27).
Slower growth in turn helps to determine the upper limits
ofpopulation size because smaller trout have lower survival
rates (especially over winter) and smaller females have
lower fecundities. When trout densities are low from natu
ral causes, such as extreme high-flow events, increased
growth rates allow rapid recovery of populations (27).

Brown trout usually mature in their second or third year,
although a few may wait as long as 7 or 8 years. Spawning
takes place in fall or winter, commonly in November and De
cember in California. Most brown trout populations require
streams with riffles that have pea- to walnut-size gravel for
spawning. The most suitable locations are at the tails of
pools, where wateris deeper, current less turbulent, and cover
close by (20, 23, 24). In aWyoming stream depths (12-18 cm)
and velocities (24-37 cm/sec) chosen by brown trout were
consistent even with substantial changes in stream flow (17).
Higher values for depths and velocities are lil<ely in bigger
streams or for bigger fish. In large lakes successful spawning
will occasionally take place on gravel bars close to shore.

The reproductive cycle and spawning behavior ofbrown
trout are described in the classic book by Frost and Brown
(5). The initial stimulus for upstream movement to spawn-

which brown trout growth is reduced, whereas low summer
flows that increase temperature and temperature fluctua
tions also cause decreased growth. Stress caused by high
temperatures at low flows could be partially offset by in
creased availability offood. Moderate flows, with associated
moderate temperatures, result in predictably high growth
rates.

Different life stages of brown trout select different com
binations of depth, velocity, and cover in small. Sierran
streams (23). Fry «50 mm TL) typically choose edge wa
ters less than 30 cm deep, with low velocities. Juvenile or
yearling trout select deeper water (50-75 cm) andhigherve
locities (0.1-0.4 m/sec), associated with large rocks, logs, or
overhead cover. Adults are typically found in water 0.7-3.5
m deep, in deep cover, with variable (but often low) veloci
ties. In bigger streams juvenile and adult brown trout are of
ten found in deeper water. Otherwise Sierran results are
fairly typical for brown trout.

In, the Owens River (Inyo County) nomeproducing
brown trout are rather sedentary, seldom moving more
than a few meters from one spot, typically near or under
dense cover. Trout measuring less than 25 cm TL establish
feeding territories, and a dominance hierarchy is usually es
tablished as well. The largest, most aggressive fish defend the
largest territories, which are usually located in the best po
sitions in the stream for cover and food availability. Trout
larger than 25 cm TL are more mobile and tend to remain
under cover (e.g., undercut banks, logs) during the day and
come out to pursue prey actively during the evening. Even
these large fish, however, generally patrol rather restricted
areas (13). This behavioral pattern appears to be fairly typ
ical of brown trout in streams.

Brown trout diets in streams change with size and season.
In general the smaller the trout, the greater the percentage of
its diet made up of drift organisms, especially terrestrial in
sects. As trout grow larger, they spend more time selectively
picking aquatic invertebrates from the bottom. Trout larger
than 25 cm TL are active pursuers oflarge prey, such as other
fish (including their ownyoung), crayfish, and dragonfly lar
vae. Once they exceed 40 cm TL, their diet is almost exclu
sivelyfish (14). In the East Wallzer River (Mono County) the
major prey oflarge brown trout are tui chubs, Lahontan red
sides, and Tahoe suckers (14). There are, of course, many ex
ceptions to this general description. In particular, trout of all
sizes are prone to feeding on terrestrial insects during the late
summer when the abundance of large aquatic insect larvae
is low. They also feed on emerging aquatic insects when a
large hatch is tiling place. Most terrestrial insects are taken
during the day, although feeding activity (mostly on aquatic
organisms) is most intense at dawn and dusk. Active feeding,
however, can be observed at nearly any time. In lakes small
brown trout feed heavily on zooplankton, gradually switch
ing to bottom-dwelling insect larvae (especially chironomid

Life History Brown trout are the trout of Europe and a fa
vorite sport fish of serious anglers the world over. Therefore
they are the most studied of trout and char next to rainbow
trout, as indicated by summaries of their biology (4,5,6,7,
8) and the hundreds of papers that are published annually.

Adult brown trout are largely bottom-oriented pool
dwellers in streams and rivers, butyounger, smaller trout are
as likely to be found in riffles as in pools. The optimum
habitat for brown trout seems to be medium to large,
slightly alkaline, clear streams with both swift riffles and
large, deep pools. They are found, however, in the complete
range of trout waters, from spring-fed trickles to large lakes
and reservoirs. Lake and reservoir populations typically
spawn in streams, and young rear there for several years.
Sea-run brown trout are rare in California but seem to be
present in the Klamath and Trinity Rivers (9) and perhaps
the Sacramento as well.

Temperature is an important factor limiting brown trout
distribution (10). They can survive for short periods oftime
at temperatures up to 28-29°C (depending on acclimation
temperature), buttheir preferred temperatures are 12-20°C.
Optimal temperatures for growth seem to be around
17-18°C, although high growth rates are found in water of
12-18°C. If given a choice they will avoid streams in which
temperatures do not exceed 13°C for extended periods of
time (ll). In Rush Creek (Mono County), a degraded
stream undergoing restoration, temperature interacts with
flow in affecting the growth and survival of brown trout
(12). High summer flows reduce temperatures to a point at

is spotty, often reflecting introduction histories. There
are relatively few populations in North Coastal drainages
(even though they were the site of the first introductions),
although they are widespread in the upper Trinity River
drainage. They have also become established in much of the
United States and Canada, as well as parts of South America
(at least five countries), the Falkland Islands, Africa (at least
seven countries), Asia (India, Pakistan, Japan), Australia,
New Zealand, and Papua New Guinea (3,22).

SALMON AND TROUT, SALMONIDAE294

Names Salmo trutta is the name for brown trout originally
assigned by Linnaeus, and it has remained remarkably
stable. Salmo is Latin for salmon or leaper; trutta simply
means trout. In California brown trout have been called at
various times "German brown trout;' "Loch Leven trout;'
and "Von Behr trout" (2).

Taxonomy There are many races and strains of brown
trout in Europe, much like rainbow trout on the west coast
of North America. Legend has it that two main strains
of brown trout were introduced into North America:
"German brown trout" from Germany and "Loch Leven
trout" from Scotland. The original stocks have been so
mixed in hatchery and planting programs that it is pointless
to call these fish anything but just brown trout. Until the
1980s western trouts now placed in the genus Oncorhynchus
were lumped with Atlantic salmon and brown trout in the
genus Salmo. The split from Salmo recognizes that Atlantic
salmon and trout have had a long, separate evolutionary
history from Pacific salmon and trout (1).

Brown trout will occasionally hybridize with brook
trout, and the sterile offspring are known as tiger trout be
cause of the distinctive banding on their sides.

Distribution Brown trout are native to Europe, NorthAfrica,
and western Asia. Because they are partially anadromous
there, they are also found in the British Isles and Iceland.
Brown trout were first introduced into North America in
1883. In 1893 embryos of brown trout were brought to Cal
ifornia and successfullyreared for planting in coastal streams
(2). Since that time brown trout from various sources have
been reared in California hatcheries and planted throughout
the state. Brown trout are now present in a high percentage
of suituble waters in the interior of the state, especially on
both sides of the Sierra Nevada, although their distribution

small, numbering 120-130 in the lateral line. Juveniles have
9-14 narrow parr marks, more or less centered on the lat
eralline, and are yellowish on the sides, with a few red spots.

Figure 95. Brown trout, 15 em 5L,
California.
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Bull Trout. Salvelinus confluentus (Suckley)
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My grandmother's family operated a summer resort at
Upper Soda Springs on the Sacramento River just north
of the present town of Dunsmuir. She lived there all her
life and related to us in her later years her story about
the naming of the DollyVarden trout. She said that some
fishermen were standing on the lawn' at Upper Soda
Springs looking at a catch of the large trout from the Mc
Cloud River that were called"calico trout" because oftheir
spotted, colorful marking. Theywere saying that the trout
should have abetter name. Mygrandmother, then ayoung
girl of 15 or 16, had been reading Charles Dickens' Barn-

Names Salvelinus was originally assigned by Linnaeus to
arctic charr (S. alpinus), but the origin ofthe name was not
explained. It was considered by Jordan (13) to be a "low
Latin" diminutive of Salmo, meaning "little salmon." An
other, perhaps more likely, hypothesis about its origin is that
it is derived from an old German word for arctic charr pres
ent in an account to which Linnaeus had access (14). Con
fluentus translates as, roughly, "flowing together:' presum
ably a reference to the larger streams bull trout inhabit. The
rather ugly (but widely used) common name "bull trout"
refers to the broad head. I would actually prefer to call it
"bull charr" because the trout and charrs represent two dis
tinct salmonid lineages. Charr is also the original English
name for members of this genus, a word with Celtic origins
meaning blood, referring to the bright red sides of arctic
charr (14). However, I yield to the American Fisheries Soci
ety committee on names offishes for the use of"bull trout."

Until the bull trout was separated from the DollyVarden,
it was also officially called Dolly Varden, a name that origi
natedwith the California population ofbull trout. There are
a number ofvariations on the theme ofhow the name Dolly
Varden came to be (4). I prefer the one recounted to me in
a letter (24 March 1974) from Mrs. Valerie Masson-Gomez:

den and bull trout were indeed separate species, a conclu
sion that is supported bymore recent analyses (3). Although
two poor, very old specimens of charr from the McCloud
River were identified as Dolly Varden (1), it is most likely
that the poor state of the specimens led to misidentification
of bull trout (3). The California population of bull trout is
distinct morphologically from other populations, but prob
ably not sufficiently so to label it a subspecies (1, 15).

Figure 96. Bull trout, 16 cm SL,
McCloud River, Shasta County.
CAS 19889.

are free of any spotting except for a few yellow spots at the
base ofthe tail. The head is exceptionally broad and long for
a salmonid; it typically accounts for more than 25 percent
of the body length and is markedly flat between the eyes.
The eyes are placed closer to.the top ofthe head than in most
salmonids. The mouth is large and contains sharp teeth; the
maxillary bone of the upper jaw extends beyond the eye.
There is a fleshy nob at the tip of the lower jaw that fits into
a notch on the top of the upper jaw (between the premaxil
lary bones). The adipose fin is the largest in North Ameri
can salmonids, its length being 50-85 percent of the depth
of the caudal peduncle (15). For McCloud River fish, the
branchiostegal rays number 13-15 per side; the mandibular
pores, 7-9 per side; and the gill rakers, 15-18 per arch, with
visible teeth on the anterior margin of each (15).

Taxonomy Bull trout are part of the Arctic charr complex of
Salvelinus species native to North America and Eurasia (1, 2,
3). The species within this group are variable and highly
overlapping in their characteristics; species are often hard to
distinguish where they co-occur. Within this complex bull
trout are one of the most recognizable forms and have peri
0dicallybeen recognized as distinct by taxonomists since the
1850s. However, for nearly a hundred years, starting in the
1880s, the species was lumped with Dolly Varden (S.

malma), a largely anadromous coastal species. In fact the
name "Dolly Varden" was originally applied to a bull trout
population (see the Names section of this account). In 1978
Cavender (1) provided convincing evidence that DollyVar-

spots on the body, and paired and anal fins with white lead
ing edges. The body color is usually olive green with tinyyel
lowish spots on the back and small conspicuous red spots
on the sides. There are no black spots on the body, and fins

coupled with their natural wariness, make them difficult for
the inexperienced angler to catch. Brown trout essentially
coevolved with stream trout angling and have the advantage
of nearly 400 years of selection against being caught by an
glers. Thus they can maintain substantial populations of
large fish even in heavily fished streams. A number of
streams in California (e.g., Owens River) are now being
managed as wild brown trout streams. In some streams
(e.g., Hot Creek, Mono County) the fishery is maintained
by stocking juvenile brown trout (26).

On the other hand, brown trout often have a decidedly
negative effect on other fishes, including other trout. In
lakes and stream pools production of wild, catchable-size
trout of all species can sometimes be increased considerably
by removing large brown trout that subsist mostly on the
other fish. Competition and predation from brown trout
may be one factor that has contributed to the extinction of
bull trout in the McCloud River. In competitive interactions
for food, space, or spawning sites with other trout species,
brown trout generallywin, all things being equal (19). To re
store golden trout and cutthroat trout to their native
streams, brown trout eradication is necessary. Their preda
tion on nonsalmonids in California streams can also be a
problem. For example, brown trout predation is one of the
factors limiting populations of the endangered Modoc
sucker in Rush Creek (Modoc County) (20). In Martis
Creek, a tributary to the Truckee River, when environmen
tal conditions (especially the absence of scouring flows in
winter) favor brown trout for a number of years, they
greatly reduce the abundance of native minnows and suck
ers, nearly eliminating some species (21). Thus brown trout
should not be introduced into any more waters in Califor
nia, and they will have to be removed from a number of
small streams to enable conservation of native fishes.

References 1. Stearley and Smith 1993. 2. Dill and Cordone
1997. 3. MacCrimmon et al., 1970. 4. Staley 1966. 5. Frost and
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Status IID. Brown trout are abundant in more than 5,000
km of California streams and in numerous lakes (4). Their
presence in the state is a mixed blessing. On the positive side
they provide some ofthe finest angling for wild trout in Cal
ifornia. Their bottom feeding and piscivorous tendencies,

Identification The bull trout is a charr, which means it has
fine scales (1l0 or more in the lateral series), light-colored

ing grounds is often a rise in water level, although selection
of the spawning site does not occur until water tempera
tures have dropped to 6-10°C. The redd site is selected by
the female, and she soon starts a depression by turning on
her side and digging with her tail ("cutting"). Gravel is
moved downstream by suction created by the upward
movement of the tail and by the stream current. The initial
cutting attracts a male, who defends the female and redd
from other males. The male does not help with redd con
struction but continually courts the female as she works.
Courtship consists of swimming alongside the female and
quivering. As the redd becomes deeper, courting becomes
more intense. Finally the female sinks into the depression,
with her anal fin resting on the bottom, and opens her
mouth. The male immediately swims alongside her, quiver
ing violently, mouth open, and releases his sperm as the fe
male releases her eggs. The sperm is frequently visible for a
few seconds as a white cloud on the bottom of the nest.

Following the spawning act, the female begins cutting
again above the redd, simultaneouslyburying the newly fer
tilized eggs and digging a new redd. The spawning act must
be repeated several times because each female normally lays
only 100-250 eggs in each cut. Each female lays 200-21,000
eggs in all, the number depending in part on her size (about
30-40 eggs per centimeter of fork length). Egg numbers can
also vary according to the habitat choices of individual fe
males. Females that live in heavy cover grow more slowly,
presumably because oflower food availability, and produce
fewer, but larger, eggs. Females that live in more exposed sit
uations produce more and smaller eggs (18).

The embryos hatch in 4-21 weeks (typically 7-8 weeks),
depending on water temperature. Alevins emerge from the
gravel and begin feeding 3-6 weeks later. The embryonic
and alevin periods are critical for brown trout populations
in California because high winter flows can scour the devel
oping fish out of the gravel, resulting in small or absent year
classes (21, 28). The fry live in quiet waters close to shore
among large rocks or under overhanging plants. They are in
shallower and slower water at night than during the day,
when they seek the protection of deeper water and cover.
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aby Rudge in which there appears a character named Dolly
Varden; also the vogue in fashion for women at that time
[mid-IS70s] was called "Dolly Varden," a dress of sheer
figured muslin worn over a bright-colored petticoat. My
grandmother had just gotten a new dress in that style and
the red-spotted trout reminded her of her printed dress.
She suggested to the men looking down at the trout, "Why
not call them Dolly Varden?" They thought it a very ap
propriate name, and the guests that summer returned to
their homes (many in the San Francisco Bay area) calling
the trout by this new name. David Starr Jordan, while at
Stanford University, included an account of this naming
of the Dolly Varden trout in one of his books. Jordan's
prestige as the world's preeminent ichthyologist led to the
widespread use of the name.

Distribution Bull trout in California were known from only
about 100 km of the McCloud River, Shasta and Siskiyou
Counties, from the mouth to Lower Falls (4). It is likely that
they also occurred in similar spring-cold waters of the up
per Sacramento and Pit Rivers, but solid records are lack
ing. Campbell noted in 1881 that they were scarce near the
mouth of the river (17). This was the southernmost popu
lation of the species. Today the southernmost populations
are found in the Jarbridge River, Nevada, and small streams
in the upper Klamath Basin, Oregon (3). The northernmost
populations appear to be in the headwaters of the Yukon
River, British Columbia (3). The easternmost populations
are found in Columbia River tributaries in Alberta and
Montana (3). In between these points they are widely scat
tered in the Columbia River system, in the headwaters of
coastal rivers ofBritish Columbia, and in interior drainages
ofBritish Columbia and Alberta (Saskatchewan, Athabasca,
and Peace Rivers). The presence of many disjunct popula
tions in their present range indicates a wider distribution in
the Pleistocene period, under wetter and cooler conditions.

The presence of bull trout in the McCloud River is not
easy to explain, but it is tied to both the complex geologic
history ofthe upper Klamath and Pit River basins and to the
migratory nature of bull trout, combined with the need of
bull trout for habitat conditions that exist mainly in spring
fed headwater streams. One scenario is that they originated
in the Columbia River basin (3) and colonized the upper
Klamath-Pit basin when it was connected to the ancestral
Snake River. Bull trout would have to have first been isolated
in the Klamath-Pit system when it became connected to the
lower Klamath River and then become isolated further in
the Pit basin when volcanic activity severed it from the Kla
math and it became connected to the Sacramento River
basin. Just as Sacramento River fishes were then able to in
vade the Pit River basin, bull trout were able to colonize the
Sacramento system, and they persisted only in the coldest
streams. The weakness of this scenario is the lack of records
for bull trout in suitable habitat in the Pit River, including

emerge at 23-28 mm TL to fill their air bladders, usually in
April or May (6, 10). Young-of-year spend much of their
first summer along stream edges or in backwaters, until they
reach about 50 mm TL, when they move out into faster and
deeper water. Juveniles from adfluvial and presumably flu
vial populations will spend 2-3 years in their rearing
streams before moving down into adult habitat.
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Status IA. Bull trout are extinct in California, increasingly
rare in much of their range in the United States, and de
clining in Canada. They have been proposed for listing as
Threatened in the United States. The last known bull trout
caught in California was captured by graduate student
Jamie Sturgess in 1975, by hook and line. It was tagged and
released. Attempts to reintroduce bull trout to the McCloud
River from Oregon have failed, and additional attempts are
unlikely unless the best source populations (in the Klamath
River basin) recover their former abundance (4).

It is hard to be optimistic about the success of a reintro
duction program in any case, because the conditions that
caused the demise of the trout are still present. They were
apparently in decline through most of the 20th century be
cause the McCloud was famous for its "Dolly Varden" fish
eryin the late 19th century. By the 1930s theywere regarded
as common but not particularly abundant (5). By the 1950s
theywere scarce although present in low numbers (4). They
became increasingly rare in the 1960s and were gone by the
late 1970s. The factors that contributed to the extirpation of
bull trout, in rough chronological order, are as follows.

Depletion of salmon. In the 19th century the McCloud
River supported at least two runs of chinook salmon, a run
of steelhead, and a small run of coho salmon. Juveniles of
these fish as well as the annual influx of energy from salmon
carcasses quite likely supported fairly large bull trout pop
ulations. The 19th-century Sacramento River fishery com
bined with sediments from hydraulic mining severely de
pleted salmon runs coming into the McCloud. The Baird
Hatchery, established on the lower river in 1874 to take eggs
from chinook salmon in order to help restore depleted runs,
may, ironically, have contributed to the further decline of
McCloud River salmon because the weir next to the hatch
ery blocked much of the run at times. In the early 20th cen
tury the runs recovered somewhat, but not to former levels
(16). Then in 1942 Shasta Dam closed and blocked access
for all salmon. Salmon were a major driving force in the
McCloud River ecosystem, so their depletion and loss un
doubtedly had a major impact on the piscivores in the river,
including bull trout.

Introduction of brook trout. Brook trout were estab
lished in the McCloud River watershed by 1910 or so (4).
They are present in small tributaries that juvenile bull trout
may once have used for rearing (10). Brook trout will hy
bridize with bull trout, and this hybridization is a major

diet as they grow larger. Bull trout more than 25 cm TL feed
primarily on fish, including juvenile trout and salmon,
sculpins, and their own young. Frogs, snakes, mice, and
ducldings have also been found in their stomachs. Bull trout
typically lie in wait underneath a log or ledge and then dash
out to grab passing fish. Feeding is probably most intense in
evening and early morning, but I have watched a bull trout
that measured 20 cm TL in a Montana stream capture small
cutthroat trout at midday. High bull trout densities are of
ten associated with concentrations of small fish, often from
migratorypopulations. Chinook salmon that once spawned
in the McCloud River were presumably once a major source
of food for local bull trout, both as loose eggs and as juve
niles that reared in the river year round.

Bull trout grow slowly but have long life spans (up to 20
years), and so are capable ofachieving large sizes. Theytyp
ically reach 5-8 cm TL in their first year, 10-14 cm in their
second, and 15-20 cm in their third. Growth is slowest
thereafter in resident populations and fastest in adfluvial
populations, members ofwhich may reach 40-45 cm TL in
5-6 years. The largest bull trout on record, from Lake Pend
Oreille, Idaho, measured 103 cm TL (14.5 kg) (8). Bull trout
from the McCloud River were purported to reach over 7.3
kg (about 70 cm TL), and the California angling record is a
fish from McCloud Reservoir thai weighed about 5.1 kg. A
fish that lived for 19 years in the Mt. Shasta hatchery
weighed around 6 kg at the time of death; a second display
fish at the hatchery reached a similar size (4). The last two
bull trout caught from the McCloud River (in 1975) meas
ured 37 cm SL and 42 cm SL and were 4-6 years old (9).

Bull trout from fluvial and adfluvial populations spawn
for the first time in their fourth or fifth year, at lengths of 40
cm TL or more. Fish from resident populations spawn at
smaller sizes (25-30 cm TL) and presumably younger ages.
They usually migrate upstream to spawn in gravel riffles of
clear, cold streams. Migrations of 150-250 km are not un
usual in adfluvial populations (10). Movements toward
spawning grounds can begin in July or August, but spawn
ing does not begin until water temperatures have dropped
below 9-10°C (6, 10) in late summer or fall, apparently in
September and October in the McCloud River. Female
spawners choose sites that have relatively low gradients, ex
panses of loose gravel, groundwater or spring inflow, and
nearby cover, such as pools. Spawning behavior is similar to
that ofbrook trout (6,11), although males may spawn with
multiple females (10). Small jack males are present among
the spawners as well (10). Each female, depending on her
size, lays 1,000-12,000 eggs; a mean of 5,482 eggs was found
for 32 females averaging 65 cm FL in Montana (10).

Embryos are buried at a depth of 10-20 cm and hatch in
100-145 days (6). After hatching they remain in the gravel
for another 65-90 days, absorbing their yolk sacs. They be
gin feeding while still in the interstices of the gravel and

the Fall River. Another scenario is colonization of the river
by anadromous bull trout moving up the Sacramento River
during a cooler period of the Pleistocene (15).

Ufe History Little information is available on McCloud
River bull trout (4, 5), so most ofthe information summa
rized here is from other areas (4, 6). In terms of basic life
history, bull trout can be adfluvial (adults in lakes, spawn
ing and rearing in streams), fluvial (all stages in streams, but
adults migrate up tributaries for spawning), or resident (no
separation of life history stages). A few populations may
also be anadromous (3). Most resident populations occur in
small streams, and it is possible that many, if not all, of these
populations are remnants of populations that were once
fluvial (e.g., populations in Klamath basin tributaries in
Oregon) (7). In the McCloud River the population was ap
parently fluvial, with adults concentrating in pools in the
lower reaches of the river, migrating upstream to spawn in
higher-gradient reaches below Lower Falls (4).

Regardless of life history strategy, the defining charac
teristic of streams containing bull trout is exceptionally
cold, clear water, often originating from springs. They are
rarely found in streams that have maximum temperatures
greater than 18°C, and optimum temperatures appear to be
12-14°C for adults and juveniles and 4-6°C for embryo in
cubation (4,6). The McCloud River prior to the construc
tion ofMcCloud Dam provided near-ideal temperatures for
bull trout, with its major source (Big Springs) flowing in at
7.5°C year round and temperatures in the lower river rarely
exceeding 13°C during the summer (4). The river also had
other characteristics favorable to bull trout: good condi
tions for spawning and rearing in the reach below Lower
Falls, deep pools in the lower river for adults, and abundant
food in the form of juvenile chinook salmon. The McCloud
River was once a major spawning stream for winter- and
spring-run chinook salmon as well as steelhead and coho
salmon. It also supported resident populations of riffle
sculpin and Sacramento sucker.

Adult bull trout in rivers prefer to live on the bottom in
deep pools; they are also associated with pools in smaller
streams. Adfluvial populations thrive in large coldwater
lakes and reservoirs (e.g., Flathead Lake and Hungry Horse
Reservoir, Montana). In California bull trout were unable to
maintain populations in either McCloud or Shasta Reser
voir, the two to which they had access. Juvenile trout (to 20
cm TL) are strongly bottom oriented, hanging out near or
under large rocks and large woody debris, in stream reaches
with coarse, silt-free substrates. They seem to prefer pock
ets of slow water near faster-moving water that can deliver
food (6).As they grow larger they move into pools (4). They
seem to be most active at night.

Juvenile bull trout «11 cm TL) feed heavily on aquatic
insects (6). Fish gradually become more important in the
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Brook Trout. Salvelinus fontinalis (Mitchell)
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Life History Brook trout are fish of clear, cold lakes and
streams. Despite their continuous and widespread planting
throughout California, populations have become estab
lished mostly in small, spring-fed headwater streams and in
isolated mountain lakes. These are the coldest of Califor
nia's trout waters, so it is not surprising that brook trout are
among the most cold tolerant of salmonids, feeding at tem
peratures as low as 1°C (7). They prefer temperatures of
14-19°C but can survive temperatures up to 26°C if accli
mated to them. However, growth is poor at temperatures
much above 19°C.

In streams brook trout show a wide variety of social be
haviors (4). When flows are moderately fast and food is
abundant, they defend feeding areas against other trout.
Such territories are generally located behind rocks that
break the current, permitting the trout to stay in back ed
dies without expending much energy. As currents become
either very slow or very fast, they exhibit less aggressive be
havior and engage in other foraging modes. In lakes brook
trout tend to swim about as individuals, schooling mainly
when alarmed. However, observations in Chiquito Lake,
Madera County (elevation 1,700 m), during August 1973
showed that they will congregate in large numbers over
springs, presumably attracted to the lower water tempera
tures (17).

Brook trout in streams feed mainly on terrestrial insects
and aquatic insect larvae. Both types of food are taken pri
marilyas drift, on or close to the surface of the water. Brook
trout are not particularly selective in their feeding but con
centrate on whatever organisms are most abundant. They
also do some bottom feeding, indicated by the fact that 20
percent of their summer diet in Sagehen Creek is sculpins
(5). Their diet in lakes is similar to that in streams, although
zooplankton may also be important. Brook trout juveniles
in Castle Lake (Siskiyou County) feed mainly on benthic in-

mountainous regions of other western states and provinces,
as well as South America (5 countries), South Africa, Zim
babwe, Japan, Australia, New Zealand, Europe (at least 13
countries), and a few Pacific islands (2, 14, 15, 18).Names Brook trout are frequently called eastern brook

trout in California and speckled trout in Canada. Brook
charr is actually a better name, because most members of
the genus Salvelinus are called charrs. There is a movement
afoot, lead by Dr. Eugene Balon of Guelph University, to
change the name officially to charr, but the conservatism of
fisheries biologists and anglers with regard to fish names
makes the likelihood of its use beyond a few scientific jour
nals slim. The word trout has been applied to this species
since at least 1815, when E. Mitchell described the species
from a stream in NewYork. He placed it in the genus Salmo
("true" trouts), from which it was removed in 1878 by D. S.
Jordan, who failed to call it a charr. It was then called east
ern brook trout in California to distinguish it from native
western brook trout, now called rainbow trout (14). Among
anglers the name eastern brook trout still persists, so it is
probably too much to expect them to call the fish brook
charr. Fontinalis means living in or near springs. For Salveli
nus and other names see the account of bull trout.

Figure 97. Brook trout, 19 em SL,
First Lake, Inyo County.

duced splake, a fertile hybrid that has been stocked in a
number oflakes in the eastern United States and Canada.

Distribution Brook trout are native to the northern half of
the eastern United States and to eastern Canada, west to
eastern Minnesota and Manitoba and northeastern Iowa. A
few populations are native as far south as northern Georgia
in Appalachian mountain streams. The species has been
widely planted in suitable and unsuitable waters throughout
the United States and Canada. The first introductions to
California were 5,000 embryos brought in by the California
Acclimatization Society in 1871 and raised in a hatchery in
San Francisco (1). Additional shipments from the East fol
lowed. In 1872 the California Fish Commission purchased
6,000 brook trout and planted them in several places. By the
1890s theywere being raised in large numbers and being dis
tributed throughout the state (1). They are now established
in mountain streams and lakes from the San Bernardino
Mountains north to the Oregon border, but they are most
abundant in the Sierras. They are also widely established in

Taxonomy In their native range brook trout show consid
erable variability in color patterns, morphology, and life
history (3), but the species has not been broken up into sub
species. Brook trout in California seem to have rather lim
ited origins and are fairly uniform from place to place.

Brook trout occasionally hybridize with brown trout,
producing offspring known as tiger trout-a name that
seems to fit both the hybrid's striped color pattern and its
voracious feeding habits. Such hybrids are sterile. In hatch
eries brook trout have been crossed with both rainbow trout
and lake trout. The brook trout-lake trout cross has pro-

habitats by blocking adult migrations to upstream areas.
Third, it altered conditions downstream of the dam, reduc
ing flows, reducing recruitment of spawning gravel, reduc
ing the frequency of flushing flows, increasing turbidity in
the fall, and, most important, raising water temperatures in
the river by5-100C (4). Once the dam was in place, the long
lived bull trout hung on for 10-12 years before dying out
completely.

CDFG has developed a plan for restoring bull trout,
mainly by establishing resident populations in some tribu
taries upstream ofMcCloud Reservoir and in thelower river
(4). These populations would be boosted periodically by
hatchery fish ifthey could not sustain themselves. "Booster"
stocking would be inevitable if a fishery became established
again. The plan is now on hold although, realistically, this is
probably the only way to have bull trout in the river again.
Sadly, it reflects the fact that the two dams have radically al
tered the McCloud River as an ecosystem. As long as they re
main, restoration of bull trout will be an uncertain activity
at best.
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on the head of the vomer, and on the tongue and palatine
bones, but absent from the shaft of the vomer and basi
branchial bones. There are 110-132 scales in the lateralline,
10-14 dorsal fin rays, 9-12 anal fin rays, 11-14 pectoral fin
rays, and 8-10 pelvic fin rays. Spawning males are deep bod
ied with hooked lower jaws (kype); the females develop a
protruding genital papilla. Both sexes may become brightly
colored when spawning, with dusky to black bellies, red
sides, and red lower fins. Young fish have 8-10 wide parr
marks, some as wide as the eye, and usually a few red, yel
low, or blue spots.

SALMON AND TROUT, SALMONIDAE

cause of the decline of resident populations in Oregon and
elsewhere (12). However, there is no evidence that hy
bridization took place in the McCloud River.

Introduction of brown trout. Brown trout probably en
tered the McCloud River in the 1920s, although they do not
seem to have been especially abundant until after the cre
ation ofShasta Reservoir in the 1940s. The reservoir allowed
a substantial migratory population of large fish to develop.
Large brown trout are ecologically similar to bull trout,
hanging out in large pools and preying on other fish. They
may have contributed to bull trout decline through a com
bination of competition and predation.

Shasta Dam and Reservoir. When Shasta Dam closed in
1942, it blocked access of major salmon runs, provided bet
ter habitat for migratorybrown trout, and flooded about 26
kID of the lower river, about a quarter of the bull trout's
habitat. Although fluvial bull trout elsewhere have become
adfluvial following the construction of reservoirs, this did
not happen with Shasta Reservoir. Small numbers of bull
trout appeared in the reservoir fishery, but runs from the
reservoir never developed. Presumably the reservoir was
just too warm for the growth and survival of bull trout (4).

McCloud Dam and Reservoir. McCloud Dam, com
pleted in 1965 and blocking the river about 45 km upstream
from Shasta Reservoir, was the final blow to bull trout. First,
it flooded 8 kID of prime habitat for bull trout. Second, it
probably severed the connection between juvenile and adult

Identification Brook trout are distinguished from other
trout by the combination of a dark, olive green back with
lighter-colored wavy lines (vermiculations), red spots on
the sides surrounded byblue halos, and white leading edges
on the pectoral, pelvic, and anal fins. The tail is slightly
forked to a nearly straight shape. The mouth is large and
slightly oblique, with the maxillary bone extending past the
posterior margin of the eye. Teeth are present in both jaws,
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sects in the littoral zone of the lake; larger trout are also
benthic feeders but consume terrestrial insects and zoo
plankton as well (6). Large trout in lakes may also become
piscivorous. Rainbow trout fry dropped into alpine lakes by
airplane frequently wind up in brook trout stomachs. Feed
ing in both lakes and streams has definite daily and seasonal
rhythms. Brook trout will feed any time there is sufficient
light to see prey, but the most intensive feeding occurs in the
evening, when insects are most active, and in early morn
ing. In mountain lakes some feeding takes place under ice
in winter, mostly on aquatic insect larvae, zooplankton, and
molluscs, but the amount consumed is small compared
with that in summer feeding (7). There is also frequently a
period in midsummer when the pace of feeding slackens
owing to high water temperatures. This is particularly no
ticeable in shallow lakes and small streams.

Growth in brook trout is highly dependent on length of
growing season, water temperature, population density, and
availability of food, although other factors-such as water
chemistry, the presence of other trout species, heredity, and
fishing pressure-also frequently affect growth. In Califor
nia the fastest growth occurs in lakes and streams of mod
erate elevation that do not contain large populations either
of brook trout or of other fishes. In such situations brook
trout will reach 15 cm TL bythe end of their first year, 18-20
cm in their second year, and 23-25 cm in their third year.
Somewhat slower growth, however, is typical of most Cali
fornia populations, so they seldom exceed 30 cm TL (340 g).
The largest brook trout from California, caught in 1932 in
Silver Lake (Mono County), measured more than 60 cm TL
and weighed 4.4 kg. On the opposite end of the size spec
trum are brook trout from Bunny Lake (Mono County).
Here poor growing conditions produced fish that measured
only 24-28 cm TL, even though some lived as long as 24
years (8). In their long lives these trout reproduced only
once (at age IS!) and showed distinct signs of senescence as
they got old. The Bunny Lake trout are the oldest brook
trout on record from anywhere. Brook trout that live longer
than 4 or 5 years are rare.

Accompanying this short life span is a generally early age
ofmaturity. Male brook trout may spawn at the end of their
first summer oflife atless than 10 cm TL; females mayma
ture at the end of their second summer at 11-12 cm T1. It
is more common, however, for males to mature in their sec
ond or third year at 12-15 cm TL and for females to mature
in their third or fourth year at 14-20 cm T1.

Brook trout are fall spawners, but the specific time de
pends on water temperature. They usually spawn in Cali
fornia from mid-September to early January at 4-11oC.
However, some reproductive activity was observed in Fry
ing Pan Lake, a high-altitude lake in Madera County, in
mid-August, when water temperatures were considerably
higher (17).

on the leading edges of the paired and anal fins. Lake trout
are heavy bodied. The head is broad and constitutes about
25 percent of the standard length. The mouth is large, the
maxillae extending past the posterior margin of the eye.
Well-developed teeth are present on the jaws, head of the
vomer, palatines, tongue, and basibranchial bones. There
are 16-26 gill rakers per arch and 10-14 branchiostegal tays
on each side. The dorsal fin has 8-10 major rays; the anal
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trout into lakes may also be the equivalent of fertilizing the
lalzes on a regular basis. More directly, brook trout (and
other trout in these lakes) have eliminated populations of
mountain yellow-legged frogs, Yosemite toads, other am
phibians, and large invertebrates through predation (20).
Mountain yellow-legged frogs, for example, spend 2 years as
tadpoles and have to survive winters in deep lakes, making
them easy prey for trout. The lakes they require are the same
ones ~hat are best for fish. Although other factors, such as air
borne pollutants, contribute to amphibian declines, in the
Sierra Nevada fish appear to be the single biggest cause (16,
18). If present trends continue, high mountain amphibians
that depend on lakes will all be endangered.

Brook trout can also contribute to the elimination ofna
tive trout populations in streams. Where they are introduced
into waters with native cutthroat trout, they typically dis
place and eventually eliminate native trout through compet
itive interactions.

In mountain lakes and streams they often do not even
provide much of a fishery because of their inability to reach
large sizes, through either stunting (intraspecific competi
tion for limited food) or poor overwinter survival (owing to
postspawning stress). Obviously, eliminating brook trout
from hundreds of high mountain lakes and streams is not
possible, but there are ways for humans and trout to share
the mountains with the native aquatic fauna, especially
frogs and toads. The best solution is to select some of the
more remote watersheds in the Sierras and elsewhere and
systematically eliminate fish from them, creating special
fish-free watersheds as refuges (16).

spawning reduces survival chances, arid as a consequence
brook trout spawn just once in many high mountain lakes.
Small mature males and large mature females seem to have
a particularly hard time surviving (13). This characteristic
presents strong local selection pressure on life history traits
in brook trout, which may therefore show considerable
variability.

Because embryos have to overwinter at low water tem
peratures, development time is long, usually 100-144 days
at water temperatures of 2-5°C. For the first 3-4 weeks af
ter hatching, alevins remain in the gravel. They gradually
become more active as the yolk sac is absorbed and the wa
ter warms up. Fry in streams move into shallow edges,
among emergent plants, or into backwaters ofpools, where
they feed on small crustaceans. In pools individual brook
trout fry show a wide variety of feeding patterns, from ben
thic feeding to feeding in the water column, with individual
fish showing distinct preferences for modes of feeding (12).
In lakes they move into shallow water, concentrating in ar
eas protected from wave action.

Identification Lake trout can be readily recognized by their
deeply forked tails with pointedlobes and bytheir colorpat
tern of irregular white to yellow spots on a background of
light green to gray that covers the entire body, including the
head and fins. The spots may be obscured if the trout has
assumed a silvery color overall. There is a pale white border

Lake Trout, Salvelinus namaycush (Walbaum)

Status IID. Brook trout are present in more than 1,000 lakes
and 2,200 km of stream in California (ll). In most ofthese
waters their populations are self-sustaining and support an
gling. Small numbers are still raised in California hatcheries
despite low demand and abundant wild fish. This has not al
ways been the case. In the 1890s and early 1900s large num
bers were raised and planted, many in fishless waters of the
high Sierras. Stocking was done by fisheries workers,
foresters, and laymen enthusiastic about the beautiful col
ors, edibility, and angling qualities of brook trout-but un
fortunately ignorant of their biology. Alpine lakes are also
typically in headwaters and so provide a continuous source
of trout to invade downstream areas, leaving few places as
refuges for rare native trouts (19,21). Their continuing im
pact on high mountain lakes that were originally fishless is a
major problem. Brook trout introductions fundamentally
change alpine lake ecosystems, including stimulating algae
blooms through increased nutrient cycling (19). Repeated
introductions oflarge numbers ofjuvenilebrook or rainbow

Spawning sites are chosen by females, who seek out ar
eas with the following characteristics (in approximate order
of importance): depth greater than 40 cm, upwelling
through the substrate, water temperatures colder than those
of the surrounding water, pea- to walnut-size gravel, and
nearby cover. The preferred site for redd construction is a
gravel-bottomed spring in a stream or lake, close to an
undercut bank or log. Such a site presumably ensures maxi
mum egg survival. Upwelling through coarse gravel pro
vides a constant flow of cold water around the embryos and
slows development so that hatching does not occur before
spring; it also prevents ice from infiltrating the gravel in
shallow water (9, 10). The presence of nearby cover offers
protection from predators for the brilliantly colored
spawners. Frequently one or more of the ideal site charac
teristics may be missing from water where brook trout
are established. They will then spawn in suboptimal areas
and usually can still maintain populations. Thus brook
trout have been observed spawning in gravel riffles, sandy
bottomed springs, and gravel-bottomed shallows of lakes,
as well as over piles of boulders. Their adaptability to lake
conditions in particular has permitted brook trout to main
tain populations in mountain lakes that lack the accessible
inlets or outlets most other salmonids require.

Once a female has chosen a spawning site, she begins to
dig the redd by turning on her side and shoveling up gravel
with rapid movements ofher tail. Usually this behavior does
not begin unless there are males in the vicinity. Males are at
tracted to the digging female, and one quicldy becomes
dominant and defends the redd site against all other males.
Often redds are located in territories already defended by
males. The female chases away other females, although the
male will also perform this task on occasion. As the female
digs the male courts constantly by swimming alongside her,
nudging and quivering. When the redd is complete (its size
depends on the length of the female), the female swims
slowly to the bottom and the male quickly swims alongside
her, quivering. Together they swim over the bottom of the
redd, releasing eggs and sperm simultaneously, the milt vis
ible as a white cloud. The female almost immediately begins
to sweep gravel over the eggs with her tail. This new digging
activity covers the embryos and serves to start a new redd
just upstream from the old one. As only 14-60 eggs are laid
at one time and because wild brook trout females contain
anywhere from 50 to 2,700 eggs, each female has to repeat
edly dig new redds. In California the average fecundity
seems to be between 200 and 600 (ll). Males also spawn re
peatedly, usually with more than one female, and females
frequently switch mates between spawns. Spawning activity
can occur at any time of day or night but tends to peak in
the early morning or at dusk.

Because spawning occurs in autumn, just before the
long, hard winter, it is a risky business. The energy drain of
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Status lIC. Lake trout are a well established and popular
game fish with self-sustaining populations in the Tahoe
basin and a few reservoirs. Most are taken by trolling with
bait and lures close to the bottom in deep water. The spe
cialized nature of the fishery makes it a stable one, and there
is no evidence of overharvesting. The obsession of manage
ment agencies with the lake trout fishery in Tahoe led to the
introduction of opossum shrimp into the lake. The shrimp
was assumed to be a detritus feeder that would become a
major food source for juvenile trout and improve their
growth and survival, on the assumption that small trout
were food limited. Unfortunately, the shrimp preys on
larger zooplankton (the same species important to juvenile
lake trout), which thus largely disappeared from the lake.
This miscalculation caused a major shift in the lake's eco
system to the detriment of plankton-feeding fishes (8).

Even earlier, lake trout may have been one of the main
reasons Lahontan cutthroat trout, which they (and rainbow
trout) replaced ecologically, are now extinct in Lake Tahoe.
Presumably the combination of competition, predation,
and disease from lalze trout made it impossible for cutthroat

38,43,48,53,58, and 62 cm. This pattern of growth has re
mained relatively constant during the over 60 years for
which records have been kept, even following the intro
duction of mysid shrimp. Most growth takes place in June
through September. It does not cease in the winter but only
slows down.

Lake trout in Lake Tahoe become mature for the first
time in their fifth through eleventh years, but they spawn
every year thereaft~r (5). They spawn from mid-September
to mid-November in deep (but <37 m) water over bottoms
covered with rubble and boulders. Lake trout are unique
among North American charrs, trout, and salmon in that
they do not build redds or defend breeding territories. In
stead males arrive first in the breeding area and sweep rocks
clean of silt and debris by fanning them with their fins or
rubbing them with their bodies. Curiously, in Lake Tahoe
they spawn on beds of macrophytes, at 40-60 m, the only
population known to use such a substrate for spawning
(10). Most spawning takes place at night. Each female
spawns with one or more males simultaneously after a brief
courtship ceremony. Fertilized eggs fall between crevices of
the rocks and are left unattended by the adults. In Lake
Tahoe each female lays an average 00,400 eggs, with a range
of 900-11,500, depending on body length.

Embryos hatch in 4-6 months, and alevins remain
among the rocks for the first month or so. Little informa
tion is available on the ecology oflake trout for the next 1-2
years in Lake Tahoe, although it is generally assumed that
they continue to live on the bottom in deep water and feed
on benthic invertebrates and zooplankton.

Life History Because lake trout are the most sought-after
game fish in Lake Tahoe, their life history has been exten
sively investigated in the lake (3,4,5,6,7).

Lake trout ordinarily inhabit deep, cold waters of lakes,
although in more northern parts oftheir range they also live
in shallow water and in rivers. In Lalze Tahoe they are usu
ally found deeper than 30 m and have been collected as deep
as 430 m. In spring and fall, however, they may move into
shallow water to feed. They are one of the least tolerant
salmonids to high temperatures, preferring water less than
l3°C and dying if it becomes much warmer than 23°C.
Their salinity tolerance is also low for a salmonid: 11-13 ppt
is usually the maximum they can withstand, although there
are a few anadromous populations in eastern Canada. Lake
trout dwell on or close to the bottom. They often concen
trate around deep reefs, but they exhibit little social behav
ior outside the breeding season.

The diet of Lake Tahoe lake trout changes with the size
of the fish as well as with the season (7). Prior to the in
troduction of opossum shrimp, Mysis relicta, into Lake
Tahoe, trout measuring less than 13 cm FL fed mostly on
zooplankton (91% by weight, primarily Daphnia pulex)
but also on chironomid midge larvae and pupae. Zoo
plankton continued to be important (33%) to trout meas
uring 13-25 cm FL, but Paiute sculpins were the main item
in their diet (56%). As the trout increased in size, zoo
plankton ceased to be of much importance in the diet, and
they started preying on virtually every available fish species
in the lake and, to a lesser extent, on crayfish. For trout
greater than 50 cm FL, the favorite prey was Tahoe sucker
(45%), followed by other trout (17%) and mountain
whitefish (11%). Very few Lahontan redside, speckled
dace, or kokanee salmon were taken by lake trout of any
size, reflecting the usual restriction of trout to bottom
habitats in deep water. They also took surprisingly small
numbers of their own young. Feeding activitywas most in
tense during the spring and fall months. After the opossum
shrimp became abundant in the lake, Daphnia ceased be
ing part of the diet of small trout because the shrimp had
consumed them all (8). The shrimp became important in
the diet instead, and they now typically constitute 30-50
percent of the diet of lake trout of all sizes, although their
importance decreases once the trout exceed 50 cm TL (9).
In large trout fish still predominate, especiallyPaiute sculpin
and Tahoe sucker.

Growth in Lake Tahoe is slow even for lake trout, which
is a slow-growing species in general (6). The trout, how
ever, are long lived (up to 17 years in Lake Tahoe, up to 41
years elsewhere), so they can achieve large sizes (more than
1 m FL and 9.1 kg in Lake Tahoe and 1.25 m and 28.6 kg in
Lake Athabasca, Saskatchewan). In Lake Tahoe average
fork lengths for ages 1-10 are, respectively, 12, 18,25,32,

Figure 98. Lake trout. Top: Adult, ca. 60 cm 5L, drawing by
Paul Vecsei. Bottom: Juvenile, 23 cm 5L, Lake Tahoe, Placer
County.

Distribution Lake trout are native to most of the interior of
Canada, coastal drainages of Alaska (except the Yukon
River), and the Great Lakes and St. Lawrence drainages of
the United States (1). Relict populations are present in some
Montana lakes. They have been widely introduced into
deep, cold lakes in the United States, New Zealand, Sweden,
South America, and probably elsewhere. Lake trout from
the Laurentian Great Lakes were first introduced into Cali
fornia (Lake Tahoe tributaries) in 1886 by the Nevada Fish
Commission, but it is not known if any of those initial fish
survived. However, in 1889 and subsequent years many
more lake trout were propagated and planted (2). They are
present today in California in Tahoe, Donner, Fallen Leaf,
and StonyRidge Lakes, all in the Tahoe basin. Theyhave also
become established in Sly Park Reservoir (EI Dorado
County), Caples Reservoir (Alpine County), and Gold Lake
(Sierra County). Large numbers were planted in Oroville
Reservoir, and a number were caught in the fishery, but ap
parently no reproduction has taken place.

Names Lake trout in California are sometimes referred to
as Mackinaw trout or just Mackinaws. Namaycush is a ver
sion of the name given this fish by Native Americans. For
Salvelinus, see the account ofbull trout. For the question of
trout versus charr, see the account ofbrook trout.
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Taxonomy Lake trout are distinct enough from other
Salvelinus species that they have been placed in the past in
their own genus, Cristivomer.

fin, 8-10 major rays; the pelvic fins, 8-11 rays; and the pec
toral fins, 12-17 rays. The scales are small, 116-138 in the
lateral line.

Parr have 7-12 irregular parr marks, which are equal in
width to or narrower than the interspaces. Their fins are
without color and their backs have small, irregular white
spots.
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trout to recover from the ravages of the turn-of-the-century
commercial fishery. Overall the suite of introduced species
in Lake Tahoe-lake trout, rainbow trout, kokanee, crayfish,
and opossum shrimp-have caused major changes in the
way the ecosystem functions, probably to the detriment of
native fishes. The lake trout's slow growth rate, late age of
maturity, and vulnerability to trolling, however, do make it
susceptible to overfishing-which might actually be a good
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idea if restoration of cutthroat trout is to be seriously con

sidered for Lake Tahoe.
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Life History Striped bass are one of the most thoroughly
studied fish in the eastern United States and in California,
so this short account is mostly a summary of more detailed
reviews (2,3,4,5,6).

Striped bass move regularly between salt and fresh wa
ter, and they usually spend much of their life cycle in estu
aries. It is not surprising, therefore, to find that they are re
markably tolerant of a wide range of environmental condi
tions. Adults and juveniles can survive temperatures as high
as 34°C for short periods of time, although they are under
stress once temperatures exceed 25°C, and temperatures
over 30°C are usually lethal. Adults are capable of with
standing abrupt temperature changes (up to 27°e) that are
simultaneous with shifts from seawater to fresh water.
Younger fish are less tolerant of such changes. They can also
withstand low oxygen levels (3-5 mg/liter) for short peri
ods, as well as high turbidity, although extreme conditions
inhibit reproduction. Besides these rather broad water qual
ity requirements, striped bass have three basic requirements
for successful completion of their life cycle: (l) a large cool
river for spawning, with sufficient flow to keep embryos and
larvae suspended off the bottom until they reach the estu
ary and become free-swimming; (2) a large body of water
(e.g., San Francisco Bay, the Pacific Ocean) with large pop-

Madera Counties. Another population in San Luis Reser
voir, Merced County, is continually replenished with small
bass pumped in through the California Aqueduct from the
Delta. In fact every reservoir in southern California fed by
the aqueduct supports striped bass (and a fishery for them),
as does the aqueduct itself. Reproducing populations
are also established in the lower Colorado River, the result
of transplants from the San Francisco Estuary from 1959
through 1964 (1). As a result striped bass are found down
the river into Mexico and in the various canals that take wa
ter from the river in California. Striped bass are also raised
in hatcheries and planted in various California reservoirs,
mainly on rivers flowing into the Central Valley.
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Distribution Striped bass are native to streams and bays of
the Atlantic coast, from the St. Lawrence River in the north
to the St. Johns River, Florida, in the south, and into streams,
bays, and estuaries connecting to the Gulf of Mexico from
Florida to Louisiana. They also range widely in the ocean
along the Atlantic and Gulf coasts of North America. They
are commoulyintroduced into reservoirs within or adjacent
to their native range. They were first introduced to the
Pacific coast in 1879 when about 135 fish from the Navasink
River, New Jersey, were planted in the San Francisco Estu
ary. In 1882 an additional plant of about 300 fish from the
Shrewsbury River, New Jersey, was made (1). So successful
was the introduction that by 1888 a commercial fishery for
bass had started up; the catch reached more than 1.2 mil
lion pounds by 1899 (2). They have since been found in salt
water from 25 miles south of the Mexican border to south
ern British Columbia. They are most abundant and widely
distributed in the ocean and estuaries during years of the EI
Nino phenomenon, when ocean temperatures are warmer.

The main breeding population, however, is still in the
San Francisco Estuary, although a smaller population is
present in Coos Bay, Oregon. In the Sacramento Valley they
regularly penetrate upstream as far as barrier dams, such as
Folsom Dam on the American River, Daguerre Point Dam
on the Yuba River, or Red BluffDiversion Dam on the Sacra
mento River. An apparently self-reproducing landlocked
population now lives in Millerton Reservoir, Fresno-

Names The generic name for striped bass ("stripers") has
changed back and forth over the years between Morone and
Roccus. It has remained Morone since the American Fish
eries Society recognized the name. Unfortunately, Samuel
Latham Mitchill (1764-1831), who first used Morone in his
1814 book Fishes ofNew York, neglected to explain how he
arrived at the word. Saxatilis means "living among rocks,"
apparently a reference to the rather inappropriate common
name rockfish, widely used on the East Coast. Similarly,
Roccus is a Latinization of the word rock.

Figure 122. Striped bass, 41 em SL,
Washington, D.C. USNM 25219.
Drawing by H. L. Todd.

salinities, although some live mostly in salt water and oth
ers largely in fresh water, whereas others move freely be
tween the two environments. All move about in voracious
schools, pursuing schools of small pelagic fishes. All are fa
vored sport and commercial fishes, famous for their culi
nary qualities.

Two species of Morone have been introduced into Cali
fornia, the striped bass and the white bass. They can be dis
tinguished from other spiny-rayed fishes in the state by the
presence of a small gill (pseudobranch) on the underside of
each gill cover, the separation of the spiny- and soft-rayed
portions of the dorsal fin, a complete lateral line, 1-2 spines
on the operculum, and narrow, horizontal black stripes on
the sides.

striped bass instantly recognizable. The body is deepest be
low the gap between the 2 dorsal fins. The tail is pointed at
the tips and slightly forked. There are 9-10 spines in the
leading half of the dorsal fin, and 1-2 spines and 11-12 rays
in the following half. The anal fin has 3 spines and 9-11 rays;
the pectoral fin, 13-17 rays; and the lateral line, 53-65
scales. There are 2 small but distinct spines on the opercu
lum. The mouth is terminal and large, but the maxilla does
not reach past the hind margin of the eye. The tongue has 2
distinct patches of teeth on its surface. The eye is moderate
in size, less than one-fourth of the head length.

Taxonomy The striped bass is a well-defined species, with
genetically defined races in various parts of its native range.
Striped bass on theWest Coast had a limited geographic ori
gin and so are presumably fairly uniform genetically, al
though it would be interesting to see how much, if any, they
have diverged from the source populations.

Striped basses are a small family ofpiscivorous fishes within
the giant order Perciformes, an order regarded by some as
the pinnacle of teleost evolution. The Moronidae seem to
represent a rather generalized condition in the order, with
their moderately deep bodies, large mouths, 2 dorsal fins
(8-10 spines, 10-13 rays), and anal fin with 3 spines and
9-12 rays (Nelson 1994). They were once considered to be
members of the Serranidae, a family that had become a tax
0nomic garbage can for the more generalized perciform
fishes (Gosline 1966), and later part of the Percichthyidae,
a slightly smaller garbage can. Today there are just six
species in the family: four in the genus Morone in North
America and two in the genus Dicentrarchus in Europe and
North Africa. All species are tolerant of a wide range of

Striped Basses, Moronidae

Striped Bass, Marone saxatilis (Walbaum)

Identification The streamlined, silvery-white body-with
its 6-9 black horizontal stripes and sharply separated spiny
and soft-rayed portions of the dorsal fin-makes adult
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ulations of small fishes for forage; and (3) a productive es
tuary where larval and juvenile striped bass can take advan
tage oflarge invertebrate populations. In California only the
San Francisco Estuary has satisfied all these conditions, al
though small landlocked populations maintain themselves
in Millerton Reservoir (they use the upper San Joaquin
River for spawning) and in the lower Colorado River.

Atlantic populations of striped bass are focused on large
bays, but large fish, mainly females, move into the ocean in
summer and make extensive migrations along the coast,
foraging on abundant shoaling fishes. In contrast, Califor
nia striped bass usually spend most of their lives in San
Pablo and San Francisco Bays. During EI Nino years, when
ocean temperatures are warmer and anchovies and other
prey are abundant close to shore, large bass move from the
estuary into the ocean, often traveling long distances both
north and south. There is a general movement of adult bass
out ofbays into fresh water in fall. Many spend winter in the
Delta and move back into salt water in spring following the
upstream spawning migration.

Striped bass are gregarious pelagic predators. This life
style is reflected in their streamlined body shape, silvery col
oration, and feeding habits (7). Larval and juvenile striped
bass are primarily invertebrate feeders. Larval and post
larval bass feed mainly on copepods, historically principally
Eurytemora affinis but after the mid-1980s various alien
species. Young-of-year «10 cmFL) rely mostly on opossum
shrimp, Neomysis mercedis and, increasingly, Acanthomysis
spp., although amphipods, copepods, and small threadfin
shad may be important foods on occasion. The diet of
larger juveniles (10-35 cm FL) is similar to that of young
of-year, but fish are increasingly important as bass increase
in size (42). Subadult bass (age 2+, 26-47 cm FL) are pri
marily piscivorous; invertebrates can be important in win
ter and spring when small fishes are hard to find. In the
Delta adults feed mostly on threadfin shad and smaller
striped bass, whereas in San Pablo Bayand the Pacific Ocean
they talze a wide variety ofpelagic fishes (e.g., anchovies and
herring) as well as bay shrimp (Crangon spp.).

Despite the seemingly limited nature of the striped bass
diet, they are rather opportunistic feeders, and almost any
fish or invertebrate found with them sooner or later appears
in their diet, depending on time and place. Thus in the
Sacramento River adult striped bass feed largely on juvenile
salmon (8), whereas in the American River they feed largely
on crayfish and various native fishes (9). In Suisun Marsh
large bass frequently feed heavily on threespine sticklebacks
coming out of marsh drains. Adult bass often hang out
near screened diversions, feeding on small fish, especially
salmon, that concentrate near them. They are a major
source of mortality of juvenile salmon and other fish en
trained by the State Water Project pumps of the South
Delta. They prey both on fish entering the fish rescue facil-

vival through the first year oflife and number of adults in a
year class, except when bass numbers are low, unlilze striped
bass populations on the Atlantic coast (25). This observa
tion indicates that there is a bottleneck in survival of juve
nile bass between the end of their first summer and the end
of their second year (age 3) (39). The most likely causes of
high mortality at this stage are predation and shortages of
food.

History of striped bass and its management. The his
tory of striped bass in California is one of the great success
stories of fish introductions: a small introduction resulted
in a major fishery that has persisted for over 125 years. In
1880, one year after the introduction, the first striped
bass was caught (and eaten) from San Francisco Bay; within
10 years a commercial fishery had developed (1). The rea
sons for its spectacular success are not really known, but
the availability of the Sacramento River as a near-optimal
spawning stream was clearly a key factor. The suitable
spawning areas were sufficiently restricted that even the
small number ofbass initially present had a high lilzelihood
of finding one another once they started seeking a place to
spawn (18). Equally important, striped bass, because of
their semibuoyant embryos and pelagic larvae, could spawn
successfully in the river despite its huge sediment loads from
hydraulic mining in the Sierras. Most native species de
posited eggs on the bottom, where they were easily smoth
ered. The bass also came into an environment with abun
dant prey at all levels, from zooplankton to shrimp to fish
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Status IID. Striped bass are one of the most abundant fish
in the San Francisco Estuary and are widespread along the
Pacific coast. They are the most important sport fish in the
estuary (37). Nevertheless they are much less abundant than
they were during the first 75 or so years following their ex
plosive invasion ofthe region. Their decline has been a mat
tel' of great concern because of their value as sport fish, and
for several decades decisions regarding management of the
estuary were often made as if they were the only fish that
mattered. Their importance in management was partly due
to the fact that there was more information available on
their biology than on that of any other fish in the estuary.
Management agencies made a basic assumption that an es
tuary managed for striped bass would favor other desirable
species as well-an assumption that has proven to be, at
best, only partially true. This is not surprising considering
that the life history of the bass is quite different from that of
any native species. Because of the importance of the striped
bass and its fishery in the politics of California water, I dis
cuss here four subjects: (1) the history of striped bass and
its management, (2) why striped bass populations have de
clined, (3) their impact on native fishes, and (4) the future
of striped bass in California.

Drain, which is significantlywarmer than Sacramento River
water and often laden with toxic materials (15). During wet
years spawning may take place in the Sacramento River por
tion ofthe Delta. In the San Joaquin River successful spawn
ing upstream ofthe Delta occurs mainly during years ofhigh
flow, when the large volume of runoff dilutes salty irrigation
waste water that normally makes up much ofthe river's flow.
In years oflower flow spawning occurs in the Delta itself. Be
cause ofinteractions among these factors there are two main
spawning areas in the Delta: the Sacramento River from Isle
ton to Butte City and the San Joaquin River and its sloughs
from Venice Island down to Antioch. Most spawning, how
ever, takes place in the Sacramento River.

Striped bass are mass spawners. In the Sacramento River
thousands of large bass aggregate close to banks just off the
main current (16). Groups of 5-30 fish, predominately
males surrounding one or two females, break away from the
main group and swim out into the main river, close to the
surface. During the spawning act the group mills about. In
dividuals frequently turn on their sides, accompanying this
action with vigorous splashing at the surface. Although
spawning can occur at any time of the day, peak activity is
usually during the late afternoon or early evening.

The newly fertilized eggs are slightly heavier than fresh
water, so they slowly sink. If embryos remain on the bottom
for any length oftime they will not survive, but even a slight
current will keep them suspended. They hatch in about 48
hr at 19D C. Larvae depend on their yoll< sacs for nourish
ment for the next 7-8 days (17). As they become more ca
pable of swimming, they begin feeding on small zooplank
ters. During this early period the embryos and larvae in the
Sacramento River are carried into the Delta and Suisun Bay.
In the San Joaquin River outflow is balanced by tidal cur
rents, so that embryos and larvae stay suspended in the
same general area in which spawning took place. Essentially,
larval bass from both rivers are most abundant where salt
and fresh water meet. Thus when they begin to feed they are
concentrated in the most productive portions of the entire
estuary. Larval growth and survival rates are also highest in
areas ofbrackish water, presumably because of reduced en
ergy costs for osmoregulation. Larvae often make vertical
migrations to take advantage of the opposite directions in
which riverine and tidal currents flow, to maintain them
selves in food-rich areas. Larval striped bass swim rapidly
compared with other fish larvae (3-4 body lengths per sec
ond) and need fairly dense concentrations of zooplankton
to satisfy their high metabolic rates (38). Even as larvae they
are voracious predators!

Survival of bass through the first year of life appears to
depend in part on adequate river flows carrying them to the
best places for rearing (12, 23), usually in Suisun Bay, al
though even this relationship has not been strong in recent
years (39). Curiously, there is little connection between sur-

ity (in Clifton Court Forebay) and on fish that are trucked
back to the Delta after being salvaged.

Growth is most rapid during the first 4 years and is also
highly variable, depending on food supplies. In the estuary
they typically reach 9-11 cm FL in the first year, 23-30 cm
in the second year, 28-43 cm in the third year, and 44-54 cm
in the fourth year, with growth increments of 5-10 cm/year
thereafter. Fish over 10 years old and 85 cm are uncommon,
but in the 1920s and 1930s 16- to 20-year-old bass were
recorded that measured nearly 110-120 cm FL (10, 11).
Growth in Millerton Reservoir is somewhat faster for the
first few years, so by the end of the fourth year Millerton
bass typically measure 55-56 cm FL. Striped bass will re
putedly reach about 125 cm FL (41 kg) in California, and
bass measuring 180 cm FL (56 kg) have been recorded from
the Atlantic coast. The angling record for the state is a 30.6
kg bass taken from O'Neill Forebay (Merced County) in
1992. Large striped bass are difficult to age using either
scales or otoliths, but the maximum age seems to be in ex
cess of 30 years. The oldest (over 10 years) and largest bass
are invariably females.

The age of maturity for females is 4-6 years. A few males
may mature at the end of their first year, but most of them
wait until they are 2-3 years old. As a result males typically
measure 25 cm FL when they spawn for the first time, and
females measure about 45 cm FL. Female bass are very pro
lific, and fecundity increases dramaticallywith size. Thus fe
males in the estuary spawning for the first time at age 4 con
tain on the average 243,000 eggs, whereas females age 8 and
older average 1.4 million eggs (12). Females are capable of
spawning every year if conditions are right. The maximum
fecundity seems to be around 5 million eggs. Large females
not only produce more eggs than small females, they also
produce larger eggs, with more yoll< and oil, suggesting that
their larvae should have higher survival rates (13).

Spawning may begin in April when bass, usually males
first, start to move into suitable areas. In the eastern United
States, there is some evidence that striped bass home to an
cestral spawning grounds (36). Spawning peaks in May and
early June. The exact time and location of spawning depend
on the interaction of three factors: temperature, flow, and
salinity (14). No spawning will occur until temperatures
reach at least 14DC. Optimum temperatures appear to be
15-20DC, and spawning will cease above 21DC. In the Sacra
mento River most spawning occurs anywhere within a
roughly 70-km reach starting above Colusa (about river km
195) and ending below the mouth of the Feather River
(about river km 125). When flows are high water takes
longer to warm up, so spawning takes place farther up
stream than usual, because bass migrate upstream while
waiting for temperatures to rise. It also takes place later in
the year. Bass seeking a place to spawn may also be attracted
to large outflows of agricultural return water from Colusa

STRIPED BASSES, MORONIDAE366

I011077            .



(including small salmon), but without a resident schooling
pelagic predator. Its main fish-eating rivals were sluggish
Sacramento perch and thicktail chub, slow-growing pike
minnow, and cold water-requiring steelhead, none ofwhich
had the predation mechanisms or metabolic requirements
that make stripedbass both voracious and fast growing. The
bass also had the advantage ofbeing able to prey heavily on
its own young and to switch readily to other alien species as
they became established.

The commercial fishery for striped bass in the estuary
lasted until 1935, when it was banned in favor of the grow
ing sport fishery, after being subjected to increasingly severe
regulation (1). By that time the sport fishery catch already
exceeded the commercial catch, and it was thought that
the best way to avoid overexploitation was to shut down
the commercial fishery. This strategy seemed to work,
and the sport fishery continued to sustain itselfwithout any
serious management except fishing regulations. The fishery
even spread to the ocean during E1 Nino years and to estu
aries on other parts of the coast, including Coos Bay, Ore
gon, where another breeding population became estab
lished. In an effort to expand the fishery further, numerous
transplants (mainly in 1899-1933) were made into both
marine and inland waters, with little long-term success (1).
Successful transplants were made into Millerton Reservoir
and the Colorado River (both highly altered environments)
in the 1950s.

Despite these efforts, there were signs that the bass pop
ulation was declining. The number of striped bass per an
gler, although not a particularly reliable statistic, declined
fairly steadily, from 20 fish in the 1930s to 10 fish in the
1940s to fewer than 10 fish in the 1950s, at which point more
restrictive angling regulations were instituted (2). In 1959 a
major study of striped bass and other fishes in the estuary
began in connection with the development of large state
and federal water projects. In the early 1960s the bass pop
ulation was estimated to be 2-3 million adult (legal size,
>45.7 cm TL) fish (18). From 1969 to 1976 it hit a plateau
of an estimated 1.5-1.9 million adult fish (18,37).

The 1960s and early 1970s encompassed the period in
which the StateWater Project joined the federal CentralVal
ley Project to further dramatically change the hydraulics of
the estuary and its inflowing rivers. Therefore it was logical
to assume that the projects were responsible for the decline,
both by altering estuarine hydrodynamics and by sucking
up embryos and larvae into the pumps (which were
screened to prevent the entrainment of larger fish). These
presumed effects were the reason for Decision 1379 of the
State Water Resources Control Board in 1970, which di
rected that further studies be made to figure out what to do
about the decline. The water agencies agreed to fund fish
agencies to carry out the studies. In the interim DB79 also
set minimal requirements to reduce pumping during times

such as chinook salmon and splittail, a permit to rear the
bass is required under Section 10 of the federal Endangered
Species Act. The permit allows CDFG to continue to rear
striped bass in exchange for reducing losses of fish by
screening diversions in Suisun Marsh and the Sacramento
River, and to monitor striped bass predation (41).

Why striped bass have declined. The decline of striped
bass is clearly related to a number of factors acting simulta
neously on different life history stages (18,20). The causes
are a mixture ofthose general to the fishes ofthe estuary and
those specific to striped bass. The basic categories of inter
related causes include (1) climatic factors, (2) south Delta
pumps, (3) other diversions, (4) pollutants, (5) reduced es
tuarine productivity, (6) invasions by alien species, and (7)
exploitation.

CI imaticfa cta rs. Survival ofstriped bass through the first
year oflife once had a strong relationship to outflow offresh
water (22,23) and may still have a weak one (38). When
outflows are high (wet years) survival is relatively high;
when they are low (drought years) survival is relatively low.
Thus natural fluctuations in climate can have dramatic ef
fects on the striped bass population, especiallywhen human
demands for water accentuate natural fluctuations in out
flows. Striped bass became established at a time when nat
ural conditions were favorable, a succession of wet years in
the late 19th century. Drought in the 1930s, heavy fishing,
decline of salmon as a source offood, and dilting and drain
ing of the estuary presumably all contributed to their de
cline from the initial high numbers. Since about 1980 the
climate in the region has been extremelyvariable, with long
periods of drought and some exceptionally high outflow
events as well. These events, probably related to human
induced global climate change, have decreased environ
mental predictability for fish, perhaps reducing survival.
They have also occurred during a period of extreme human
perturbation of the estuary and its inflowing rivers, in
creasing the likelihood that additional factors-such as
toxic materials, decreased food abundance, or increased
cannibalism (from hatchery fish)-will have negative ef
fects on striped bass populations.

Since the mid-1970s changing ocean conditions have
had a major effect on striped bass in the estuary (24). The
frequency of ENSO events has increased, coinciding with a
longer natural pattern of warming (the Pacific Decadal Os
cillation). During these ENSO periods the ocean off the
Golden Gate is I-3°C warmer during much of the year, and
upwelling decreases. With decreased upwelling, anchovies,
herring, and other plankton-feeding fishes move closer to
shore. When this happens large striped bass, mostly females,
move out of the estuary, just as they do in their native habi
tats, to take advantage of warmer temperatures and abun
dant prey. When the ocean is colder and abundant prey are
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These steps forcibly brought to everyone's attention
the fact that managing the estuary for striped bass
and even doing so badly-was not necessarily good for
other species, especially native species. Striped bass
therefore became alower priority for beneficial project
manipulations.

3. Bass were reared in hatcheries to supplement wild
populations.

Hatchery rearing of striped bass in California was tried
unsuccessfully in 1907-1910 and then not again until 1981
(1). For the next 10 years private aquaculturists were con
tracted to produce 11 million fingerlings and yearlings,
which accounted for up to 30 percent ofthe bass population
in some years (19'89, 1990) (37,41). The cost of each bass of
hatchery origin caught by an angler was estimated by Dill
and Cordone (1) to be $106 for fish planted as yearlings,
$237 for those planted as advanced fingerlings, and $1,071
for those planted as fingerlings! More important, there was
no indication that these fish affected the continuing decline
of the bass population. If anything, the hatchery fish may
have enhanced the decline by preying on their smaller wild
cousins. Hatchery fish at a given age (for the first year or so
at least) are larger than wild fish, so are no doubt preying on
them, just as wild striped bass prey on their own young. In
any case it is a rather peculiar strategy to enhance the pop
ulations of a top predator when the prey base is also in de
cline, which has generally been the case; the striped bass is
only one of many species in decline in the estuary (20). Bi
ologically the main justification for a rearing program for
striped bass is that the population appears to be recruitment
limited, as indicated in the next section.

In 1992 the hatchery program came to an abrupt halt
when it was canceled by CDFG Director Boyd Gibbons, to
his credit. His rationale was that, if even one bass of hatch
ery origin ate just one winter-run chinook salmon, CDFG
would be in violation of the state and federal endangered
species acts; therefore rearing bass was both legally and
morally untenable. After Gibbons' sudden departure from
the agency, planting of striped bass continued, beginning in
1993, using bass that were salvaged from the state fish trap
in front of the SWP pumps and reared to larger size in net
pens (1,37). These pen-reared bass. now account for about
2 percent ofthe adult population (41). It is not known, how
ever, ifthis program actually increases the striped bass catch
or if the hatchery fish are just replacing wild fish that have
been eaten by larger hatchery fish. Despite its cost, doubtful
effectiveness, and potential negative effects on endangered
species, this program, funded by striped bass anglers, ex
panded to over a million fish per year (21, 37). The goal, ac
cording to a CDFG press release, is to "stabilize and restore
the estuary's striped bass fishery:' In recognition of the fact
that striped bass do, on occasion, eat endangered species,

when larval striped bass were present, in addition to weak
temperature and salinity standards to protect striped bass
spawning in the San Joaquin River as well as opossum
shrimp, an important food for striped bass (19). In 1978
Decision 1485 superseded D1379 as the main directive
managing the estuarine ecosystem; it relied on abundance
of 38-mm striped bass as the universal standard, on the
weak assumption that there was a strong relationship be
tween postlarval abundance and adult abundance. The goal
was to bring striped bass numbers back to preproject levels
by placing various operational constraints on state and fed
eral pumping facilities. It didn't work. The number of adult
striped bass dropped to less than a million by 1977 and con
tinued to decline thereafter. By 1994 the number of legal
size bass was less than 580,000 (37). Simultaneously the 38
mm striped bass index dropped to record low levels and
never recovered to numbers approaching historical levels.

The 38-mm striped bass index was used as the standard
because for the first 15 years of study (1959-1975) it had a
high correlation with Delta outflow, which in turn was
partly related to the amount of water diverted. This rela
tionship seemed to disappear after 1975, although it later
became apparent that the correlation still existed, but at
much lower numbers for the index. However, after 1989 the
relationship became nonexistent, as index numbers contin
ued to tumble despite wet years (40, 41).

Despite the continued indications of low production of
juveniles, the numbers of legal-size striped bass have in
creased since the 1994 low. By 1998 they were estimated to
number over 1.3 million, approaching the levels in the
1970s (41). The reasons for the unexpected increase are not
known, but it appears to be related to increased survival of
juvenile bass (bigger than those sampled to create the 38
mm index). There is no indication that the hatchery pro
gram (discussed laterin this section) has contributed to the

increase.
There were three main responses to the decline ofstriped

bass:

1. Research into alternative or additional causes of de
cline expanded. This is the subject of the next section
of this account.

2. Proposals were made to keep tinkering with water
project operations to improve conditions for bass.
Thus CDFG supported construction of the giant Pe
ripheral Canal to carry Sacramento water around the
Delta to the pumps, because they thought itwould im
prove Deltahydraulics in ways thatwould favor striped
bass. A proposition to build the canal was defeated by
voters in 1982. Attempts to improve water project op
erations to favor bass were largely discarded following
federal listing ofwinter-run chinook salmon as threat
ened in 1989 and delta smelt as threatened in 1993.
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1. It fits the behavior of bass in their native range.

2. The sudden downward shift in the 38-mm index in
the 1970s coincides with the onset of changed ocean
conditions.

farther from shore, the bass apparently choose not to go out
to sea. Once they leave the estuary, many (perhaps most) of
the large females do not return, either because they are
caught by shore and partyboat anglers or because they have
wandered into other estuaries. Although this scenario is
based on correlations among diverse variables, a number of
basic observations enhance its credibility:

3. Past colonization events for bass in other estuaries co
incide with El Nino years, as does increased ocean
catch.

4. The number oflarge bass has declined more dramat
ically than would be predicted.

5. The decline oflarge bass seems to be related to "nat
ural" mortality rather than to catch in the estuary.

6. The recent striped bass decline is related at least in
part to low egg supply or survival, which would fit
with the disappearance of large females.
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should also be reflected in increased rates oflarval starva
tion (because of decreased zooplankton abundance), de
creased fullness of juvenile stomachs, and decreased growth
rates of fish at all ages. None of these outcomes has yet been
observed for striped bass (28, 29), but they have been for
other species (such as delta smelt), implying a general de
cline in the ability of the estuary to support fish. Thus re
duction in productivity may have reduced the carrying ca
pacity of the estuary for striped bass (25).

It is possible that striped bass populations are unusually
responsive to reduced productivity because adults depend
heavily on juvenile bass as food. During times of shortages
of alternate prey, juvenile bass may become increasingly im
portant in adult diets (including the diets of hatchery
reared bass), resulting in decreased survival rates ofjuveniles.

Invasions by alien species. The San Francisco Estuaryhas
been labeled the "most invaded estuary in the world" be
cause of the hundreds of species of alien invertebrates,
plants, and fish that have become established in the past 150
years (30). One of the first major invaders, of course, was
the striped bass, and it probably caused major changes to
the estuarine ecosystem in its role as the most abundant pis
civore. As a firmly established species, it is now vulnerable
to the effects of new invaders. Indeed the rate of invasion,
mainly by species carried in the ballast water of ships, has
increased during the period of sharp striped bass decline.
Some of the invaders have significantly affected the food
supply of larval and juvenile bass. The most dramatic of
these has been the overbite clam, Potamocorbula amurensis,
which arrived in the 1980s. Its extraordinary numbers in
Suisun and San Pablo Bays have severely reduced phyto
plankton and zooplankton densities, decreasing the amount
of food available to larval and juvenile striped bass. At the
same time there have been major changes in the types of
zooplankton eaten by bass. The species of copepod once
dominant in the diets of small bass, Eurytemora affinis, has
been largely replaced, at least seasonally, by alien copepods,
which may be energetically less desirable (31). Likewise,
opossum shrimp, Neomysis mercedis, may have been largely
replaced in the diets of small bass by smaller Acanthomysis
spp. (32), and the two species have a combined abundance
much lower than historical levels ofN. mercedis alone. Cu
riously, despite these changes evidence for food limitation
in striped bass is only indirect, although it might be rea
sonablyexpected (18, 25). This story is subject to change,
however, following the establishment ofwhatever major in
vader will arrive next, or after further study.

Exploitation. Harvest of striped bass, both legal and il
legal, has likely been a contributing factor to the decline
since at least the 1930s, mainly because harvest focuses on
the largest fish, which are females. Removal of even a few
exceptionally large and highly fecund females from the
population has the potential to reduce recruitment in fu-

Valley, resulting in drainage water laden with salts and heavy
metals toxic to striped bass and other fish (35). Heavy met
als and pesticides can have both direct and indirect effects
on the fish.

Direct effects occur when the toxic material kills fish out
right. There are surprisingly few records of major kills of
juvenile and adult bass, despite their frequent exposure to
pesticides. Kills of larval bass are probably more frequent
because of their susceptibility and occurrence in pesticide
laden water. Thus Bailey et a1. (15) present evidence that
Sacramento River water was frequently toxic to bass larvae,
because of pesticides draining from rice fields, and that in
creased pesticide use during the period of recent bass de
cline seems tied to the decline. The effects were likely to be
most pronounced during periods of low flow, when dilu
tion is less (20).

Indirect effects are often the result of accumulation of
toxic materials by the fish, stored in fatty tissue. Striped bass,
at the top of the food chain and long-lived, are especially
prone to the bioaccumulation of toxic substances in their
tissues. One consequence of this problem is that regular
consumption of striped bass by humans is not advised by
health authorities (26). High concentrations of toxic mate
rials in fish can impair reproductive function, decrease em
bryo and larval survival (through toxins passed into the
egg), or even be lethal during times of stress. For example,
high levels of toxic materials in the liver of bass have been
tied to annual summer die-offs of large fish (27). Lilzewise,
Bennett et a1. (28) found that about a third ofbass larvae in
the Sacramento River showed signs of liver damage, pre
sumably from rice herbicides, that would ultimately be
lethal to the fish. When pesticide use changed and fewer lar
vae with damaged livers were present, overall larval survival
nevertheless did not improve. Overall, pollutants presum
ably have a continuous, if erratic, impact on striped bass
populations, but their actual effects are difficult to separate
from those of other stressors.

Reduced estuarine productivity. Estuarine productivity
may be much less than it was historically, because the estu
ary has been closed off from much of its presumed histori
cal sources of nutrients: marsh and riparian systems, and,
later, sewage. Thus the long-term decline ofbass from 19th
century levels may reflect a fundamental change in energy
and nutrient flow through the ecosystem. Kimmerer et a1.
(25) have noted that for the most partthe number ofyoung
of-year bass at the end of their first summer has no rela
tionship to the number ofbass entering the fishery at age 3.
The numbers of older bass have in fact been consistently
low, indicating that most bass die before they reach their
third year. This period of mortality is also the period dur
ing which they are highly dependent on zooplankton and
mysid shrimp for food. Reduced availability offood may re
sult in starvation or increased susceptibility to predation. It

ulations is weak at best (25). In addition, the failure of the
outflow-bass abundance relationship in recent years sug
gests that other factors are now more important in regulat
ing bass numbers than entrainment, although it is presum
ably still a contributing factor (20,25).

Other diversions. To survive, larval and juvenile striped
bass not only have to avoid the big pumps in the South
Delta, they also have to avoid hundreds of small diversions,
mostly unscreened, along the rivers and in the Delta. For
tunately, the diversions pump intermittently and probably
do not take many small bass during most years, especially
early in the season when agricultural water demand is low
and flows are high. Larger diversions-such as the North
Bay Aqueduct that sucks water out of Cache Slough (which
connects to the Sacramento River) or the cooling water in
takes of large power plants on the south side of the estuary
-may be more of a problem. It is likely that these sources
together kill large numbers of small fish, especially in low
flow years, but it is generally assumed that their impact on
bass populations is small compared with other factors.
One factor working in favor of larval bass is that the
spawning behavior of adults results in most of them being
swept quicldy to the brackish waters of Suisun Bay, below
diversions.

Pollutants. Pollutants have affected striped bass survival
ever since they were first introduced. The bass may in fact
have benefited from the big pollutant of the 19th century;
sediment from the gold fields, because their embryos are
semibuoyant and so would not have been smothered, as
would the benthic embyros ofpotential predators and com
petitors. Yet as the 20th century progressed, their waters be
came increasinglypolluted with organic wastes from sewage
and agriculture. Initially these wastes may have increased
productivity and bass food supplies or replaced nutrients
lost through diking and draining of marshes and Delta is
lands. However, by the 1950s and 1960s the estuary was be
coming an organic soup, increasingly hostile to fish life, in
particular because more water was being stored behind
dams, decreasing dilution. In addition to organic wastes
there were a myriad of industrial wastes, including heavy
metals and other toxicants. This heavy pollution may have
contributed to the decline of bass during this period. Fol
lowing the passage of the federal Clean Water Act in 1972,
followed by the state Porter-Cologne Act, better sewage
treatment plants were built in all surrounding cities, dump
ing of industrial waste was curbed, and water quality in the
estuary improved markedly. Unfortunately, as organic and
industrial pollution decreased, the input of toxic chemicals,
mainly from agriculture, increased. The use of pesticides in
California skyrocketed after World War II, initially with
organochlorines such as DDT and then with a cocktail of
herbicides and insecticides. In addition thousands of acres
of desert land were put under irrigation in the San Joaquin
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South Delta pumps. The large pumps of the CVP and
SWP in the south Delta at times pump more fresh water
than flows into San Francisco Bay. Even at less dramatic lev
els of diversion, pumping can significantly reduce Delta
outflow, with numerous potential effects on bass, such as re
duction in nursery areas, reduced productivity (less food),
less dilution of pollutants, decreased turbidity (resulting in
higher predation losses), and increased danger from en
trainment (18). During the 1970s and 1980s pumping in
creased steadily, entraining millions oflarvae and small ju
veniles. Large numbers of bass of all sizes have also been
captured at the fish screens by the pumps and trucked back
to the Delta. It is likely that many entrained fish do not sur
vive the experience because of predation by larger bass, ei
ther before they enter the facility or immediately after they
are dumped back into the Delta. Observations like these,
combined with high correlations between striped bass
young-of-year abundance and Delta outflows, led to the
conclusion that the pumps have been the single biggest
cause of striped bass declines, especially when combined
with reduced flows from water being retained upstream by
dams (12). The basic scenario is that increased entrainment
leads to decreased recruitment into the adult population;
decreased adult abundance leads to fewer eggs being pro
duced, and this causes still lower larval and juvenile abun
dance. In short the pumps generate a downward spiral of an
ever-decreasing population. However, the relationship be
tween the abundance of young-of-year bass and adult pop-
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ture years, especially when populations are declining
and conditions for survival of young are poor (18,20,24).
The main response to this problem has been to regulate the
bass fishery to reduce legal catch in the estuary and to find
ways to reduce poaching (which in fact has not been
demonstrated to be a major problem). There is no sign that
regulations and enforcement have increased bass popula
tions, although they may have slowed the decline. Overall
the annual harvest of striped bass has declined since the
1970s (12,37).

Multiple and changing causes. Striped bass did not
evolve to live in the unusual conditions of the San Francisco
Estuary, so their initial establishment and extraordinary
abundance must be regarded as an unusual event. Even ifes
tuarine conditions had remained constant, striped bass
populations would probably have declined as the estuarine
ecosystem adjusted to their presence, especially through re
duction of prey species, increase in predation on larval and
juvenile bass, and increased exploitation. As it happens, the
estuary has gone through a complete transformation, from
a system dominated by natural processes and native species
to one dominated byhuman-influenced processes and alien
species. The rate of change accelerated in the latter half of
the 20th century, when striped bass declines became most
pronounced. Perhaps we should be surprised that the
striped bass has done as well as it has, considering all the
changes.

It is likely that all the factors listed here have contributed
to the long-term decline of striped bass, with different fac
tors having different importance at different times or acting
in concert with one another. It is likely that the decline since
the 1970s has resulted from multiple factors affecting re
cruitment, but especially those related to flow, juvenile sur
vival, and egg production by large females (20,25). How
ever, even ifthese many layers ofproblems were all resolved,
there is no guarantee that striped bass populations would
bounce back. Conditions in the estuary and in the ocean
may have changed in an irreversible fashion in ways that are
less favorable to striped bass survival.

Impact on native fishes. The major impact striped bass
had on native species, especially salmon, presumably took
place after their initial establishment as voracious predators
capable of eating their way through large populations of ju
venile salmon and other species. They may have had major
responsibility for the extinction of thicktail chub and Sacra
mento perch, through predation and competition, but we
have no way ofknowing for sure. Although chinook salmon
declined in the Central Valley as bass increased, there was
also a virtually unregulated fishery for salmon at the same
time, and hydraulic mining was devastating to many salmon
spawning and rearing habitats. It is lil<ely that striped bass
continue to be an important predator on small salmon and

that the decline of striped bass may have assisted recent in
creases in some salmon populations. On the other hand,
large populations of other native fishes, such as delta smelt,
longfin smelt, and splittail, thrived when bass were abun
dant, suggesting that they are capable of coexistence.

What we do not know is whether these species, now
mostly depleted, can recover their populations in the pres
ence of a large population of striped bass. For example, it
has been estimated that 63-99 percent of juvenile salmon
that are drawn into Clifton Court Forebay, just before hit
ting the screens ofthe SWP pumps, are consumed by striped
bass, exacerbating the impact of the diversion (34). Prob
lems like this provide a good argument for not artificially
enhancing bass populations or for not managing the estu
ary in ways that favor bass over other species. A large
population ofbass, for example, could devastate a small pop
ulation of salmon. It is worth noting that striped bass
mostly spawn later than native fishes, so actions to benefit
them (increasing outflows, decreasing pumping) are not
likely to have much benefit for reproduction ofnative fishes.

The future of striped bass in California. The striped
bass is primarily an Atlantic coast fish. There it is adapted to
life in dozens of estuaries, chasing schools of small fish
along the entire Atlantic coast while increasing its legendary
status among anglers (33). Its fishery on the West Coast can
never be anything but a pale imitation of that on the At
lantic shore. Although striped bass are not going to disap
pear from California, it is clear that the fishery will never
again approach the extent of its halcyon days. The striped
bass is a very resilient species, and it is now a permanent part
of the California fish fauna and of the San Francisco Estu
ary ecosystem. The best thing that can be done for striped
bass is to restore the estuary to a condition that allows it to
support more fish of all kinds, but especially native species.
The best thing to do with hatchery-reared striped bass is to
plant them in reservoirs. Striped bass are clearly a good
sport fish in reservoirs because they thrive on large popula
tions ofthreadfin shad and other species and usually die out
if they prove to be undesirable for any reason.

Because striped bass do maintain populations in some
reservoirs, even reservoir planting should be undertaken
with caution because of potential negative effects on exist
ing populations or increased predation on native fishes. For
example, they seem to be a permanent part of the fish fauna
of reservoirs of the Colorado River, long after planting has
stopped. In the river theyhave become part of the pantheon
of predators that consume (or potentially consume) native
minnows and suckers.
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Figure 123. White bass, 29 em SL,
Nacimiento Reservoir, San Luis
Obispo County. Fish print by
Christopher M. Dewees.

White Bass, Marone chrysops (Rafinesque)

Identification White bass are deep-bodied, silvery-white
fish with 4-7 dark stripes on the sides, usually interrupted,
and a distinctly forked tail. Their body is laterally com
pressed, with the back rising up steeply behind the head; it
is deepest at the point where the two dorsal fins separate.
The head is small and the slightly oblique mouth is large,
the maxillae extending to or slightly beyond the middle of
the eye and the lower jaw projecting slightly beyond the up
per jaw. The upper and lower jaws are lined with rows oftiny
sharp teeth. There is a single patch of teeth on the tongue.
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Gartz 1998. 30. Cohen and Carlton 1998. 31. Meng and Orsi
1991. 32. Feyrer 1999. 33. Waldman 1998.34. Gingras 1997.35.
Saiki et al. 1992.36. Hocutt et al. 1990.37. Kohlhorst 1999. 38.
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The operculum has a single sharp spine and the margin of
the preopercular bone (behind the eye) is distinctly saw
toothed. The first dorsal fin has 9 spines and the second, 1
spine and 13-15 rays. The anal fin has 3 spines, distinctly
graduated in size, and 12-13 rays. The pelvic fins have 1
spine and 5 rays each and are located only slightly behind
the pectoral fins (15-17 rays). The lateral line is complete
and has 52-60 scales. Males have a single urogenital open
ing behind the anus; females have two.

Taxonomy White bass are fairly closely related to striped
bass, with which they can hybridize. The hybrids are fertile
and capable of reproducing in the wild (1). They have been
produced artificially and are cultured (2). Restaurants list
ing striped bass on the menu are often in fact serving cul
tured hybrids.

Names White bass have, in the past, been placed in the gen
era Lepibema and Roccus. Chrysops means gold eye, al
though the eye is not conspicuously golden. Other names
are as for striped bass. All white bass-striped bass hybrids
are generally given the commercial name "sunshine bass,"
although the American Fisheries Society (3) has recom
mended that this name be reserved for crosses of male
striped bass with female white bass, and that the name "pal
metto bass" be used for the opposite cross.
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Life History White bass inhabit open waters of large lakes
and reservoirs and slow-moving rivers. Warm, slightly alka
line lal<es and reservoirs seem to provide the best conditions
for growth and survival, but members of the species live in
a wide variety oflakes and rivers (6) and estuaries along the
Gulf of Mexico. They can survive and grow at salinities of
20 ppt but generally do better at lower salinities (7). Opti
mal temperatures for growth are around 28-30°C (9, 10),
but individuals also live in water approaching 34°C for ex
tended periods of time (8).

Distribution White bass are native to the Great Lakes region,
the Mississippi River system, and the southern United States
(including parts of Texas but exclusive of most Atlantic
coastal drainages). They have been widely introduced into
warmwater reservoirs in the United States, Canada, and, ap
parently, Mexico, including Lahontan Reservoir and other
waters in Nevada. An introduction of 160 juvenile fish from
Nebraska was made by CDFG into Nacimiento Reservoir
(San Luis Obispo County) in 1965, followed by an introduc
tion of64 adults in 1966 from Oldahoma. By 1970 the species
was well established in the reservoir and in the Salinas River
above and below it (4). White bass were planted in the lower
Colorado River in 1968 and 1969 but failed to become es
tablished. In 1977 they unexpectedly appeared in Kaweah
Reservoir (Tulare County), where they became abundant
and spread throughout the Tulare Lake basin on the floor of
the San Joaquin Valley during a period of flooding (4).

By this time (1982-1983) CDFG had become concerned
that their spread from the Tulare Lake basin into the rest of
the Central Valley would exacerbate the decline of striped
bass, chinook salmon, and other species. Farmers whose
land was flooded by newly reemerged Lake Tulare decided
to pump it dry again, sending the water into the San Joaquin
River-and with it millions of white bass. In the face of the
ensuing controversy CDFG managed to contain the bass
with applications of piscicides to drainage canals and in
stallation offilters on the outgoing water (5). CDFG also re
alized that white bass had to be eradicated from Kaweah
Reservoir, the source population. They first proposed intro
ducing striped bass to somehow eat the white bass out of ex
istence' but after anglers protested this action (the white
bass fishery had become very popular) they introduced hy
brid "sunshine" bass instead-with, not surprisingly, no ef
fect (4). In 1987 CDFG spent $7.5 million to apply rotenone
to Kaweah Reservoir and allwaters downstream from it. The
complex operation was successful, but irresponsible anglers
had by that time introduced white bass into Pine Flat Reser
voir (Fresno County), where a small population is now
established. This population is a time bomb of sorts: if it ex
plodes and spreads downstream, white bass will become
established in the Delta and other parts of the watershed.
Pine Flat Reservoir is too big to treat with piscicides.
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planted fish caught in Nacimiento into Kaweah Reservoir (4).
By the time this illegal movement offish was discovered, a sea
change in official attitudes had taken place, and CDFG and
other agencies recognized that the threat ofwhite bass to Bay
Delta fish and fisheries was very real (5). The resulting mas
sive poisoning operation was successful. However, despite
new laws passed banning the possession of live white bass, ir
responsible anglers introduced them into Pine Flat Reservoir.
The population so far is small but is unlikely to stay that way.

The introduction of white bass into California was a big
mistake and one that is not reversible. Chemical treatment
of both Pine Flat and Nacimiento Reservoirs and chunks of
their watersheds would be required to eliminate them from
the state. Not only is the application ofpiscicides into water
supplies increasingly less acceptable to the public, despite
the minuscule threats they present to human health, but the
two reservoirs are also very large. Their size makes treat
ment expensive, difficult, and prone to failure. In addition,
negative effects of the poisoning of native fishes would have
to be balanced against the potential negative effects of a
continuing large population ofwhite bass. At the very least,
the lessons learned from the white bass introduction and
spread-in combination with the painful lessons learned
from the massive efforts in the 1990s to eradicate northern
pike from two reservoirs-must be taught to the public, es
pecially to anglers.

What can we expect if white bass invade the San Fran
cisco Estuary? The most optimistic scenario is that they
would not become very abundant because of predation
from striped bass and unsuitable environmental condi
tions, especially water clarity. A more likely scenario is that
theywould find the estuary, especially the Delta, a very suit
able place to live and become abundant. In this case it is
likely they would come into conflict with striped bass
through competition, predation, and hybridization. From
the perspective of native fishes, especially salmon, splittail,
and delta smelt, the best that could be hoped for in this case
would be that white bass would just replace striped bass
without any new impacts. It is equally likely that the ecology
and foraging behavior of white bass are sufficiently differ
ent from those of striped bass that white bass will add ad
ditional unwelcome predation pressure on native fishes, in
cluding their larvae. This outcome will make recovery of
threatened or endangered species more difficult and increase
the likelihood of additional listings.

Status ne. White bass were introduced into Nacimiento
Reservoir by CDFG as a naIve "experiment" to see if white
bass would do well in California reservoirs. The introduc
tion was regarded as an experiment because CDFG thought
the bass could be contained in Nacimiento Reservoir. From
the outset CDFG biologists recognized that the bass could
be a threat to salmon and striped bass in the Central Valley,
but official enthusiasm for them allowed the introduction
to go forward (4). The potential for anglers to move the fish
to new locations-including a warning in the first edition
of this book-was ignored.

The popularity of white bass in the West at their time of
introduction seems to stem from the spectacular fishery in
Texoma Reservoir, Oklahoma, that developed following its
impoundment in 1944. One of the main justifications for
the subsequent spread of white bass was that they would
consume and control large threadfin shad populations in
manyWestern reservoirs (also the result of optimistic plant
ing programs). The shad were regarded as a problem be
cause largemouth bass and other fishes with planktonic lar
vae sometimes did worse rather than better in the presence
of the planktivore introduced as forage for them. There is
little evidence that white bass have much effect on super
abundant threadfin shad populations, and there is some
evidence that, at least in Nacimiento Reservoir, thread
fin shad may control white bass populations rather than the
reverse (13).

The fishery for white bass became very popular in
Nacimiento Reservoir, so it was not surprising that anglers

warms up large schools of ripe fish congregate at the
mouths-of inlet streams or near suitable spawning areas in
the lake (usually steep, rock- or gravel-covered bottoms
with considerable wave action). Large streams seem to be
preferred, however, and white bass will migrate up to 200
km upstream to spawn (6). Normallytheymove just a short
distance from the lake to a gravelly or rocky area where the
water is 1-3 m deep and begin spawning when temperatures
reach 13-17°e. The Nacimiento Reservoir population ap
parently spawns in the Nacimiento River (13). Spawning
can occur at any time of day or night. Spawning behavior is
a mass affair, similar to that of striped bass, with spawning
groups rising to the surface and releasing eggs and sperm.
Eggs are fertilized as they sink to the bottom, where they
stick to the substrate (17). Spawning lasts anywhere from
3-4 days to 3-4 weeks, with the largest fish spawning first.
It ceases when temperatures exceed 26°C (8).

The embryos hatch in 40-46 hours at 16-21°C, optimal
temperatures for spawning (17). Larvae initially stay in shal
lowwater near spawning areas but eventuallybecome plank
tonic. At this stage they are vulnerable to predation by
threadfin shad, so large populations ofshad aggregating near
mouths of spawning streams may limit bass populations.

Most of the time white bass remain in surface waters
«6 m), roaming in schools. They tend to move offshore
during the day and inshore at dusk, following the shoreline
and foraging for food (10). At night they are quiescent, usu
ally in deep water or near submerged objects. They become
active again at dawn. They are capable of moving long dis
tances within short periods both upstream and downstream
and quickly colonize new areas. Tagged fish have moved as
far as 211 km in 131 days (8). The classic studies ofA. Hasler
in Wisconsin have demonstrated that white bass can orient
themselves with various celestial cues and home to spawn
ing grounds or desirable areas (11).

White bass are voracious, visual piscivores, and their
presence in a lake or reservoir is usually noted by distur
bances made by bass driving schools of threadfin shad and
other small fish to the surface. The surface of the water rip
ples as panicked prey jump out of the water (sometimes to
be picked off by gulls and other birds); the pursuers may
come partially out of the water as well. Although most pop
ulations depend on small pelagic fish, some rely almost en
tirely on zooplankton (12). Aquatic insects and crayfish may
also be important on occasion. In Nacimiento Reservoir,
adult bass feed mostly on threadfin shad (13), but they will
feed on any fish available, including sunfish, crappie, native
cyprinids, and their own young. Young-of-year are prima
rily pelagic zooplankton feeders, usually changing to the
adult diet in their second year (6, 8, 12). However, even
small fish will consume other fish. Larval white bass (7-12
mm SL) have an unusually large mouth and decurving teeth
in the jaw, which allow them to capture and consume larvae
of other fish as well as zooplankton (14).

Growth is extremely rapid, especially in the southern
part oftheir range, but varies considerably from lake to lake.
Thus at the end of their first year they can measure 9-31 cm
TL; at the end of their second year, 17-39 cm; at the end of
their third year, 26-43 cm; and at the end of their fourth
year, 28-46 cm (6, 15). The growth exhibited by bass in
Nacimiento Reservoir, however, typifies that of most white
bass populations: at the end of their first year (I), theymeas
ure 22-25 cm FL; at the end of their second year, 30-33 cm;
and atthe end oftheirthird year, 33-36 cm (13). White bass
seldom weigh more than 1.5 kg (45 cm TL), but the largest
on record weighed 2.4 kg. This fish was caught in 1972 in
Ferguson Reservoir on the Colorado River, a survivor of
plants made in 1968 or 1969 (none of which reproduced).
White bass live 9 years in the northern parts of their range
but seldom live more than 6 years in western reservoirs. Age
and growth ofboth sexes seem to be about the same.

Spawning normally takes place for the first time in
spring of the second year. Females spawn annually, with fe
cundity increasing with size. Fecundity estimates range
from 61,700 eggs to nearly 1 million, but there seems to be
enormous variability among populations (16). As the water
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Sunfishes, Centrarchidae

Figure 124. Sacramento perch, adult,
12 em SL, Yolo Bypass, Yolo County.
Drawing byA. Marciochi.

The Centrarchidae is a small family (30 species) containing
some ofthe most abundant, ecologically important fishes in
warmwater ponds, lakes, and streams in North America:
sunfishes (Lepomis spp.), "black" basses (Micropterus spp.),
and crappies (Pomoxis spp.). In California they are often
the most abundant fishes in reservoirs, sloughs, and low
elevation streams, where they support fisheries for everyone
from professional bass anglers to children. They are all car
nivorous and build nests to protect their embryos and
young from predators. Structurally, centrarchids are char
acterized by united so£1- and spiny-rayed dorsal fins, termi
nal mouths with small teeth in bands and protractile pre
maxillary bones, small membrane-covered pseudobranchs,
strong pharyngeal teeth, ctenoid scales, and short intestines
with pyloric cecae.

The family evolved in North America but now enjoys a
worldwide distribution, thanks to enthusiastic stocking of
various bass and sunfish species. Although the fossil record

Sacramento Perch, Archoplites interruptus (Girard)

Identification Sacramento perch are deep-bodied (depth is
up to 2.5 times standard length) and laterally compressed,
with long dorsal (12-14 spines, 10-11 rays) and anal (6-8
spines, 10-11 rays) fins. The mouth is large and oblique,
with the maxilla extending just below the middle of the eye.
Numerous small teeth are present on the jaws, tongue, and
roof ofthe mouth. The 25-30 gill rakers are long. The scales
are fairly large, numbering 38-48 along the lateral line. The
spiny portion of the dorsal fin is continuous with the soft
rayed portion. Pectoral fin rays number 13-15 while verte
brae number 31-32, intermediate between the counts for
bass and sunfish (1). Live fish are brown on the sides and

indicates theyonce occupiedwaters over much ofthe United
States, mountain building and increasing aridity of interior
drainage basins seem to have eliminated them from most of
North America west of the Rocky Mountains, probably dur
ing the Miocene period (R. R. Miller 1959). One species that
managed to survive in the West is the Sacramento perch of
the Sacramento-San Joaquin drainage. As a result of its iso
lation and lack of competition from other related species, it
has retained many ancestral structural and behavioral fea
tures. It is not surprising, therefore, that Sacramento perch
have virtually disappeared from their native habitats follow
ing the introduction of 11 species of centrarchids from
eastern United States. The predatory habits of basses and
sunfishes have also contributed to the decline ofmany other
native fishes, especially native minnows in lowland habitats
and pupfishes in desert springs. Thus refuges for native
fishes often have to be managed in ways that exclude cen
trarchids or minimize conditions that favor them.

top, with a metallic green to purplish sheen and 6-7 irreg
ular vertical bars on the sides. Their bellies are white. The
opercula have black spots. Breeding males become darker,
especially on the opercula, which turn purple. Males also
develop a distinct silvery spotting that shows through the
darker sides, but in females the color is more uniform.

Taxonomy The Sacramento perch is the only member of
the family Centrarchidae that occurs naturally west of the
Rocky Mountains; it is believed to have been isolated from
other centrarchids since the Miocene period (2). It was first
described by Charles Girard in 1854 as Centrarchus inter
ruptus (3) from the lower Sacramento River. Gill (4) as
signed it to the monotypic genus Archoplites, recognizing

that it was distinct from other members of the family. How
ever, recent phylogenetic analyses indicate that it is fairly
closely related to flyer (Centrarchus macropterus) and crap
pies (Pomoxis spp.).

Meristic variation in Sacramento perch among popula
tions from various areas is low, although there are some dif
ferences in color patterns (5). The Clear Lake population
probably is genetically distinct, given its long isolation from
other populations. Most extant populations are derived
from Sacramento River fish, probably collected from Brick
yard Pond (now Greenhaven Lake) in Sacramento, from
which they are now gone. A likely exception is the popula
tion in Calavaras Reservoir on Alameda Creek (Alameda
County), which is most likely derived from the original res
ident population (6).

Names Archoplites is derived from Greek words for anus
and armature, referring to the conspicuous spiny anal fin;
interruptus refers to the irregular bars on the sides.

Distribution Historically, Sacramento perch were found
throughout the CentralValley, the Pajaro and Salinas Rivers,

and Clear Lake (Lake County) (7, 8) at elevations below
100 m. The only populations today that represent continu
ous habitation within their native range are those in Clear
Lake and Alameda Creek. The Alameda Creek population
apparently persists in gravel pit ponds adjacent to the creek
and in Calavaras Reservoir. Within their native range they
exist primarily in farm ponds, reservoirs, and recreational
lakes into which they have been introduced, often upstream
oftheir native habitats (Table 12). Outside their native range
populations have become established in California reser
voirs and associated streams in (1) the upper Klamath basin,
including the Lost River and the mainstem Klamath River;
(2) the Cedar Creek watershed in the south fork of the Pit
River watershed; (3) the Walker River watershed (Lahontan
Basin); (4) the Mono Lake watershed; and (5) the Owens
River watershed. They were once established in the Russian
River, probably from introductions (5), but the only popu
lation that may still exist is in Sonoma Reservoir. They were
introduced into Nevada around 1877 and are still present in
Pyramid, Walker, and Washoe Lakes, as well as in other lo
calities in the Truckee, Carson, Walker, and Humboldt River
drainages (9). They were widely planted in the western
United States in the 1960s in alkaline lakes in Utah, Col
orado, Nebraska, Texas, New Mexico, North Dakota, and
South Dakota (10). From these introductions apparently
only the population in Garrison Reservoir in Utah still per
sists (27). In the upper Klamath basin Sacramento perch
were introduced by CDFG into Clear Lake Reservoir
(Modoc County) in the 1960s, and they have since spread
throughout the Lost River, in Oregon and California, to Tule
Lake, and the Klamath River down to Iron Gate Reservoir,
including Sheepy, Indian Tom, and Lower Klamath Lakes in
California (Siskiyou County) (11).

Life History Sacramento perch were once, along with Sacra
mento pikeminnow, the dominant piscivorous fish in waters
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Table 12

Note: This record is by no means comprehensive in that it does not take into account small farm ponds
and other temporary introduction sites, including those listed by Aceituno and Nicola (8).
"Native populations.
bStatus uncertain.

Major Localities Containing Sacramento Perch in California in the 1990s
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fish measuring 43 cm TL and weighing 1.95 kg holds the an
gling record in Utah.

As in most fish, growth in older perch is mostly in weight
rather than in length. Thus a perch measuring 10 cm TL
from Pyramid Lake weighed about 15 g; a 20-cm perch,
150 g; a 30-cm perch, 550 g; anda40-cm perch, 1,200 g (23).
Females grow faster and have lower mortality rates than
males, so large perch tend to be females. Overcrowding, diet,
and gender will affect growth rates. Stunted populations oc
cur where water temperatures are cool and large prey is not
abundant. Thus in Lake Auza perch showed extremely slow
growth after the second year, and 6-year-old fish measure
only 15 cm FL (23). A similar situation seems to exist in
Clear Lake, wherefour 6- to 9-year-old fish measured 16-19
cm SL (22), perhaps because of competitive interactions
with introduced centrarchids (26). In Greenhaven Lake
growth rates decreased as the population declined to ex
tinction, a decline associated with construction of houses
on the banks and establishment of other centrarchids in
the water (24).

Sacramento perch breed for the first time during their
second or third year. Fecundity of females is higher than
that in most centrarchids, but varies with the size ofthe fish.
The number of eggs in 16 females (120-157 mm TL) from
the stunted population in Lake Anza ranged from 8,370 to
16,210 (mean, 11,438); 16 females (196-337 mm TL)from
Pyramid Lake contained 9,666-124,720 eggs (23).

Spawning occurs in California from late March through
earlyAugust, although late May and early June are generally
peak times, when water temperatures are 18-29°C (10,27).
In Lagoon Valley Reservoir (Solano County) larval perch
were collected from early April through July, indicating a
long spawning period.

For spawning, perch congregate in shallow areas (20-50
cm deep) with heavy growths of aquatic macrophytes or
filamentous algae nearby. Rock piles and submerged roots
or sticks may also attract fish ready to spawn. Before spawn
ing begins males start defending small territories over sub
strates ranging from clay and mud to rocks (21,23,28). The
territories are approximately 40 cm in diameter and are
aligned along the shore, rather than in colonies (21). Al
though some observers report no nest preparation (23,28),
male perch will create shallow depressions for spawning,
mainly by "digging" with their caudal fins over a period of
several days (29). The depth of nests ranges from 20 to 75
cm (23, 28). Nest areas are defended vigorously from other
males by chasing, nipping, and flaring the opercular flaps.
Fish of other species are also chased away from breeding ar
eas. While patrolling their territories males frequently en
gage in a rapid quivering movement of their tails (23).
When a female is ready to spawn, she becomes restless and
approaches territorial males, who initially may chase her
away. Usually a ready female is courted by a stiffly swim-

high alkalinities or by lack of introductions. The one excep
tion to this "rule" seems to be Clear Lake, where a small pop
ulation ofSacramento perch persists despite the presence of
six other centrarchid species. Unlike introduced sunfishes,
Sacramento perch, except when breeding, show little intra
specific aggressive behavior in aquaria or small ponds.
Adults also do not shoal strongly, although they congregate
in favorable localities, especially for breeding. They are slug
gish in their movements and spend most of their time on or
close to the bottom near submerged objects, moving little
except their opercula and paired fins. When a prey organ
ism is sighted, they stallc it slowly until they are close enough
to seize it with a sudden rush. Prey are seized by "inhaling"
with a sudden expansion of the buccal cavity and then
clamping down with the numerous small teeth in the
mouth. They have a fairly difficult time capturing prey that
has to be actively pursued (18).

The prey eaten depend on size of fish, availability, and
time of year (19, 20, 21). Young-of-year feed mostly on
small crustaceans (amphipods, cladocerans, ostracods, and
copepods) that are usually associated with the bottom or
with aquatic plants. In Clear Lake fish measuring less than
40 mm SL feed mainly on copepods, but cladocerans be
come more important as fish increase in size (22). As they
grow larger, aquatic insect larvae and pupae, especially
those of chironomid midges, become increasingly impor
tant. In large lakes (such as Pyramid Lake, Nevada) fish
larg~r than 90 mm TL feed primarily on other fish, espe~

cially cyprinids. In small lakes and ponds chironomid
midges and other aquatic insects continue to be important
in the diet of large perch; small crustaceans and fish are of
secondary importance. Adult perch occasionally feed heav
ilyon their own young-of-year (19, 20). In general their diet
is most varied in summer, when planktonic and surface or
ganisms are eaten along with the usual bottom-dwelling in
vertebrates. In winter and fall they concentrate on insect
larvae, mainly chironomid midge larvae, which they pick
from the bottom or aquatic plants. However, Sacramento
perch are highly opportunistic and occasionally glut them
selves on abundant organisms, such as waterboatmen
(Corixidae) or aquatic beetles. Feeding takes place at any
time of day or night (19), but there seem to be peaks of ac
tivityat dusk and dawn.

Growth rates are variable and affected bybothbiotic and
abiotic factors (10, 19,20,21,23, 24). Atthe end of their first
year (agel), fish typically measure 6-13 cm FL, while age II
fish are 12-19 cm; age III fish, 17-25 cm; age IV fish, 20-28
cm; age V fish, 21-32 cm; and age VI fish, 28-36 cm (21).
Nine-year-old fish from Pyramid Lake measure 38-41 cm
FL. The maximum length recorded is 61 cm TL (25), and
the highest weight was that of a 3.6-kg perch from Walker
Lake, Nevada (9). The California angling record, however,
is only a 1.64-kg fish, from Crowley Reservoir, although a

Watershed
(subprovince)

Upper Klamath River
Upper Klamath River
Upper Klamath River
Lahontan
Lahontan
Lahontan
Lahontan
Mono Lake
Owens River

Clear Lake
Central Valley
Central Valley
Central Valley
Central Valley
Central Valley
Central Valley
Central Valley
Central Valley
Central Valley
Central Valley
Central Valley
North Coast
Russian River
Pit River
Pit River
Lahontan
Upper Klamath River

Owens River

County

Because the waters they originally inhabited fluctuated
tremendously with floods and droughts, Sacramento perch
are adapted to withstand low water clarity, high tempera
tures, and high salinities and alkalinities. For example, they
survive and reproduce in chloride-sulfate waters with salin
ities up to 17 ppt and in sodium-potassium carbonate con
centrations of over 800 ppm (10). These waters exclude
most other fish species. Most populations today are estab
lished in warm (summer temperatures, 18-28°C), turbid,
moderately alkaline reservoirs or farm ponds. In the labo
ratory they readily acclimate to temperatures up to 30°C
and prefer those in the range 25-28°C (17).

The key aspect of Sacramento perch habitat today, how
ever, is the absence of other centrarchids, especially black
crappie and bluegill. Nonnative fishes are excluded either by

Modoc
Siskiyou
Siskiyou
Mono
Mono
Mono
Mono
Mono
Mono

Inyo

Lake
Alameda/Contra Costa
Alameda
Contra Costa
Contra Costa
Solano
Fresno
Fresno

Merced
San Francisco
Plumas
Plumas
Marin
Sonoma
Modoc
Lassen
Lassen
Modoc

Location

Clear Lake"
Calaveras Reservoir"
Gravel pit ponds, Alameda Creek near Niles"

Lake Anza
Jewel Lake
Lagoon Valley Reservoir
HumeLake
Sequoia Lake
San Luis Reservoir
Middle Lakeb

Almanor Reservoir

Butt Valley Reservoir
Abbott's Lagoon
Sonoma Reservoirb

West Valley Reservoir
Moon (Tule) Reservoir
Honey Lakeb

Clear Lake Reservoir
Lost River, including Clear Lake Reservoir

and Tule Lake
Iron Gate and Copco Reservoirs
Lower Klamath, Sheepy, and Indian Tom Lakes
Bridgeport Reservoir
East Walker River
West Walker River
Topaz Lake
Gull, June, Silver, and Grant Lakes

Crowley Reservoir
Lower Owens River, including Pleasants

Valley Reservoir
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of the Central Valley floor. Early observers were impressed
with their abundance and potential as food fish (12), and
they were one of the most common fishes caught by native
peoples (13, 14, 15). They formerly inhabited sloughs, slow
moving rivers, and lakes, but are now mostly found in reser
voirs and farm ponds. They are often associated with beds
of rooted, submerged, and emergent vegetation and sub
merged objects. In moderately clear water, beds of aquatic
plants seem to be essential for young-of-year, which inhabit
shallow areas close to or in them. However, Sacramento
perch can achieve high numbers in shallow, highly turbid
reservoirs with no aquatic plants (e.g., Moon Reservoir,
Modoc County). In large lakes they occur mainly in inshore
areas, usually close to the bottom. In Pyramid Lake, Nevada,
they are found mainly in water less than 15 m deep (16).
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ming male, who nips near her vent. During the spawning
act either both sexes release sex products simultaneously
while spawning side by side (sometimes at an angle to the
bottom) or the female releases eggs first, to be immediately
fertilized by the closely following male. While spawning a
male flares its opercula and fins, opens its mouth, and quiv
ers rapidly; occasionally both fish may engage in such be
havior (29). After spawning the female leaves the territory
and may quickly spawn with another male. The male con
tinues to defend the territory for several days against other
perch and potential egg predators, including other centrar
chids and catfish, until larval fish are able· to swim well
enough to leave the nest (23).

The larvae are initially planktonic, presumably for 1-2
weeks, before settling into aquatic vegetation or shallowwa
ter. Young-of-year fish form shoals in inshore areas, often
near overhanging trees or in clearings in aquatic plant beds.

Status IC. Sacramento perch are a CDFG Species ofSpecial
Concern and would undoubtedlybe listed as an endangered
species in California if there were not so many introduced
populations (30). Only two native populations seem to be
maintaining themselves, if tenuously: those in Clear Lake
and in the Alameda Creek drainage. Ofthe introduced pop
ulations, the ones in the upper Klamath watershed; in Pyra
mid Lake, Nevada; in the lower Walker River; and in the
Owens River are probably reasonably secure because of
their abundance and fairly broad distribution within these
waters. However, most reservoir and pond populations will
not persist indefinitely because of changing conditions.
Thus large populations in Moon and West Valley Reservoirs
on Cedar Creek (Lassen and Modoc Counties) disappeared
during an extended drought when reservoirs dried up; the
perch had to be reestablished through planting (34). Iso
lated populations established in other states have gradually
disappeared as anglers and agencies lost interest in them.

Because Sacramento perch are tolerant of a wide range
of conditions, they would still be abundant throughout
their native range in the absence of introduced centrar
chids, especially crappie (Pomoxis spp.) and sunfishes (Le
pomis spp.). The alien species compete successfully for food
and space (26) and may prey on embryos and larvae as well.
Decline of Sacramento perch in their native range was
gradual, but was noticed even in the 19th century. Between
1888 and 1899, 40,000-432,000 Ib were sold annually in
San Francisco (31). However, Rutter (32) found that they
were already rare outside the Delta in his 1898-1899 survey
of Central Valley fishes. They were largely gone from the
Delta by the time of the major fish surveys of the 1950s
and 1960s.

In Clear Lake (Lake County) a 1930 fish survey found
them to be abundant. By the late 1940s their numbers had
been greatly reduced, but they were still common enough
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purple sheen. Breeding territorial males become very dark
olive to bronze on their back and sides and have orange
breasts; their pelvic and anal fins turn an iridescent black,
and a large dark spot develops on the soft-rayed portion of
the dorsal fin.

Names Gills of bluegill are pink, as they are for most fish,
so the common name is presumably derived from the some
times blue flap on the operculum. California anglers often
refer to bluegill (and other sunfishes) as "perch" or "bream."
Lepomis means scaled cheek, because the scales present on
the operculum were once considered to be a significant dis
tinguishing feature. Macrochirus translates as large hand, re
ferring to the long pectoral fins.

Taxonomy Two subspecies have been recognized: northern
bluegill, L. m. macrochirus, and southern bluegill, L. m. pur
purescens (1). Northern bluegill are native to most of east
ern North America and have been widely introduced in
California and elsewhere. Southern bluegill are native to
peninsular Florida and southern Georgia and have been in
troduced into Perris Reservoir (Riverside County) and a few
other reservoirs in the state (2). In California bluegill com
monly hybridize with green sunfish and may also hybridize
with redear sunfish and pumpkinseed. The hybrids are
sterile males.

References 1. Mabee 1993.2. R. Miller 1959.3. Girard 1854. 4.
Gill 1861. 5. Hopkirk 1973. 6. Gobalet 1990. 7. Evermann and
Clark 1931. 8. Aceituno and Nicola 1976. 9. La Rivers 1962. 10.
McCarraher and Gregory 1970. 11. Buettner and Scoppetone
1991. 12. Lockington 1878. 13. Schulz and Simons 1973. 14.
Broughton 1994. 15. Gobalet and Jones 1995. 16. Vigg 1980. 17.
Knight 1985.18. Vinyard 1982. 19. Moyle et al. 1974.20. Imler et
al. 1975. 21. Aceituno and Vanicek 1976. 22. Fong and Takagi
1979.23. Mathews 1962, 1965.24. Vanicek 1980. 25. Jordan and
Evermann 1896. 26. Marchetti 1999. 27. P. Crain, University of
California, Davis, unpubl. data 1998. 28. Murphy 1948a. 29. M.
Dege, University of California, Davis, pers. comm. 1997. 30.
Moyle et al. 1995. 31. Skinner 1962. 32. Rutter 1908. 33. R.
Macedo, CDFG, pers. camm. 1998.34. P. Chappell, CDFG, pers.
comm. 1998. 35. Cook et al. 1966.

and make them available for use in farm ponds and reser
voirs in the Central Valley as a native sport fish. Special ef
fort should also be made to establish additional populations
of Clear Lake Sacramento perch. At least once every 10 years
a review of the distribution and status of this unique en
demic centrarchid should be conducted to determine if ad
ditional measures for its protection are needed.

mento perch populations is probably due to all three factors
working together, because habitat alteration and fish intro
ductions have occurred simultaneously throughout the
Central Valley. Thus consistent defeats in interspecific en
counters, especially of young fish, may have accelerated a
decline started by other factors.

An additional concern with Sacramento perch is the lim
ited genetic ancestry of the populations, which may limit
their long-term survival potential. The Clear Lake popula
tion is presumably distinctive, given its long isolation and
the distinctiveness of other fish in the lake (5), yet there is
no assured self-sustaining population outside the basin.
The only other native population appears to be in the
Alameda Creek drainage, which may also be different from
other populations because of its recent isolation. The ma
jority of (if not all) introduced fish apparently originated
from Greenhaven Lake (= Brickyard Pond) in Sacramento,
which was a convenient source of fish for at least 100 years.
That population, however, is now extirpated (24). Manage
ment of perch should therefore have as one of its goals
maintaining remaining genetic diversity.

Given the fragility of most Sacramento perch popula
tions, continued efforts should be made to propagate them

Identification Bluegill are easily distinguished from other
California sunfishes with deep, compressed bodies by the
presence offlexible blue or black flaps on the rear of the op
ercula; long, slender gill rakers on the first gill arch; long,
pointed pectoral fins (13-14 rays) that are contained about
3 times within the standard length; a black spot on the rear
ofthe dorsal fin; and narrow, verticalblackbars on the sides.
The anal fin has 3 spines and 11-12 rays; the dorsal fin, 10
spines and 10-12 rays; and the pelvic fins, 1 spine and 5 rays
each. There are fewer than 50 scales on the lateral line, typ
ically 38-48. Nonbreeding fish usually have an iridescent

Bluegill, Lepomis macrochirus Rafinesque

for spawning to be observed (28). In the 1960s an exhaus
tive fish sampling program turned up onlynine adult Sacra
mento perch and no juveniles (35). More recent surveys
demonstrate a small but persistent population, centered
around sloughs in Clear Lake State Park (22). Their num
bers in the lake seem to have increased somewhat in recent
years, associated with a decline in crappie numbers (33).
Clear Lake Sacramento perch were transplanted to Sonoma
Reservoir (Sonoma County) by CDFG to provide a "re
serve" stock, and there are plans to stock an additional small
pond (33).

Three hypotheses have been advanced to explain the de
cline of Sacramento perch: habitat destruction, embryo
predation, and interspecific competition. Habitat destruc
tion, especially draining oflakes and sloughs and reduction
of aquatic plant beds, was the hypothesis favored by Rutter
(32). However, perch have declined in areas where suitable
habitat still exists (e.g., Clear Lake, sloughs of the Delta), so
it is unlikely that this is the only reason, although it may
have been a contributing factor,

Embryo predation, especially by catfish and carp, was
first advanced as a cause of the decline by Jordan and Ever
mann (25) and was supported by the observations ofMur
phy (28) that the perch did not defend spawning sites. Later
observations that they do defend the sites against potential
embryo predators tend to make embryo predation less likely
as a primary cause of decline. However, no Sacramento
perch, no matter how aggressive, is able to defend its spawn
ing area against a determined school of egg-eating bluegill
or large carp. In addition, high abundance of small non
native centrarchids and other fishes may result in heavy pre
dation on larvae after they leave the nests.

Interspecific competition for food and space may be the
single most important cause of the decline because, almost
invariably, local declines of Sacramento perch populations
have been associated with increases in numbers of intro
duced centrarchids, especially black crappie (8). In Clear
Lake increases in Sacramento perch numbers in recent years
seem to be associated with a decline in black and white
crappie, which have diets most similar to those of perch. In
aquaria and small ponds bluegill and green sunfish domi
nate Sacramento perch, chasing them away from favored
places. Such behavior in the wild could force young perch
out of shallow weedy areas and into more exposed waters,
where they would be more vulnerable to predation bylarge
mouth bass and other piscivores. They would also have less
food available to them. In situations in which perch and
bluegill compete for food, bluegill depress perch growth
(and presumably survival) rates (26). The importance of in
terspecific competition is also reflected by the fact that
Sacramento perch today are successful mostly in relatively
simple fish communities where they can occupy the posi
tion of top littoral carnivore. Overall the decline of Sacra-
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Distribution Bluegill were originally distributed through
out much of eastern and southern North America, north to
Ontario and the Great Lakes region, west through the Mis
sissippi drainage system, and south into Florida and north
eastern Mexico. They were introduced into California in
1908 and became widely distributed in the next 10-20 years
(2). They are now established throughout the state, includ
ing most reservoirs, and are probably the most widely dis
tributed warmwater fish. They are also abundant in all other
Western states and provinces and no"" have a worldwide
distribution: Japan, Korea, the Philippines, Morocco, South
Africa, Swaziland, Zimbabwe, Panama, Venezuela, Puerto
Rico, the Hawaiian islands, and Mauritius (3).

383BLUEGILL

be 4-S years old and weigh about 90 g. A large (23 cm) in
dividual is likely to be 8-9 years old and weigh more than
300 g, although few fish live longer than 6 years. Thus
bluegill in the Delta average 4S mm FL at the end of year 1,
98 mm at year 2, 136 mm at year 3, IS8 mm at year 4, 17S
mmatyear S, and 189 mm at year 6 (14). The angling record
for bluegill in California is a fish weighing 1.6 kg, from Otay
Reservoir. Exceptionally cold or turbid water is likely to pro
duce fish that rarely exceed 10 cm FL.

Spawning begins in spring when temperatures reach
18-21°C and may continue into September. Males are of
three different types, each type genetically determined:
parental males, satellite males, and sneaker males (IS, 16, 17,
18). Parental males are typically the largest individuals,
measuring IS-20 cm FL (or more) and S or more years old.
They construct nests in shallow water by excavating, with
vigorous fanning movements of their fins, depressions that
are 20-30 cm in diameter and S-IS cm deep. Nests are con
structed on bottoms of gravel, sand, or mud that contain
pieces of debris, such as twigs or dead leaves. Although
parental males build their nests in colonies, each male de
fends his own nest and the area around it from all other
males and from potential egg predators, such as minnows
and catfish. The females swim about in schools in the gen
eral area of the nesting colony. When one is ready to spawn
she approaches the nesting area and is approached and
courted by a male, usually the largest one in the immediate
vicinity. The male attracts the female to the nest, and the two
spawn side by side. At each spawning the female dips toward
the nest and releases about a dozen eggs, which are fertilized
by the male. The fertilized eggs adhere to the debris on the
bottom of the nest. Courtship movements are accompanied
by distinctive grunting sounds (19). Each male courts and
spawns with many females in succession, so a single nest can
contain thousands of embryos (16). Each female also
spawns with multiple parental males within the colony. All
spawning within a single colony occurs rapidly, often on a
single day, ensuring that the young will develop and emerge
at about the same time. Parental males continue to defend
their nests while embryos develop and then guard the school
of young for several days after they hatch.

Satellite males mimic females, so they can deceive
parental males and enter nests while spawning is taking
place, fertiliZing some eggs. They mimic females in part by
being the same size (about 1O-1S cm FL) and having the
same coloration and behavior. They hover above the colony
of parental males and slowly descend into a nest in which
active courtship is occurring. When a female dips for the re
lease of eggs, the satellite male presses against her on the side
opposite the parental male and releases sperm. Sneaker

males are small, inconspicuous fish. They hang out on the
edge of the colony and dash in to spawn with the parental
male and female. Parental males spend a good deal of time

protrusible. Bluegill are thus capable of ingesting many
types of organisms. The larvae of aquatic insects-such as
midges, mayflies, caddisflies, and dragonflies-seem to be
preferred, but they also eat planktonic crustaceans, flying
insects, and snails. Small fish, fish eggs, and crayfish may be
eaten when available. In Pine Flat Reservoir (Fresno
County) bluegill (10-26 cm FL) fed largely on fish eggs,
midge larvae, and cladocerans from March through June,
switched to flying insects from July through October, and
went back to midge larvae and cladocerans from November
through February (6). For larger fish threadfin shad also
formed an important part of the diet in winter. In the Delta
benthic organisms-such as amphipods (Corophium) ,

isopods (Exosphaeroma), and chironomidlarvae and pupae
-dominate the summer diet of bluegill (7). In Clear Lake
(Lake County) they fed mostly on zooplankton (cladocer
ans and copepods) until they reach about 4S-S0 mm SL,
when they switched to benthic insects and, as size increases
further, an occasional small inland silverside. When animal
food becomes scarce the adult fish feed on algae and other
aquatic plants, although they will become stunted on such
a diet (8). Feeding is a nearly continuous activity in sum
mer, reaching peak intensity in midafternoon and again at
dusk (9).

Bluegill will feed on the bottom, in midwater, in aquatic
vegetation, and on the surface. Their deep body and flexible
fins are adapted for hovering at all levels and then darting
forward to suck up a food item (10). The body is kept from
rolling sideways by undulations ofthe nonspiny portions of
the dorsal and anal fins as well as by movements of the up
per lobe of the tail. The long pectoral fins, assisted by the
pelvic fins, also help stabilize the fish, but their primary
function is maneuvering. For this purpose they can be
moved independently of each other with a wristlike action.
This flexibility in feeding strategies makes them superb at
optimal foraging. Although they usually gain the most en
ergy from feeding on insects in aquatic vegetation, they
readily switch to feeding on zooplankton when larger
species (e.g., Daphnia) are very abundant and easy to cap
ture (11). A shift in foraging tactics becomes more impor
tant as bluegill grow larger because growth (and ultimately
reproduction) becomes increasingly limited by the avail
ability ofprey of appropriate size. Growth of small bluegill,
in contrast, is limited more by competition with other
bluegill (12).

Yearly growth of bluegill in California lakes and reser
voirs is slower than that of bluegill in the southern United
States, where the growing season is similar. California
growth rates are similar to those in their native Midwest, but
California bluegill seldom reach the sizes commonly
achieved by bluegill from other areas (13). At the end of
their first year they measure 4-6 cm FL, and they grow 2-S
cm in each subsequent year. Thus a typicallS-cm fish will

Figure 125. Bluegill, adult. From
Lee et al. (1980).

aquatic plants, in which they hide and feed, and with bot
toms of silt, sand, or gravel. They seldom live much deeper
than S m.

Despite the association ofbluegill with ponds, lakes, and
sloughs, they are a common stream fish in areas where sum:
mer temperatures are warm and there are deep pools with
beds of aquatic plants or other deep cover (26,27). In lower
Putah Creek (Yolo-Solano County) they persist through pe
riods of high winter and spring flows by moving into tem
porary backwaters or areas of flooded vegetation: any place
where there is refuge from high current velocities. Long
time persistence, however, depends on appropriate condi
tions being present in summer months (S). In California
they are commonly associated with a complex, if variable,
assemblage of other nonnative species: largemouth bass,
green sunfish, redear sunfish, various catfish, golden and
red shiners, common carp, inland silverside, and western
mosquitofish (26,27).

Individual bluegill spend most of their lives in a rather
restricted area, even in large bodies of water. This behavior
presumably gives each fish familiarity with an area within
which it needs to find food and avoid predators, such as
largemouth bass. It also reflects their long breeding season,
during which colonies of breeding fish have fairly fixed lo
cations. Perhaps one outcome of this behavior is that
bluegill act as cleaners to other fishes, picking off parasites,
loose scales, and other tissue (28). In Putah Creek I have ob
served juvenile (about 10 cm TL) smallmouth bass, swim
ming in a rigid manner, approach similar-size bluegill nest
ing at the edge of a colony. The bluegill proceeded to nibble
at the side of each bass for a few seconds as they swam along
the edge of the nest.

Bluegill are highly opportunistic feeders, feeding on
whatever animal food is most abundant. Their mouth is rel
atively small but lined with small teeth, and the upper lip is
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Life History The ability ofbluegill to survive and reproduce
under many environmental conditions has made them one
of the most abundant freshwater fishes in California. They
do best in warm, shallow lakes, reservoirs, ponds, streams,
and sloughs at low elevations, but occasional populations of
slow-growing bluegills become established in colder lakes,
such as Shaver Lake (Fresno County; elevation, 1,670 m).
Temperature tolerances are very broad. They survive winter
temperatures of 2-S0C and, when acclimated, summer
temperatures as high as 40-41°C, at least for short periods
of time (4). However, given a choice, bluegill select temper
atures of 27-32°C, which seem to be physiologically opti
malfor growth (4). They prefer fresh water «1-2 ppt) but
occur in the San Francisco Estuary at salinities up to S ppt.
Elsewhere they have been shown to have increased meta
bolic rates (indicating osmotic stress) at 8 ppt, with 12 ppt
being lethal (2S). They can survive in waters of surprisingly
low oxygen content «1 mg/liter), especially at low temper
atures, but maximum growth and reproduction occur in
fairly clear waters with moderate levels of dissolved oxygen
(4-8 mg/liter). Bluegill are often associated with rooted
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Life History The preferred habitat of redear sunfish is the
deeper waters of warm, quiet ponds, lakes, and river back
waters and sloughs with substantial beds of aquatic vegeta
tion. Reproduction and growth are inhibited in water that
is too turbid, probably because low light penetration limits
aquatic plant growth and forces them into shallow water,
where they have to compete for food and space with other
species, especially bluegill. Adults are usually most abun
dant in water more than 2 m deep. They are rarely found in
brackish parts of the San Francisco Estuary, but in their na
tive range they live in marshes with seasonal salinities of up
to 5-12 ppt (3). They can adjust rapidly to changing salini
ties and tolerate salinities up to 20 ppt, making them one of
the most euryhaline sunfishes (12).

Redear sunfish feed mostly by picking hard-shelled in
vertebrates, especially snails and clams, from the bottom

RED EAR SUN F ISH 385

Distribution Redear sunfish are native to the southeastern
United States, including peninsular Florida, and to the Rio
Grande and lower Mississippi drainage systems. They have
been widely planted throughout the warmer regions of the
United States, so their exact native distribution is poorly un
derstood. Limited introductions have been made into other
countries, including Morocco, South Africa, Panama, and
Puerto Rico (ll). They were introduced into the lower Col
orado River in 1948 or 1949 by the Arizona Department of
Fish and Game and were first collected in California in 1951
(1). They have since been introduced into southern Califor
nia and the Central Valley, and into the Russian River
drainage. As far as I know they are not present in reservoirs
in any Great Basin watersheds or in any North Coast or
Klamath Basin reservoirs. However, given the proclivity of
sportsmen (and biologists) for moving fish around, they can
be expected anywhere in the state, especially in farm ponds.
They have been found, for example, in a farm pond in the
upper Pit River watershed (2).

Names Shellcracker is a widely used, unofficial common
name for redear sunfish in much of their native southern
United States. Microlophus means small crest, presumably
because of the short opercular flap. Other names are as for

bluegill.

Identification Redear sunfish are deep bodied and have small
oblique mouths (barely reaching the front margin ofthe eye),
long pointed pectoral fins, short stiff opercular flaps, and
stubby gill rakers (2-3 times longer than wide). They differ
from pumpkinseed and bluegill by the absence of any con
spicuous patterns on either the sides or the fins, except for an
orange-red edge ahead of the dark blotch on the opercular
flap. The dorsal fin has 10 spines and 11-12 rays; the anal fin,
3 spines and 10-11 rays; the pelvic fins, 1spine and 5rays; and
the pectoral fins, 13 rays. There are 34-43 lateral line scales.
Adults are light olive on the back and a pale mottled brown
to silvery on the sides, usuallywith some speclding, and often
fairly bright yellow on the lower sides and belly. Young-of
year may have 7-8 faint vertical bars on the sides. The dorsal
fin is dusky, without a dark spot on the rear portion.

Redear Sunfish, Lepomis microlophus (GUnther)

Figure 126. Redear sunfish, adult. From Lee etal. (1980).

plants. In streams they may enter the water column and be
washed into backwaters (5, 22). Mortality due to predation
by fish and invertebrates is very high at this time. In the veg
etation oflakes they grow 10-12 mm TL and then move out
into surface waters, where they remain for 6-7 weeks, feed
ing on planktonic crustaceans (23). By the time they return
for good to the aquatic plant beds near shore they have
grown to 21-25 mm TL.

References 1. Felley 1980. 2. Dill and Cordone 1997. 3. Lever
1996.4. Houston 1982. 5. Marchetti 1998. 6. Goodson 1965.7.
Turner 1966b. 8. Kitchell and Windell 1970. 9. Keast and Welsh
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berg et al. 1988. 13. Emig 1966. 14. Turner 1989. 15. Gross 1979.
16. Gross 1991. 17. Dominey 1980. 18. Dominey 1981. 19. Ger
ald 1971. 20. Gross and MacMillan 1991. 21. Cote and Gross
1993. 22. Rockriver 1998. 23. Werner 1967, 1969. 24. Marchetti
1999.25. Peterson et al. 1987.26. Moyle and Nichols 1973.27.1.
Brown 2000. 28. Powell 1984.

Status lID. Bluegill are the most widespread and abundant
game fish in California because they are always one of the
first fish to be moved to new ponds and reservoirs. Fishing
has little effect on their populations because of their high
reproductive rates. In some waters severe intraspecific com
petition limits individual growth. The result is large popu
lations of stunted fish, which may in turn limit populations
of other fishes (including largemouth bass) both by eating
embryos and young and by eating food that other young
fish need to survive.

It is possible that the characteristic small size ofbluegills
in California is the result of their limited genetic back
ground. Apparently most bluegill in the state are descended
from fish collected in one or two Midwestern localities. In
1975 CDFG introduced southern bluegills from Florida, on
the untested assumption that they would grow faster and
become larger than northern bluegills. Their spread was
halted, however, based on anecdotal evidence that they
preyed heavily on embryos of bass (2).

The abundance, ubiquity, aggressiveness, and broad
feeding habits of bluegill in lakes and lowland streams of
California make it likely that they are one of the alien fishes
that limit native fish populations, especially through preda
tion on larvae, or through indirect effects that make natives
more vulnerable to larger predators. Laboratory experi
ments indicate that they mayhave been a major factor in the
demise of Sacramento perch (24).
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chasing satellite and sneaker males away from their territo
ries, but females will readily spawn with satellite males when
a parental male is chasing away another fish.

While sneaker and satellite males typically constitute
less than 30 percent of the total male population (16), they
definitely represent another way to be a successful male, in
an evolutionary sense. These alternate male strategies
evolved because otherwise only a few dominant parental
males would do all the spawning. The advantages of being
one of the two "cuckolder" male types include spawning at
younger ages (2-3 years) than parental males and relying
on the parental males to take care of their offspring. They
do not live as long, however, in part because of the harass
ment they receive from parental males. Sneaker and satel
lite males often are fairly ragged looking by the end of the
spawning season.

The complex mating system ofbluegill (and some other
sunfish) is permitted in good part by their habit of nesting
in busy colonies, so that parental males are constantly being
distracted by other parental males and schools of females.
Colonial nesting, however, evolved largely as an antipreda
tion measure (18, 20). Some of the best evidence for this is
that territories in the center of the colony are typically held
by the largest and most aggressive males, while smaller
males hold territories on the periphery. The outside territo
ries are under continual assault by embryo predators (such
as snails and catfish), and survival of young is much lower
than survival in interior nests. Nevertheless even outermost
nests benefit from joint defense by many males as well as
from the sheer number of nests, which swamp predators.
The synchronization ofbreeding that takes place in colonies
may also help reduce predation on young because of the
large numbers emerging at one time. In addition embryos
in colonial nests show a lower incidence of death from
fungal disease than those in solitary nests, because each
male spends more time fanning and otherwise caring for
the embryos (21).

Bluegill are very prolific. Single females lay 2,000-50,000
eggs, depending on size. As many as 62,000 young bluegill
have been reported hatching from one nest, although more
typically 2,000-18,000 young are produced per nest (13).

At water temperatures of about 20°C embryos hatch in
2-3 days, and fry soon start to swim about. Males guard the
embryos and fry for about a week before starting another
breeding cycle. Gradually fry move away from the nests and
into aquatic plant beds. In lakes they will enter the plankton
for a short period of time and then settle into patches of I
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and aquatic plants with their protrusible lips. The prey is
then crushed by their molarlike pharyngeal teeth; the soft
parts are swallowed and the hard parts are ejected. The short
gill rakers make ejection of hard parts easier, especially
pieces of snail shell, although most of the material is liter
ally spit out. Short gill rakers also permit easy ejection of
sand, mud, and bottom debris taken up while grabbing
snails or burrowing mayflies (Hexagenia). Although snails
form a major portion of their diet, especially in winter,
when given a choice they select bottom-dwelling insect lar
vae (e.g., dragonfly, midge, and mayfly larvae) and am
phipods in preference to snails (4). Such organisms often
form the bulk of their diet in summer, especially in farm
ponds and weedy lakes (13 y. It is possible that snails are im
portant mostly where redear coexist with other species of
sunfish that are better adapted for feeding on insects, espe
cially when food is in short supply during the winter
months. There are also distinct differences in the diets ofju
venile and adult fish. In Rancho Seco Reservoir adults (>130
mm FL) were found to feed primarily on small clams and
secondarily on chironomid midge larvae, while smaller fish
fed primarily on chironomids and secondarily on other in
sect larvae and crustaceans (5). Diets are similar in the lower
Colorado River (6).

Growth rates in central California lakes and reservoirs are
usually slightly faster than those ofbluegill in the same bod
ies of water and comparable to those of redear sunfish in
their native southeastern United States. However, rates can
be highly variable. An exceptionally slow-growing popula
tion occurs in Lost Lake (Fresno County), a small, turbid,
gravel pit pond with only small amounts of aquatic vegeta
tion. Lost Lake redear sunfish average 48 mm TL at the end
of their first year, 92 mm in their second year, 135 mm in
their third year, 163 mmin their fourth year, 189 mmin their
fifth year, and 215 mm in their sixth year. In contrast
Berryessa Reservoir (Napa County) has a fairly fast-growing
population: 69 mm TL in the first year, 128 mm in the sec
ondyear, 140 mm in the thirdyear, and 170 mm in the fourth
year. Growth slows down considerably after the fourth year,
so redear sunfish in Berryessa exceeding 200 mm TL are un
common (7). Growth rates in Rancho Seco and Folsom
Reservoirs do not slow down as much; 3-year-old fish aver
age 178-190 mm FL and 4-year-old fish, 216-224 mm (5).
In Rancho Seco 5- and 6-year-old fish average 240 mm and
254 mm, respectively. The angling record for the United
States is a 2A-kg fish from Folsom South Canal (Sacramento
County), a fish that had grown large feeding on Corbicula
clams. The maximum age recorded is 7 years.

In their native range redear sunfish usually become ma
ture atlengths of 13-18 cm TL when they are 1-2 years old
(4). If the length-maturity relationship holds true for Cali
fornia populations, then they probably do not spawn until

their third or fourth year. This is presumably one of the rea
sons why redear sunfish seldom have stunted populations
in California, in contrast to bluegill.

Spawning takes place throughout summer, starting as
soon as water temperatures reach 21-24°C (5,8). This can
be as early as mid-April in lowland areas. In Rancho Seco
Reservoir two peaks of spawning were noted, one in mid
April through early May and one in July (5). The males con
struct nests in colonies, and each nest is defendedvigorously
by its owner from other males. The nests are depressions
25-61 cm in diameter (typically 35-45 cm) and 5-10 cm
deep, constructed in bottoms of sand, gravel, or mud, usu
ally at a wide range of depths. In Rancho Seco one cluster of
nests occurred at 004-1.5 m, while another occurred at
4-6 m. Nest building and spawning behaviors are appar
ently similar to those of other sunfishes, especially pump
kinseed (4). Males make species-specific popping sounds
during courtship (9). Females have fecundities of 9,000
80,000 eggs, depending on size, and spawn repeatedly.

Larvae presumably are planktonic at first, before settling
into beds of aquatic plants, often along with bluegill of sim
ilar size. Juveniles typically stay close to or in aquatic plant
beds, often in small shoals (10).

Status IID. Redear sunfish are not nearly as common in
California as the ubiquitous bluegill and green sunfish, in
part because they require somewhat warmer waters. They
also are more restricted to ponds and reservoirs with beds
of aquatic plants (which require fairly clear water to grow).
Nevertheless they are favored for planting in reservoirs be
cause they grow faster than bluegill and rarely stunt, some
times producing "dinner plate"-size individuals. They also
seem to be harder to catch than bluegill, their most common
associate, apparently because they live in deeper water and
feed on or close to the bottom. In many waters where they
maintain substantial populations oflarge fish, fishermen do
'not even realize they exist and settle for catches of small
bluegill. Increasing the angler harvest of redear sunfish is
mostly a matter of letting anglers know where redear sun
fish are and how to fish for them. In the southern United
States they are much sought after as game fish.

Redear sunfish were introduced secondarily, well after
other alien fishes had become established, so they have not
been implicated in the decline of native fishes. In fact many
of the molluscs on which they feed are introduced species
as well.
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Figure 127. Pumpkinseed, 14 cm
SL, Root River, Wisconsin. USNM
4163. Drawing by H. 1. Todd.

Pumpkinseed, Lepomis gibbosU5 (Linnaeus)

Identification Pumpkinseed are deep bodied and have small
oblique mouths, long pointed pectoral fins, short stiff oper
cular flaps, stubby gill rakers, and heavy molariform pharyn
geal teeth, much like those of redear sunfish. They also have
small spots on the soft portion of the dorsal fin, and adults
have conspicuous orange and blue streaks on the dark oper
culum. The opercular flap is black with a red tip. The dorsal
fin has 10 spines and 10-12 rays; the anal fin, 3-4 spines and
9-11 rays; the pelvic fins, 1 spine and 5 rays; and the pectoral
fins, 12-13 rays. There are 36-44 scales in the lateral line. The
background color of the body is gray-green to greenish
brown with superimposed spots of orange, yellow, blue,
and green and with 7-10 faint blue-green vertical bands.
The cheek has a series of wavy blue lines running across it.
The throat and bellyare yellowto orange. Juveniles are a more
uniform gray-green, with fairly conspicuous vertical bars.

Taxonomy Pumpkinseed apparently have relatively low
morphological variability throughout their range, and no

subspecies have been described. They will hybridize with
most other Lepomis species but especially with bluegill and
green sunfish. Hybrids are fast-growing, sterile males.

Names In their native East and Midwest pumpkinseeds are
frequently called common sunfish or simply the sunfish.
Pumpkinseed aptly describes their body shape; gibbosus
means humped or rounded or, according to Jordan and
Evermann (1, p. 1009), "formed like the full moon." Other
names are as for bluegill.

Distribution Pumpkinseed are native to eastern North
America from southeastern Canada, through the northern
half of the Mississippi River system including the Great
Lakes region, down the Atlantic coast to northern Georgia,
and west into Missouri and South Dakota (2). They have
been introduced throughout Canada and the United States,
includingWashington and Oregon, into coolwater lakes and
rivers. They have also been introduced into much ofEurope
(where they are often regarded as pests) and into Morocco,
Japan, Chile, and Guatemala (3). The exact date of their in
troduction into California is not known, but Dill and Cor
done (4) suspect that they were introduced into the Susan
River (Lassen County) in 1908 with a mixed shipment of
sunfish. They also record an introduction into a private
artesian pond near Mecca (Riverside County) in 1918,
which was used as a source for unsuccessful plants all over
southern California. The first record for the Klamath basin
was 1942. The present distribution seems to be as follows:

1. Klamath Basin. They are widely distributed if un
common in reservoirs of the Lost River watershed
and in lakes and reservoirs of the upper Klamath
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basin in Oregon and California, including Copco and
Iron Gate Reservoirs (5,6).

2. Susan River. Apparently a small population still exists
in sloughs of the lower Susan River, above Honey
Lake, although there is no recent confirmation of this.
A population must exist in Mountain Meadows
Reservoir (Lassen County), on a small tributary to the
Susan River, because the state record pumpkinseed
was caught there in 1996.

3. Sacramento-San Joaquin drainage. Populations have
been recorded in the following reservoirs in the 1990s
(26): San Justo (San Benito County), Lexington (Santa
Clara County), and Elizabeth (Alameda County).
Pumpkinseed are also present in San Ramon andWal
nut Creeks (Contra Costa County), lower Coyote
Creek (Santa Clara County), and Davis Reservoir
(Plumas County) (4,7). They are also found in small
numbers in the south Delta and the lower San Joaquin
River (26), where there are occasional records going
back to at least 1986. They may be present elsewhere,
but reports have not been confirmed.

4. Southern California. There are apparently no estab
lished populations in southern California, although
attempts to establish them have been frequent (8).

Despite the lack ofgood records, pumpkinseed can be ex
pected in cool, quiet waters anywhere in the state as the re
sult of unauthorized introductions. Because of their attrac
tiveness, they are often kept as aquarium fish and presum
ably released by owners tired of their aggressive charges.
Some records of pumpkinseed may be of bluegill-green
sunfish hybrids, which are brightly colored.

Life History Pumpkinseeds are ecologically similar to re
dear sunfish, preferring clear to slightly turbid lakes,
sloughs, or sluggish streams with beds of aquatic plants that
support large populations of snails. However, they seem to
be adapted for living in much cooler waters than redears, es
pecially lakes with large seasonal fluctuations in tempera
ture. Curiously, in laboratory studies they show tempera
ture preferences for warm water (24-32°C), and they can
withstand temperatures up to 38°C (9, 10). At higher tem
peratures they live in water with oxygen levels as low as 4
mg/liter, but at low temperatures (3-4°C) they can with
stand oxygen levels less than 1 mg/liter (10). Pumpkinseeds
show a surprising tolerance of high salinities, considering
their native distribution: up to 17 ppt (25). Juveniles will oc
cur in loose aggregations around beds ofaquatic plants, but
adults tend to be more solitary, usually found as individu
als or as small groups around submerged trees or other
cover, closeto aquatic plant beds.

Like redear sunfish, pumpkinseeds feed by picking hard-

shelled invertebrates from the bottom or from aquatic
plants. Snails are usually the most important item in their
diet, but aquatic insects are apparently preferred. This pref
erence is reflected in their pharyngeal jaw apparatus, which
is used for crushing snails but not other prey (ll). In lalzes
where snails form most of the diet, the pharyngeal teeth and
jaws are much more robust than in locations where the fish
feed mainly on insects (12, 13). In summer, when aquatic
insect larvae are abundant, insects will frequently be the
most common prey despite large snail populations (14).
Aquatic insects also predominate in the diet when pump
kinseeds occur in the absence ofother species ofsunfish (15,
16). Pumpkinseeds of all sizes eat the same kinds of food,
except that larvae feed on zooplankton. Theywill feed at al
most anytime of day, but peak feeding activity is generally
at dawn or dusk. Feeding ceases when water temperatures
drop below 6,SOC (17).

Pumpkinseeds grow rather slowly for sunfish, although
this may be mostly an effect of the cooler waters they in
habit. Their growth in Honey Lake (Lassen County) ap
proximates the average growth they achieve in their native
Midwest: 1 year, 25 mm FL; 2 years, 66 mm; 3 years, 112
mm; and 4 years, 132 mm (16). Although they can live as
long as 12 years, they seldom exceed 30 cmFL (10). The state
angling record, from Lassen County, was a fish weighing
450 g. Growth in the first year of life may be enhanced by
the presence of competing bluegills. Apparently, when blue
gills dominate vegetation, juvenile pumpkinseeds spend
more time in open habitats, where food is abundant but
predation risk is higher. Survivors have increased growth
rates until they reach a size at which they can feed safely on
snails, with less competition (18).

Maturity sets in during the second or third year and does
not seem to be strongly dependent on size, because popula
tions of stunted pumpkinseeds under 10 cm FL are not un
usual. Spawning takes place in April-June in California, as
soon as water temperatures approach 13-17°C, and prob
ably continues intermittently through August. The largest
and oldest males spawn earliest in the year and dominate
nest sites most favorable for survival of the embryos (19).
The most favorable sites are in shallowwater «1 m) on bot
toms of sand, gravel, or woody debris. The nests are built in
loose colonies but defended individually. It is likely that
pumpkinseeds, like bluegill, have males with alternate
breeding strategies (20). Each parental male may spawn
with several females and guards the embryos until they
hatch, usually 3-5 days. The number of eggs laid by each fe
male varies from 600 to 7,000, fecundity increasing with age
and size (10,21).

In their native range active pumpkinseed nests often at
tract golden shiners for spawning (22). Embryos ofthe shiner
larvae have significantly higher survival when guarded by
male sunfish, and sunfish embryos benefit from reduced pre-

dation, because of the "extra" embryos on the nest periphery.
However, sunfish nests with many shiner embryos may also
have higher mortality rates owing to fungus infections.

As soon as newly hatched young are able to swim, they
leave the nest and venture into open waters, where they drift
among and feed on zooplankton for several weeks (23). The
presence of multiple spawning in pumpkinseeds, over the
summer, is hypothesized to be a mechanism that allows lar
val sunfish to take advantage of zooplankton available in
midsummer, reducing intraspecific competition (24).

Status lIC. Pumpkinseeds are well established only in the
Klamath and Susan River drainages but seem to be spread
ing in the Sacramento-San Joaquin drainage. Because they
are the most beautifully colored of all the sunfishes now in
California, their spread to other waters by unthinking
aquarists and anglers is likely. Such movement should be
discouraged, although it is doubtful they can become widely
established in warm waters containing a diversity of other

Green Sunfish, Lepomis cyanelJus Rafinesque

Identification The bodies of green sunfish are stouter than
but not as deep as those of other California sunfishes. Their
pectoral fins (13-15 rays) are rounded and when bent for
ward will barely reach the eye. Their terminal mouths are
large for a sunfish, the maxillae extending past the front
margin of the eye. Their opercular flaps are short and stiff
and their gill rakers long and slender. Their dorsal fins have
9-11 spines and 10-12 rays; anal fins, 3 spines and 8-10
rays; pelvic fins, 1 spine and 5 rays; and lateral line, 46-50
scales. There are no teeth on the tongue except in a few large
individuals. Adults are dark olive on the back, becoming
lighter on the sides with iridescent green flecks. The sides
often have colored stripes. The breast and belly are yellow
orange, and there are usually green iridescent streaks on the
cheeks. Both dorsal and anal fins have a large dark blotch on

sunfish. The ecologically similar redear sunfish grows faster
in central and southern California and does not produce
stunted populations. In Europe the widespread pumpkin
seed is regarded as a pest because it is associated with de
clines of native fishes and is mostly too small to produce
much of a fishery (3). Pumpkinseeds have the potential to
playa similar role in middle- to high-elevation reservoirs
and lakes in central California.

References 1. Jordan and Evermann 1896. 2. Lee et al. 1980.3.
Lever 1996. 4. Dill and Cordone 1997. 5. Buettner and Scop
petone 1991. 6. Simon and Marlcle 1997. 7. Leidy 1983,1984 and
pers. comm.1999. 8. Swiftet al.1993. 9. Houston 1982. 10. Becker
1983.11. Lauder 1983. 12. Wainwright et al. 1991. 13. Mittelbach
et al. 1992. 14. Seaburg and Moyle 1964. 15. Keast 1966. 16. Kim
sey and Bell 1956. 17. Keast 1968b. 18. Arendt and Wilson 1997.
19. Danylchuk and Fox 1996.20. Gross 1982. 21. Hubbell 1966.
22. Shao 1997a,b. 23. Faber 1967. 24. Fox and Crivelli 1998. 25.
Peterson 1988. 26. D. P. Lee, CDFG, pers. comm. 1999.

the rear of the soft-rayed portion. Young show fine, closely
spaced chains ofiridescent green that give the impression of
a very fine blue-green grid on the sides. The backs, sides, and
fins of breeding males turn very dark, and the fins usually
have bright yellow margins.

Taxonomy Despite a wide native distribution, green sunfish
have not been divided into subspecies. The species hy
bridizes with all other species of Lepomis, presumably as a
result of male green sunfish sneak-spawning in nests of
other species. The most common hybrid in California is
with bluegill; these hybrids when small combine the verti
cal bars ofbluegill with the horizontal stripes of green sun
fish to form a colorful checkerboard pattern.

Names Cyanellus means green. Other names are as for
bluegill.

Distribution Green sunfish were originally native to most of
the Mississippi drainage system including the Great Lakes,
but their original distribution has been obscured by wide
spread introductions. They were absent from Atlantic
drainages (1). They are now present in virtually every state
in the United States. They have also become established
through introductions in Germany, Korea, the Philippines,
Morocco, South Africa, Swaziland, Brazil, and Mauritius (2).
They were introduced into California in 1891, first into San
Diego County, and have since been spread to streams, ponds,
and reservoirs throughout the state by well-intentioned
fishermen and biologists, who often thought they were
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planting bluegill (3). In the upper Klamath River basin, they
seem to be present only in the Lost River watershed (4). This
means they are probably a fairly recent (1980s) introduction
and are likely to spread to the rest of the region. In North
Coast watersheds theyhave been recorded (so far) only from
the Russian, Eel, and lower Klamath Rivers.

Life History Green sunfish are inhabitants of small, warm
streams (especially those that become intermittent in sum
mer), ponds, and lake edges. They are generally rare in habi
tats that contain more than three or four other species of
fish. Thus in lakes and reservoirs they are usually only lo
cally abundant in shallow, weedy areas that exclude larger or
less tolerant species. In Clear Lake (Lake County), for ex
ample, they are found almost exclusively among beds of
tules (5).In rivers they are often found in riprap and old car
bodies. In central California they are abundant mostly in
intermittent streams that have warm, turbid, muddy
bottomed pools containing beds of aquatic plants and pop
ulations of other introduced fishes, such as largemouth bass
and mosquitofish (6, 7). They will often be the sole inhabi
tants of such streams, especially those that have been heav
ily disrupted or polluted by human activity. In less
disturbed streams at higher elevations it is not unusual to
find a few large green sunfish in sections of stream domi
nated by native fishes, ready to take over at the first distur
bance. In such streams they are typically associated with
deep, bedrock-lined pools, where they hide in the crevices
or under overhangs (8). In much of their native range green
sunfish are a pioneer species, capable of surviving where
other species cannot. They can survive high temperatures
(>38°C), low oxygen levels «1 mg/liter), and alkalinities up
to 2,000 mg/liter (9, 10), although they prefer more moder
ate conditions (e.g., temperatures of 26-30°C seem to be
optimal). They have rather low salinity tolerance, however,
and avoid water with salinities higher than 1-2 ppt (27).
They are extremely good dispersers, often the first fish to re-

Figure 128. Green sunfish, adult. From Lee et al. (1980).

colonize stream reaches dried up by drought. Thus they are
capable of taking over small foothill streams that normally
would contain only California roach and persisting in rem
nant pools through periods of extreme drought.

Green sunfish are very aggressive, although young-of
year frequently shoal. Older fish tend to be territorial for
feeding. In a small aquarium, one fish, usually the largest,
quickly assumes dominance and keeps other sunfish in a re
stricted area while it defends the rest as its territory. Green
sunfish will also chase other species of fish from their terri
tories. Such territoriality may not be as pronounced in the
wild, but, once a large green sunfish has been located in a
stream, it can generally be found in the same area for long
periods of time. This aggressiveness may be one reason they
are so quick to colonize new waters; small fish are presum
ably always seeking feeding areas not dominated by large
fish. Despite their aggressiveness, green sunfish are frequent
prey of largemouth bass and other piscivores. Given a
choice, bass will select green sunfish over bluegill because
their body shape makes them easier to handle and ingest
(11). This may explain why green sunfish are relatively un
common in many habitats, even though they are competi
tively dominant over bluegill (12).

As their large mouths and aggressive natures indicate,
green sunfish are opportunistic predators on invertebrates
and small fish, feeding on a wider spectrum of prey than
other sunfishes. Young-of-year feed on zooplankton and
small benthic invertebrates, such as chironomid midge lar
vae and mayfly larvae, and readily consume larvae of other
fish (13). In Clear Lake they eat mostly invertebrates associ
ated with emergent tules, such baetid mayfly larvae. As they
increase in size they depend more on large aquatic insects,
such as dragonfly larvae, terrestrial insects, crayfish, and
fish, including their own young (14, 15, 16).

Compared with other sunfishes, green sunfish grow
slowly and seldom reach sizes greater than 15 em SL. They
usually reach 3-5 em SL in their first year, 5-10 em in their

second year, and 8-13 em in their third year. Such growth
seems to be typical for populations in California reservoirs
(17). They can grow to more than 30 em SL, achieve weights
of nearly 1 kg, and live as long as 10 years. Yet green sunfish
that even approach such longevity and size are extremely
unusual, especially in California, because they are so ag
gressive, and large fish are usually caught by anglers. Some
of the biggest fish I have seen have come from ponds in golf
courses where fishing is forbidden. They are so prolific that
large populations of stunted fish often develop. Thus it is
not unusual to find 4- to 5-year-old fish that measure only
8-10 em SL. For example, Eleanor Reservoir, Yosemite Na
tional Park (elevation, 1,420 m; summer surface tempera
ture, 23-25°C) is dominated by remarkably small green
sunfish that average 28 mm SL at the end of their first year,
47 mm at the end of their second year, 57 mm at the end of
their third year, and 67 mm at the end of their fourth year
(18). The largest sunfish observed measured 110 mm SL and
was 6 or 7 years old. These fish have suppressed a wild rain
bow trout population that once existed in the lake, presum
ably through competition with and predation on the small
trout. The few trout that manage to grow large enough to
prey on green sunfish, however, grow rapidly (18).

One of the reasons green sunfish often form stunted
populations is that they can reproduce at 5-7 em SL and
usually mature at the beginning of their third year. They
also are capable of spawning in disturbed waters (e.g., those
with low dissolved oxygen levels) that exclude most other
fishes (19). Spawning activity is most intense in May and
June but often continues into July and August. Although
green sunfish have been observed spawning at temperatures
of IS-28°C (13), spawning in California usually does not
begin until water temperatures reach 19°C. The first notice
able activity is the congregation of male green sunfish in
shallow water; 1-2 days later the males start to dig nests,
singly or in colonies, preferably on fine gravel bottoms near
overhanging bushes or other cover. Nests are built in water
4-50 em deep and are typically 15-38 em in diameter (13).

Each male defends his nest against other males and, to a
lesser extent, females. Females hover about the colony in
small schools and are quickly courted and spawned with,
sometimes two at a time (20). Courtship is accompanied by
gruntlike sounds (21). During spawning females turn on
their sides, vibrating and releasing eggs while the males re
main alongside in an upright position, simultaneously re
leasing sperm (20). Each male may spawn several times with
different females, and each female spawns with multiple
males. Each female carries 2,000-10,000 eggs, depending on
her size (19). Presumably their mating system is fairly com
plex, like that of bluegill (22).

Fertilized eggs adhere to the nest substrate, and males
guard the embryos for 5-7 days, enough time for the young
to hatch and become free-swimming. The larvae are plank
tonic and feed on small zooplankters for a few days before
settling down on or near vegetation. Juvenile green sunfish
suffer heavy predation losses at this stage and apparently
have evolved a chemical alarm substance as a result (28).

Status lID or lIE. Green sunfish are found throughout Cal
ifornia and are no doubt still spreading to new areas. Their
introduction into California can onlybe regarded as unfor
tunate. They provide little in the way of sport or food and a
great deal in the way of competition for (and predation on)
native nongame fishes and other game fishes. In ponds and
lakes they form large stunted populations that seriously af
fect the population size and growth ofmore desirable game
fishes (23), as they do in Eleanor Reservoir (18). Whenever
they invade a small stream or pool of a larger stream, in
cluding streams outside California (25), small native fishes
such as minnows and sticldebacks tend to disappear (8). Be
cause they are a common backwater species in the lower
Colorado River, they are a significant part of the exotic
predator complex that prevents reestablishment of native
fishes. They have probablybeen responsible for elimination
of California roach in a number of small streams in the
foothills of central California (24). An example of their im
pact can be seen in Dye Creek (Tehama County), a stream
whose upper reaches were dominated by California roach.
The south fork of Dye Creek was invaded by green sunfish,
and roach are now largely absent, except upstream of the
farthest penetration of sunfish. In contrast they have re
cently invaded the cooler north fork of the creek, which
contains a thriving population ofnative fish, but have so far
not become the dominant species (26). There is conse
quently a need to prevent further spread of green sunfish to
additional streams and to develop techniques for eradicat
ing them from places where they do the most damage.
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393WHITE CRAPPIE

Status nc. Warmouth are well established but uncommon
in California, especially compared with other sunfishes. For
example, in 1993 the fish traps at the giant state and federal
pumping plants in the South Delta rescued only 200 war
mouth, compared with 250,000 individuals of other cen
trarchid species (mostly bluegill and largemouth bass).
Warmouth add little to the warmwater sport fishery of Cal
ifornia, and the reason for their introduction is not known
(8). Most likely the introduction was made either because
the individuals brought in were thought to be the larger
rock bass (A111bloplites rupestris) or because theywere mixed
with shipments of other sunfish. Their ecological role in
sloughs and reservoirs is poorly understood, especially their
interactions with other fish species.

References 1. Mabee 1993. 2. Etnier and Starnes 1993. 3. Jen
kins and Burkhead 1994. 4. Lee et al. 1980. 5. Bond 1973. 6.
Wydoski and Whitney 1979. 7. Lever 1996. 8. Dill and Cordone
1997. 9. Lanse 1965. 10. Becker 1983. 11. Larimore 1957. 12.
Turner 1966b.

Taxonomy See the account ofblack crappie.

rounded pectoral fins. The lateral line is arched, with 34-46
scales. Adults are iridescent olive green on their backs and
silvery white on their sides, usually with 10 or fewer indis
tinct, dark vertical bars. Dorsal, anal, and caudal fins are
checkered with dark spots. Breeding males become very
dark, the head and breast turning nearly completely black.

years. In stunted populations fish measuring 10 cm TL are
4-6 years old. Fish in newly established populations, on the
other hand, may show fast growth for the first year or two,
reaching 10-12 cm TL in their first year. Warmouth in the
Colorado River appear to belong in this latter category (9).
The angling record for California, a fish from the American
River caught in 1982, weighed only 340 g.

Warmouth mature in their second or third summer at
7-10 cm TL. Spawning takes place in late spring and early
summer when temperatures reach about 21°C. Warmouth
are usually nongregarious when breeding. Males build
nests near dense cover, at depths of 0.5-1.5 m, and their
spawning and parental behavior is similar to that of green
sunfish. Females produce 4,500-63,000 eggs, depending
on size.

Names The name crappie (politely pronounced "croppie")
is, according to Jenkins and Burkhead (1, p. 712 ), "appar
ently ... derived from the French Canadian word Crapet,
the etymology ofwhich is unclear.... Crapet may have been

southern California reservoirs, but they can be expected in
those fed by the California Aqueduct.

Life History Most warmouth in California are found where
there is abundant vegetation and other cover in warm, tur
bid, muddy-bottomed sloughs and backwaters ofthe Sacra
mento and Colorado Rivers. They also do well in reservoirs
such as Bass Lake, a cool, fluctuating reservoir that supports
substantial salmonid populations. They are uncommon in
tidal portions of the estuary. These observations support
scanty data on their environmental tolerances that suggest
that their optimal summer temperatures are around 22
28°C; that they can withstand oxygen levels under 4 mglliter
in warm water; that they can live in fairly turbid water; and
that they avoid salinities higher than 1-4 ppt, although they
can survive salinities as high as 17 ppt (3, 10). Most of what
is known about warmouth life history comes from a study
in Illinois (11).

Warmouth are opportunistic predators that tend to hide
quietly in ambush. Fish measuring less than 5 cm TL feed
mostly on small crustaceans but start taking insect larvae
and snails as they increase in size. By the time they reach
10-13 cm TL, they are feeding mostly on aquatic insects.
Larger fish take larger organisms, and fish and crayfish are
usually important to fish larger than 13 cm TL. In the
Sacramento-San Joaquin Delta, warmouth of all sizes eat
opossum shrimp (Neo111ysis) , amphipods (Corophiu111) ,
and aquatic insects, although larger warmouth also eat
crayfish and fish (12). Peaks of feeding seem to be early
morning and dusk.

Warmouth are fairly long-lived, but they grow so slowly
that an individual more than 28 cm TL and 450 g would be
a giant of its species. In their native range they typically
reach 3-9 cm TL in their first year, 6-14 cm in their second
year, 9-17 cm in their third year, 11-20 cm in their fourth
year, and 13-21 cm in their fifth year. They often live 6-8

Identification White crappie have deep, laterally com
pressed bodies and small heads with a depression in the
profile above the eyes fairly close to the pointed snout. Their
mouths are large and oblique, so the lower jaws appear to
project. The eyes are large. Their large, rounded dorsal and
anal fins are nearly equal in size, giving a symmetrical ap
pearance. The length of the dorsal fin base is less than the
distance from the origin of the dorsal fin to the eye. There
are 5-6 spines (occasionally 7) and 13-15 rays in their dor
sal fins; 6-7 spines and 16-18 rays in their anal fins; 1 spine
and 5 rays in their pelvic fins; and 13-14 rays in their

White Crappie, Pomoxis annularis Rafinesque

Figure 129. Warmouth, adult. From Lee et al. (1980).

Names The origin of the name warmouth is obscure, but it
quite likely is based on a fancied resemblance ofmarkings on
the head to the war paint of Native Americans. Warmouth
are frequently called warmouth bass and, occasionally,
goggle-eye. Gulosus means large mouth or throat, interpreted
to mean gluttonous. Other names are as for bluegill.

Distribution Warmouth are native to the Mississippi River
drainage from northern Iowa on south, as well as to the Rio
Grande River drainage, Gulf Coast drainages, Florida, and
much of the Atlantic seaboard (3,4); some of the popula
tions at the edge of this distribution probably represent
introductions. Further range expansion was made by intro
ductions into Washington (where they have limited distri
bution), Oregon (where they are present in the Willamette
River), and California (5, 6). They have also been intro
duced into Mexico and Puerto Rico (7). The exact date of
their introduction into California is not known. It is pos
sible that they were first planted in southern California and
the Feather River in the Sacramento Valley in 1891, al
though they are not mentioned as part of the CentralValley
fauna until the 1930s (8). They are now present, if uncom
mon, in waters of the Delta and Central Valley floor and in
a few reservoirs at higher elevations (e.g., Bass Lake [reser
voir], Madera County; Amador Reservoir, Amador County;
McClure Reservoir, Merced County). Theymysteriously ap
peared in the lower Colorado River in 1961 (9) and are now
fairly common there. There are no recent records from

the differences are usually not regarded as sufficient to jus
tify a separate genus (1,2,3). Use of Chaenobryttus depends
on whether the taxonomist wishes to emphasize differences
or similarities in a classification scheme. Warmouth hy
bridize in the wild with other sunfish. It is not unusual to
find bluegill-warmouth hybrids in sloughs along the Sacra
mento River.

SUNFISHES, CENTRARCHIDAE

Warmouth, Lepomis gulosus (Cuvier)
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Taxonomy Warmouth were originally placed by themselves
in the genus Chaenobryttus. Although phylogenetic analy
ses typically separate them from other members ofLepo111is,

Identification Warmouth look like stout green sunfish, ex
cept that they are brown and have teeth on their tongues.
Their terminal mouths are large, maxillae extending past
the front margin of their eyes. Their opercular flaps are
short and stiff, and their gill rakers are long, straight, and
slender. The pectoral fins are short and rounded (12-14
rays) and when bent forward reach the edge of the eye. The
dorsal fin is spotted with 10-11 spines and 9-11 rays, while
the anal fin has 3 spines and 9-10 rays. The pelvic fins have
1 spine and 5 rays. There are 38-45 scales in the lateral line.
Their overall color is brown, with an iridescent green to
purple tinge to their scales, and they have dusky bellies.
Three to five distinct lines radiate out from each eye. Faint
vertical bars may sometimes be present on their sides. Four
to six dark brown bars radiate across their cheeks from their
eyes and mouths. Breeding males have bright red eyes and
yellow bellies.
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derived from crapoud, which means toad, or it may have
been applied to fish with a large head and big mouth."White
crappie are sometimes called calico bass or strawberrybass,
names that are more frequently applied to black crappie.
Porn-axis means cover-sharp, referring to the fact that the
operculum ends in a blunt (not sharp!) point rather than in
a distinct flap, as is characteristic of sunfish. Annularis
means having rings, presumably a reference to the vague
banding that seems to encircle the body.

395BLACK CRAPPIE

Status IID. White crappie are a highly favored game fish
and do fairly well in warmwater reservoirs of California.
They have been stocked in virtually everyone as a conse
quence. Their populations can show wide fluctuations.
White crappie were introduced into Clear Lake in 1957 and
quicklybecame very abundant. Their populations collapsed
to low levels in the late 1970s and have not recovered. The
reasons for the collapse, which also happened to black crap
pie, are not known. The effects of white crappie on native
fishes are also not known, but they are likely to have been
minimal because white crappie are primarily inhabitants of
reservoirs and other highly disturbed habitats.

White crappie become mature in their second or third
spring at 10-20 em TL. Spawning usually begins in April or
May at 17-20°C. The males construct nests in colonies
underneath or close to overhanging bushes or banks in wa
ter less than 1m deep (4, 15, 16). Nests are occasionally built
in water as deep as 6-7 m. Nests usually consist of shallow
depressions in hard clay bottoms (rarely in sand or gravel)
near or in beds of aquatic plants, algae, or submerged plant
debris (4, 15). The embryos adhere to plant material in the
nest. Spawning behavior is similar to that of sunfishes, in
cluding, apparently, alternative male strategies (4). Nests are
defended vigorously, and human swimmers will occasion
ally get bitten by an aggressive male. Fecundity is highly
variable, and the number of eggs (970-326,000) is only par
tially related to size (6).

After leaving the nest the larvae are planktonic. Small ju
veniles also spend much of their time in the water column,
feeding on zooplankton, but often aggregate in protected
areas near shore during day (16).
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which is about the same length as the distance from the fin
origin to the middle of the eye. They have 6 spines and
17-19 rays in their anal fins, 1 spine and 5-6 rays in their
pelvic fins, 14-15 rays in their pectoral fins, and 38-44 scales
in their arched lateral lines. Their body (side) coloring is
whitish-silvery with heavy black spotting that is not
arranged in vertical bands. The spots on the dorsal, anal,
and caudal fins can be arranged in loose bands, but the pat
tern is often indistinct. The back is dark, the belly white.

Identification The body shape ofblack crappie is similar to
that of white crappie except that it is slightly heavier bod
ied. Black crappie also have a dorsal fin placed fairly far back
on the body with a rounded end that is symmetrical with
the end of the anal fin and a sloping head with a dip above
the eye. They can be distinguished from white crappie by
their longer dorsal fin (7-8 spines, 15-16 rays), the base of

Black Cnlppie, Pomoxis nigromaculatus (Lesueur)

make them less visible to prey, especially at low light levels.
Their basic feeding strategy is to swim a short distance, halt,
scan for prey, and then capture whatever is close by (9). Even
their larvae use this strategy (10).

As the result of this combination of morphology and
feeding strategy, the diet ofwhite crappie is typically a mix
ture of planktonic crustaceans and small fish (3, 11). How
ever, they are also opportunistic and will eat aquatic insects
when they are readily available. Zooplankton are the main
food of crappie measuring less than 140 mm FL. In Clear
Lake (Lake County) copepods are the main prey of fish
measuring less than 25 mm SL, and cladocerans (mainly
Daphnia) become more important as fish grow larger. Fish
and large invertebrates usually predominate in the diet of
individuals larger than 140 mm FL. In California reservoirs
threadfin shad are especially important prey. In Clear Lake
inland silversides are important in their diet, and crappie
move inshore at dusk to feed on them. Because of the abun
dance of small silversides, crappie switch to feeding on them
at a small size (about 60 mm SL). Young-of-year feed mostly
during the day with a peak offeeding in midafternoon (12).

Growth in California reservoirs is generally somewhat
slower than growth where they are native. They reach 5-10
em FL in their first year, 11-18 em in their second year,
17-21 em in their third year, and 20-27 em in their fourth
year (3). The introduction of threadfin shad into Isabella
Reservoir (Kern County) increased the growth rates of
white crappie, especially those in their second and third
years (13). In Clear Lake, prior to the establishment of in
land silverside, white crappie had the following standard
lengths at the end of each year: 70, 145, 178, 189,213, and
193 mm. After establishment of silversides the lengths were
56,103,138,184,225, and 226 mm (14). Apparently the de
pletion of zooplankton by silversides significantly reduced
growth of juvenile crappie, but after their third year preda
tion on silversides by crappie resulted in increased growth
rates and larger sizes in adult fish. In California white crap
pie seldom live longer than 7-8 years or grow larger than 35
em FL (0.8 kg) (3). The angling record for California, from
Clear Lake, is for a 2.04-kg fish.

Figure 130. White crappie, 17 em SL, Norfolk, Virginia.
USNM 10387. Drawing by H. 1. Todd.

may have been established in the Colorado River as early as
1920 (2). They are now well established, mainly in reser
voirs, in all major basins of California, including Susan
River, Russian River, and Clear Lake.

Life History White crappie are most abundant in warm,
turbid lakes, reservoirs, and river backwaters. They seem to
have slightly greater tolerances than black crappie for high
turbidity, allzaline water, current, high temperatures, and
lack of aquatic vegetation and cover (3,4). They apparently
have less tolerance for low dissolved oxygen levels, however,
and may be replaced by black crappie in reservoirs that have
low (2-4 mg/liter) dissolved oxygen levels during dry years
(5). Optimal temperatures seem to be 27-29°C, and tem
peratures higher than 31°C are avoided (6). White crappie
are rare in estuaries, but in Suisun Marsh they have been
collected at salinities as high as 10 ppt. They can occur in
streams, especially downstream from reservoirs, but have a
hard time persisting through high-flow periods. In Putah
Creek (Yolo-Solano County) they became very abundant in
large pools during an extended period of drought but be
came rare after a series of high-flow events.

White crappie are shoaling fish, and their aggregations are
often rather localized. Individuals, however, may move con
siderable distances within abody ofwater (7). During the day
they tend to congregate around submerged logs or boulders
in quietwater 2-4 m deep. Theymove into open water to feed
during evening and early morning. Often they move closer
to the surface as well (8). At low temperatures they are rather
inactive, remaining close to the bottom in deep water (7).

The feeding mechanisms ofwhite crappie are unusual in
that they have long, fine gill rakers, suitable for retaining
small zooplankters, combined with large, protrusible
mouths that are suitable for ingesting large prey, including
fish. Their deep bodies are not designed for extended pur
suit of prey but rather for hanging in the water column,
where their pale color, streaked sides, and flat shape help to

SUNFISHES, CENTRARCHIDAE

Distribution White crappie were originally distributed
throughout the Mississippi River basin north into Min
nesota, east through the Great Lakes basin, and west and
south to the Rio Grande River and Gulf Coast drainages of
northern Mexico. They have been introduced successfully
into reservoirs and lakes throughout the United States and
northern Mexico. The exact date of their introduction into
California is uncertain because of confusion between the
two crappie species. Dill and Cordone (2) indicate that 1908
is the most likely year, with the introduction of white crap
pie from Illinois into reservoirs in southern California.
They were not planted north of the Tehachapi Mountains
until 1951 (3), about the same time they invaded the Lost
River in California from Oregon introductions (2). They
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maxillae that extend to or past the hind margin of their eyes
in fish longer than 10 cm TL. The two parts of the dorsal fin
are nearly separated, with 9 spines in the first part and 12-14
rays in the second. The spinous dorsal fin has its longest spine
in the middle, and that spine is more than twice as long as the
shortest spine thatfollows. There is a single, more or less con-

References 1. Dill and Cordone 1997. 2. Scott and Crossman
1973. 3. Lee et al. 1980.4. Lever 1996.5. Houston 1982.6. Baker
and Heidinger 1996. 7. Guy et al. 1992. 8. Keast and Webb 1966.
9. Keast 1968a. 10. Turner 1966b. 11. Loshbaugh 1978. 12. Keast
1968b. 13. Goodson 1966.14. Li et al. 1976. 15. Jenkins and Burk
head 1994. 16. Becker 1983. 17. Faber 1967. 18. Aceituno and
Nicola 1976. 19. PG&E 1985. 20. K. Marine, University of Cali
fornia, Davis, unpubl. study 1983.

the maximum size about 2.2 kg, although fish more than 6
years old and weighing more than 1kg are unusual (15). The
angling record from California, a fish from New Hogan
Reservoir (Calavaras County), weighed 1.9 kg.

Black crappie mature in their second or third year at
10-20 cm TL. Spawning begins in March or April as tem
peratures exceed 14-17°C and may continue into July.Peak
spawning typically occurs when temperatures are 18-20°C
(16). Nests are shallow depressions 20-23 cm in diameter
fanned out by males in mud or gravel bottoms in water less
than 1 m deep near or in beds of aquatic plants. A male gen
erally constructs a nest I-2m from his nearest neighbor, so
spawning fish form a loose colony. Reproductive behavior
is similar to that of white crappie, although it has not been
described in as much detail. Each female lays up to 188,000
eggs, depending in part on size, with 3- to 4-year-old fish
producing 33,000-42,000 eggs (16).

The newly hatched fry are guarded for a short period of
time by males, but they soon rise off the nests and spend the
next few weeks drifting in open water, feeding on zoo
plankton (17).

Status IID. Black crappie are abundant and popular game
fish in California lakes and reservoirs. They are present in
most waters that can support them, but no doubt new loca
tions will be found for them. Black crappie are ecologically
fairly similar to Sacramento perch, and once they are estab
lished in a location perch disappear (18). As early as the
1920s it was noticed that, as black crappie became abundant
in the Delta region, Sacramento perch declined (1). Pos
sibly a major interaction between the two species is compe
tition for breeding sites, because they have roughly equiva
lent requirements; however, the crappie is probably much
more aggressive.

but move offshore (or inshore if prey are abundant) in the
evening and early morning. However, movement patterns
are variable. One study found that movements increased as
barometric pressure increased (7).

The feeding mechanisms of black crappie are almost
identical to those ofwhite crappie, so it is not surprising that
their diets are similar. Black crappie may be somewhat less
piscivorous. They are primarily midwater feeders: zoo
plankton and small dipteran larvae, especially chironomid
midges, predominate in the diet ofsmall fish (10-12 cm SL),
whereas fish and aquatic insects predominate in the diet of
larger fish (8, 9). However, it is not uncommon to find large
amounts of planktonic crustaceans in the stomachs of fish
up to 16 cm SL. In sloughs of the Sacramento-San Joaquin
Delta in the 1960s opossum shrimp (Neomysis) , amphipods
(Corophium) , and planktonic crustaceans were the main
foods of black crappie measuring less than 10 cm FL,
whereas fish (mostly threadfin shad and juvenile striped
bass) were the main foods ofadults (10). In Clear Lake crap
pie larger than 50 mm SL fed mostly on chironomid larvae.
The importance offish seems related to the frequency of in
fection of their main prey, inland silversides, by a parasitic
copepod which makes affected individuals more visible to
predators (11). In Britton Reservoir (Shasta County) adults
feed on a variety of zooplankton, insects (but especially
Hexagenia mayfly larvae), crayfish, and tule perch (19,20).
Because black crappie will feed at temperatures as low as
6-7°C (12), California populations feed throughout the
year. Black crappie will forage at virtually any time of day or
night, but tend to peak around noon, midnight, and early
morning (9).

Growth in California is, on average, somewhat slower
than growth in populations in the eastern United States, but
some populations (e.g., that in Clear Lake) have excellent
growth rates. In California black crappie measure 4-8 cm
FL at end of their first year, 12-21 cm at end of their second
year, 15-28 cm at end of their third year, and 17-33 cm at
end of their fourth year (13). In Clear Lake, as is the case for
white crappie, depletion of zooplankton by silversides sig
nificantly reduced growth of juvenile crappie, but after their
third year predation on silversides resulted in increased
growth rates and larger sizes in adult fish (14). The maxi
mum age for black crappie seems to be about 13 years, and

Identification Largemouth bass are the heaviest bodied of
the California"black"basses, which in general are more elon
gate than sunfishes, although they become deeper bodied
with age. They are distinguished by their large mouth, with

Largemouth Bass, Micropterus salmoides (Lacepede)

Figure 131. Black crappie, 22 em SL, Rochester, NewYork.
USNM 10077. Drawing by H. 1. Todd.

Life History Black crappie are most successful in large,
warmwater lakes and reservoirs. Optimal summer temper
atures appear to be around 27-29°C (5); temperatures
greater than 31°C are stressful, and those above 37-38°C are
usually lethal (6). However, their distribution both within
California and in their native range suggests a higher toler
ance for lower and higher temperatures, as well as for other
factors, than in white crappie. They are more abundant in
the tidal sloughs of the San Francisco estuary than white
crappie, although their tolerances for low dissolved oxygen
levels (1-2 ppt for short periods of time) and salinity (up to
10 ppt) seem to be about the same.

Black crappie are usually found in highly localized shoals
that hang around large submerged objects during the day

River basin from Quebec, Ontario, and Manitoba south
ward, throughout the Great Lakes basin, south to the Rio
Grande River and Gulf Coast drainages into Texas and then
in Gulfand Atlantic coast drainages north to Virginia, in
cluding Florida (3). They have been introduced successfully
into reservoirs and lakes throughout the United States,
southern Canada, and northern Mexico, as well as into
Guatemala and Panama (4). The exact date of introduction
into California is uncertain because of confusion between
the two crappie species. Dill and Cordone (1) indicate that
1908 is the most likelyyear, with introduction ofblack crap
pie from Illinois into reservoirs in southern California.
They V\Tere transplanted to the Central Valley in either 1916
or 1919 (or both) and quickly became abundant (1). They
were established in the Colorado River by the 1940s (1).
They are now well established, mainly in reservoirs, in all
major basins of California, except the upper Klamath basin
and a few Great Basin watersheds. They can be expected
anywhere in the state where there is warm, quiet water.

Breeding fish turn nearly solid black on the anterior halves
of their bodies.

Names Nigro-maculatusmeans black-spotted. Other names
are as for white crappie.

Distribution The native distribution of black crappie was
apparently similar to that of white crappie except that they
occurred considerably farther north in the Great Lakes re
gion of Canada (2) and along the south Atlantic coast. Thus
they were originally distributed throughout the Mississippi

Taxonomy The two species of crappie show comparatively
little variation over their natural range and have not been
broken into subspecies as a consequence. "Florida strain"
black crappie were introduced into Clear Lake (Lake
County) and a few other places in the late 1980s, on the as
sumption that they would do better in California than fish
of more northern origin (1), but there is no evidence that
this assumption was borne out. Although capable of hy
bridization, the two species rarely do so.

396 SUNFISHES, CENTRARCHIDAE LARGEMOUTH BASS 397

I011092            .



tinuous, heavy black lateral stripe on each side. Their anal
fins have 3 spines and 11-12 rays; pectoral fins, 13-17 rays
(usually 14-15); and laterallines, 58-72 scales. The scales on
their cheeks, in 9-12 rows, are about the same size as the
scales on the operculum. Scales are absent from the bases of
the dorsal and anal fins, and there are no teeth on the tongue.
Their pyloric cecae are forked. They tend to be olive gray to
shiny green on the back and sides and white on the belly, with
the stripe in between and no other conspicuous markings.
The lower sides maybe speckled but lack rows ofsmall spots.
The eyes are brown. Juveniles lack any orange in the caudal
fin, which is usually bicolored (but may be without strong
banding), and have a lateral stripe that is more or less con
tinuous (as opposed to being a series of distinct blotches).

Taxonomy In much of the older literature largemouth bass
are placed in the genus Huro, separate from other basses, a
mark of their distinctiveness. There are two subspecies,
northern largemouth bass (M. s. salmoides), from most of
their native range, and Florida largemouth bass (M. s. flori
danus) from peninsular Florida (1). The two forms are dif
ferent enough genetically that they quite likely should be
listed as separate species. Both forms have been introduced
into California and hybridize where they are found together
(which seems to be most places), with the Florida-strain
phenotype often becoming dominant. Largemouth bass

Figure 132. Largemouth bass,
23 cm 5L, Potomac River, Vir
ginia. U5NM 14143. Drawing by
H. 1. Todd.

also hybridize with smallmouth bass and will form intro
gressed populations (40), although there are no records of
this phenomenon yet in California.

Names All members ofMicropterus are commonly referred
to as black bass, hence largemouth black bass. Lacepede
based his description of the genus on a single specimen of
smallmouth bass with a deformed dorsal fin in which the
last few rays were separated from the fin, giving the appear
ance of a separate fin. Thus Micro-pterus means short fin
(2). Salmoides means troutlilze.

Distribution Historically largemouth bass ranged from
northeastern Mexico through much of the Mississippi and
affiliated drainages, north into southern Ontario and Que
bec, although theywere apparently absent from the Atlantic
seaboard north ofSouth Carolina (3,4). They have been in
troduced into all the continental United States (and Hawaii)
and most provinces of Canada. They are also established in
scattered locations throughout Europe, Japan, Korea, Alge
ria, Botswana, South Africa, Swaziland, Tanzania, Uganda,
Zimbabwe, all Central American countries, Bolivia, Brazil,
Colombia, Mauritius, New Caledonia, and no doubt many
other countries (5). Northern largemouth bass were
brought into California from Illinois in 1891 and planted in
both Cuyamaca Reservoir (San Diego County) and the
Feather River (Colusa County) (6). Subsequently they were
spread statewide by eager anglers and agency biologists.
Florida largemouth bass were first planted in San Diego
County in 1959, on the assumption that they would grow
larger and be harder to catch than northern largemouth
bass. They were subsequently spread to northern California
reservoirs, where they have hybridized with northern large
mouth bass (7). The most recent expansion of their range
has been into Lake Tahoe, where they are now common in
warm, shallow areas, such as the Tahoe Keys (35).

Life History Warm, shallow «6 m) waters ofmoderate clar
ity and beds of aquatic plants are the usual habitat oflarge-

mouth bass. They are abundant in farm ponds, lakes, reser
voirs, sloughs, and river backwaters where other nonnative
fish are abundant as well, especially species such as bluegill,
redear sunfish, black and brown bullheads, golden shiners,
threadfin shad, and mosquitofish. For example, in low
elevation streams above the Central Valley they occur
mostly in disturbed areas where there are large, permanent
pools with heavy growths of aquatic plants and 2-5 other
introduced species (8,9, 10). Stream populations are often
maintained by continuous colonization from upstream
sources, usually farm ponds or reservoirs (11). During pe
riods of highcflow bass may be flushed out of streams, al
though they do have an astonishing capacity to persist on
their own, by finding shelter in flooded areas. They quicldy
recolonize such streams and build up populations during
periods of low flow. Their persistence in isolated stream
pools during droughts or in polluted waters is due to their
ability to withstand adverse water quality conditions. They
can persist in waters that approach 36-37°C during the day
with dissolved oxygen levels as low as 1 mg/liter (12, 13).
Optimal temperatures for growth ofbass over 10 em SL are
25-30°C, although growth will occur within a much wider
range (10-35°C) (12). Given a choice, adult bass will hang
out at around 27°C, and movements away from shallow
water feeding areas are noted when temperatures exceed
this value (12). Juvenile bass, however, prefer temperatures
of 30-32°C (12), perhaps as a mechanism to reduce canni
balism by adults and to ensure rapid growth in food-rich
shallow-water habitats. Northern largemouth bass seem
able to withstand extremes of temperature (high and low)
better than Florida largemouth bass (14).

In their native habitats largemouth bass are known to
live in estuarine conditions with salinities up to 16 ppt
(15), but in California it is unusual to find them in water
with salinities much higher than 3 ppt, and they seem to
actively avoid salinities higher than 5 ppt (39). They are
abundant, however, in the tidally influenced freshwater
sloughs ofthe Delta. Bass also have a hard time persisting in
alkaline waters, and this characteristic has fortuitously pre
vented their establishment in some waters ofthe state. Thus
during a wet period in the early 1900s when Eagle Lake
(Lassen County) had high water levels and comparatively
low allzalinity, largemouth bass were introduced and a fish
ery established. After lake levels dropped, however, and pH
increased to over 9, the bass died out, leaving the lake to its
native fishes and birds.

Adult bass are solitary hunters. Each individual may ei
ther remain in a relatively restricted area centered around a
submerged rock or branch (16) or wander widely. Certain
places in large lakes repeatedly yield large bass to fishermen
at intervals, indicating that each fish may establish a "home
range" for a number of days at one spot and then move on
to a new area. In reservoirs and lakes they remain close to

shore and seem to be most abundant in water 1-3 m deep.
Young-of-year bass andyearling bass also stay close to shore
in schools that cruise near or above beds of aquatic plants.
Schools of juveniles tend to stay in limited areas and are
most active during the day (17). In crowded ponds older
and larger bass may also school. Bass of all sizes are active
most of the day and during moonlit nights. Usually, how
ever, they become quiescent after dark, following intense
foraging at dusk. Foraging is most efficient at low to mod
erate light levels, when prey have a harder time seeing the
approaching predator (18).

Largemouth bass, with their large gape and roving body
shape, are admirably suited for capturing the abundant
fishes and large invertebrates that occur with them. Behav
iorally they are very flexible and can capture prey by mech
anisms as diverse as pursuit or ambush. They are also cap
able of changing foraging behavior in accordance with prey
availability, type of habitat, experience, and body size (19).
However, individual bass tend to specialize somewhat in
their prey, at least over short periods of time (19). For the
first month or two following hatching, fry feed mainly on
rotifers and small crustaceans, but by the time they reach
50-60 mm SL they are feeding largely on aquatic insects and
fish fry, including those of their own species (7,20,21,22).
In ponds, if one keeps track of an individual school of nest
mates for a month or more after hatching, it soon becomes
obvious that, as the schools become smaller, one or two
members of each school become noticeably larger than the
rest by feeding on their fellow bass fry. Once they exceed
100-125 mm SL they usually subsist primarily on fish.
However, adults occasionally prefer crayfish, tadpoles, or
frogs to fish, and they also prefer one fish species to another
(23). The preferred prey can vary from year to year, and the
apparent preference cannot always be explained in terms of
the relative abundance of prey organisms. Thus in Clear
Lalze (Lake County) small bluegill have been abundant in
shallow water since the 1920s, yet in 1948 largemouth bass
measuring more than 12 em FL fed mostly on Sacramento
blackfish (7,24). In 1956-1958, when blackfish were un
common, they switched to feeding on bluegill. By 1973 they
had switched again to feeding on the recently introduced in
land silverside, although silverside importance in the diet
varied tremendously with year and habitat (7). In Califor
nia reservoirs they feed largely on threadfin shad, golden
shiners, and bluegill (25,26).

The flexible foraging strategies of largemouth bass and
their wide environmental tolerances have made them a key
stone predator in many bodies of water (19). A keystone
predator is a species whose activities can cause changes
throughout the ecosystem, usually by changing abuJ?dances
of favored prey. In small lakes largemouth bass can reduce
numbers of plankton-feeding fishes; this outcome allows
large zooplankton to flourish, and they in turn graze on al-
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gae in the water column. As grazing by large zooplankton
increases and algae decline, the lakes become clear (27). In
California these changes have been poorly documented, but
the decline and even disappearance of native minnows fol
lowing bass introductions have presumably had impacts
that have cascaded through local systems, such as Clear

Lake.
However, largemouth bass do not appear to playa key

stone role under the fluctuating conditions of reservoirs. In
some situations their numbers may be regulated by the
abundance of their prey. In central California reservoirs
where threadfin shad were introduced to provide better for
age for largemouth bass, shad actually depress survival of
young bass by reducing zooplankton populations needed as
food during early life history stages (28). In the absence of
such competitive effects (e.g., in Colorado Riverreservoirs),
threadfin shad introductions have improved largemouth
bass fishing because adult bass grow faster and larger on a
diet of shad. The variable response to shad introductions
appears to be related to how abundant shad are during the
early summer when bass juveniles are feeding on zooplank
ton. Winter die-offs of shad, during cold winters, may pro
mote better survival of young bass (28). Too great a de
pendence on shad can also be bad for bass. In an isolated
backwater of the Colorado River a population of mostly
young-of-year bass grew rapidly, first on zooplankton and
insects and then on threadfin shad. During the second year
these bass measured 25-35 cm TL and were too large to con
sume postlarval shad and too small to capture adult shad;
as a result they starved to death (29).

Growth in largemouth bass is highly variable, depend
ing on genetic background, food availability, inter- and
intraspecific competition, temperature regimes, and other
limnological factors. Thus they can reach 5-20 cm in their
first year, 7-32 cm in their second year, 15-37 cm in
their third year, and 20-41 cm in their fourth year. The
maximum size anywhere seems to be 76 cm TL or 10.5 kg,
and the maximum age, 16 years (30, 31). In California
reservoirs large bass (35-45 cm TL, 0.6-2.2 kg) are usually
4-5 years old (30), a growth rate that compares favorably

'with that of bass from Midwestern states. The state angling
record (1991) is a 9.9-kg bass from Castiac Reservoir (Los
Angles County). The largest bass caught in recent years
have been Florida largemouth bass or hybrids, indicating
that Florida bass grow larger or survive better than north

ern largemouth bass.
They spawn for the first time at 18-21 cm TL in males,

20-25 cm in females, usually during their second or third
season. The first noticeable spawning activity is nest build
ing by males, which starts when water temperatures reach
IS-16°C, usually in March (southern California) or April
(22,30,32). Spawning will often continue through June at
temperatures up to 24°C. Nests are generally shallow de-

pressions up to 1 m in diameter created by males in sand,
gravel, or debris-littered bottoms at depths of 0.5-2 m. Ris
ing waters in reservoirs may cause active nests to be located
as deep as 4-5 m (32). Nests are often built next to sub
merged objects, such as logs or boulders. A number of bass
nests maybe located in one general area, but they are widely
dispersed, usually at least 2 m apart (33). Nest sites are de
fended vigorously from other bass and potential predators,
but sites may be abandoned when persistently disturbed by
large carp (34). Spawning and parental behavior is similar
to that of smallmouth bass. Each female lays, in multiple
nests, a total of 2,000-94,000 or more eggs, the number de

pending on her size.
Embryos adhere to the nest substrate and hatch in 2-7

days. Sac fry then usually spend 5-8 days in the nest until
they begin actively feeding. The small greenish transparent
fry continue to be guarded in a swarm by the parental male
for 2-4 weeks. During this period theyhave relativelypoorly
developed predator avoidance behavior (36). As fry grow
the swarm expands, and it is eventually abandoned by the
guarding male (34, 36). At this point small fish form
schools, which cruise along the edge of the vegetation, feed
ing on zooplankton and small invertebrates and suffering

heavy predation losses.

Status IID. Largemouth bass are a favorite game fish in Cal
ifornia reservoirs and sloughs and as a consequence have
been placed in almost all waters that will support them.
Many reservoirs and farm ponds provide excellent bass fish
ing, with sizable populations of large, fast-growing fish.
They even support large fishing tournaments in which pro
fessional and amateur bass anglers compete for big prizes,
aided by high-powered boats, sophisticated electronic fish
finders, and rods and lures made from the latest high-tech
materials. The effectiveness of these anglers in catching fish'
has made it necessary for all tournament anglers to keep
their fish alive for later release. The enormous popularity of
bass fishing means that CDFG devotes considerable effort
to finding ways to improve it, such as the introduction of
Florida largemouth bass and the issuance of angling re
strictions.Yet bass fishing may nonetheless decline, for three
main reasons: overfishing, reservoir aging, and competition
from threadfin shad and other fishes.

Overfishing. Largemouth bass, being voracious preda
tors, are extremelyvulnerable to angling, which is one ofthe
main reasons they are such popular game fish. This means,
however, that in many reservoirs at least half the population
of legal-size fish is caught each year. If such fishing pressure
is sustained for a number of years, the catch rate declines
and the fish caught are, on average, smaller. For this reason
size and bag limits on bass are increasingly restrictive, and
catch-and-release fishing is encouraged.

Reservoir aging. In many reservoirs a decline in bass

populations occurs regardless of fishing pressure. Such de
clines are often associated with reservoir aging. For a vari
ety of reasons, new reservoirs often develop outstanding
populations of bass and other game fishes, which gradually
decline as the reservoir matures. In some situations the ma
nipulation of reservoir water levels to increase food avail
ability or spawning success may maintain relatively large
populations of bass (37). Such manipulation, however, is
seldom possible because it is lil<ely to conflict with uses for
which the reservoir water was originally intended, such as
irrigation and power production.

Competition. It is ironic that plankton-feeding fishes,
particularly threadfin shad, which were introduced in part
to provide forage for largemouth bass, have also con
tributed to their decline in some reservoirs, as discussed
previously. The interactions between bass and their prey are
sensitive to many manipulations because a competitor at
early life history stages may become important prey for
larger fish.

Although largemouth bass have been a major success as
sport fish in California, native fishes have paid dearly for
this success. Typically, when bass are abundant native fishes
are absent, although there are some exceptions. In desert
springs and other isolated systems pupfish and other native
fishes can be rapidly driven to extinction by bass predation,
as indicated in several of the species accounts. In larger sys
tems, such as the lowlands of the Central Valley or Big Val
ley in the Pit River drainage, native minnows do not persist
in the presence of bass, even with continual colonization
from upstream areas. It is likely that largemouth bass were
a factor in extinction of thicktail chub and Clear Lake split
tail. Of course, bass introductions are generally made along
with introductions of other species, especially other cen-

Smallmouth Bass, Micropteru5 dolomieu Lacepede

Identification Smallmouth bass are fairly streamlined for a
bass, but have stockybodies and mouths (maxillae) that do
not reach the hind margin of their eyes. The spiny (9-10
spines) portion of their dorsal fin is only slightly rounded
and broadly joined with the soft (13-15 rays) portion. Body
color is greenish brown to bronze, with no conspicuous
horizontal stripes on the sides but often faint, vertical, dark
mottled bars. The anal fin has 3 spines and 10-12 rays; the
pectoral fins, 16-18 rays; and the lateral line, 66-78 scales.
Scales on the cheeks are in 14 or more rows and are smaller
than those on the opercula. Small scales are present near the
bases of the soft portions of the dorsal and anal fins. The
belly is white and three dark, faintly iridescent bands radi
ate from the reddish eyes and mouth on the side ofthe head.

trarchids, and with major habitat change, and these factors
also contribute to declines. In the lower Colorado River
largemouth bass are regarded as part of the complex of
predatory exotic fishes that prevent the reestablishment of
native minnows and suckers. In southern California streams
they prey heavily on endangered species, such as the tide
water goby (39). A developing problem is in the Delta,
where largemouth bass populations (and those of other
centrarchid basses) are expanding, apparently in response
to increased habitat provided by the invasion of an aquatic
weed, Egeria densa. The increased numbers of bass maybe
increasing predation rates on juvenile salmon and native
minnows. Lil<ewise, they have recently invaded Lake Tahoe,
where they may be having negative effects on native min
nows through predation on juveniles in shallow water. In
general, largemouth bass create problems for native fishes
wherever they are introduced (5, 38).
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Young-of-year are darker than adults and can be distin
guished from other juvenile bass by their plain coloration,
tricolored tail (usually yellow or orange in the center,
followed by a black band and a white fin edge), and 13-15
dorsal fin rays.

Taxonomy Two subspecies have been recognized, one from
the Arkansas River (1), but their validity has been ques
tioned (2). The Arkansas River form (Neosho smallmouth
bass) was brought into California in the 1970s but did not
survive the experience (3). In California smallmouth bass
hybridize with spotted bass and redeye bass, as they do else
where (37, 38).

Names Dolomieu is after M. Dolomieu, a French mineralo
gistwho was a colleague ofLacepede. Itwas formerly spelled
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with an i at the end, but the International Commission on
Zoological Nomenclature decided it was not needed. Other

names are as for largemouth bass.

Distribution Smallmouth bass are native to most of the up
per Mississippi River drainage, south roughly through
Arkansas, as well as to the Great Lakes watershed including
the edge ofsoutheastern Canada. Theyhave been introduced
into suitable waters throughout the United States (including
Hawaii) and other parts ofthe world, including France, Swe
den, Vietnam, Mexico, Belize, and South Africa (4). They
were first introduced into central California (San Mateo
County) in 1874 and have since been spread to most of the
larger streams and reservoirs in the Central Valley, as well as
the Pit River (Britton Reservoir), Russian River, Mad River,
Freshwater Lagoon (North Coast), Trinity River, Carmel
River, Colorado River, and various streams in southern Cal
ifornia. They are also present in the lower reaches of the
Truckee, Carson, and Walker Rivers, mainly in Nevada. A
populations has also become established in Lake Tahoe (36).

Life History Waters preferred by smallmouth bass are large,
clear lakes and clear streams and rivers with abundant cover
and cool (20-27°C) summer temperatures. They are most
abundant in streams with moderate gradients (0.75-4.70
m/km) and complex habitats ofpools, riffles, and runs with

Figure 133. Smallmouth bass,
33 cm SL, Sandusky, Ohio. USNM
10323. Drawing by H. 1. Todd.

rocky bottoms and overhanging trees (5). In California
they are most abundant in larger tributaries to the Sacra
mento and San Joaquin Rivers at elevations between 100 and
1,000 m. They are consequently often associated with native
minnows and suckers and, occasionally, rainbow trout (6).
Their stream habitat has been considerably diminished by
the flooding of many suitable areas by reservoirs. Theyhave
managed to become established in a number of reservoirs,
however, where they are usually most abundant near the up
stream ends. They tend to concentrate in narrow bays or in
areas along shore where rocky shelves project under water,

at depths of 1-10 m.
Optimum temperatures for adult growth seem to be

25-27°C, but rapid growth has been seen in the wild at tem
peratures as high as 29°C. Curiously, temperatures of
27-31°C are selected by adults under laboratory conditions
when food is abundant, suggesting that the coolwater habi
tats generally selected by smallmouth bass may partially re
flect prey and habitat preferences (7). Young-of-year will se
lect temperatures as high as 29-31°C, reflecting a preference
for shallow-water habitats where small prey are abundant
and cannibalistic adults absent (8). For the most part, tem
peratures greater than 35°C are stressful to bass, and those
above 38°C are lethal. Populations are rarely established
where water temperatures do not exceed 19°C in summer for
extended periods, and most smallmouth populations in Cal
ifornia waters seem to be in places were summer tempera
tures are typically 21-22°C. Their general preference for a
rather narrow range of cool temperatures is an important
factor for establishing flow regimes in regulated rivers to fa
vor them (34). Associated with their preference for cool,
flowing water is the need for dissolved oxygen levels in ex
cess of 6 mg/liter for growth and 1-3 mg/liter for survival (5,
9). They can live at a wide range (5.7-9.0) of pH values (5).
In their native range smallmouth bass will enter the upper
reaches of estuaries (10), but they rarely do so in California.

Social behavior of smallmouth bass is similar to that of
largemouth bass, although they have less of a tendency to
wander and rarely school. In lakes local populations often

develop that seldom exchange members with other popula
tions in the same lake (ll). Most adult smallmouth have
small home ranges and return to their home areas if dis
placed (12). Often a single bass can be found occupying the
same pool or run in a stream throughout summer. They are
most active in evening and early morning, although feeding
can be observed at any time of day or night, depending on
conditions. Under some conditions smallmouth bass of all
sizes may display aggressive behavior toward one another,
suggesting that competition for food and cover is some
times an issue (13).

Smallmouth bass fry feed largely on crustaceans and
aquatic insects until they reach 3-5 cm TL, when larger prey,
especially crayfish and fish, start becoming more important.
Such prey rarely dominate the diet until the bass measure
10-15 cm TL. Young-of-year bass in Clare Engle Reservoir,
on the Trinity River, feed mainly on chironomid midge lar
vae and pupae (14). In Big Chico Creek (Tehama County)
they fed mainly on large mayfly larvae (15), whereas in Deer
Creek (Tehama County) juveniles fed on both chironomid
and mayfly larvae, as well as a wide variety of other aquatic
insects (16). Smallmouth of all sizes are frequently cannibal
istic. Crayfish, amphibians, and insects often become the
dominant foods of local populations, at least seasonally (17,
18, 19, 20). Adult bass, especially in California, frequently
feed mainly on crayfish, which in California are mostly in
troduced as well. Fish, amphibians, small mammals, and
other items have been found in their stomachs (16). In
streams where crayfish are harvested by humans, such har
vesting mayhave a negative impact on bass populations (21).

Growth seems less variable than for largemouth bass,
presumably because smallmouth bass are more restricted in
their habitats. At the end of their first year, they measure
6-18 cm TL; at the end of their second year, 14-27 cm; at
the end of their third year, 19-27 cm; and at the end of their
fourth year, 25-41 cm. Growth in Central Valley reservoirs
is excellent, so 4-year-old fish typically measure 35-39 cm
FL and older fish longer than 40 cm are not uncommon
(18). However, growth in Clair Engle Reservoir became pro
gressively slower as the reservoir aged, especially for young
of-year (14). The largest smallmouth bass caught in Cali
fornia, from Clair Engle Reservoir in 1976, weighed 4.1 kg.
In streams growth is slower than in reservoirs, especially for
larger fish. Thus in Deer Creek bass measured 80 mm at the
end of their first year, 138 mm at the end of their second
year, 187 mm at the end of their third year, 223 m at the
end of their fourth year, and 275 mm at the end of their
fifth year (16).

Smallmouth bass usually become sexually mature dur
ing their third or fourth year. Their reproductive behavior
is probably the best known of any member of Micropterus
(22,23). As water warms up in late spring, they move into
shallow water «1.5 m) in lakes or into quiet areas of

streams. Some lake populations of bass migrate short dis
tances up a stream to spawn. In northern California reser
voirs most spawning takes place in May and June, but
spawning in streams may occur into July, depending on
flows and temperatures. Males start fanning out nest de
pressions 30-60 cm in diameter with their fins when water
temperatures reach 13-16°C. They usually build nests on
rubble, gravel, or sand bottoms at depths of around 1 m
near submerged logs, boulders, or other cover. Nests, how
ever, have been recorded on substrates ranging from organic
debris to roots to large rocks at depths ranging from 0.5 to
5 m. They are solitary nesters, although in favorable areas
nests may be located 1.5-2 m apart and defended from
other males. Favorable nesting sites may be reused in suc
cessive years by individual males (24). In streams nesting
and reproduction can be disrupted by high flows, either be
cause embryos and fry are washed out of nests or because
lower temperatures reduce spawning activity (25, 26).

Males defend their nest sites vigorously from other males
and potential predators. Ripe females eventually convince
males of their identities by their persistence in returning to
nests, by changing color so that mottled markings on their
sides become very distinct, and by maintaining a distinctive
head-down posture. The male then leads the female to the
nest site and the pair begins slowly circling above the nest,
the male nipping the female on her sides. The female occa
sionally sinks into the nest and rubs her abdomen on the
bottom. At the nest, the pair circle the perimeter slowly, the
male always on the outside. When they are ready to spawn,
the pair settles into the nest, the male parallel with the bot
tom, the female at variable angles. Both fish stiffen, quiver,
and release the sex products. The female releases 10-50 eggs
at a time at 4- to 45-second intervals, until she has released
most of her eggs. When spawning is finished, the female
leaves the nest or is chased away by the male. For the most
part, each pair is monogamous (27). Females lay 2,000
21,000 eggs, depending on size.

The larger males spawn earlier in the season than smaller
males, and they are preferred by larger females (which have
higher fecundities). As a result nests of large males contain
a disproportionate number of developing embryos (27).
Early-spawning bass also have more opportunities to mate
a second time. The fry from early-spawning males have a
longer growing season and hence are lilzely to be larger (and
have higher survival rates) at the end of the season.

The male guards the nest and developing young vigor
ously and continuously fans developing embryos to pro
vide them with oxygen. This activity takes place night and
day and has a high energy cost, especially in combination
with limited opportunities for feeding (33). The weight loss
incurred by guarding bass may be substantial, but individ
uals with the most vigorous defense oftheir young also have
the highest reproductive success, a classic bioenergetic
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Names Punctulatus means "with small spots;' referring to
the rows of small spots on each side. Other names are as for
largemouth bass.

The Alabama spotted bass may be distinct enough to
merit recognition as a separate species. The northern and
Alabama forms have both been introduced into California
and have probably hybridized. Spotted bass hybridize with
smallmouth bass in some areas, resulting in introgressed
populations (2). In California apparent hybrids with both
smallmouth and redeye bass occur in Oroville Reservoir,
but the extent of introgression is not known (3).

Distribution Spotted bass are native to the central and lower
Mississippi basin (north to southern Illinois) and in Gulf
Coast drainages from northwestern Florida to western
Texas (4). Their rangdn this region has been considerably
expanded by introductions. In the West they have become
established in California, New Mexico, Arizona, and Nevada
(5, 6). They have also been successfully introduced into
South Africa and Zimbabwe (7).

Northern spotted bass were brought into California
from Ohio in 1933, propagated at the Friant Hatchery
(Fresno County), and, starting in 1937, widely planted in
foothill rivers of the Sacramento and San Joaquin valleys
(8). Alabama spotted bass, from Alabama, were first suc
cessfully planted in Perris Reservoir (Riverside County) in
1974 and were then widely introduced into southern Cali
fornia and the Central Valley. Alabama spotted bass were
introduced because of their ability to spawn successfully in
fluctuating reservoirs (9). Today they are established in
most of the larger foothill and coast range reservoirs in the
Central Valley (including Shasta and Oroville) and streams
associated with them, in Whiskeytown Reservoir (Shasta
County) on the upper Trinity River (10), and in the lower
Pit River, including Britton Reservoir. It is not certain
which form, Alabama or northern spotted bass, is the pre
dominant subspecies or species in most areas, or if they
have hybridized.

Taxonomy Three subspecies of spotted bass have been de
scribed (1): northern spotted bass (M. p. punctulatus) in
most of its native range; Alabama spotted bass (M. p. hen
shalli) from Georgia, Alabama, and Mississippi; and Wi
chita spotted bass (M. p. wichitae) from the Wichita Moun
tains in Oldahoma.

5. Narrow scales are present on the bases of the soft
portions of the dorsal and anal fins.

6. There is usually a distinct spot at the end of the
lateral band, at the base of the tail.

7. The pyloric cecae are not forked.

Fig ure 134. Spottedbass, adult, 17 em SL, Dry Creek,
Roseville, Placer County.

Juveniles can be distinguished by the combination of a dark
irregular lateral band, a tricolored tail (pale on tips, black
band in middle, orange at base), and teeth on the tongue.
Dorsal fins have 9-11 spines in the anterior half, which is
not deeply notched where it attaches to the posterior half
(9-11 rays). Their anal fins have 3 spines and 9-11 rays
(usually 10); pectoral fins, 14-17 rays; and lateral lines,
55-72 (usually more than 60) scales. Scales on the cheeks are
arranged in 12-17 rows (usually 13-16). Coloration is oli
vaceous on the back and white on the belly, with the
blotched stripe in between. The caudal fin ofyoung-of-year
has a black spot at its base and is orangish with a black tip.

References 1. Hubbs and Bailey 1940.2. Jenkins and Burkhead
1994.3. Dill and Cordone 1997.4. Lever 1996. 5. Edwards et al.
1983.6. Brown 2000. 7. Armour 1993. 8. Coble 1975.9. Smale and
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Becker 1983.13. Sabo et al.1995. 14. Okeyo and Hassler 1985.15.
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19. Applegate et al. 1967. 20. Mullan and Applegate 1968. 21.
Roell and Orth 1993. 22. Breder and Rosen 1966. 23. Ridgway et
al. 1989. 24. Ridgway et al. 1991a,b. 25. Graham and Orth 1986.
26. Lukas and Orth 1995. 27. Wiegmann et al. 1992.28. Ridgway
1988.29. Brown and Moyle 1993.30. Gard 1994. 31. Kiesecker
and Blaustein 1998.32. Simonson and Swenson 1990. 33. Hinch
and Collins 1991. 34. Lambert and Handley 1984. 35. Gillooly and
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strongly convex, so the shortest spine on the rear half
of the first dorsal fin is more than half the length of
the longest spine.

2. The upper jaw rarely extends beyond the rear margin
of the eye.

3. The lower sides have rows of distinct black spots, as
opposed to fine speckles.

4. There are teeth in a rectangular patch on the middle
of the tongue.

can contribute to local extirpation of native frogs and other
amphibians (31).

The streams where smallmouth bass coexist with native
fish and amphibians mostly have natural flow regimes or
something like them. Where flows are reduced, water tem
peratures may be warmer early in the season, favoring
smallmouth bass spawning. During drought years, even in
natural streams, smallmouth bass often show an increase in
numbers for similar reasons. In "normal" or wet years, how
ever, native fishes typically spawn a couple ofmonths before
smallmouth bass can spawn. It is possible that the large
numbers of young-of-year pikeminnows that develop in
shallows may reduce the success of bass spawning by prey
ing on bass fry. In streams where there is a strong interest in
protecting native fishes and amphibians, a removal fishery
for large bass should be encouraged, not only because the
largest fish are the most effective predators, but also because
theyproduce the most and largestyoung through their early
spawning behavior. In reservoirs, where conservation ofna
tive fishes is usually not a consideration, smallmouth bass
populations may be enhanced by regulating the take of the
largest fish.

1. The break between the two parts of the dorsal fin is
not as deeply incised. That is, the first dorsal fin is not

trade-off (35). The aggressiveness of the male's defense in
creases as the young develop from embryos to "wrigglers"
to fry confined to the nest (28). This period of active de
fense lasts 1-2 weeks, depending on temperature. Fry re
main on the bottom of the nest for 3-4 days before they
start to become active and rise off the bottom. The male
then herds them into a dense shoal, which he continues to
guard for 1-4 weeks, although less vigorously than before
(28). By the timefryreach 2-3 cm TL they are too activefor
the male to herd, and they soon disperse into shallow wa
ter. Mortality of young from predation is high at this stage.
In streams if current velocities over the nest are in excess of
8 mm/sec, the young get swept away as they emerge, pre
sumably not surviving in the absence ofparental protection
(32). Optimal current speeds foryoung-of-year bass appear
to be 80-130 mm/sec (32).

Status IID. Smallmouth bass have been spread widely in
California and probably occur in most waters that can sup
port them. Populations in the upper reaches of reservoirs
such as Pine Flat, Millerton, Folsom, Shasta, and Clair Engle
provide excellent fishing for large, moderately fast-growing
fish. Rivers like the Merced, Stanislaus, and Russian also have
substantial populations of smallmouth bass, although the
bass tend to be smaller than those found in reservoirs.

The effects of smallmouth bass on native fishes are
poorly understood. In the Central Valley they have invaded
many streams that support native fishes and often coexist
with them, as long as smallmouth bass densities remain low.
This outcome may be partly related to smallmouth bass
feeding on crayfish, also introduced. Hardhead, however,
also prey on crayfish, and their numbers typically decline in
the presence of smallmouth bass (29). In South Yuba River
hardhead and pikeminnow seem able to reproduce success
fully only above a natural barrier that excludes smallmouth
bass. Although large individuals ofboth species were found
below the barrier, young-of-year were found only above it,
suggesting that bass predation was limiting their survival
(30). There is also evidence that smallmouth bass predation

Identification Spotted bass look very much like largemouth
bass, with single, irregular, black horizontal stripes on each
side (made up of connecting blotches) and maxillae that ex
tend past the middle of the eye. They can be distinguished
by the following suite of characters in fish over 10 cm TL:

Spotted Bass, Micropterus punctulatus (Rafinesque)
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Names Coosae is after the Coosa River system in Georgia,
where the type specimens were collected. Other names are
as for largemouth bass.

smallmouth bass. In California and elsewhere they hy
bridize with smallmouth bass, as they do elsewhere (13),
and probablywith spotted bass as well. Redeye bass are con
fused in the literature with the recently (1999) described
shoal bass (M. cataractae) from Alabama, Georgia, and
Florida, which is sympatric with redeye bass in the Chatta
hoochee River, Georgia (12).

Distribution Redeye bass are native to headwaters of the
Savannah, Altahama, and Mobile River basins, in Georgia,
Alabama, Tennessee, North Carolina, and South Carolina.
Their native range has been expanded by introductions in
the region, and they have also been introduced into Puerto
Rico (3). In 1962 and 1964 bass from Tennessee and Geor
gia were planted in Alder Creek (Sacramento County),
South Fork Stanislaus River (Tuolumne County), Dry
Creek (Nevada County), Santa Ana River (Riverside
County), Sisquoc River (Santa Barbara County), and Santa
Margarita River (San Diego County) (4). The South Fork
Stanislaus River population dominates a short stretch of
the river (5, but see the Status section) and has colonized
New Melones Reservoir. Small numbers are apparently
further spread downstream into the Delta. The Alder
Creek population still existed in 1988. The Santa Margarita
River population is well established in the canyon reaches
(11). The other introductions apparently failed to become
established, although a Sisquoc River population did
exist for a few years. In 1969 redeye bass raised in the
CDFG's Central Valley Hatchery were planted in Oroville
Reservoir (Butte County), where they became established
and have hybridized with smallmouth and spotted bass.
Redeye bass also have invaded the Cosumnes River basin,
where they are abundant in the foothill reaches of the river
and its forks.

Taxonomy Prior to Hubbs and Bailey's revision of Mi
cropterus (2), redeye bass were considered a small form of

Figure 135. Redeye bass, adult, 13.5 em SL, South Fork,
Stanislaus River, Tuolumne County.

Redeye Bass, Micropteru5 coosae Hubbs and Bailey

Identification Redeye bass are brightly colored with a dis
tinct purplish or greenish cast to the sides and a distinct
white band on the upper and lower edges of the caudal fin
(1, 8). Their eyes are reddish. There mayor may not be a row
of diamond-shaped dark bars along the midline, but there
are rows ofdark spots on the lower halfof each side. Live fish
appear stongly patterned, including irregular blotching on
the back. Opercular and basal caudal spots are usually not
visible. The upper jaw (maxilla) extends to about the middle
of the eye. They have 9-11 dorsal spines and 11-13 (usually
12) dorsal soft rays in shallowly notched dorsal fins. Their
anal fins have 3 spines and 9-11 rays (usually 10); their pec
toral fins, 14-17 rays (usually 15-16); and their lateral lines,
64-73 scales. The scales on their cheeks, usually arranged in
14 rows, are smaller than the opercular scales. Scales are usu
allypresent on the bases ofthe soft portions ofthe dorsal and
anal fins; there is a patch of teeth on the tongue; and the py
loric cecae are not forked. Young-of-year can be distin
guished from other basses by the distinct vertical bands on
the sides that extend below the lateral line, the usual 11-12
dorsal fin rays, and the rusty red base of the caudal fin.
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they spawn in late spring when water temperatures rise to
IS-18°C (9,20). In Perris Reservoir (Riverside County) the
first sign of spawning is movement of males into shallow
water in late March and early April, when temperatures are
14-15°C (9). The males then begin to construct nests in ar
eas of large rocks, rubble, or gravel, at depths of 0.5-4.6 m
(average depth, 2.5-3 m). Spawning continues through late
May and early June, until temperatures reach 22-23°C. In
streams nests are constructed in low-current areas on bot
toms ranging from debris to gravel. Nests are 40-80 em in
diameter and generally located near cover of some sort (21).
Breeding and parental behavior is similar to that of small
mouth bass (9,20,21). They are apparently monogamous,
but some males will have more than one nest during the sea
son. Each nest contains only 2,000-14,000 young in a simi
lar stage of development (9,20). Embryos and larvae are
tended and vigorously defended by males for up to 4 weeks.
Bluegill are common predators on embryos, which are de
voured by fish that dash into a nest while the male is chas
ing other fish. Fry rise off the nest and form dense shoals in
the vicinity, which are guarded by males until they disperse,
at lengths up to 30 mm TL (21).

Status lIE. Spotted bass were originally introduced into
California to occupy foothill river and reservoir habitat in
termediate between that preferred by largemouth bass and
that of smallmouth bass. They have been a major success in
some reservoirs (e.g., Oroville Reservoir), providing much
of the bass fishery. Although they are alreadywidespread,
they are lilcelyto appear in other reservoirs as a result of offi
cial and unofficial introductions. Their impact on native
fishes is not known, but it is probably low because they pri
marily occupy water supply reservoirs. However, their abil
ity to colonize stream sections upstream of reservoirs on at
least a seasonal basis means that they can have a consider
able impact on native fishes in these reaches. They may also
be detrimental to native fishes that thrive in hydroelectric
reservoirs, such as the chain of reservoirs on the lower Pit
River, where they feed on rough sculpins and other fishes.

An interesting problem with spotted bass is their ten
dency to hybridize with other bass in California reservoirs,
especially smallmouth bass and redeye bass. The effects of
such hybridization on fisheries and on the viability of pop
ulations of each species would be worth investigating.

Ufe History In California spotted bass do well mainly in
moderate-size, clear, low-gradient «0.5 m/km) sections of
rivers and reservoirs (11). In streams they are secretive pool
dwellers, avoiding riffles and backwaters with heavy
growths of aquatic plants. They like slower, more turbid
water than smallmouth bass and faster water than large
mouth bass. In reservoirs they are often most common
along steep, rocky banks, usually toward the upstream end.
They prefer water with summer temperatures of 24-31°C
(12) and have relatively low tolerance for brackish water, al
though they have been found at salinities up to 10 ppt (13).

In reservoirs adults tend to live at moderate depths
(1-4 m), often just above the thermocline, while juveniles
generally remain near shore in shallow water. Young-of-year
are usually found in small shoals; larger fish tend to be soli
tary. Each adult frequently remains in one limited area for
most of the year, such as a single stream pool, but spawning
migrations are common in spring (14). In reservoirs they
may seek out deep water (30-40 m) once temperatures be
come more uniform in autumn (ll). Reservoir fish also
move up into inflowing rivers in summer and occupy the

deep, slow pools and runs (15).
Like other basses, spotted bass are predators on larger in

vertebrates and fish that occur with them. Their diet changes
with size, reflecting differences in both mouth size and habi
tat across life history stages. For fry the first foods are typi
cally zooplankton or small insects associated with quiet wa
ters. In streams in their native range bass smaller than 75
mm TL feed mostly on aquatic insects and crustaceans; fish
measuring 75-150 mm consume, roughly in order of im
portance, aquatic insects, fish, crayfish, and terrestrial in
sects. Crayfish and (secondarily) fish are increasingly im
portant for larger fish (16, 17). In reservoirs bass smaller
than 50 mm TL feed mostly on zooplankton and then on
terrestrial or aquatic insects; larger fish feed heavily on cray
fish and fish, and to a lesser extent on aquatic insects (18,
19). The most common fish prey in reservoirs are various
sunfish, crappie, and threadfin shad. Spotted bass also prey
on their own young and those of other bass species.

Growth rates vary with habitat; fastest rates are typically
achieved in fairly new warmwater reservoirs, slowest rates in
cool streams. They reach 65-170 mm TL in their first year,
150-325 mm in their second year, 205-405 mm in their third
year, 245- 435 mm in their fourth year, 315-505 mm in their
fifth year, 280-565 mm in their sixth year, and 315-610 mm
in their seventh year (19). Few fish live longer than 4-5 years,
so bass over 40 em TL are unusual. Growth rates of Califor
nia populations have not been recorded, but it is lilcely that
fish in reservoir populations in northern California have
growth rates toward the middle of the ranges given. The an
gling record for California is a 4.3-kg bass from Pine Flat
Reservoir (1996), which measured about 45 em TL.

Maturity sets in during their second or third year, and
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Life History Redeye bass are adapted for living in small,
clear, upland streams (7). They were originally introduced
into California because of the superficial resemblance of
many foothill and coastal streams to those oftheir native re
gion. These streams support mainly native fishes and so
were thought to need improvement for angling purposes.
The streams in which redeye bass exist in California are
clear and warm (summer temperatures of 26-28°C), and.
the bass are typically one of the most abundant fish (5, 11).
They favor pools, pockets of water near boulders, and
undercut banks. They will also establish populations in
reservoirs (14), but their presence is unusual, especially
when they co-occur with smallmouth bass and spotted bass.
In Oroville Reservoir they are widely distributed although
uncommon compared with spotted bass and smallmouth
bass, and they apparently hybridize with them (10).

Redeye bass are opportunistic predators that feed on the
surface, in the water column, and on the bottom. Like some
trout, they depend heavily on terrestrial insects, although
aquatic insects, fish, crayfish, and salamanders are fre
quently part of their diets. They are voracious predators
that cruise about looking for prey or ambush prey from
cover. In either situation they are capable of making extra
ordinarily rapid rushes in pursuit of prey. Small juveniles
feed mainly on aquatic insects, but I have observed them
successfully preying on mosquitofish in shallow water. In
streams they are surprisingly bold, approaching people in
the water with apparent curiosity and readily taking lures
cast out by anglers.

They are extremely slow-growing in streams, reaching
4.5-6.5 em TL in their first year, averaging as few as 2-3
em/year, and taking 9-10 years to reach 25 em TL (6, 14).
Growth in California streams is probably similar; an October
sample from South Fork Stanislaus River contained young
of-year at 3-5 em FL and older fish measuring 10-19 em FL
(5). In the Cosumnes River the largest redeye bass I have ob
served measured 25-30 em FL. These were presumably 5 or
6 years old. In Oroville Reservoir length frequencies indicate
that redeye bass grow fairly rapidly, reaching about 7-8 em
in their first year, 9-11 em in their second year, and 12-14 em
in their third year. Larger fish, presumably 4-6 years old,
ranged from 20 to 35 em TL (10). This growth is consider
ably slower than that reported for bass in reservoirs in their
native range, which average about 22 em TL at the end of the
second year (14). These fish, however, measure only about 32
em TL at the end of their fifth year (14), suggesting geneti
cally based size limitations. Fish up to 41 em TL have been
recorded from Oroville Reservoir (10), but these fish are
larger than the maximum size achieved by redeye bass in
their native range. (Angling records of4-kg redeye bass from
Florida are in actuality shoal bass [12].) It is likely that ap-

sculpins they lack a functional air bladder. One darter,
bigscale logperch, has been introduced into California. The
pikeperches, walleye (5tizostedion vitreum) and sauger (5.
glaucum) , are piscivorous inhabitants of lakes and large
rivers. Walleye are a favorite sport and commercial fish in
midwestern North America. Because ofthis popularity they
have been introduced throughout the United States. Intro
ductions into California reservoirs have been unsuccessful.
The yellow perch, a favorite prey of walleye where the two
species occur together naturally, is the only member of the
perch family besides bigscale logperch that has been suc
cessfully introduced into California.

Taxonomy Bigscale logperch were described from Texas in
1971 (1). They were formerly considered part of the log
perch (P. caprodes) species complex. Bigscale logperch in
California were thus originally identified as P. caprodes (2).

Scales are ctenoid and cover the breast, cheeks, operculars,
and nape. A few scales are sometimes present on top of the
head (supraoccipital region), but they are usually lacking in
California fish. There are a row of large spiny scales on the
belly and 77-90 scales along the lateral line. The first dorsal
fin has 13-15 spines; the second dorsal fin, 12-15 rays; the
anal fin, 2 spines and 7-10 rays; and the pelvic fins, 1 spine
and 5 rays each. The pectoral fins are enlarged and fan
shaped with 12-14 rays. Breeding males maybecome dark on
their heads and sides and have an orange bar on their dorsal
fins. Males can also be identified by a ridge of 25 modified
scales on the midline of the belly, behind the pectoral fins.

Names Percina means little perch; macro-lepida means
large scales. In clear streams other members of the genus
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Identification Bigscale logperch are long and slender, read
ily recognized by their pointed, projecting snouts; yellow
ish, almost tubular bodies with 14-16 complete, dark,
vertical stripes and a dark spot at the base of the tail; 2 well
separated dorsal fins; and small size (usually <9 em SL).

Bigscale Logperch, Percina macrolepida Stevenson

Perches are confined to the fresh waters of temperate North
America and Eurasia. None are native west of the Rocky
Mountains in North America. They are readily distin
guished from other freshwater spiny-rayed fishes with
ctenoid scales and thoracic pelvic fins by their 2 well
separated dorsal fins (the first composed entirely of spines)
and by the presence of only 1-2 spines in the anal fin.

There are three distinct groups of perches native to
North America: darters, pikeperches, and yellow perches.
The darters (mainly Etheostoma and Percina) are an abun
dant (over 110 species) and colorful group of small, slender,
bottom fishes, native only to eastern North America. Like

Perches, Percidae

Status lIe. The lIC rating of redeye bass is conservative be
cause their takeover of large stretches of the Cosumnes
River indicates that they are capable of invading many
foothill streams in the CentralValley. In many reaches ofthe
Cosumnes 99 percent of the fish are redeye bass (15). Na
tive minnows and suckers are largely gone from these
reaches and are present mainly in areas where redeye bass
are absent (15). The disastrous success of their invasion of
the Cosumnes was largely unappreciated because the redeye
bass had been misidentified for years as smallmouth bass
(15). It is likely that they are more widespread than
presently recognized in the Stanislaus River and elsewhere
in San Joaquin Valley streams. The introduction of redeye
bass was unfortunate, because it was done deliberately to
displace native fishes from free-flowing streams to provide
a fishery (4). Although most introductions failed, the bass
have demonstrated a capacity to live in both foothill streams
and reservoirs. They have spread farther than was once
suspected-a quiet invasion based on their confusion with
smallmouth bass. Their small adult size, aggressive behav
ior, and generalized habitat and feeding requirements pre
sumably allow them to dominate some foothill streams so
completely. They have not provided much of a fishery be
cause most California anglers do not know they exist and
they are rather small and slow growing for a game fish. Their
abundance in the Cosumnes and Stanislaus Rivers indicates
that theyhave considerable capacity to displace native fishes,
presumably through predation on juveniles. They are likely
to spread to other streams and reservoirs and are highly
likely to become one more major problem for conservation
of native fishes and invertebrates.

References 1. Parsons 1953.2. Hubbs and Bailey 1940. 3. Lever
1996.4. Dill and Cordone 1997. 5. Lambert 1980. 6. Catchings
1977.7. Parsons and Crittenden 1959. 8. Etnier and Starnes 1993.

9. Hurst et al. 1975. 10. E. See, DWR, unpubl. data 1999. 11. C. C.

Swift and R. Fisher, pers. comm. 1999. 12. Williams and Burgess
1999. 13. Pipas and Bulow 1998. 14. Barwick and Moore 1983.

15. P. K. Crain, P. B. Moyle, and K. Whitener, University of Cali
fornia, Davis, unpubl. data.

parent redeye bass over 35 em TL are smallmouth-redeye
bass hybrids (8). Theybecome mature at about 12-13 em TL,
at 2-4 years of age. Fecundities are high, considering the size
of the females: 2,084 and 2,334 eggs in females measuring 15
em and 21 em TL, respectively (9).

Redeye bass move up small tributary streams or to the
heads of pools in larger streams to spawn in late spring
when temperatures rise to 17-210e. Males construct nests
in beds of gravel. Spawning and parental behavior is pre
sumably similar to that of smallmouth bass.

SUNFISHES, CENTRARCHIDAE408
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spines (with 6-8 rays), and a forked tail. Their bodies are
moderately deep (standard length is 3 times depth) and
their heads large (25% or more of total length). There is a
single small spine on each operculum. The first dorsal fin
has 13-15 spines; the second dorsal fin, 2-3 spines and
12-14 rays; and the pelvic fins, 1 spine and 5 rays each. The
scales are large (52-61 in the lateral line) and ctenoid. The
pectoral and pelvic fins, usually yellow, may become
reddish-orange in spawning males.

Status IID. Bigscale logperch demonstrate the rapidity
with which an introduced fish species can spread through
central and southern California via the aqueduct system
and natural rivers. Within 15 years of their introduction
they were widespread in the Central Valley, and within 25
years they had colonized reservoirs in southern California.
They are now a common fish in lowland streams and reser
voirs and are near the limits of their range in the state,
although they could become established in other reser
voirs. The effect of bigscale logperch on native and desir
able game fishes in California is not known, but it is likely
to be minimal because they almost exclusively occupyhighly
disturbed habitats. McKechnie (16, p. 531) stated that
"[Bigscale] logperch add nothing to our fauna and do not
benefit our fisheries." However, they do make interesting
and attractive aquarium fish. Ironically, they are considered
to be an endangered species in New Mexico, at the periph
ery of their natural range (8), although their populations
elsewhere do not seem to be in trouble.

fore washing into side channels and settling down (15).
They are common in larval fish samples from the Delta (15).

References 1. Stevenson 1971. 2. Sturgess 1976. 3. Stevenson
and ThomsOJ,l 1978.4. Dill and Cordone 1997.5. Boles 1976. 6.
Farley 1972. 7. Moyle et a!. 1974. 8. Sublette et a!. 1990. 9. L.

Wycoff, CDFG, Yountville, pers. comm. 1999. 10. Marchetti
1998. 11. J. Sturgess and R. Hobbs, University of California,
Davis, unpub!. data. 12. Winn 1958a,b. 13. Wang 1986.14. Rock
river 1998. 15. Simon and Kaskey 1992.16. McKechnie 1966. 17.
J. Sturgess, pers. comm. 1973.

Names Perch (hence Perea) is derived from the ancient
Greek word for dusky, perhaps a reference to the dusky back
and bars ofthe similar European perch (P. perea). Flaveseens
means yellow.

Distribution Yellow perch are native to the northern half of
North America east of the Rocky Mountains, north as far as
the Mackenzie River in Canada, south through the Great

female produces 150-400 eggs. Spawning of recently cap
tured fish has been observed in aquaria by J. Sturgess (17)
in late February:

Other observations in aquaria suggest that bigscale log
perch may also spawn in small gravel pits much like other
logperch. The vertical spawning behavior is different from
that of other Pereina species, which spawn in gravel riffles
(12), and may explain why bigscale logperch have managed
to become so abundant in sloughs and sluggish streams.

In Putah Creek logperch spawn from late February
through mid-July, as indicated by the presence of larvae
(10). However, in a warm downstream section, spawning
began in February or March and peaked in April and May,
whereas in a cooler upstream section it began in late March
but did not peak until mid-June and July (10). Similar re
sults have been found for other locations (13, 14). Larvae are
pelagic and probably drift in streams for a couple ofdays be-

The largest male in the tank took station at the base of a
hornwort plant. Afemale swam up and settled to the bot
tom, parallel to the male. Using her caudal and pectoral
fins and always maintaining herself a few inches from the
stationary male, the female swam forward and backward
several times and then proceeded headfirst into a bushy
portion of the hornwort. She then backed out and re
turned to the side of the male. After standing on her tail
several times, she finally got the male to respond. The two
fish approached each other head on and then rose and
pressed against one another ventrally, beating their pec
toral fins rapidly. This lasted about ten seconds, after
which the fish returned to a horizontal position and quiv
ered for a several seconds.... The eggs were deposited
singly, attached to the plants.

Identification Yellow perch are recognized by their fairly
compressed yellow bodies with 6-9 dark vertical bars or
saddles on each side, 2 well-separated dorsal fins, 2 anal fin

Yellow Perch, Perea f1aveseens (Mitchill)

Figure 136. Bigscale logperch, 9cm
SL, Putah Creek, Yolo County.

Bigscale logperch spend much of their time motionless
on the bottom, where their barred color pattern makes
them very difficult to see, even in clear water. They move
only for short distances, usually propelling themselves with
quick, short sweeps of the pectoral fins, although such ac
tivity may be nearly continuous when they are actively
searching for food. In aquaria theybury themselves in loose
gravel, with only the head or the tip of the snout showing,
emerging to forage. They also dig small pits with their tails,
in which they sit motionless. They are most active during
the day. Although they commonly occur in small groups,
neither shoaling nor territorial behavior seems to be well
developed, at least outside the breeding season. However, in
aquaria apparent dominance hierarchies can become estab
lished among groups of logperch, with aggressive behavior
shown by the erection of fins and one fish butting another
with its snout, until the subdominant fish moves.

When feeding, bigscale logperch visually inspect the bot
tom around them for food organisms, occasionally flipping
over twigs, leaves, and small rocks with their projecting
snouts. They will also rise quicldy from the bottom to snap
up small, free-swimming organisms. They are highly op
portunistic in their feeding. Usually whatever insect larvae
are most abundant dominate the diet, together with am
phipods and planktonic crustaceans. Planktonic crus
taceans are most important in the diet of young logperch.
Examination of the stomachs of 12110gperch from sloughs
of the Delta in winter and spring of 1973 revealed many in
sect larvae (chironomid midge, mayfly beetle, stonefly,
damselfly, dragonfly) as well as crustaceans (copepods,
cladocerans, amphipods, opossum shrimp). Fish eggs were
found in a number of fish (11). Logperch collected from a
recently flooded grassy area were feeding on earthworms;
those collected in small sloughs were feeding heavily (50%
byvolume) on copepods.

In the Delta 1-year-old fish measure 48-81 mm SL (mean,
63 mm) and 2-year-olds, 75-102 mm SL (mean, 90 mm). A
single 3-year-old fish measured 104 mm SL (11). Larger fish
(up to 125 mm SL) may represent older individuals.

Logperch usually mature in their second year, and each

PERCHES, PERCIDAE

can be observed resting on submerged logs, hence log
perch.

Distribution Bigscale logperch occur in a number of Gulf
Coast river systems, from the Sabine River on the Texas
Louisiana border through Oklahoma, New Mexico, and
northeastern Mexico (1,3). They were carelessly imported
into California from the Trinity River, Texas, in 1954 by
USFWS (3). They were apparently mixed with a shipment
oflargemouth bass and bluegill planted in three small lakes
on Beale Air Force Base (Yuba County) (4). During wet
years these lakes overflow into the Bear River, which flows
into the Feather River (5). Within 15 years bigscale logperch
had become widespread in the Sacramento-San Joaquin
watershed, from Oroville on the Feather River to the Delta,
to sloughs in the San Joaquin Valley, including upstream lo
calities such as Putah and Cache Creeks (5, 6, 7). They are
now also present in reservoirs fed by the California Aque
duct, including Del Valle Reservoir, Alameda County, and
Castiac, Silverwood, Pyramid, and Irvine Reservoirs in
southern California. Bigscale logperch may also be moved
around by bait fishermen (9), and this may explain their
presence in Berryessa Reservoir (Napa County) (9).

Ufe History Bigscale logperch are found in a variety oflake
and stream habitats. They are most common in slower
moving stretches of warm, clear streams or in shallow wa
ters of reservoirs on bottoms of mud, gravel, rock, sticks, or
large pieces of debris. In central California they are often
abundant in muddy-bottomed, turbid sloughs and ditches
as well as warm lowland streams. In Putah Creek they are
most abundant in reaches characterized by deep pools,
moderate clarity, warm summer temperatures, and bottoms
with fine substrates (silt to gravel) (10). In Suisun Marsh
they have been collected at salinities up to 4.2 ppt. They are
often found along edges in emergent vegetation. The species
that co-occur with bigscale logperch in California are
mostly nonnatives: common carp, fathead minnow, various
catfish, inland silverside, bluegill, largemouth bass, black
crappie, and native Sacramento blackfish (10).
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Lakes region, and down the Atlantic coast to South Car
olina. They have been introduced into most regions in
North America from which they were historically absent,
including most states in the western United States.

In California yellow perch have established themselves
in a number of areas despite repeated failed introductions
(1). In 1891 6,000 small perch were brought in from Illi
nois; about halfwere planted in the lower Feather River and
half in Cuyamaca Reservoir (San Diego County). The
Cuyamaca introduction lasted about 5 years. The Feather
River introduction resulted in a population that apparently
gradually spread to the Delta and sloughs of the San
Joaquin Valley and was supplemented with additional fish
imported in 1908. Through the early 1920s yellow perch
were locally abundant in the Delta region, but they gradu
ally became rare, and the last authentic record was two fish
caught in 1951.

In 1946 yellowperch were discovered in Copco Reservoir
on the Klamath River (2). These fish were presumably de
scendants of perch planted in the upper Klamath River in
Oregon. They have since spread downstream into dredger
ponds and backwaters along the river, although they are not
particularly common. Yellow perch are now common in the
upper Klamath Basin, especially in Copco and Iron Gate
Reservoirs. They appear to be absent from or rare in the Lost
River and its reservoirs (3), although they were once pres
ent there (2).

In 1984 yellow perch were found in Lafayette Reservoir
(Contra Costa County), in which they are still present. For
tunately this reservoir does not have an outlet into any ma
jor waterways. In 2001 a population ofyellow perch was dis
covered in Van Norden Reservoir (Nevada and Placer
Counties) in the headwaters of the South Yuba River (11).
Although these perch are a long way from any suitable habi
tat downstream, their eventual spread is possible. Perch
have been illegally introduced into other localities in north
ern California on occasion, but they have not become es
tablished (1).

Figure 137. Yellow perch, 19 em SL,
Iron Gate Reservoir, Siskiyou
County. Drawing by A. Marciochi.

Life History Yellow perch usually inhabit weedy backwaters
of rivers, shallow waters of lakes, and large ponds. They do
best in warmwater situations, but occasionally large popu
lations of stunted fish become established in lakes cold
enough to support trout. In lakes they are almost always as
sociated with heavy growths of aquatic plants and tend to
occur in loose schools on or just above plant beds at depths
of 1-10 m. Optimal summer temperatures for growth ap
pear to be 22-27°C, but they can survive temperatures up
to 32-33°C (4,5). They can also survive dissolved oxygen
levels ofless than 1 mglliter and salinities up to 10 ppt (5).
They are nevertheless most abundant in areas with high wa
ter claritybecause they are visual-feeding, shoaling fish that
require beds of aquatic plants for spawning. The disappear
ance of beds of submerged aquatic plants as water quality
declined may be one of the reasons perch died out in the
Central Valley in the 1920s.

Shoaling, often in schools, is the typical social behavior
pattern of adult perch. Even in aquaria they swim together
and seldom exhibit any aggressive interactions. Compact
schools are typical of immature perch «10 cm TL) because
they inhabit open waters, usually at depths of 1-4 m, rather
than being associated with beds of aquatic plants.

Feeding habits of perch change with size and thus with
habitat. Larval and juvenile perch are primarily zooplank
ton feeders; the variety of zooplankton consumed increases
with the size of the fish. As schools of young perch move
into shallowwater, invertebrates associated with the bottom
and with aquatic plants gradually become more important
in their diet, especially aquatic insect larvae, snails, and var
ious crustaceans. Adult perch browse methodically among
aquatic plants and along the bottom, selecting larger inver
tebrates, such as crayfish, dragonfly larvae, and snails. Small
fish may also be important. Their terminal, scooplike
mouths, with protrusible lips and small teeth, are well suited
for capturing such prey (6). In the Klamath River their main
foods are small crustaceans, snails, aquatic insect larvae, and
fish, mostly minnows, suckers, and sunfish (2). Yellow perch

are capable of capturing small salmon and occasionally do
so in the lower Klamath River (1). Most feeding takes place
during the day, with peaks of activity in the morning and at
dusk (7). They become quiescent at night (5).

Growth of perch in the Klamath River is similar to that
observed in other waters. They average 9 cm TL by the end
of the first year, 15 cm by the second year, 20 cm by the third
year, 23 cm by the fourth year, and 27 cm by the fifth year
(2). Elsewhere yellow perch may (rarely) reach 53 cm TL,
1.9 kg, and 13 years, although a perch exceeding 30 cm TL,
0.4 kg, and 5 years would be unusual in California. It is not
unusual for large populations of stunted perch to develop
in small bodies of water, where overcrowding reduces
growth through severe intraspecific competition.

Yellow perch are usually ready to spawn during their sec
ond year. Spawning takes place over submerged beds of
aquatic plants in quiet water at temperatures from 7 to 19°C
(5). The first sign of spawning, in April and May in the Kla
math River, is the presence of large schools of ripe adult
perch over plant beds. Prior to spawning, females become
restless and swim slowly around the spawning area. Males
in small groups periodically swim up to a cruising female
and follow her for a short distance, nudging her vent. When
the female is ready to spawn she makes a series of rapid
turns or other quick movements. Two to three males quickly
approach her and start jockeying for a position immediately
below her vent. The female then starts swimming rapidly,
releasing a long string of eggs enclosed in a gelatinous
sheath. As eggs are released, males release a cloud of sperm,
enveloping the eggs (8). The strands of eggs may be as long
as 2 m, but they are more typically 30-50 cm long. They are
draped over the aquatic plants. Each female lays 4,000-

121,000 eggs, the number being proportional to length (5).
Egg masses are not eaten by potential predators, suggesting
that they are unpalatable (9).

Embryos hatch in 10-20 days. Larvae (about 6 mm TL)
may start to feed on zooplankton soon after hatching, but
they possess some reserve food in the yolk sac until they
reach about 7 mm TL (10). Larvae are attracted to light, so
they swim into surface waters. Because they are weak swim
mers, they are at the mercy of lake and stream currents for
the first few weeks.

Status nc. Yellow perch are clearly favored by some anglers
with a longing for standard eastern panfishes, because they
keep appearing in odd places. They are fairly easy to catch,
and their firm, white flesh is quite tasty, although often rid
dled with parasites. They are not particularly desirable for
California because they are smaller and slower growing
than most other game fishes. They can also survive and re
produce in some trout lakes, reducing growth and survival
of trout by competing with them for food.

Although they are present in reservoirs and ponds along
the Klamath River, the fishery for them is small. Most yel
low perch caught there are taken incidentally by trout,
salmon, and catfish anglers. They are known to prey on
small salmon and probably also prey on juveniles of endan
gered suckers in the Upper Klamath basin.
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