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PRE-1900 OVERHARVEST OF

FROGS (RANA AURORA DRAYTONII):

CALIFORNIA RED-LEGGED
THE INDUCEMENT

FOR BULLFROG (RANA CATESBEIANA) INTRODUCTION

MaRK R. JENNINGS AND MARC P. HAYES

ABSTRACT:
red-legged frogs (Rana aurord draytonii}.

non-exploited, healthy populations of R. a. draytonii suggest
A low reproductive frequency and the probable female frog harvest bias suggest

been harvested.

that historical populations conld not withstand harvest at pre-1900 levels.

harvest abserved from 18991940 suppoxts this idea.
the inducements to import and introduce bullfrogs (Rana catesbeiana).

for frogs were probably

Pre-1000 frog harvest data from California suggests heavy exploitation of
A comparison with data coliected from present-day,

California
that mostly female frogs may have

The decline in frog
Population depletion and a persisting demand

The easliest dates of bullfrog introduction correspond well with these suppositions.

Key words:
exploitation

TrE widespread decline of Rana au-
rora draytonii populations in California
during the past 50 yr is generally accepted
by herpetologists (Anderson, 1983; Me-
Keown, 1074). Movle (19783) proposed that
this decline was largely due to competi-
tion and predation from introduced bull-
frogs (Rana catesbeiana). Our review of
the literature between 1850 and 1940 sug-
gests that overharvest of R. a. draytonii
by the frogging industry is a tenable, but
not necessarily exclusive, alternative hy-
pothesis that predates the earliest known
Catroductions of bullfrogs. It is the pur-
pose of this paper 1o discuss this alterna-
tive.

Determination of historical changes in
R. a. draytonti populations is complicated
by nomenclatural confusion in the pre-
1900 literature. Therefore, we briefly re-
view the nomenclatural changes erucial to
the identification of the populations dis-
cussed in the literature.

MATERIALS AND METHODS

Frog harvest data were obtained from
the US. Bureau of Fisheries and Fish
Commissioner’s reports for the period of

Anura: Ranidae; Rana qurord draytonii; Rand catesheigna; California; Resource

1888-1922, and from the biennial reports
of the California Department of Fish and -
Came for the period 1914-1935. Addi-
tional data were obtained from other US
Bureau of Fisheries publications for the
period between 1890 and 1910. In add:
tion, most literature that mentions R. &
draytonii since its original description in
1852 was examined.

Mean weight of harvested frogs was
caleulated from U.5. Bureau of Fisherie
data for the year 1895 (Table 1) and wa
compared to regressions of frog weight
(WT) on snout—vent length (SVL) (Fig, 1
Regressions were obtained from pair
measurements of live B. a. draytonii from .
one population each in San Luis Obisp
{(n=150) and Santa Barbara (n =%
counties, California, studied by one of w
(MPH). Frog measurements were taker
with a 15 cm ruler (SVL) and 50 g or 500
g Pesola spring scales {WT). We log-trat®
formed the WT data in order to uset’
linear regression program and calculi
95% confidence intervals of the estimal
mean frog SVL that corresponded to ¢
1895 mean frog WT estimate. Reprodt©
tive frequency and estimates of minim?”
age at first reproduction come in part froft:
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TaBLE 1.—California frog harvest data between 1888 -

and 1985, Data from Collins (1892), Conner {1937),

Taylor (1924), Wilcox (1895, 1898, 1902, 1905) and

the State of California Fish and Game Commission

Biennial Reperts {25th—1916-1918; 26th—1918—
- 1920; 28th—1922-1924; 34th—1934-1936).

Value Value  Value
Nimber %rg of hal?\f'est rgr o
Year Ufairgf g takon: 3 53 &
1888 48,000 — 12,000 0.25 —_
1889 54,000¢ — 13,500 Q.25 —
1890 72,000 —_ 21,000 0.29 —
1891 72,000= — 21,000 (.29 —_
1892 96,000 — 28,000 .29 —
1895 118,704 22.405.6 12,402 G105 055
1899 — 9383.5 20,638 — 2,20
1604 — 118.4 292 — 2.47
1916 — 47.2 —_ — —
1917 — 2.7 — —
1919 3936+ 595.1 — — —
1922 2402 4544 — — —
290.3 — ——
1934 — 27.2¢ — — —
1935 — 9.1- — — —

» Converted from data presented in dozens.
»Converted from data presenied in pounds.
< %an Francisco and San Mateo counties.

« Alameda and Contra Costa counties.

- Sacramento and San Joaguin counties.
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the study of the above populaticns and in
part from the literature. Distributional
data were obtained from collections at
museums listed in the acknowledgments,

NOMENCLATURE

The variation within R. aurora has been
discussed by Hayes and Miyamoto (1984).
However, to avoid confusion we restrict
our commentary to the large-bodied frogs
that occur from Mendocino and Shasta
counties, California south into Baja Cali-
fornia and are currently classified as R. a.
draytonii.

Few pre-1900 scientific collections of
this frog exist, and these specimens have
been classified under several names. Sto-
rer’s (1925) synonymy of R. a. draytonii
is fairly complete, but some citations re-
quire further discussion. Rana aurora was
the name synonymized by Storer with R.
a. draytonii based on Chamberlain (1898).
However, this work and statements by

320

4 Males
2304 & Females
B Juvenies

240

2001 1895 Mean Frog Weight

Fie. 1. —Comparison of the 1895 mean frog weight (= 189 g) with extant R. a. drayionii size data. Plots
represent Santa Barbara (A} and San Luis Obispo (B) populations. For clarity, not all points used to calculate
the respective regressions and confidence limits for each population are shown, but the extremes of sex-
ipeclﬁc size variation are included. The shaded region is the 95% confidence interval of the 1895 mean SVL

ased on the 1895 mean WT estmate.




96 HERPETOLOGICA

[Vol. 41, No. ]

Wright {1920} show this synonymization
to be incorrect. Chamberlain’s descrip-
tions were based on Cope’s (1889) mono-
graph, which explains his listing of the
distribution of the frog he termed the
“Western Frog (R. pretiosa)” as being
from Montana to southern California, in-
cluding (from Cope’s listing) specimens
currently classified as R. aurora aurora, R.
aurora draytonii, R, boyli, R, muscosa
and R, pretiosa {Camp, 1917; Jennings,
1984; Linsdale, 1940; Zweifel, 1955). Fur-
thermore, little doubt exists that Cham-
berlain’s illustration of “R. pretiose” is R.
a. draytonii and his “Western Bullfrog (R.
aurora)” strongly resembles the frog cur-
rently classified as R. a. aurora.

Similarly, Smith’s (1895¢) comments
about R. pretiosa in San Francisco mar-
kets referred to R. a. draytonii. In con-
trast, Coocmbes (1902) cited no scientific
names, but his comments on spawn that
requires fastening (to vegetation) to keep
it from sinking and January-February
spawning months affirm that his Califor-
nia edible frog is R. a. draytonii. Dick-
erson (1906) concurred with this view be-
cause her life history account of R.
draytonii [= R. a. draytonii] was based in
part on Coombes’ information.

History OF THE FROG INDUSTRY

Frog harvesting in California dates back
to the gold rush of 1849. In a chronicle of
California’s resources, Cronise (1868) re-
ported that “many species of frogs are eat-
en when large enough for their hind legs
to furnish an adequate meal.” Lockington
(1879), however, was the earliest author
to comment specifically on California’s
frog industry by noting that: “The large
frog (Rana temporaria var. auroray,
sometimes called ‘bullfrog,” of this coast is
eaten in considerable quantity in San
Francisco.” His comments are interesting
because he noted a growing frog market
at an early date and indicated that the San
Francisco frog supply was already coming
trom sites as distant as Tulare County in
the San Joaquin Vailey, which was later

to become one of the three areas in the
state heavily exploited by commercig]
frogging interests {Collins, 1892).

The growth which California and it
fisheries experienced during this period
was rapid (Smith, 18955). California’s hy;.
man population quadrupled-in size frony
1860-1900 (Salitore, 1973) and thj
growth, coupled with increased demand;
tor fishery products, was a factor thyt
prompted the U.S. Bureau of Fisheries tq
begin detailed periodic censuses of Pacifi
fisheries beginning in 1888. Fishery datg
for the years prior to 1888 are limited and
include no frog data (see fordan, 1887).
However, subsequent censuses showed not
only a substantial frog harvest but a steady
increase in harvests through 1895 (Table

1). Smith (1895a) noted this increase and .

identified the frog harvested as “R. pre
tiosa” (= R. a. draytonii). Chamberlain
(1898), summarizing information up to
1897, listed California as one of the states

supplying the largest quantities of frogs -
for markets and identified the marshes of :

the Sacramento and San Joaquin valleys
as one of the major frog-producing re-
gions in the United States.

Tabulation of the 1895 California frog
harvest by county shows that most frog
came from counties adjacent to San Fran-
cisce with extensive marsh areas (Table 2).

However, increased harvests were short-

lived as 1899 figures show a marked de-
crease (Table 1}. Those counties showing
large harvests in 1895 decreased in 1899,
and increased harvests in counties mort

distant from San Francisco or with mort
limited frog habitat are indicated (Tabls

2),

Because minimum age at reproductive
maturity for R. a. draytonii is 2 yr for
males and 3 yr for fernales (Storer, 1925

Hayes, unpublished data), yearly harvest

of the magnitude indicated by pre-19%

figures could not continue indefinitely. .

even with the maximum replacement pr
tential indicated by the minimum rep:®
ductive ages. However, the number of ki
lograms of frogs taken in 1895 (Table !
permits further insight. These data allo¥
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TapLE 2. —California frog harvest by county in 1895
and 1859, Data from Wilcox (1898, 1902).

18956 1859
Flarvest*™ Value Harvest* Value

- County (kg $) {kg) (%)
Contra Costa — — 9879 2178
Humboldt — 18144 4000
Marin 3470.0 1912 14315 3200
wionterey — — 45,4 60
Napa 7257.5 4000 1632.8 3600
San Mateo —_ —  1769.0 3880
Ganta Clara 7937.9 4375  1542.2 3400
Santa Cruz 66.2 40 149.2 320
Sonoma 3674.0 2075 — -

Totals 22,405.6 12,402 93835 20,638

* Converted from data presented in pounds.

calculation of the mean WT of frogs har-
vested in 1895. Regressions of WT on SVL
for present-day, non-exploited popula-
tions of R. a. draytonii show that frogs
with a WT equal to the 1895 mean are
not only well within the range of adult
females, but also correspond to a body size
significantly larger than the largest males
(Fig. 1). This suggests that females may
have represented much of the 1895 har-
vest, a factor probably influenced by the
largest frogs bringing the best price
{Chamberlain, 1898, Heard, 1904; Herri-
man, 1933; Schorsch, 1933; Storer, 1933).
Because female R. a. draytonii typically
reproduce only once a year {Storer, 1925;
Hayes, unpublished data), such harvests
would have depleted local populations
even more rapidly than sex-unbiased har-
vests. Furthermore, this estimate is con-

‘servative, because frogs of the mean size

harvested in 1895 represent individuals
considerably larger than the minimum re-
productive size for females (approximate-
ly 85 mm SV1.) (Hayes, unpublished data).

For frogs to have been harvested at pre-
1900 levels, a substantial demand must
have existed. Lockington {1879} implies
that such a demand for frogs existed at an
early date and True (1884) discussed an
Oakland firm that handled thousands of
frogs per year for local markets. During
the 1890’s, several “frog farms™ were es-
tablished to supply R. a. draytonii for San

Francisco markets (Heard, 1904; Storer,
1933). In 1895, Coombes (1902) noted:
“The demand for frogs proving to be so
great, I was obliged to get a staff of men

to catch them and also have the frogs

shipped to me from all parts of the state
to supply the growing and pressing wants
and to supply the pressing orders daily
coming in.”

Changes in the market value of frogs
also suggest a heavy demand. Lockington
(1879) found San ¥Francisco market prices
for R. a. draytonii varied between $1.75
and $4.00 per dozen depending on frog
size. Prices of $3.00 and $4.00 per dozen
for frogs in San Francisco were the high-
est quoted by Chamberlain (1898) when
he compared the market value of frogs
across the United States. After 1900, frogs
were selling for prices as high as $8.00 per
dozen in California {Heard, 1904). How-
ever, frog harvest data and the dollar val-
ue of those harvests allow a better com-
parison of the changes in the value of frogs
(Table 1). Frog market value apparently
increased little between the late 1880’s and
the early 1890’s. In 1895, the value of frogs
dropped to one-third the early 1890’s level
for reasons we were unable to defermine.
Because 1895 was the year of the largest
harvest for which data are available, it
may be that the drop in value was influ-
enced by the abundant frog harvest. Also,
because these data are based on the value
per frog, which does not consider frog size,
differences in value might also be ex-
plained by unknown size differences be-
tween years. Nevertheless, in 1895 frogs
ranked second in value (55¢/kg) among
the over 60 California fisheries products,
surpassed only by “whalebone.” After
1895, a per kilogram assessment of frog
market value, data independent of size,
shows that frogs increased in value more
than any other fishery commedity be-
tween 1895 and 1899. Notably, frog value
continued to increase until after frog har-
vests had declined (Table 1).

Demand for frogs was also influenced
by local attitudes during the heavy ex-
ploitation period of the late nineteenth
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century. In California, frogging was as-
sociated with French emigrants and so-
phisticated French cuisine (Lockington,
1879). This association was exploited by
dealers claiming that frogs had been im-
ported from abroad (Storer, 1922, 1933),
and the name “French frog” became as-
sociated with R. a. draytonii (Grinnell and
Storer, 1924; Storer, 1933; Camp, unpub-
lished field notes, 1910). Furthermore, this
association was often coupled with the as-
sertion that R. a. draytonii was a more
palatable frog (Coombes, 1902; Dicker-
son, 1906; Storer, 1933).

After 1900, data are meager, but those
available indicated limited frog harvests
(Table 1) and increased importation of
frogs from sources outside California
(Alexander, 1905; Bryan, 1915; Bryant,
1917; Cornmer, 1937; Heard, 1904; Loui-
siana Department of Conservation, 1935;
Storer, 1922, 1925, 1933). Although frogs
continued to be listed among fishery prod-
ucts for the period from 1900-1935, most
years show no figures. The lack of consis-
tency in those counties that report frog
harvests is attributed to the fact that deal-
ers only handled frogs incidentally with
regard to the fish trade (Conner, 1937), so
the absence of reported data is consistent
with the idea that frog populations were
too depleted to support commercial har-
vests, and as a result were of too limited
ecopomic importance to report. After
1900, most frog harvests were apparently
conducted by part-time frog collectors or
owners of “culture operations” who sold
their small catches directly in the market
(Cort, 1919; Heard, 1904). In just 8 yr,
California went from being the leading
supplier of market frogs in the United
States to that of a supplier of quantities
too small to report (Wright, 1920). Of the
10 states that supplied most of the frogs
for commercial markets in 1900, only Cal-
ifornia and New York were not listed as
major suppliers in 1908 (Wright, 1920),
and New York is known to have later sup-
plied many frogs for commercial froggers
during 1915-1916 (Adams and Hankin-
son, 1916).

BULLFROG INTRODUCTION

The initial date of the introduction of
the bullfrog into California is vague. Al
though Cope (1889), True (1884) and Yar-
row (1882) reported an early collection of
R. catesbeiana from “San Diego, Califor.
nia,” they all apparently listed the wrong
state in spite of the original United States
National Museurn catalogue entry (USNM
3340) to the contrary (R. McDiarmid, per-
sonal communication). Kellogg (1939

correctly stated that this specimen was °

taken.in San Diego, Nuevo Leon, Mexico.
The California Acclimatization Society,
which was responsible for many successful

and unsuccessful introductions of fishes,

turtles and invertebrates into California
waters, seriously contemplated introduc-
ing bullfrogs just prior to 1900 {Anony-
mous, 1898). However, because their
meeting notes were destroyved in the San
Francisco earthquake of 1906, it is not

known if any specimens were purchased -
and released. Stebbins (1951) stated that
introduction occurred around 1905. How-

ever, when recently questioned abonut this
date, he was unable to recall the basis for
the statement and thought it might be 2
misprint (R. Stebbins, personal commu
pication). Storer and Usinger (1963) gave

the dates 1905-1914 without supporting -
information. Moyle (1973) quoted Storers
(1922, 1925) comments of several intro-

ductions between 1914 and 1922, but e
did not specify an initial date. .

The earliest introduction of R. cates
beiana is reported in a previously uncited

paper by Heard (1904) who described s

“frog farm” at Stege (= El Cerrito), Cor
tra Costa County, California (see also St
rer, 1933), where 36 bullfrogs were stocked
in four artificial ponds in 1896. The bull-

frogs are reported to have originated from

“Baltimore,” Maryland, and “Florida

(Heard, 1904). A shipment of 72 frogssent .

to Hilo, Hawaii from Contra Costa Coutr
ty, California in October of 1897 {see AY
pendix I) is known to have had bullfreg
from the Stege “farm” (Cobb. 1902

Heard, 1904). The probable descendan® .
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from this introduction resulted in 172 kg
of bullfrogs harvested in Hawaii in 1900
(Cobb, 1902). Some of these “Hawaiian
bullfrogs” were later shipped to the San
Francisco markets for sale (Alexander,
1905; Bryan, 19153; Storer, 1922). Storer
(1925) also reported that Albert W. C. T.
Herre (an ichthyologist at Stanford Uni-
versity) told him that bullfrogs were pres-
ent in a creek at Los Gatos, Santa Clara
County, California prior to 1910.

Discussion

It seems a bit incongruous that herpe-
tologists in California during the early part
of the twentieth century were unaware of
the extensive cominercial utilization of R.
a. draytonii during the late 1800’s. How-
ever, only John Van Denburgh and Joseph
Grinnell were active in the state in the
1890’s and neither mentioned the com-
mercial utilization of native frogs in their
extensive publications (see Grinnell, 1940;
Slevin and Leviton, 1956 for complete
bibliographies). Dickerson {1906) and
Wright (1920) mention the utilization of
trogs in California based on limited ob-
servations made after 1900. Only Storer
collected extensive information about
California anurans during the early part
of the twentieth century. However, Sto-
rer’s experience dates back to only 1911
(Storer, unpublished field notes), and he
was apparently unaware of the pre-1900
data on frog harvest collected by the U.S.
Commission of Fish and Fisheries, be-
cause he stated: “No figures are available
regarding the quantities of frogs used
commercially in California; in fact there
are very few reliable statements anywhere
concerning the numbers of these animals
sold or the prices received, since data on
frogs are not ordinarily included in the
Statistical reports on fisheries compiled by
the Federal government or the states”
(Storer, 1933). Thus, he concluded that R,
4. draytonii was never abundant, a con-
?lusion made evident by his statements:
‘The supplies of red-legged frogs, the only
native species used commercially to any
extent, were never large .. .. Much of the

area now inhabited by the bullfrog
previously unoccupied by any frog Whaﬁs
soever so that the species constitutes 5 it“
tinct addition to the fauna of the States:
(Storer, 1933).

These comments, coupled with Storg,.
first-hand knowledge of many so ca]
“frog farms” and the relatively small ha,
vests (approximately 40,000 frogs per Year\
in the state during the 1920's and 193¢ )
helps us understand why Storer believﬁi'l’
that B. a. draytonii was never utilizeg i
large quantities. Because Storer was Sue),
a careful worker, there was no reason f,
subsequent workers to question his Statel:
ments.

Besides commercial exploitation, h&bj
tat alteration probably contributed to the
early decline of populations of R. «. draye
fonii in parts of the Central Valley. Ac.
cording to Collins (1892), Jordan (1837‘
and Lockington (1879), both ‘Tulare ang
Kern counties supplied commeircial Quay,
tities of R. a. draytonii to San F rancise X
markets prior to 1890. During this Pering
these two counties were the center of mg.
jor efforts to create vast areas of irrigate
farmlands (Brown and Richmond, 194y.
Newell, 1894; Preston, 1981). An extey,]
sive network of canals was dug and my,
of the swampland in the vicinity of T
lare Lake was drained between 1860 ang

leg

1900 (Brown and Richmond, 1940, Preg. -

ton, 1981). Such extensive alterations .
doubtedly had a negative impact on locy]
R. a. draytonii populations as humamaL
tered habitats in the San Joaquin Valley
are known to be generally unfavorable
native anurans (Moyle, 1973).

We cannot be certain of the identity of
all frogs represented by harvest figure,
Wright (1920} reported that Rana boyly;
was also utilized for food, although mugck,
less so due to its smaller size and irritatip
skin secretions. Some of the 1899 harveg
came from Humboldt County, California
(Table 2), part of the putative interfac,
zone between R. a. draytonii and R. a
aurora (Hayes and Miyamoto, 1984). Fy,.
thermore, because the earliest date of
bullfrog presence in the state was 1896

to

_

5y
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bullfrogs may be represented in some of
the 1899 harvest. However, this does not
diminish the fact that if the 1895-1899-
1904 harvest figures reflect a decline in
wild populations, then R. q. draytonii, as
the only significantly exploited endemic
taxon (Storer, 1933). was the prominent
component of this decline,

However, it is surprising that harvests
of tens of thousands of adult frogs each
year (Table 1) continued for as long as
they did before a decline occurred. The
first year for which data exist is 1888, but
Lockington’s (1879) comments suggested
that large harvests may have occurred for
an undetermined number of vears prior
to that date. In view of the probahle fe-
male harvest bias, for harvests not to shaw
a decline for the time period indicated
suggests that historical populations were
very large. Indeed, Yarrow and Henshaw
(1878) listed Rana temporaria aurora (=
R. a. draytonii) as “abundant in Califor-
nia.” Furthermore, we find it curiously
coincidental that the period of inijtial brall-
frog intreduction is bracketed by the years
indicating decline. This suggests that de-
pletion of wild stocks (namely R. a. dray-
tonii) was sufficient to import builfrogs as
substitutes, because the demand for frogs
is known to have persisted (Heard, 1904,
Storer, 1933).

After 1910, introductions of bullfrogs
were well documented (Storer, 1922 1925,
1933). However, the extent of established
bullfrog populations for the period 1910-
1925 are not. The many introductions that
occurred during this period imply that R.
catesbeiana was not yet abundant in most
areas. In fact, the inducement for Storer
to write his 1933 paper [based on earlier
mimeographed cireulars written in 1930
and 1931 (Salt and Rudd, 1975)] was the
increase in inquiries on the subject of rear-
ing frogs not only in California (Storer,
1933) but in the rest of the United States
as well (Fenton, 1932; Herriman, 1933;
Louisiana Department of Conservation,
1635; Ruffner, 1933; Stoutamire, 1932;
Van Alstine, 1983; Viosca, 1931, 1934),
However, Storer's emphasis on the invari-

HERPETOLOGICA -

[Vol 41, ,

able failure of frog farming ventures g,
gests that only the establishment of sizah],
teral populations of R, catesbeiana Woulg
again allow heavy exploitation of frog 1,
sources. Although this condition eventy,

ally did occur in the early 1930s in limiteg |

parts of the Central Valley (Anonym,
1933; Ingles, 1933; Storer, 1933), it Wag
not until much later that widespread e
ploitation took place (Treanor, 1973,
Treanor and Nicola, 1972). ’

us,

We conclude that historical Populatioy,

of R. a. draytonii were large, but that
heavy exploitation occurred for an upg,.
termined number of years before 1900, 4
decline in harvest began between 1895 ang
1899, and the first introductions of g

catesbeiana occurred during this period,

prebably in response to this decline, De. .

cline continued until commercial popy.
lations of R. a. draytonii were depleted
some time soon after 1900, Incognizangce
of the early exploitation and decline of g
a. draytonii resulted from the

during this period, the interpretation that
early post-1900 population conditions were
similar to pre-1900 conditions, an igno-

rance of frog harvest literature, habitatzi-

teration, and nomenclatural confusion,
Subsequently, the period 1500-1930 saw

many introductions of R. catesbeiang and -
numerous frog farming enterprises. The .

existence and eventual abandonment of

these enterprises probably added to the

establishment of feral R. catesbeiana pop:
ulations (see especially Fenton, 1932; p.
71), but R. catesbeiana
abundant until after this period. The con-

clusion cannot be avoided that B. catesr '

beiana became established iy many ares
of California at a time when endemic R
a. draytonii populations were consider
ably diminished. Although these daia do
not permit evaluation of the recent effects
bullfrogs may have on extant populations
of R. a. draytonii, any consideration o
such effects must recognize that pOpUl?'
tions of the former may have increased in
the absence of substantial populations
the latter.

i fortuitoys -
combination of an “absence of workers

did not become .

m¢
ant
am
Ste
Ror
(ST
(U¢
Joh
abo
thei
MP;
Guy
28518
C Ik
Susa
ert i
view
tribu
Beha
Mian

ADAW
on (
Soe,

ALEX:
met
of t
the ]
s,

ANDEER
rafisl
forni

ANONY
Calit
Bieny
missic
1895-
Sacra,

Game
Brown,
Histor
Califo
Bryan,
The H
Bayanr,
nia,
Camp, ¢
of the
nia Py
CHAMBEF
frogs of
agation,
Commi
Ending
Office,
Cogp, T

Hawaji,



[Vol. 41, No. 1
__Lvok 47 No 1

g ventures sug.
ment of sizahle
2sheiana would
tion of frog re.
idition eventy.
930’s in limited
vy (Anonymous,
, 1933), it wag
widespread ex-
‘reancr, 1975,

ical populations
large, but that
«d for an unde-
before 1900. A
tween 1895 and
ductions of R.
ing this period,
1is decline. De-
imercial popu-
were depleted,
). Incognizance
1d decline of L.
1 the fortuitous
we of workers
erpretation that
conditions were
itions, an igno-
ture, habitat al-
ural confusion.
1900-1930 saw
:atesbeiana and
mterprises. The
bandonment of
v added to the
atesheiana pop-
enton, 1932; p.
lid not become
eriod. The con-
{1 that R. cates-
1 in many areas
1en endemic R
were consider-
h these data de
1¢ recent effects
ant populations
sonsideration o
ze that popula-
ave increased in
| populations o

HERPETOLOGICA 101

March 1985]

Acknowledgments.—We dedicate this paper to the

Memery of Tracy Irwin Storer, whose information

and contributions to our knowledge of the California

amphibian fauna made this paper possible. We thank
Stephen D. Busack (MVZ), Harry W. Greene (MVZ),
Roy W. McDiarmid (USNM), Gregory K. Pregill
(sﬁNHML Aryan L Roest (CPSLO), Samuel S Sweet
(UCSB-SBNHM), Jens V. Vindum (CAS-SU), and
John W. Wright (LACM) for providing information
ahout specimens or allowing access to notes under
their care. Field work was supported by a grant to
MPH from the Bl Dorado Audubon Society. Craig
Guyer, Dana M. Krempels and Steven 1. Werman
assisted in the field. Dudley D. Culley, Jr. and Dan
C. Holland provided key references. John M. Brode,
Susan S. Hayes, Peter B. Moyle, Jay M. Savage, Rab-
ert C. Stebbins and Glenn R. Stewart kindly re-
viewed the manuscript. This paper represents con-
tribution no. 107 from the program of Ecology,
Behavior and Tropical Biology of the University of
Miami.

LITERATURE CITED

ApaMs, C. C.,, anD T. L. HaANgINSON, 1916. Notes
on Oneida Lake fish and fisheries. Trans. Am. Fish.
Soc. 43:154-169.

AIEXANDER, A. B. 1905. Report of statistics and
methods of the fisheries. Pp. 575-612. In Report
of the Commissioner of Fisheries, In Reports of
the Department of Commerce and Labor for 1904,
U.S. Government Printing Office, Washington, D.C.

ANDERSON, W. 1583, The Sutter Buktes: A Natu-
ralist’s View. The Natural Selection, Chico, Cali-
fornia.

ANONYMOUS. 1898. Notes on the Meeting of the
California Acclimatization Society. Fourteenth
Biennial Report of the State Board of Fish Com-
missioners of the State of California, for the Years
1885-1896. A. J. Johnsen, State Printing Office,
Sacramenta.

. 1933, Bullfrogs for sport. California Fish
Game 19:217-218.

Browx, R. R, axD J. E. RIcHMOND (Eds.). 1940.
History of Kings County. A. H. Cawston, Hanford,
Californiza.

BRyan, W. A, 1515, Natural History of Hawaii.
The Hawaiian Gazette Co., Honolulu.

Bryant, H. G, 1917. The leopard frog in Califor-
nia. California Fish Game 3:90.

Camp, C. L. 1917. Notes on the systematic status
of the toads and frogs of California. Univ. Califor-
nia Publ. Zool. 17:115-125.

CBAMBERLAIN, F, M. 1898, Notes on the edible
frogs of the United States and their artificial prop-
agation. Pp. 249-261. In Report of the United States
Comrnissioner of Fish and Fisheries for the Year
Ending June 30, 1897. U.S. Government Printing
Office, Washington, D.C.

CoBB, J. N. 1902. Commercial fisheries of the
Hawaiian Tslands. Pp. 581-499. In Report of the

United States Commissioner of Fish and Fisheries
for the Year Ending June 30, 1901. U.5. Govern-
ment Printing Office, Washington, D.C.

CoLLIns, . W. 1892. Report on the fisheries of the
Pacific Coast of the United States. Pp. 1-270. In
Report of the Commissioner of Fish and Fisheries
for 1888. U.8, Governument Printing Office, Wash-
ington, D.C.

ConNNER, G. 1937. Miscellaneous. Pp. 123-127. In
The commercial fish catch of California for the
year 1935, California Dept. Fish Game, Fish Buil.
49:1-170.

CoomBEs, S. C. 1902. Frog-raising; As Good and
Better Than Many Gold Mines; The Only Book in
the Whole Wide World on the Cultivation, De-
velopment, and Various Uses of the Common Edi-
ble Frog; How to Breed and Feed It, and How to
Protect It From Its Enemnies, Ete. South San Fran-
cisco, San Mateo County, California.

Copg, E. D. 1889. The Batrachia of Narth Amer-
ica. U.S. Natl. Mus. Bull. 34:1-525.

CoRrT, W. W. 1919. A new distome from Rana
aurera. Univ. California Publ. Zool., 19:285-208,
Cronise, T. F. 1868, The Natural Wealth of Cal-
ifornia. H. H. Bancroft and Co., San Francisco.
[Unsigned chapter on Zoology is now attributed to

James Graham Cooper.]

DickERSON, M. C. 1906. The Frog Book. Double-
day, Page and Co., New York.

FenTON, M. F. 1932, Raising Jumbo Bullfrogs: A
New Industry. Chariton Fur Corp., Chicago.

GRINNELL, H. W. 1940. Joseph Grinnell: 1877-
1939, Cendor 42:3-34,

GRINNELL, J., axD T. . STORER. 1924. Animal Life
in the Yosemite. University California Press,
Berkeley.

Haves, M. P, anD M. M. MivamMoro. 1984, Bio-
chemical, behavioral, and body size differences be-
tween the red-legged frogs, Bana aurcra aurora
and R. a. draytonii. Copeia 1984:1018-1022.

HEaRD, M. 1904. A California frog ranch. Out West
21:20-27.

HERRIMAN, M. W. 1933, Commercial Frog Rais-
ing, 2nd Ed. West Coast Frog Industries, North
Hollywood, California.

INGLEs, L. . 1933, The specificity of frog flukes.
Science 78:165.

JENNINGS, M. R, 1984. Geographic distribution:
Rana muscose. Herpetol, Rev. 15:32.

Jorpan, I S, 1887, Part XVI. The fisheries of the
Facific Ceast. Pp. 389-630. In G. B. Goode (Ed.),
The Fisheries and Fishery Industries of the United
States. Sectien II. A Geographical Review of the
Fisheries Industries and Fishing Communities for
the Year 1880. U.5. Government Printing Office,
Washington, D.C.

Jorpan, D. S, aAxD B. W. EVERMANN. 1905. The
aguatic resources of the Hawalian Islands; part [—
the shore fishes. U.S. Fish. Bull. 28:1-574.

KELLOoGG, R, 1932. Mexican tailless amphibians in
the United States National Museum. U.S. Natl, Mus.
Bull. 160:1-224.




1Vol. 41, No.

102 HERFPETOLOGICA

LINSDALE, J. M. 1840, Amphibians and reptiles in
Nevada. Proc. Am. Arts Sel, 73:197-257,

LoCKINGTON, W. N. 1879. Notes on same reptiles
and Batrachia of the Pacific Coast. Am. Nat. 13:
T80-783.

LOUISIANA DEPARTMENT OF CONSERVATION. 1933,
Frog industry in Louisiana. Louisiana Dept. Con-
serv. Bull. 26:1-44.

McKrown, M. S. 1974, Check-list of amphibians
and reptiles of Santa Barbara County, California.
Oce. Pap. Santa Barbara Mus. Nat. Hist. 9:1-11.

MovLE, P. B, 1973. Effects of introduced bullfrogs,
Rana catesbeiana, on the native frogs of the San
Joaquin Valley, California. Copeia 1973:18-22.

NeweLL, F. H. 1804, Report on Agriculture by
Irrigation in the Western Part of the United States
at the Eleventh Census: 1890. U.S. Department of
the Interior, Census Office. U.S. Government
Printing Office, Washington, D.C. .

OLIVER, J. A., aND C. E. SHaw. 1053. The am-
phibians and reptiles of the Hawaijian Islands. Zoo-
logica 38:65-95.

PrESTON, W. L. 1981, Vanishing Landscapes: Land
and Life in the Tulare Lake Basin. University of
California Press, Berkeley.

RUFFNER, B. M. 1933. Practical Frog Raising
Southern Frog Farms, Jennings, Louisiana.

SALITORE, E. V. 19738. California Information Al-
manac; Past, Present, Future. The California Al
manac Co., Lakewood, California.

SaLT, G. W., anD R. L. Rupp. 18973, Tracy Irvin
Storer {1889-1973)—an appreciation. J. Mammal.
56:538-5352.

ScHORSCH, 1. G. 1933, Ranaculture. George H. Bu-
chanan Co., Philadelphia.

SLEVIN, J. R., aND A. E. LEvITON. 1956. Holotype
specimens of reptiles and amphibians in the col-
lecton of the California Academy of Sciences. Proc.
California Acad. Sci., 4th ser., 28:329-560.

SmrTe, H. M. 1895¢, Notes on a reconmaissance of
the fisheries of the Pacific Coast of the United States
in 1894. U.S, Bureau Fish. Bull. 14:223-288.

1895b. 1.—The fisheries of the Pacific
Coast: introductory. Pp. 139-141. In Report of the
U.S. Commissioner of Fish and Fisheries for Year
Ending June 30, 1893. U.S. Governrnent Printing

Office, Washington, D.C.

STATE OF CALIFORNIA FISH AND GaME COMMISSION.
Biennial Reports for the vears 1916-1918 (25th);
1918-1920 (26th); 1922-1924 (28th}; 19341936
(34th). California State Printing Office, Sacramen-
to.

STEEBINS, R. C. 1951. Amphibians of Western North
America. University of California Press, Berkeley.

StoreR, T. & 1922 The eastern bullirog in Cali-
fornia. California Fish Game 8:219-224.

1925. A synopsis of the amphibia of Cali-

fornia. Univ. California Publ. Zool. 27:1-307.

. 19338, Trogs and their commercial use.
California Fish Game 19:203-213.

Stomeg, T. 1, anp R. L. UsiNGER. 1963. Sierra

Nevada Natural History, an [lustrated Handbig),
University of California Press, Berkeley. '
StouTamiRg, R, 1932. Bullfrog farming and frog
ging in Florida. State of Florida, Dept. Agricy]
Bull. (n.s.) 56:1-12. '

TayLok, H. F. 1924, Fishery industries of the

United States. Report of the Division of Fishe,

Industries for 1922, Pp. 2-111. In Report of ty, -

United States Commissioner of Fisheries for o,

Fiscal Year 1923 with Appendices. U.5. Govery,

ment Printing Office, Washington, D.C.
TREANOR, R. R. 1975. Management of the bullfr,

(Rana catesbeigna) resource in California. Ca,
fornia Fish Game, Inland Fish. Admin. Rept. 75,

1:1-30.

TREANOR, R. R., AND §. J. NicoLa. 1972, A prelim. ‘

inary study of the commercial and sporting util.
zation of the bullfrog, Rana catesbeiana Shaw, iy
California. California Fish Game, InJand Fish, ad.
min. Rept. 72-4:1-23.

TRUE, F. W. 1884. Part IL. The useful aquatic ep

tiles and batrachians of the United States. Pp. 137~
162. In G. B. Goode (Ed.), The Fisheries and Figh.
ery Industries of the United States. Section I. Nat-
ural History of the Useful Aquatic Animals. Ug,
Government Printing Office, Washingten, D.C.
Van ALSTINE, D. 1983, Frog Raising. Facsimile
reprint of the 1937 edition from the American Frog

Canning Company. Dell Publishing Co., New York, -

Viosca, P, Jr. 1931, Principles of bulifrog (Rana

catesbeiana) culture. Trans. Am. Fish. Sce. 61:262- °

269.

1934. Principles of Bullfrog Culture.
Southern Biological Supply Co., New Orleans.
WIiLcox, W. A. 1895, The fisheries of the Pacific
Coast, Pp. 143-412. In Report of the United States
Commissioner of Fish and Fisheries for the Year

Ending June 30, 1893, U.S. Government Printing

Office, Washington, D.C.
1898, Notes on the fisheries of the Pacific

Coast in 1895, Pp. 575-660. I Report of the United ’

States Commissioner of Fish and Fisheries for the
Year Ending June 30, 1896. U.S. Covernment
Printing Office, Washington, D.C.

1902. Notes on the fisheries of the Pacific
Coast in 1899. Pp. 501-574. In Report of the United

States Comrnissioner of Fish and Fisheries for the *

Year Ending June 30, 190L. U.S. Government
Printing Office, Washington, D.C.

1905. The commercial fisheries of the Px
cific Coast in 1904, Pp. 5-69. In Report of ¢
Cornmissioner of Fisheries for the Fiscal Year 195
and Special Papers. U.S. Government Printing O
fice, Washington, D.C.

WeIGHT, A, L 1920. Frogs: Their Natural Histo

and Utilization. Appendix VI to the Report of B¢
U.S. Commissioner of Fisheries for 1919. [Bureit
of Fisheries Doc. no, 888.] U.S. Government Prift
ing Office, Washington, D.C. ‘
Yarrow, H. C. 1882, Check list of North Amer

can Reptilia and Batrachia, with catalogue of 5%

March 1885] o

imens in U.5.
Bull. 24:1--249
Yarrow, H. C,,
port upon the
during the yea
nia, Arizona, &
Acting Assistar
shaw. Pp. 1628
NN, In Repeorl
nual Report of
1878, Volume
ing Office, Wa
ZweIFEL, R. G
systematics of {
California Pub

Herpetologica, 41(1
@ 1985 by The Het

Ep1

C

ABSTRACT
cism of prog
economically
that are unm
the understa
book in ligh
constructive
of conservati
such progran

THE biolog
turtles (long !
eggs produced
productive lif
perature depe
long zamount o
is reached, lar
females), the r
the biology of
vivorship rates
timates, moven
a large numbe
ciocultural pos




[Vol. 21, Na, ;

an Hlustrated Handhook
'ress, Berkeley. )
ifrog farming and fmg,
Florida, Dept, Agricu[

shery industries of the
the Division of Fisher
~111. In Report of y,
ter of Fisheries for g,
wpendices, U.S. Goverp.
ihington, D.C.

iagement of the bullfy,
ree in California. Cy’
Fish, Admin. Rept, 75.

coLa. 1972, A prelim.
rcial and sporting uil;.
1 catesbeiana Shaw, iy
Game, Infand Fish. ad.

The useful aquatic Trep-
United States, Pp. 137..
The Fisheries and Figh.
d States. Section I. Nat.
Aquatic Animals, [7.§
2, Washington, b.C,

rog Raising. Facsimile
rom the American Frog
blishing Co., New York
iples of bullfreg (Rang
Arn. Fish. Soc. 61:269-

of Buflfrog Culture,
Co., New Orleans.

fisheries of the Pacifie
ort of the United States
Fisheries for the Year
- Government Printing

fisheries of the Pacifie
In Report of the United
1 and Fisheries for the
96, U.S. Government
, D.C

fisheries of the Pacific
'n Report of the United
1 and Fisheries for the
01. U.S. Government
, D.C.

dal fisheries of the Pa-
69. In Report of the
o the Fiscal Year 1905
sermment Printing Of-

Their Natural History
T to the Report of the
ries for 1919. [Burean
5. Government Print-

¢ list of North Ameri-
vith catalogue of spec-

Mar(;h 1985]

HERPETOLOGICA - 103

jmens in U.5. National Museum. U.5. Natl. Mus.
Bull. 24:1-249.

vappow, HL. G, anD H. W, HENSHA“_J. 1878. Re-
port upon the reptiles and batrachians collected
during the years 1873, 1878, and 1877, in Califor-
nia, Arizona, and Nevada, by Dr. H. C. Yarrow,
Acting Assistant Surgeen, U.5.A., and H. W. Hen-
shaw. Pp. 1628-1648. In Appendix L, of Appendix
NN, In Report of the Chief of Engineers, In An-
nual Report of the Secretary of War for the Year
1878, Volume II, Part III. U.S. Government Print-
ing Office, Washington, D.C.

7wEIFEL, R. G. 1955, Ecology, distribution, and
systematics of frogs of the Rang boylei group. Univ,
California Publ. Zool. 54:207-292.

Accepted: 22 August 1984
Associate Editor: Kentwood Wells

Herpetalogica, 41(1), 1985, 103-111
© 1985 by The Herpetologists™ League, Inc.

MR]: School of Renewable Natural Re-
sources, 210 Biological Seciences East
Building, The University of Arizona,
Tucson, AZ 85721, USA; MPH: Depart-
ment of Biology, University of Miami,
P.CO. Box 249118, Coral Gables, FL 33124,
USA

APPENDIX [

This date was quoted as “1879” by Jordan and
Evermann (1905}, and Oliver and Shaw (1953}, while
Cobb (1902) stated that it is “1899.” The actual date
is probably October 1897, when a shipment of black
bass (Micropterus sp.) and several other organisms
were received at Hilo, Hawaii, from San Francisco,
California (Cobb, 1902).

EDITOR’S NOTE: This is the third in a series of “State-of-the-Art Book Reviews."

CONSERVING SEA TURTLES: CONSTRUCTIVE
CRITICISM IS STILIL. NEEDED '

C. KEnNNETH DoDb, JE.

ABSTRACT:  The recent publication of the book Conserving Sea Turtles presents a sharp criti-
cism of programs and techniques developed for the management of these biologically and socia-
economically valuable species. While many of the criticisms are valid, they are couched in terms
that are unnecessarily acrimonious, and thus are likely to prolong heated debate rather than assist
the understanding of the bases of particular techniques. This review analyzes the content of this
book in light of both the accuracy and tone Lo determine if the criticism might result in mere
constructive programs, and concludes that it falls far short of its objeclives. Constructive criticismm
of conservation programs is necessary to ensure a sound biolagical basis and ultimate suceess of
such programs; emoational and inaccurate criticism may be more detrimental than beneficial,

THE biological characteristics of sea
turtles (long life span, large number of
eggs produced by a female during her re-
productive life, migratory nature, tem-
perature dependent sex determination,
long amount of time until sexual maturity
Is reached, large aggregations of nesting
females), the many unknowns concerning
the biology of these species (such as sur-
vivorship rates, sex ratios, population es-
timates, movement patterns), coupled with
a large number of threats, a complex so-
ciocultural position in the lives of many

coastal peoples, and a great potential eco-
nomic value, have combined to create-
some of the most difficult problems imag-
inable in terms of scientific study, conser-
vation and management. As a result, many
views and opinions have been expressed
in many forums as to the “best” way to
conserve as well as to allow controlled use
of these species. Papers by Pritchard (1979,
1980), Ehrenteld (1982) und many other
papers in Bjorndal (1982), and the recent
publication of a research and conservation
techniques manual (Pritchard ot al., 1983)
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