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-- ADDENDUM --

It has come to our attention that there may be some 

undetected data bias in the curves for stee.lhead. The" in·· 

formation we have received to date, suggests that the depth 

curves for steelhead fry and juveniles do not tail off at 

depths greater than 1.5 feet (juveni"le curve) or n .. !i ft (fry 

curve) Additionally, the depth curve for spawninq stee"lhead 

is probably appropriate for small streams only. For larger 

rivers, it is likely that this curve as well, does not tail 

off at depths greater than the indicated optimum depth. We 

hope to have the answers to some of these discrepancies by 

the time the next update of these curves is published. 



PREFACE 

This document gives probability-of-use criteria for the hydraulic 

parameters of depth, velocity, substrate, and temperature, for the 

family Salmonidae. It is intended as a companion document to Instream 

Flow Information Paper No. 3, Development and Evaluation of Weighted 

Criteria, Probability-of-Use Curves for Instream Flow Assessments: 

Fisheries, which describes the techniques used to construct and criteria 

used to evaluate each set. The user is urged to keep both volumes 

together for cross-reference. 

Except for egg incubation, a curve set for each life stage consists 

of four curves; one each for velocity, depth, substrate, and tempera­

ture. The criteria selected for egg incubation is a function of the 

channel slope and sediment concentration. Incubation is usually repre­

sented by six curve sets, with different combinations of slope and 

sediment concentration. The user should select the curve set which most 

closely resembles the conditions at each study area. 

A curve maintenance program has been developed by the Instream Flow 

Group to store a digitized file of these curves on magnetic tape. This 

program will be utilized by !FG to store new curves and update old ones. 

Updated versions of curves and curves for species not included in this 
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publication will be released by IFG periodically as new data becomes 

available. 1-\ny comments or questions involving these curves, or any 

additional data on the family Salmonidae, may be directed to: 

Cooperative Instream Flow Service Group 
U.S. Fish and Wildlife Service 
Room 206, Federal Building 
Fort Collins, Colorado 80521 

We extend our gratitude to those individuals who have submitted 

unpublished data on various species of fish. Without their cooperation 

the development of probability criteria would have been virtually impos­

sible. Contributing individuals and organizations are listed below: 

Mr. Liter Spence 
Montana Department of Fish and Game 

Mr. Tim Cochnauer 
Idaho Department of Fish and Game 

~1essrs. Jeff Gosse, R. s. Wydoski, and H. T. Helm 
Utah Cooperative Fishery Research Unit 
Utah State University 

Mr. D. L. Hanson 
Washington Department of Game 

Oregon State Game Commission 
Oregon State Fish Commission 
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The following list of substrate codes will be useful in the 

reading and interpretation of the probability curves for substrate. 

NOTE: 

SUBSTRATE 

Plant detritus/ 
organic material 

Mud/Soft Clay 

Silt 

Sand 

Grave 1 

Cobble/Rubble 

Boulder 

Bedrock 

CODE NUMBER 

1 

2 

3 

4 

5 

6 

7 

8 

Gradations between code numbers refer to a rough proportion 

between one substrate type and another. For example, a 5.5 substrate 

code would indicate a gravel/cobble mixture with approximately equal 

portions of each particle size. A code of 4.8 would indicate a mix 

of approximately 80% gravel and 20% sand, whereas a code of 5.2 would 

mean 80% gravel and 20% cobble. 
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tions from Brown {1952}. 
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ANALYSIS 

COi>OiENTS 
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Key to IFG Evaluation 1-'.4trtx 

IFG Eva·!uation: E • Excellent 
G - Good 

ReferL'f!Ce: 

Analysis: 

F- Fair 
R- Reconnaissance Grade 

FA- frequency analysis 
RO - range and Opt imlill 
PO - Pat•ar.-,eter overlap 
IN - indirect an~ lysis 

Cool>.letlts: 

L Data froo\ Reiser & Wesche {1977) were taken in small streams 

for 7 to 9'' brook trout. Hunter's {1973) data came from a 

wider ranye of conditions and was given double weighting In 

the frequency analysis. These curves rep1·esent a compos He 
of large and small spawners and would be sk"""ed to the left 

for small spawners alone. 

2. The depths and velocities in Stewart's study were measured 

the year pr1or to his population samp.!ing. Therefore, there 
is no woy of knowing tnat the flow conditions measured were 

tho~e actually 1nhab1ted by the fish. 
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The mode for llesclw's d~ta ~<OS from .f> to 1.25 feet 1n depth. 
Cochn~ur:r'> c1,1ta ~howcd no difference b~th'~en 1.0 and 3.0 
l'eet. Go~~~. et. c.l., ohOI'wd c. vr.,·y distinct peilk at ?..9 to 
3.1 l<>Pt. 1he optimur.. on thi~ nwve incorporati!S these dif~ 
ferences, whicll w.y be tiue to c.v.1ihhility of difft~n~nt con .. 
ditions rather t.hc.n diff(·n•nti~l prefenonce$, 

2. At. thP time of year th~t the>e col1ectlons 11erc t''liH.\(!, young of 
UIP yc,or brmm trout \;er'<> f~irly l~rge. for fry recently em~ 
erged frorro the o·edds, thh curve h'Ould be COI~pacted tow~1·d 
the zen• velocity a~:is somewhat. 

3. SuT'viv<tl l'3tes 1;ere cnh:ulat(,d from time-to-hatching dat~, 
based on a ~tandard hatchin~l time of 4 to (, Hreks. It w~s 
,l~SIIllled that an exte11ded incubation p(,riod wo1•ld increaS(! the 
po·obabil1ty of egq n.ort~lity. 1hi> ~ssumption applies only to 
tl:e lmiPI' tr.r;~pr:ratun! litcb of the curve. 
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CUTTHROAT TROUT 

Salmo clarki 

11210 11202 
Ju~~~~\e 11200 

l12?~glt226 
Sp~ in Adult " Incubation . ~ ~ ~ 

~ 
z 

J 
. E t ~ E 

~ 
. 

~ 
. 
i # " " SPECIES: s .. ~ .~ ' ~ ' ~ i 

0 ~ 

l g 1 ~ 
~ f, Cutthroat ~ 

0 

~ ~ ~ 
0 

trout • ~ 
. !' ~ • ~ ~ > > b ·- > ~ 

IFG 
EVALUATIOII f f f F f f f R G G G R f f G R f f f R 

"1 " 
22 20 15 15 15 15 15 15 15 FA FA 15 15 9 9 l~ RO FA FA FA FA FA FA FA FA FA lH lH 

Jl 
RO 25 25 36 

Ill Ill 111 

36 36 

/-Y51S Ill 111 
··-

COIM:frTS 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ' ; ; ' Ll. 2 ' 2. 

IFG Evaluatfon: E ~ Excellent 
G M Good 
F- Fair 
R- Reconnaissance Gr&de 

Analysh: FA - frequency analysis 
RO - range and optfi!IU'II 
PO - Parameter overlllp 
IN - 1ndtrect a!llllysfs 

Key to IFG Evaluetton Katl'iK 

C~nts - Cutthroat TNut 

Refere!'lce: Refer to Hste<l nll1i'lber 1n 
biblfograplly, 

~ts: Refer to l 1 sted number on 
cooment sOOet (following 
IFG Evaluation l".atrfx). 

1. These curves represent the COI!lJOSfte cutthroat trout. There 

are so 11any races and sub·spedes of cutthl'llat tl'llut th~t the 

cr1ter1a for any s1ngle race ~MY dev1ate so~hat fl'llm these 

cr1terfa. 

2. Assumed s&JM as ra1nbow trout, 
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STEELHEAD 

Salmo gairdneri 
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SPECIES: " I " • b ~ b i 0 g j ~ ~ j ~ ~ 

0 t ~ 2 ~ Steel head ); ); & ~ ~ 0 ~ ·- " 
IFG 
EVALUATIOH 

E E G G F F F F G G G F G G G F F G F R 

22 22 28 22 16 " 1R 15 14 14 
REFEREnCE 

14 15 14 14 14 15 9 9 11 21 
FA FA FA PO FA FA FA PO FA FA FA PO FA FA FA PO IN HI HI RO 
28 28 17 17 17 17 17 17 11 11 36 
FA FA RO RO RO RO RO RO Ill '" '" 

18 18 18 18 1R 16 25 25 
FA FA FA FA FA FA '" '" IIHALVSJS 

36 36 

'" " 
CO!+!'EHTS 

1 1 2 1 1 

Key to IFG Evaluation Matrfx 

IFG Evaluation: E ~ Excellent 
G - Good 
f - F11tr 

Reference: Refer to listed n~ber fn 
btb11ograptty. 

R - Retonn&tsnn<:e Grade Coments: Refer to ltste<l nllfflber on 
cooment slleet (following 
IFG Evllluatton Hstrtx). Analysts: fA- frequeflcy analysiS 

RO - ra.ng:e and optimutl 
PO - Panmeter overlap 
IH - indirect anelysh 

1. 

2. 

Comoents - W1r1ter Steel head 

frequency AM lysis from Everest and Chapman utilized density 
rather than frequency of observ11t\on. Sample size unknown. 

Everest and Chapm.!ln show conflicting data. In one study sec~ 
t1on they found steel head pre~smolts over a silt bottom, but 
not so in two others. These two agreed well with the data pro~ 
v1ded by Hanson. Data from the confl1ct1ng stream reach was 
not us11rf in the 11n11_lysls. 
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AHALVSIS 

COO<IHHS 

tfG Evaluation: 

Analysts: 

31 a 8 " 36 

PO PO PO IH IH 

2 2 1 2 ' J 

~ to IFG Evaluation Mltrh: 

E - bcellent 
G - Good 

Refereflce: Refer to 11sted nl.llllber tn 
bfbl fography. 

f - fair 
~ - Reconnaissance Grade 

FA - fre:juency analysts 
RO - range and optfln'JI!l 
pQ - Parameter overlap 
JH - indirect analysis 

CO~nts - Rainbow Trout Curves 

toauaents: Refer to listed nl.llftber on 
~nt st-t (followf119 
JFG Evaluat10ft I'Atrb.). 

1. Multiple modes in data. Variance not removed by clustering of 
adjacent velocity classes. Because fry tend to school. tt is 
possible to observe a large number of fish in rell!tfvely few 
types of areas; therefore, the actual sample size here is smaller 
than would be indicated by the number of observations (n • 524), 

2. Digestion is poor at temperatures lower tMn 38°F. 

3. Fry e){hibit doWllstream drift at temperatures less than 550f. .. Probabilities of survival based on time required for hatching 
at different temperatures. 
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