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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 IFG 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. Any 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unpublished data on various species of fish.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 

Messrs. Jeff Gosse, R. S. Wydoski. and W. 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. 

SUBSTRATE CODE NUMBER 

Pl ant detritus/
 
organic material 1
 

Mud/Soft Clay 2
 

Silt 3
 

Sand 4
 

Gra ve1 5
 

Cobble/Rubble 6
 

Boulder 7
 

Bedroc k 8
 

NOTE: 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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RAINBOH TROUT (TURBID WATER j 5=.0025) 
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RAINBOW TROUT (TURBID WATER? 5=.004J
 

11126 INCUBATION 78/01/24.
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STEELHEAD 

Salmo gairdneri 

Cot41og No 
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CIlItCOllS 
1 I 2 1 , 

IFG £..llOltlon:	 E - Excellent ~.renc.: Rerer to Ihted """bet' 1. 
G - Good btbl1ogreplly. 
F - F.lr 
R - Roco..... l Slonce Grade e-tl: Refor to 1htod n_ on 

c.......nt shHt (fo11ow1n9 
An.l,Sh: FA - frequ..aoy 0.011$11 [FG [nl.otlO<l MIltrbl. 

Ill) - ",,,,/e and opt1_ 
PO - Pe..._or ""erl.p 
[~ • l.dlrect .",,11'11 

tonoonts - WI nter Steell\e.d 

Frtqutrti:y An"lysis frolfl Everest and Chapman utilized density 
rather than frequency of observation. Sample size unknown.

1. 

EY4t~:lt and ChaprMn sho'fl confl1cttnq data. In one study nc·2. 
tion tt>ol found .teelh••d pre-slIXllt, over a s IIt bottom. but 
not $0 in two others, These two a9reed ",ell ..,ith the data pr"O
vfded by Hanson. Dat4 from: the confl1tt1ng streaf1l reach ...41 
not uud in tne anaJys1s. 
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WINTER STEELHEAD 

11010	 SPAWNING 78/01/24. 
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WINTER STEELHEAD
 

11002 ADULT 78/01/24.
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WINTER STEELHEAD
 

11001 JUVENILE 78/01/24.
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WINTER STEELHEAO
 

11000 FRY 78/01/24.
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WINTER STEELHEAD (TURBID WATERJS=,OOll
 

11022 INCUBATION 78/01/24,
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WINTER STEELHEAD [CLEAR WATER,S=.002Sl
 

11023 INCUBATION 78/01/24.
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WINTER STEELHEAO (TURBID WATER,S=.0025l
 

11024 INCUBATION 78/01/24.
 

( i\ 
\ 

1\ 
I \ 
/ 

\ 

~ 

'" o 

,...""
1-0 
...J 

ILla:: 
ILl 
o~"" <l.0. 

'" '" oo 

o o 
oo 

o 1 G 8 10 o 1 6 8 10 

vELOCITr 1FT/SEC! DEPTH (ry) 

( 1\ 
\ 

\ 
\ 

\I 

CDCD 
,,;o 

,...""
1-0 
..J 

IIIa:: 
III 
o~ 

[0 

'" N 

oo 

oo 

•
oo 

o G 8 20 iO 60 80 100 

( 
I 
I 

I '\ 

/ \ 
SUBSTRATE TEMPERATURE IFl 

( 1'\ 
1\ 

\ 
'\. 

~ 

54
 



WINTER STEELHEAO (CLEAR WATER,S=.004J
 

11025 INCUBATION 78/01/24.
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WINTER STEELHEAD (TURBID WATER,S=.004)
 

11026 INCUBATION 78/01/24.
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BROWN TROUT
 

Salmo trutta
 

Catalog No 11310 11300 

Frv 
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i
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G r G G 

2 12 12 12 

RO FA FA FA 

13 16 16 16 

RO FA FA FA 
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11302 11301 

Adult JuvenlleSOl' tna .. ..., .,t.. ~
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~ ~ SPECI E5: ~€ ..'" ~ 
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.c.cg ~ ~0 
~..~ ~..'; ~ ,.,. ~ V>.i.... ". 
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• ~ T~"t ~ 0 <>i 
IFG
 
EYAlUATlON
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REFERENCE FA FA FAFA RO FA FA RO FA FA FA 
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36 30 
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J 

IrG E••lllltion:	 E - E.cell.nt Ref .....ce: R.r.r to listed nuniler in 
G • Good b1bl1ogropl\y. 
F - Fair 
R - ReconnB1su.nCI!t Gradl!l e-n:s: R.r.r to listed IlIJlIbe<' 001 

~nt ._ (follow1ng 
Analysis: FA • f~.ncy analysls IFe E.. loot1"" "'trIA). 

RO - nn!]!! end <Jpt1"'lIII 
PO - Parameter (JYerl.p
 
EN • lndirect analysls
 

c.onment S - Bro'f«1 1rout (.urves 

1.	 The rode for \lIescheo's data WllS from .S to L25 feet '0 depth. 
Cochncl~r's dan showed no difference betweetl 1.0 and 3:.0 
feel. Goslle. elo ~l.. 5howed a very dist\nct pelk at 2.9 to 
3.1 ft"et. The optlmulO on tMs cUr've ~ncoTpore.te5 thes~ dif
ferences. whlCh may be due to avail ilIb11i tY of d1 fferent con
dit lons rather than dI He-rent 1a 1 preferences. 

2.	 At the thne of year that the~t collectlons: were ItIbde, young of 
the year brown trout were fairly large. For fry recently em
~rged from thf redds. this Curve would be compacted tCMard 
the l:ero .... eloci'ty aJ.is 50rr.ewhat. 

3.	 ~ur... ivAl rates 'fft."rt' colculated fr<)1fI t1n.e-to-hlltch1ng aatA. 
based on a standard hatchlng t1f1te of 4 to 6 week:.s. It wu 
a5.s(Jllted thllt lJn extended incubation peTiod would 1nc-reue the' 
probabihty of t."99 flK)rtal Hy. lhis osslJlftpt10n applies only to 
tht." l~er temperat\.lre 11mb of the curve. 
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BROWN TROUT 

11 31 0 SPAWNING 

o 

., 
'" 0;; 6 

>-'">-'" 
..... 0..... 6 

...J ...J 

CD CD 
a: a: 
CD CD 
0 0c:: .g:6 ,,-0 

o o 
6 ci 

o 
/ 

VELOCITY [fT;SEC) 

I 

~ 
\ 

J 
1/ 

/ \ 
j ~~ 

1 2 3 \ S 6 

., / '\ 
I 
/ 

\ 

\ 

'" ci " 

>-'" >-'" 
..... ci ..... ci 

...J...J 

CD CD 
a:0:: 
CDCD 

o~ 0c:: .,,-0~o 

N'" ci ci 

oc 
ci 

3 o 20 
ci 

78/01/24.
 

\ 
1\ 

\ 
\ 

,) 
"'

~, 
2 

DEPTH [tT) 

10 60 80 laO 

\ 

\ 

SUBSTRATE TEMPERATURE (rJ 

58
 

I 



BROHN TROUT
 

11302 ADULTS 78/01/24.
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BROI~N TROUT
 

11300 FRY 78/01/24.
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BRONN TROUT [CLEAR NATER, 5=0001)
 

11321 INCUBATION 78/01/24.
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BROWN TROUT [TURBID WATER; 5=.001)
 

11322 INCUBATION 78/01/24.
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BROWN TROUT 
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BROWN TROUT (TURBID WATER, 5=.0025) 

11324 INCUBATIDN 78/01/24. 
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BROWN TROUT (CLEAR WATER) 5=.004J
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BROOK TROUT
 

Salvelinus fontinalis
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BROOK TROUT
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MOUNTAIN WHITEfISH
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MOUNTAIN WHITEFISH
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The Biological Services Program was established within the U.S Fish 
and Wildlife Service to supply scientific information and methodologies on 
key environmental issues which have an impact fish and wildlife resources 
and their supporting ecosystems. The mission of the Program is as follows: 

1.	 To strengthen the Fish and Wildlife Service in its role as a primary 
source of information on natural fish and wildlife resources, par
ticularly with respect to environmental impact assessment. 

2.	 To gather, analyze, and present information that will aid decision
makers in the identification and resolution of problems associated 
with major land and water use changes. 

3.	 To provide better ecological information and evaluation for Depart
ment of the Interior development programs, such as those relating 
to energy development. 

Information developed by the Biological Services Program is intended 
for use in the planning and decisionmaking process, to prevent or minimize 
the impact of development on fish and wildlife. Biological Services research 
activities and technical assistance services are based on an analysis of the 
issues, the decisionmakers involved and their information needs, and an 
evaluation of the state-of-the-art to identify information gaps and determine 
priorities. This is a strategy to assure that the products produced and dis
seminated will be timely and useful. 

Biological Services projects have been initiated in the following areas: 

Coal extraction and conversion 

Power plants 

Geothermal, mineral, and oil shale development 

Water resource analysis, including stream alterations and western 
water allocation 

Coastal ecosystems and Outer Continental Shelf development. 

Systems and inventory, including National Wetlands Inventory, habi
tat classification and analysis, and information transfer 

The Program consists of the Office of Biological Services in Washington, 
D.C., which is responsible for overall planning and management; National 
Teams which provide the Program's central, scientific and technical expertise, 
and which arrange for contracting of Biological Services studies with States, 
universities, consulting firms, and others; Regional staff who provide a link 
to problems at the operating level; and staff at certain Fish and Wildlife 
Service research facilities who conduct inhouse research studies. 
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