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Abstract. -The habitat suitability index (HSI) model for brown trout Salmo trutta in stream 
systems. developed by the U.S. Fish and Wildlife Service, was tested with data from 30 reaches 
on nine streams in southeastern Wyoming. The HSI was not significantly correlated ( P  > 0.05) 
with brown trout standing stock. We analyzed 14 individual suitability index variables from the 
HSI model plus 3 other habitat variables for their relation to standing stock. Two HSI model 
variables and seven ofthe additional variables had significant correlations with brown trout standing 
stock. When these nine variables were used in multipie regression analysis. rhe best model (R' = 
0.52) for predicting standing stock (S, kghectare) of brown trout included measures of cover and 
flow regime: S = I.71:MTCR - 114.3 V,, - 0.60; MTCR is a measure of cover availability and 
V , ,  is the average annual base flow expressed as a percent of average annual daily flow. An index 
of fishing pressure was also developed and found to significantly influence brown trout standing 
stock. 

A habitat suitability index (HSI) model for brown 
trout Sulrno tvtitta was developed by the Western 
Energy and Land Use Team of the US. Fish and 
Wildlife Service to be used in their habitat eval- 
uation procedure (Raleigh et al. 1?83). The model 
involved suitability index (SI) graphs for 18 hab- 
itat variables believed to govern the carrying ca- 
pacity of brown trout in fiverine systems. Habitat 
suitability index models have been developed for 
several fish species but few have been tested with 
field dam (Terrell 1984). The objective of our study 
was to test the HSI model developed by Raleigh 
et al. (1984) and modify the model to develop 
predictive capabilities for southeastern Wyoming 
streams. 

Two models had been developed previously with 
specific application to trout stream habitat assess- 
ment in southeastern Wyoming. Binns and Eiser- 
man (1 979) developed the habitat quality index 
(HQI) for Wyoming trout streams. The HQI in- 
corporated six instream habitat variables and three 
water regime variables that were rated and com- 
bined in a multiple regression model to predict 
trout standing stock (kg'hectare). The trout cover 
rating (TCR) of the Wyoming Water Resources 
Research Institute, which included measures of 
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I The unit  is jointly supported by the University of 
Wyoming. the Wyoming Game and Fish Department. 
and the U.S. Fish and W'ildlife Service. 

overhead bank cover, instream rubble and boulder 
cover, and deep-water habitat, was published by 
Wesche ( 1980). The resultant rating was signifi- 
cantly correlated with brown trout standing stock. 

Methods 
Data collected at 30 sites on nine streams in 

southeastern Wyoming were used. Fish popula- 
tions were dominated by naturally reproducing 
brown trout. Detailed descriptions of the study 
streams and sampling procedures were given by 
Wesche ( 1  973, 1974, 19SO), Wesche et al. (1 977), 
and Eifen and Wesche (1982). Table 1 presents a 
summary of physical characteristics for these study 
streams. We estimated fish populations by elec- 
trofishing with battery-powered backpack gear, us- 
ing the removal method of DeLury ( I  947), except 
in the Encampment River, where sodium cyanide 
was used at three sites. 

Analyzed variables included 13 of the 18 vari- 
ables incorporated into the published brown trout 
HSI model of Raleigh er al. (1  984) (Table 2). Suit- 
ability index ratings were derived from the SI 
graphs of Raleigh et al. (1984). Data on average 
maximum water temperature during embryo de- 
velopment ( V2), average velocity over spawning 
areas during spawning and embryo development 
(J"j)* average size of substrate in spawning areas 
( b;), and annual maximum and minimum pH (V,,) 
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TABLE 1 .-Range of physical characteristics for nine study streams in southeastern Wyoming. 
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N umber 

reaches Elevation reaches of reaches discharge Gradient 
O f  Length of Mean width Average 

Stream sampled County (status)“ (m) (m) (m) (m3/s) (96) 

Douglas Creek 
Hog Park Creek 
South Fork of 

Hog Park Creek 
Lake Creek 
Encampment River 
Laramie River 
Little Lxarnie 

River 
Deer Creek 
Horse Creek 

Albany (NV) 
Carbon (NF) 

Carbon ( N R  
Albany ( N R  
Carbon (NR 
Albany (P) 

Albany (P) 
Converse (P) 
Laramie P) 

2,499-2.8 3 5 
2.5 13-2.533 

2.523-2.524 
2.597-2.603 
2.490-2.493 
2,249-1.34 I 

2,309-2,3 1 I 
1.6 1 j-1,98 1 
2,O 15-2,144 

76-253 
93- I 8 9  

145-137 

84-141 
120-134 

73-94 
183-198 

91 

106-123 

4.8-12.2 
6.2-7.9 

4 2 4 . 6  
3.8-5 .2 
9.5-16.0 
9.6-17.7 

10.3-1 1.3 
11.543.7 
2.4-3.4 

0.9-2.2 
0.S-1.3b 

0 . 9  
0.3b . 
4 . P  . 
4.5 ‘ 

1.9 
1 .t 
0.1 

0.5-1.3 
0.4-1.8 

0.8-1.1 
0.61.1 
1.1-1.8 
0.1-0.4 

0.3 
0.3-0.4 
0.7-2.0 

~~ 

a N F  = national forest: P = private. 
b Estimated by comparison of drainage basin characteristics with those of adjacent gaged watersheds. 

were not available. Because the brown trout pop- 
ulations were reproducing naturally and water 
quality was nearly pristine at the study sites, we 
assumed that the HSI model performance would 
not be affected if these four variables were given 
optimal SI ratings of 1.0, Average percent rooted 
vegetation ( V , 2 )  was not included because of its 
similarity to average percent vegetation ( V,  ,). 

We recalibrated the SI graphs from our data by 

using the maximum performance method of t i  et 
al. (1984). The HSI model was run with the re- 
calibrated curves and compared with results ob- 
tained by using the published SI graphs. 
A n  additional 2 5 habitat variables were assessed 

for their correlation with brown trout standing stock 
(Table 3). Included is a rated cross-sectional ve- 
locity variable based on fish abundance and cross- 
sectional velocity data from the nine study streams: 

TABLE ?.-Suitability index variables for the brown trout riverine model (Raleigh et al. 1984) and sources of 
data. Asterisks (*) denote variables used in model testing. 

~~ ~~ 

Vanable Data source 

v3 

v, * 
v5 
v6 * 

V? 

Average maximum water temperature f“C) 
Average maximum water temperature during embryo de- 

Average dissolved 02 (rnq’L) 
Average thalweg depth (m) 
Average velocity over spawning areas 
Percent cover during the late growing season low-water 

Average diameter of substrate components in spawning 

Percent of substrate components 10-40 cm in diameter 
Dominant substrate type 
Percent pools 
Avenge percent vegetation 
Avenge percent rooted vegetation 
lMaximum pH 
Averqr annual basc How as a percent of average annual 

dally How 

velopment 

penods 

areas 

Pool class nting 
Pcrctnt lines 
Pzrccnt of stream area shaded 
Nitraw-nitrogen (mg/L) 

Field measurements. 1973-1 976 
Nor available 

Field measurements. 1973-1976 
Cross-sectional transects 
Not available 
Cross-sectional transects: percent instream cover in water 

?lot available 
t 15 cm deep 

Cross-sectional transects 
Cross-sectional transects and photography 
Cross-sectional transects: percent water z 30 cm deep 
Photography 
Not included: similar to V ,  1 

Sot  available 
Gaging stations: for ungaged streams, data were developed 
on the basis of gaged streams of similar elevation and 
characteristics; used either late-summer or winter low- 
flow values (whichever was lowest) 

Photography 
Cross-sectional transefts and substrate records 
Photography 
wyoming Water Research Center and Wyoming Game and 

Fish Department records 
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T.WLE 3. -Additional habitat variables analyzed for 
relationships with brown trout standing stock in south- 
eastern Wyoming. References describing computation of 
the variables are included. Variables with parenthetic 
sym bols were significantly correlated with standing stock. 

Variabie References 

Xvcrage stream width 
Coefficient of variation of 

Average depth 
Coefficient of  variation of 

stream depth (CVDEP) 
Width depth ratio 
Cross-sectional velocity 
Rated cross-sectional veloci- 

ty (RCSVEL) 
Coefficient of variation of 

cross-sectional velocity 
Time-of-travel velocity 
Gradient 
Sinuosity 
Rubble substrate (RD'B) 
Rubble substrate at depth 

Deep-water habitat >4S cm 
Overhead bank cover 
Rubble-boulder cover 
Trout cover rating for small 

streams 
Trout cover raring for large 

streams (TCRL) 
Modified trout cover rating 

(MTCR) 
Rating of late-summer 

stream flow (LSSR 
Rating of average stream 

flow variation f.4SV) 
Mean stream How variation 
Average annual summer 

base flow as a proportion 
ot' average discharge 

Average annual winter base 
flow as a proportion of 
average discharge 

sfre3.m width 

. .  . .  . 
- .  

213 cm 

. .  

. .  . .  Aquatic vegetation 

Plans et al. (1983) 

Hermansen and Kreg ( 1984) 
Platts et al. (1983) 

Hermansen and Kreg (1984 
Platrs et al. (1983) 
Platts et ai. (1983) 

This paper 

Hermansen and Kreg (1 984) 
Binns and Eiserman (1979) 
Platts et 31. (1983) 
Platts et al. (1983) 
Wesche ( 1980) 

Wesche (1  980) 
Wesche (1 980) 
Wesche ( 1980) 
Wesche ( 1980) 

Wesche ( 1980) 

Wesche (1  980) 

This paper 

Binns and Eiserman (1979) 

Binns and Eiserman (1979) 
Binns and Eiserman (1979) 

Raleigh et al. (1984) 

Raleigh et al. (1984) 
Binns and Eiserman ( I  979) 

1 = <O. LO m/s or 10.45 m/s; 
2 = 20.10 m/s and <0.20 m / s  or 

>0.30 m/s and <0.35 rn/s; 
3 = ~ 0 . 2 0  m/s and 10.30 m/s. 

Late-summer and winter low-streamflow data 
and average mnual daily flow were obtained from 
gaging stations near the study sites. The lowest 
low-flow value was used to compute an average 
annual base Row as a percentage of average daily 
flow (b',.J. 

A simple linear regression was used to deter- 
mine the correlation between each independent 
variable and brown trout standing stock estimates 
(kg./hcctare). The independent variables that were 
signiticantl! correlated (P 5 0.05) with brown trout 

TABLE 4. -Linear regression equations for habitat 
variables significantly correlated (P i 0.05) with brown 
trout standing stock in southeastern Wyoming streams. 
Variables are defined in Tables 2 and 3. 

Standing stock 
(kq'hectare) 

_._ 7 7 -  168.8Y1, 
12.9 - I I3.STCRL 

- 3 7  _... 1 - 38.68RCSVEL 
-6.4 - 1.853CVDEP 
-0.6 - 41.38ASV 
47.2 - 1.701,MTCR 

114.9 - 1.009RC'B 
-23.4 - 36.96LSSF 

1.8 - 158.4V17 

30 
24 
30 
26 
28 
30 
18 
28 
30 

0.36 
0.29 
0 2 4  
0.23 
0.22 
0.19 
0.18 
0.15 
0. I4 

standing stock were used in multiple linear regres- 
sions for model development. Both the Statistical 
Package for Social Sciences and the Biomedical 
Data Analysis Programs were used (Nie et al. 1975; 
Dixon et al. 198 1). 

To assess the influence of angler harvest on 
brown trout standing stock, we divided our sample 
of 30 study sites into three classes based on an- 
ticipated fishing pressure: 1 = reaches on private 
land (low fishing pressure): 2 = reaches on national 
forest land more than SO0 m from a public road 
(moderate pressure): 3 = reaches on national forest 
land within 800 rn of a public road (high pressure). 
A simple linear regression was then used to de- 
termine the relationship between pressure and 
standing stock. 

Resuits 
The HSI model prediction was not significantly 

correlated with brown trout standing stock. The 
HSI component for water quality [CoU = ( V ,  x 
V3 x YI3 x Vl,)'~4] was significantly related (R' = 
0.18) but its predictive ability was low. When we 
recalibrated the SI graphs using our data. the per- 
formance of the HSI model was not improved. 

Two of the SI graphs published by Raleigh et 
al. (1984) yielded ratings with significant positive 
correlations with brown trout standing stock (Ta- 
ble 4). These involved measures of flow regime 
(V14)  and shade (V,,). Seven other habitat vari- 
ables also had significant correlations: the coeffi- 
cient of variation of depth (CVDEP), the rated 
cross-sectional velocity (RCSJ'EL), the propor- 
tion of rubble substrate (RC'B). the trout cover 
rating for large streams (TCRL).  a modification of 
TCRL (-1ITCR). a rating of late-sumrner stream 
flow (LSSF).  and a ratins of average stream flow 
;.ariation (.-IS1 3 (Table -1). Thcse nine variables 
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were used in a multiple regression analysis to de- 
velop an alternate stream habitat model. 

The best multiple regression model (R? = 0.52; 
P = 0.003) included two variables to predict the 
standing stock (3, kghectare) of brown trout: 

S = 0.71MTCR + 114.3 V,,  - 0.60. 

Models with additional variables did not improve 
the predictability of trout standing stock. 

The modified brown trout cover rating (MTCR) 
for a stream reach was based on two habitat com- 
ponents, overhead bank cover and water 45 cm 
or more in depth: 

MTCR = OBC + WAT45; 

OBC is the linear distance of overhead bank cover 
divided by the thalweg length, and W.4T45 is the 
area of water 45 cm or more deep divided by 
surface area. 

Undercut banks, logs, snags, and brush piles 
provided overhead bank cover when the water 
depth under the overhang was at least 15 cm deep 
and the overhang was at least 9 cm wide. Detailed 
field methods for measuring OBC and W.4T45 
were described by Wesche ( I  980). Average annual 
base flow as a percentage of average annual daily 
flow (Via) was computed according to Raleigh et 
al. (1 984), and the suitability index curve is re- 
produced in Figure 1. 

When regressed against standing stock, our sim- 
ple rating of fishing pressure was a significant pre- 
dictor (F = 0.16) of brown trout standing stock 
among the southeastern Wyoming sites. This vari- 
able was not used in the multiple regression model 
development, however, due to the qualitative na- 
ture of our rankings. 

Discussion 
Our brown trout stream habitat model is a hy- 

brid containing variables previously included in 
the trout cover rating (Wesche 1980) and the HSI 
model (Raleigh et al. 1984). The two variables in 
our model are measures of critics1 habitat features 
that influence brown trout abundance in Rocky 
Mountain streams. The .WTCX quantifies over- 
head bank cover and deep-water cover in the 
stream reach, and provides insight inro the chan- 
nel rnorphometry and stream-bank characteris- 
tics. Annual flow variation is described by V,, with 
emphasis on base flow. 

Our .C/TCR variable was a significant predictor 
(r2 = 0.18) of trout standing stock. The importance 
of this type of cover to brown trout is stressed by 
its inclusion in the three habitat evaluation models 

6 25 50 75 roo 
PERCENT 

FIGURE 1. -Suitability index graph for the average an- 
nual base flow regime (V,,) during the late-summer and 
winter low-flow period as a percentage of the average 
annual daily flow (Raleigh et al. 1984). 

from which our variables were derived (Binns and 
Eiserman 1979; Wesche 1980; Raleigh et al. 1984), 
as well as in several other studies (Boussu 1954; 
Lewis 1969; DeVore and White 1978). 

Wesche et al. (1985) found the overhead bank 
cover component to be a significant predictor of 
trout standing stock in streams of southeastern 
Wyoming dominated by brown trout. Their data 
set included many of the stream reaches used in 
our analysis. The OBC variable was not a signif- 
icant predictor by itself in our analysis but. in 
combination with other variables in an index of 
habitat quality (MTCR or TCRL), it contributed 
to the prediction of brown trout standing stock. 
Also, the study by Wesche et al. (1 985) used total 
trout standing stock as the dependent variabie, 
whereas our study considered only the brown trout 
standing stock. 

Average annual base flow as a percentage of 
average annual daily flow (V,J was the most sig- 
nificant single predictor of brown trout standing 
stock (13 = 0.36) among our variables. Increasing 
concern for maintaining suitable instream flow 
levels lends credence for inclusion of V,, in our 
model (Stalnaker and Arnette 1976; Wesche and 
Rechard 1980). Numerous investigators have de- 
scribed habitat losses that can occur as base flow 
levels are reduced (Wesche 1973, 1974; Tennant 
1976). Burton and Wesche (1974) studied the du- 
ration of various base flow levels in a variety of 
brown trout streams and found that the streams 
with the higher base flows present for the longest 
duration during the summer supported signifi- 
cantly greater brown trout standing stocks. Both 

.. 
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Binns and Eiserman ( 1  979) and Raleigh et al. (1984) 
considered base flow important enough to be in- 
cluded in their habitat models. 

Application of Model  

We recommend that a two-stage approach be 
used for assessing brown trout habitat quality in 
riverine systems. The first stage is to assess water 
quality variables that may limit brown trout sur- 
vival. such as dissolved oxygen, pH. temperature, 
and heavy-metal concentrations. These variables 
can be evaluated according to guidelines estab- 
lished by the U.S. Environmental Protection Technology, U.S. Department of the Interior. 

Wiley for their assistance in obtaining and ana- 
lyzing data and also Paul Eschmeyer, Dudley Rei- 
ser, Me1 Schamberger, Kurt Fausch, and James 
Temell for critical reviews of the manuscript. Spe- 
cial appreciation is extended to Carl Armour and 
the staff of the Western Energy and Land Use Team 
for their assistance. This project was funded by 
the U.S. Fish and Wildlife Service. Funding which 
allowed development of the habitat data base was 
provided by the Wyoming Game and Fish De- 
partment. Wyoming State Engineer's Office, Uni- 
versity of Wyoming, and Office of Research and 
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Agency and state water quality agencies. 
The second stage of the assessment process is 

to measure the physical habitat and determine its 
quality. Our model was developed with physical 
and biological data from southeastern Wyoming 
streams, but we believe that the variables involved 
(cover and base flow regime) are of universal im- 
portance to brown trout and that the model should 
be applicable to other regions for comparative as- 
sessment of habitat quality. If absolute estimates 
of brown trout standing stock are required in other 
regions, new model coefficients may have to be 
developed. 

Habitat models such as the one we have pre- 
sented can be useful tools for fisheries managers 
to inventory and evaluate physical stream habitat. 
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