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Abstract. --We quantified the relationship between summer habitat variables and the 
presence or absence of large brown trout Salmo trutta ( > 380 mm) with stepwise logistic 
regression. Large brown trout were associated with large pools, with four kinds of cover, and 
with water deeper than 60 cm. Habitat improvement and special regulations have not increased 
abundance of large brown trout in southeast Minnesota streams. We conclude that habitat 
requirements were not adequately addressed. To increase abundance of large brown trout when 
habitat is limiting, we recommend increasing the quantity and variety of cover, especially 
overhead bank cover, and area of water deeper than 60 cm. When summer habitat is not 
limiting abundance, angling and winter habitat should be investigated. 

Introduction 

Anglers attach importance to the size of 
trout they catch in southeast Minnesota streams, 
but abundance of large brown trout Salmo trutta 
is low·. Angler satisfaction was related to the 
length of trout caught (Hirsch 1989), and anglers 
rated size more important than the number 
caught (Hirsch 1989; Thorn 1990a; Wiechman 
1990). Wiechman (1990) concluded that when 
abundance was adequate, management should 

focus on increasing the size of trout available for 
anglers. However, the mode for abundance of 
brown trout > 380 mm in 54 stream reaches was 
O/km with a mean of 5/km (Thorn, Minnesota 
Department of Natural Resources, unpublished 
data). Increasing the abundance and catch of 
large trout should increase angling quality in 
southeast Minnesota streams. 

Trout management in southeast Minnesota 
has not increased abundance of brown trout 
> 380 mm. Habitat improvement increased 
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biomass of adult trout, mostly < 300 mm (Thorn 
1988a, 1990b), and a no-kill regulation on a 
stream with improved habitat, increased abun
dance of 200-380 mm brown trout (Thorn 
1990a). Very few stocked brown trout survived 
for one year (Thorn 1992a; Wiley et al. 1993). 

Cover and water depth are important habitat 
components for brown trout. In southeast 
Minnesota streams, Thorn (1988b) found that 
overhead bank cover (OBC) and area of water 
deeper than 60 cm (D60) were the most impor
tant variables for predicting brown trout biomass 
in pools. Thorn (1988b) also stated that brown 
trout > 300 mm were rare in his fish samples 
used for model development. Heggenes (1988a, 
1988b) reported that the larger trout in his 
studies preferred deeper areas with abundant 
cover. Kennedy and Strange (1982) also showed 
that brown trout moved from shallow to deeper 
water as they increased in size, and that trout 
densities and depths were significantly positively 
correlated. However, the exact role of depth as 
brown trout cover is unclear. Thorn (1988b) did 
not find the area of water deeper than 90 cm to 
be correlated with biomass or density, and 
Kennedy and Strange (1982) concluded that 
density and depth relationships were not linear. 

The objectives of this study were to quanti
fy summer habitat of large brown trout in south
east Minnesota streams, and recommend habitat 
management techniques to increase abundance of 
large brown trout. If summer habitat of large 
brown trout was different from that of smaller 
adults, habitat improvements could be designed 
to increase summer habitat and abundance of 
large trout. However, if summer habitats of 
large and small adult brown trout were similar, 
the lack of response of large trout to habitat 
improvements would show other variables, such 
as exploitation or winter habitat, limit their 
abundance. 

. Study 

Southeast Minnesota trout streams begin 
from cold (9°C) springs and are productive 
(alkalinity, 220-250 mg/I; total phosphate, 0.02-
0.16 mg/l; total nitrate, 0.49-2.34 mg/I). Agri
culture is the main land use of the region and 
agricultural runoff has degraded trout habitat in 
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most streams. Waters (1977) generally de
scribed trout streams of southeast Minnesota. 

Brown trout are the most abundant trout 
species in this region and support popular fisher
ies. Biomass of brown trout ranged from < 25 
kg/hectare in extremely degraded habitat to 
> 200 kg/hectare after habitat improvement 
(Thorn 1988a, 1992b). During the 1980s, 
angling pressure on five streams ranged from 
535 to 3,081 h/km (Hayes 1990; Thorn 1990a). 
After habitat improvement in Hay Creek, pres
sure increased from 387-701 h/km to 1,054-
1,283 h/km (Thorn 1988a). 

The streams selected for study (Table 1) 
provided a range of brown trout abundance, 
non-trout species abundance, stream size, habitat 
quality, land use, and angling pressure in south
east Minnesota. The South Branch of the Root 
River was excluded from sampling because 
extreme width and depth prevented sampling. 

Methods 

From July through mid-September in 1991 
and 1992, we electrofished 511 pools in 21 
streams with one pass, usually moving upstream, 
using a stream electrofisher similar to that 
described by Novotny and Priegel (1971). To 
eliminate influence of seasonal and local move
ments, we sampled during the day in summer. 
In summer, large trout stay in or near cover 
during the day' and those that move do so at 
night (Clapp et al. 1990; Regal 1992). Workers 
only attempted to capture large trout ( > 380 
mm), so we assume capture probabilities ap
proached 1.0. Previous analyses of mark-recap
ture experiments had shown capture probability 
increased with size, and that capture probability 
was often above 0. 7 for large trout when work
ers were attempting to capture all adult trout 
(Anderson, In review). Large brown trout 
(> 380 mm) were measured and weighed, and 
scales and fin rays were collected to determine 
age and backcalculate growth (Frie 1982). On 
six streams, we collected scales from trout of all 
lengths. Von Bertalanffy growth functions were 
calculated for these populations with the comput
er program FISHPARM (Prager et al. 1989) to 
evaluate growth potential for large trout. The 
number of pools electrofished per stream ranged 



Table 1. General description of streams sampled for large brown trout. 

Late 
summer 

Width a di schargea Habi tatb Riparian 
County Stream (m) (m3/sec) quality corridor 

Fillmore D i amond Cr . c 2.4,3.7 0.04,0.07 good, excellent wooded 
Fillmore Kedron Cr. 5.3 0.05 fair grass 
Goodhue Hay Cr. 5.6 0.25 excellent pasture 
Goodhue Spring Cr. 6.5 0.13 poor wooded 
Houston Crooked Cr. 8.6 0.51 poor wooded 
Houston Thompson Cr. 5.4 0.57 fair wooded 
Houston Winnebago Cr. 7.5 0.54 poor pasture, wooded 
Olmsted Mill Cr. 6.7 0.20 poor pasture, grass 
Olmsted Trout Run 7.0 0.39 good wooded 
Wabasha East Indian Cr.c 4.0,6.5 0.04,0.07 poor, fair wooded, grass 
Wabasha West Indian Cr.c 4.2,6.5,6.5 0.21,0.21,0.27 excellent, fair, poor wooded, grass 
Winona Beaver Cr. 6.7 0.22 good wooded 
Winona Cedar Val Ley Cr. 3.9 0.11 fair wooded 
Winona Garvin Br. c 4.9, 8.4 0.08,0.66 good, poor wooded, grass 
Winona Gilmore Cr. 3.4 0.08 fair wooded 
Winona Little Pickwick Cr. 2.1 0.05 fair wooded, grass 
Winona Pickwick Cr. 4.5 0.13 fair pasture 
Winona Whitewater R., Mid. Br. c 5.8,12.2 0.23,0.77 good, fair pasture, wooded 
Winona Whitewater R., No. Br. 11.6 0.61 fair wooded 
Winona Whitewater R., So. Br.c 10.7 0.53 poor, fair, good wooded, pasture 

a From stream survey reports CMNDNR, unpublished data) 
b From Minnesota DNR (1993) 
c More than one stream reach 

from 4-89. When a pool was too deep to effec
tively wade, it was electrofished downstream by 
one or two people floating in belly boats. One 
small stream was sampled with a commercial 
backpack electrofisher. 

We anticipated that capturing rare large 
trout would require electrofishing many kilome
ters of streams and that it would not be possible 
to measure habitat variables in every pool; 
therefore, in each stream reach, habitat variables 
were measured in all pools with large brown 
trout and usually in an equal number of pools 
without large brown trout. In 1991, pools 
without large trout in each reach were randomly 
selected for measurement from among those 
electrofished. In 1992, a pool adjacent to each 
pool with a large trout was sampled. The 
habitat variables included three measures of pool 
size (pool lengt}J T, width W, and area AREA), 
five measures of cover expressed as a percent of 
pool area (overhead cover OC, overhead bank 
cover OBC, debris DEB, overhead cover by 
riprap RR, and instream rocks IR), two mea
sures of the length of overhead bank cover 
(length of OBC L0bc, length of OBC per thalweg 
length L0bc/T), and four measures of deep water 
expressed as a percent of pool area (water 
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deeper than 60 cm D60, 90 cm D90, 120 cm 
D120, and 150 cm D150). Habitat variables 
were measured according to Thorn (1988b) and 
Platts et al. (1983). 

The habitat selection model.--We assume 
large brown trout in streams throughout south
east Minnesota have similar habitat requirements 
and select pools in similar ways. Specifically, in 
any stream, the probability of a pool with habitat 
variables X; having a large trout present is de
scribed by the same habitat selection function 
r(X;). One may choose the habitat selection 
function from among any of those constrained to 
take values between 0 and 1. We chose the 
family of conventional logistic models, 

exp(Po +P1X1 +P2X2 + ... ) 
(1) 

because it is biologically interpretable and is 
commonly used to describe habitat suitability for 
stream fish (Bovee 1986; Aadland et al. 1991). 
The primary objective of this study was to 



obtain an estimate of this habitat selection mod
el, but this function could not be fit directly 
from the data. 

If every pool had been measured, analysis 
could proceed directly by common logistic 
regression methods (Hosmer and Lemeshow 
1989). In each stream, however, only a fraction 
Q5 of pools without large trout were measured, 
therefore an assumption of the logistic model is 
not met and estimates calculated with this model 
will be erroneous. To obtain sound estimates of 
the coefficients of the logistic habitat selection 
model, one must fit a model conditioned upon 
the pool being in the measured set. The deriva
tion of the conditional model is in some ways 
similar to conditional models developed by 
Millar and colleagues (Millar and Walsh 1992; 
Walsh et al. 1992) to compare retention proba
bilities of two trawl meshes. The conditional 
model described below incorporates the fraction
al sampling of pools without large trout in its 
design. It allows hypotheses about the effects of 
habitat variables and their interactions to be 
tested with likelihood ratio tests, and produces 
measures of the reliability of the estimated 
selection curve parameters. 

The conditional model. --The probability of 
a pool having a large trout and being measured 
is r(X) x 1 = r(X), since all electrofished pools 
with large trout were measured. The probability 
of an electrofished pool being without large trout 
and also being measured is (1 -r(Xi))Q5, where 
Q5 is the proportion of pools without large trout 
that were measured in each stream. Finally, the 
probability that an electrofished pool in a stream 
is measured is the sum of these probabilities, 
r(Xi) +(1 -r(X))Q5 . The conditional probability 
of a pool having had a large trout, given that the 
pool was measured, is therefore 

<f>(X.) = P[large trout in pool] 
1 Pfpool was measuredj 

<f>(X;) 
(2) 

The probability of a pool not having had a large 
trout, given that the pool was measured, is 1-
¢(X). 
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Let the number of measured pools with 
habitat characteristics Xi be Nx, ±. Let the ob
served number of these with large trout be Nx, +, 

and let the observed number without be Nx.-· 
According to the model, N,Y, + is distributed as a 
binomial (Nx,±,¢(1()) random variable. The log
likelihood function for the observed data is 

[Nx,+ loge <f>(Xi) 

+Nx,- loge(l -<f>(X;)], (3) 

where the summation is over all unique combi
nations of habitat characteristics in the set of 
variables being examined. 

Substituting equation ( 1) for r(X) into 
equation (2) yields 

<f>(X;) = 

This equation can be fit with data on the set of 
measured pools if the outcome variable is coded 
as 1 or 0, representing the presence or absence 
of large trout, respectively. We fit this model 
by nonlinear regression and maximum likelihood 
methods implemented in SYST AT (Wilkinson 
1990). Standard errors for the (3 coefficients 
were calculated by SYST AT. We followed both 
stepwise forward and purposeful approaches 
(sensu Hosmer and Lemeshow 1989) to deter
mine the subset of habitat variables and interac
tion terins to include in the final habitat selection 
model. The stepwise forward approach to 
searching for main effects was taken because 
several of the habitat variables measuring area 
and length of cover were closely related to each 
other, and the series of depth measures were 
nested (the area of D90 was included in the area 
of D60), thus a backward approach would have 
started with many uninterpretable models. To 
avoid excluding important variables from the 
model, the P values chosen to enter and remove 
variables were 0.15 and 0.20, respectively. 

In initial analysis, D90, Dl20, and D150 
were included as main effects. All depth vari
ables except D90 were purposefully deleted from 



subsequent analyses because the Dl20 and D150 
coefficients were unstable, and because it con
fused interpretability to consider nested depth 
variables and their interaction terms. The same 
main effects (minus Dl20 and D150) were again 
selected when the stepwise forward process was 
then repeated. Following selection of the main 
effects terms, as recommended by ·Hosmer and 
Lemeshow ( 1989), appropriate transformations 
of the habitat variables were made so variables 
would have linear relationships to the logit 
(r(X)). The included variables D60, L0bc/T, and 
DEB were transformed to dichotomous variables 
(reflecting presence or absence of each habitat 
feature). We considered 10 possible two-way 
interaction terms involving the D60, L0bc/T, 
DEB, IR, and RR variables to be interpretable 
and potentially biologically meaningful; no 
three-way interactions were considered meaning
ful. Individually, three of the two-way interac
tions significantly improved the model fit, and 
jointly all three significantly improved the fit, 
thus the final habitat selection model included 
the three interaction terms. 

The estimates of the /3 parameters were 
substituted into the logistic model (1) to obtain 
the habitat selection function of biological inter-

est, f(Xi). Odds ratios OR were calculated to 

show approximately how much more likely the 
presence of a large trout would be among pools 
with habitat variables at one level than among 
those pools with habitat variables at another 
level (Hosmer and Lemeshow 1989). A change 
between two levels of an independent variable 
was considered to have a significant effect on 
the probability of habitat use by a large trout if 
the 95 % confidence interval of the OR for that 
variable did not include 1. 0. 

Results 

We collected 157 large brown trout (Appen
dix Table 1) in 107 pools from 21 stream reach
es (Table 1). Habitat variables were measured 
for these pools and for 108 pools lacking large 
trout (Table 2). In five of six streams where all 
trout were examined, the asymptotic length (L 00 ) 

was > 380 mm (Table 3). Only three trout were 
older than age-5. The growth of large trout was 
relatively rapid (Table 4). 

Many of the measured habitat features were 
rare; therefore, many variables had a limited 
range of values and a modal value of 0 in the 

Table 2. Mean and range of variables in pools with (N=107) and without (N=108) brown trout (BNT) > 380 rrrn in 
southeast Minnesota streams, 1991 and 1992. 

Pools with Pools without 
BNT > 380 rrrn BNT > 380 rrrn 

Variable Abbreviation Mean Range Mean Range 

Length (m) T 62.41 9.1-228.8 42. 73 6.7-144.9 
Area (m2

) Area 457.40 21.8-2608.3 314.00 26.4-1428.0 
Width (m) \.J 6.55 2.3-18.9 6.47 1.8-14.0 

Area overhead cover (%) OC 7.79 0.0-40.0 8.15 0.0-71.9 
Area overhead bank cover (%) OBC 1. 78 0.0-27.7 0.91 0.0-14.0 
Area debris (%) DEB 0.94 0.0-8.4 0.89 0.0-10.5 

. Area riprap (%) RR 0.34 0.0-6.9 0.09 0.0-2.1 
Area instream rocks (%) IR 0.79 0.0-2.0 0.13 0.0-1.1 

Length overhead bank cover (m) Lobe 5.48 0.0-122.0 2.30 0.0-27.0 
Length overhead bank cover/thalweg length (%) Labc/T 12.27 0.0-125.0 7.45 0.0-75.0 

Area deeper than 60 cm (%) 060 19.27 0.0-91.0 12.25 0.0-62.7 
Area deeper than 90 cm {%) 090 4.34 0.0-59.5 3.31 0.0-39.7 
Area deeper than 120 cm (%) 0120 0.81 0.0-13.5 1.09 0.0-26.1 
Area deeper than 150 cm (%) 0150 0.16 0.0-9.5 0.39 0.0-18.4 
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Table 3. Predicted and actual () lengths in nm and asymptotic length (von Bertalanffy l 00
) for brown 

trout in six southeast Minnesota streams. 

Stream 2 3 

Cedar Valley Creek 137 232 311 
(153) (240) (313) 

Diamond Creek 123 209 285 
(127) (221) (293) 

Hay Creek (A) 140 233 285 
(146) (228) (283) 

Hay Creek (B) 153 247 314 
( 160) (251) (316) 

South Branch 141 233 306 
Whitewater River ( 147) (249) (313) 

West Indian Creek 137 236 303 
( 145) (242) (298) 

data. For this reason, several of the main 
effects variables (D60, DEB, and L0bc/T) had to 
be transformed to dichotomous variables to 
obtain linearity in the logit before fitting interac
tion terms. The final model thus relates the 
probability of finding a large trout to the pres
ence or absence of these habitat features, and not 
to the quantity of those features. 

Large brown trout were found associated 
with large pools, a variety with cover types, and 
water > 60 cm deep (Table 5). The odds of 
finding a large trout improved as the three 
continuous variables, T, RR, and IR, increased. 
For example, the odds of finding a large trout 
increased by a multiple of 3.2 with a 50 m 
increase in T, by a multiple of 4.8 with addition 
of RR cover over 2 % of pool area, and by a 
multiple of 24. 9 with addition of IR cover over · 
1 % of pool area (Table 6). These multiples are 
known as odds ratios OR. The ranges of values 
for habitat variables presented in Table 6 ap
proximate the ranges in the data (Table 2). Few 
pools had IR or RR cover greater than 1 % of 
the pool area, therefore values of 0 and 1 % 
were used for these variables in calculating odds 
ratios for specific changes in habitat characteris
tics (Table 7) and probabilities of finding a large 
trout when various kinds of cover are present 
(Table 8). 

Age 

4 5 6 7 8 Loo 

378 435 482 522 555 733 
(372) (441) 

350 407 457 500 537 786 
(346) 

314 331 340 345 348 352 
(322) 

363 398 424 442 455 490 
(359) 

364 409 446 475 498 586 
(353) (426) 

348 378 399 413 422 442 
(363) 
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Table 4. Characteristics of large brown trout > 380 
nm sampled in southeast Minnesota streams. 

Mean length 
Maximum length 
Mean weight 
Maximum weight 
Length at age -1 
Length at age -2 
length at age -3 
Length at age -4 
length at age -5 

421 nm 
554 nm 
2.25 kg 
2.25 kg 
165 nm 
257 nm 
318 nm 
369 nm 
440 nm 

Table 5. Estimated coefficients C/3) and standard 
errors (SE) for the multivariate logistic 
model for habitat selection by large brown 
trout in southeast Minnesota streams, 
1991-92. 

Coefficient 
Variable ~ SE 

Constant -6.027 0.868 
T 0.023 0.006 
RR 0.788 0.425 
D60 2.014 0.754 
DEB 1.625 0.454 
IR 3.216 0.990 
lobc/T 3.476 0.989 
D60xlobc/T -1.252 1.042 
DEBxIR -1.603 1.033 
I Rxlobc/T -3.311 1.071 



The odds of finding a large brown trout was 
changed most by the addition of L0bc/T, from 
among the dichotomous variables, and in de
creasing order by the addition of IR (at 1 % of 
area), D60, and DEB (Table 7). In general, the 
probability of finding a large trout increased as 
the number of kinds of cover present increased; 
however, some combinations of cover types 
yielded diminishing returns. The negative 
coefficients of the interaction terms were all of 

Table 6. Odds ratios (OR) and 95% confidence in-
tervals (CI) for specific changes in pool 
length (T) and percent riprap cover (RR). 
A 50 m increase in T, for example, in-
creases the odds of finding a large trout 
by a multiple of 3.2. 

Odds Ratio 
Variable Change OR Lower CI Upper CI 

T 1 m 1.0 1.0 1. 0 
10 m 1.3 1. 1 1.4 
50 m 3.2 1.8 5.7 

100 m 10.0 3.1 32.3 
200 m 99.5 9.5 1,045.2 

RR 1 % 2.2 1.0 5 .1 
2 % 4.8 0.9 25.6 
3 % 10.6 0.9 129.4 
4 % 23.4 0.8 654.6 
5 % 51.4 0.8 3,311.0 

IR 1 % 24.9 3.6 173.5 
2 % 621.4 12.8 30,115.6 

such a magnitude that if the better cover variable 
was present, the addition of the second cover 
variable (and the interaction) would scarcely 
change the odds of finding a large trout (Table 
5). An example can clarify combinations of 
cover at which returns are diminished. The 
odds of finding a large brown trout increased by 
a multiple of 32.3 when adding L

0
bc/T to a pool 

without IR or D60. If IR ( 1 % ) is added to a 
pool with L0bc/T already present, the odds in
creased by a multiple of 0. 9, showing no addi
tional benefit. The other interaction terms show 
the addition of D60 to a pool with L0bc/T present 
(OR = 2.1) and the addition of DEB to a pool 
with IR= 1 % (OR = 1.0) yield little or no 
return. Confidence intervals for the OR's that 
include interaction terms were broad (Table 7). 

Potential changes in the probability of 
finding a large trout as cover variables are added 
to a pool can be understood by inspecting Table 
8, which gives capture probabilities and odds for 
several levels of T, and for all combinations of 
RR, IR, and dichotomous cover variables. A 
pool with T of 200 m, or a more common 50 m 
pool with only IR (1 % ) or L0 bc/T, would have a 
probability approximately 0.2 of holding a large 
trout. A 50 m pool with a combination of DEB 
and L0bc/T or D60 and IR ( 1 % ) would have 
probabilities > 0. 5. Three combinations of three 
variables have probabilities approximately 0.75. 

Table 7. Odds ratios (OR) and 95% confidence intervals (Cl) for specific changes in pool habitat charac
teristics. The variables indicate the presence or absence of water deeper than 60 cm (D60), overhead 
bank cover (L 0oc/T), and debris (DEB), and instream rock cover (IR) at 0 or 1% of pool area. The 
second line, for example, shows the addition of D60 to a pool with Lobc/T present increases the odds 
of finding a large trout by a multiple of 2.1. 

Effect of adding To pools with OR Lower CI Upper CI 

D60 L0oc/T = Oa 7.5 1.8 32.8 
D60 Laoc!T = 1 b 2.1 0.5 9.1 
DEB IR = 0 5 .1 2.1 12.4 
DEB IR = 1 1.0 0.2 5.7 
IR DEB, Lobc/T = 0 24.9 3.6 173.5 
IR DEB= 1, Lobc/T = 0 5.0 0.9 27.7 
IR L~c/T = 1, DEB= 0 0.9 0.1 5.8 
Lobc/T D60, IR = 0 32.3 4.7 224.6 
Lobc/T D60 = 1, IR = 0 9.2 3.5 24.6 
Lobc/T IR= 1, D60 = 0 1.2 0.1 13.1 
060 + Lobc/T IR = 0 46.9 12.9 371.5 
DEB + IR L0oc/T = 0 25.5 4.2 154.9 
IR + Lobc/T 29.4 2.2 393.8 

a absent 
b present 
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Table 8. Probability (P) and odds of finding a large brown trout in pools with various combinations of habitat 
variables. 

Variable p Odds 
T~m2 RR~%2 . DEB~±2 060~±2 IR~%2 Lotx:L!ill 

No cover 

10 0 0 0 0 0 0.003 0.003 
50 0 0 0 0 0 0.008 0.008 

100 0 0 0 0 0 0.023 0.024 
200 0 0 0 0 0 0.194 0.240 

1 cover type 

50 1 0 0 0 0 0.016 0.017 
50 0 1 0 0 0 0.037 0.039 
50 0 0 1 0 0 0.054 0.057 
50 0 0 0 1 0 0.160 0.190 
50 0 0 0 0 1 0.198 0.246 

2 cover types 

50 1 1 0 0 0 0.078 0.085 
50 1 0 1 0 0 0.112 0.126 
50 0 1 0 1 0 0.163 0.194 
50 0 0 0 1 1 0.183 0.224 
50 0 1 1 0 0 0.225 0.290 
50 1 0 0 1 0 0.295 0.418 
50 0 0 1 0 1 0.345 0.528 
50 1 0 0 0 1 0.331 0.542 
50 0 1 0 0 1 0.556 1.251 
50 0 0 1 1 0 0.587 1.423 

3 cover types 

50 0 .1 0 1 1 0.186 0.229 
50 1 1 0 1 0 0.299 0.427 
50 0 0 1 1 1 0.324 0.480 
50 1 0 0 1 1 0.330 0.493 
50 1 1 1 0 0 0.389 0.638 
50 1 0 1 0 1 0.537 1.161 
50 0 1 1 1 0 0.593 1.455 
50 0 1 1 0 1 0.728 2.680 
50 1 1 0 0 1 0.733 2.751 
50 1 0 1 1 0 0.758 3.130 

.4 cover types 

50 0 1 1 1 1 0.329 0"491 
50 1 1 0 1 1 0.335 0.504 
50 1 0 1 1 1 0.513 1.055 
50 1 1 1 1 0 0.762 3.200 
50 1 1 1 0 1 0.855 5.894 

5 cover types 

so 0.519 1.079 
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Adding a fourth variable did little to the proba
bility and adding a fifth variable decreased the 
probability. 

Discussion 

Past habitat improvement projects and 
special regulations did not increase abundance of 
large brown trout in southeast Minnesota streams 
because these streams did not have the quantity 
or diversity of cover required by large trout. 
Past habitat improvement projects commonly 
increased L

0
bc/T and D60, sometimes increased 

~ and IR, and may have generally reduced 
DEB. The amount of cover (% of area) in 
southeast Minnesota streams (Table 9), including 
improved streams, is generally less than the 35 % 
recommended for brown trout by Raleigh et al. 
(1986). Furthermore, large trout seem to need 
more cover than smaller trout (Kennedy and 
Strange 1982), and brown trout also need more 
cover in winter than in summer (Cunjak and 
Power 1986; Meyers et al. 1992). The present 
study supports the conclusion of Thorn ( 1990a) 
that lack of habitat prevented special regulations 
from meeting the goal of increasing abundance 
of large brown trout. In that study (Thorn 
1990a), biologists overestimated the habitat 
available for large trout. 

Because most variables in this analysis had 
a limited range of values, they were coded to 
reflect presence or absence of cover; therefore, 
they cannot identify the degree to which more of 
one variable is better. Experimental manage
ment (McAllister and Peterman 1992) should 
seek to identify optimal levels of cover, and 
optimal combinations. Recent habitat manage
ment on West Indian Creek, southeast Minneso
ta, has greatly increased the cover variable, 
L0bc/T, above the traditional level (Thorn1992b). 
Traditional habitat improvements in Hay Creek 
increased abundance of L0bc/T to 6 % , and mean 
spring biomass of brown trout (most < 300 mm) 
increased from 26. 7 to 114. 9 kg/hectare (Thorn 
1988b). Then, three years of a no-kill regula
tion further increased mean spring biomass to 
345 .4 kg/hectare. Abundance of 200-3 80 mm 
brown trout increased from 129 to 750/krn, 
however abundance of brown trout > 380 mm 
did not increase (Thorn 1990b). The intensive 
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Table 9. Abundance of trout cover (%) in pools in 
southeast Minnesota streams. RR, D60, 
DEB, IR, and OBC are areal measurements; 
L~c/T, a linear measurement. 

RR D60 DEB IR OBC Lobc/T 

This study 
large BNT present 0.3 19.3 0.9 
large BNT absent 0.1 12.3 0.9 

1985 a 0 . 6 14 . 6 3 . 2 
1989b 14.3 

a from Thorn (1988a) 
b from Thorn (1992b) 

0.8 1. 8 12.3 
0. 1 0. 9 7 .5 
0. 1 2. 1 17 .2 

9.6 

habitat improvements in West Indian Creek 
increased L0bc/T to 22 % , and increased mean fall 
biomass of brown trout from 15 .2 to 164.5 
kg/hectare (Thorn 1992b). Abundance of large 
trout also increased from O/krn (or too few to 
estimate) prior to improvement to a mean of 
7 /km for seven estimates after improvement 
(Thorn, Minnesota Department of Natural 
Resources, unpublished data). The Wisconsin 
Department of Natural Resources emphasized 
"intensive installation of bank covers" to im
prove trout habitat (Hunt 1988a). Such im
provements in Lawrence Creek increased L0bc/T 
from 4 .4 % to 24. 3 % (Hunt 1971). In several 
other similar projects, abundance of large brown 
trout ( > 356 mm or 381 mm) increased from a 
mean of 7/krn (range < 1-13) before to 18/krn 
(range 7-60) after improvement (Hunt 1988b). 
Managers could use behavioral carrying capacity 
(Morhardt and Mesick 1988) to quickly deter
mine carrying capacity of varying levels of 
cover in individual pools of enhanced habitat. 

When habitat is limiting for large brown 
trout, we recommend that managers increase the 
area > 60 cm deep and overhead bank cover, 
especially if D60 and L0bc/T are absent, because 
increasing them during habitat improvement 
increased biomass of smaller trout, and this 
analysis showed a strong association with the 
presence of large trout. The other four variables 
(T, RR, DEB, and IR) were not as important 
habitat variables for smaller brown trout as D60 
and L0 bc/T (continuous variables in Thorn 
1988b), and have more limited applicability to 
habitat improvement in southeastern Minnesota 
streams. However, in some stream reaches, 
these four variables can provide large trout 



habitat and habitat diversity. Habitat manage
ment has not changed stream morphology 
(Thorn 1988a), and is unlikely to increase T by 
the factor necessary to benefit large trout abun
dance (Tables 6 and 8). Because L0bc/T is a 
dichotomous variable in our model, it does not 
decrease when T is increased. Increasing T 
through restoration of natural meandering, or 
reducing it by exposing riffles under the middle 
of pools (riffle dropping), will have only small 
direct effects on large brown trout. These 
methods that change T may be warranted for 
other reasons, however. Because woody ripari
an vegetation has been removed from many 
stream reaches by agriculture or during the 
improvement project, a source of DEB may not 
be available. However, in many of these reach
es, riprap, added to reduce stream bank erosion 
and stream bed sedimentation, can produce small 
increases in RR cover. Such reaches should also 
have banks planted with trees for future DEB. 
Trees are recommended over grasses because 
Larscheid and Hubert ( 1992) showed that the 
proportion of quality-size brown trout ( > 250 
mm) was negatively correlated with overhanging 
grasses in Wyoming streams, and stream mor
phology is determined by large woody DEB 
(Swanston 1991). Instream rocks (IR) should 
not be routinely added to streams < 7 m wide 
because field observations showed velocities in 
these streams were inadequate to maintain cover 
under many instream rocks. Instream rocks can 
cause lateral scour which may negate efforts to 
narrow and deepen streams in habitat improve
ment projects. 

The relative rarity of large trout in study 
streams cannot be attributed to factors limiting 
reproduction or growth rates. Reproduction and 
stocking enabled recruitment to adult sizes. 
Quality and quantity of prey did not appear to be 
limiting because large trout were sampled where 
the composition of the fish prey base ranged 
from only juvenile trout to very abundant non
trout species. Growth did not limit recruitment 
to 381 mm as growth was relatively rapid com
pared to that in other areas (Table 10). 

A comprehensive habitat management plan 
for brown trout should also include winter 
habitat, which may differ from summer habitat. 
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Table 10. Mean length (nm) at annulus for brown 
trout in streams from southeast Minneso
ta, Michigan, and western United States. 

Length at annulus 

Age Minnesota Mi chi gana Westernb 

I 165 132 156 
II 257 208 241 

III 318 259 331 
IV 369 343 407 
v 440 406 439 

a Average of northern lower peninsula (Nuhfer 1988). 
b Average of fast-growing populations (Nuhfer 1988). 

Large brown trout may migrate seasonally to the 
preferred habitats (Clapp et al. 1990; Meyers et 
al. · 1992). However, most streams in southeast 
Minnesota are smaller and have less cover than 
those larger streams with abundant cover, where 
large brown trout migrate to winter habitat 
(Clapp et al. 1990; Meyers et al. 1992). 

High mortality rates may be a second factor 
limiting the abundance of large trout in southeast 
Minnesota streams. Few trout were sampled 
older than age-5 or > 500 mm. Angling mortal
ity could not be evaluated by this study design 
because no measures of harvest were available 
on most streams. Thorn (1990a) noted that the 
failure of special regulations to increase numbers 
of large trout in Minnesota streams could result 
from movement of large trout in and out of short 
protected reaches. In the Peshtigo River, Wis
consin, high mortality was associated with 
seasonal migrations (Meyers et al. 1992). 
Angling can influence abundance, and restrictive 
regulations can maintain. or increase abundance. 
Anderson and Nehring (1984) found that angling 
pressure > 988 h/hectare eliminated trout > 350 
mm, and Hunt ( 1991) listed several authors that 
reported increases in large trout abundance after 
implementation of restrictive harvest regulations. 

We conclude that trout streams in southeast 
Minnesota have the potential to produce large 
trout because habitat (adult cover) generally 
limits their abundance, and cover can be in
creased by judicious habitat management. 
However, habitat managers need to increase the 
amount of cover added to streams to increase 
abundance of large trout. 



Management Implications 

Streams in southeast Minnesota have poten
tial for more large trout with habitat manage
ment, because habitat is commonly limiting 
abundance. However, most streams will not 
produce many trout > 500 mm. 

Managers should increase cover levels and 
kinds above the traditional amounts to increase 
large trout abundance, and use experimental 
management to determine the best combination 
of variables and quantities. We recommend a 
minimum of 50 % L0bc/T or 25 % L0bc/T and 
abundant DEB, IR, or RR. 

This study improves management abilities 
to evaluate special regulations to increase large 
trout abundance. When managers have deter
mined that exploitation rather than habitat limits 
abundance, a harvest restriction should maintain 
or increase abundance. Detailed evaluation of 
large trout habitat may explain why past special 
regulations failed to increase large trout abun
dance. 

Winter habitat of large brown trout in 
southeast Minnesota should be investigated to 
complete a comprehensive habitat management 
program. 
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Appendix Table 1. Length (rm1), weight Ckg), age, Appendix Table 1. Continued. 
year class, and year collected for brown trout > 
380 rm1 in southeast Minnesota streams. 

Year Year 
Length Weight Age class collected 

Year Year 
Length Weight Age class collected 423 740 4 1988 1992 

440 768 4 1988 1992 
554 2250 NDa ND 1991 381 440 3 1989 1992 
427 932 3 1988 1991 408 610 4 1988 1992 
393 702 3 1988 1991 434 664 4 1988 1992 
391 666 3 1988 1991 439 800 4 1988 1992 
464 1450 5 1986 1991 430 750 4 1988 1992 
422 825 4 1987 1991 510 1600 7 1985 1992 
429 936 3 1988 1991 456 946 3 1989 1992 
421 820 4 1987 1991 460 994 5 1987 1992 
386 610 4 1987 1991 455 944 4 1988 1992 
388 516 3 1988 1991 412 740 3 1989 1992 
382 524 4 1987 1991 382 520 3 1989 1992 
395 740 3 1988 1991 460 800 4 1988 1992 
395 644 3 1988 1991 388 560 4 1988 1992 
381 620 3 1988 1991 471 1300 4 1988 1992 
391 578 4 1987 1991 449 830 4 1988 1992 
395 667 4 1987 1991 424 742 4 1988 1992 
384 620 4 1987 1991 421 860 4 1988 1992 
403 655 4 1987 1991 420 708 4 1988 1992 
390 658 4 1987 1991 417 776 4 1988 1992 
391 650 4 1987 1991 405 632 4 1988 1992 
380 618 3 1988 1991 404 672 4 1988 1992 
413 700 4 1987 1991 402 660 4 1988 1992 
415 884 4 1987 1991 396 624 4 1988 1992 
398 614 5 1986 1991 394 630 3 1989 1992 
452 1036 4 1987 1991 391 700 4 1988 1992 
380 640 4 1987 1991 386 588 4 1988 1992 
395 650 4 1987 1991 386 564 4 1988 1992 
531 1950 5 1986 1991 385 616 4 1988 1992 
455 996 5 1986 1991 384 590 4 1988 1992 
386 592 4 1987 1991 382 530 4 1988 1992 
512 1800 5 1986 1991 381 534 3 1989 1992 
402 638 4 1987 1991 380 560 4 1988 1992 
384 550 3 1988 1991 509 1650 4 1988 1992 
391 656 4 1987 1991 502 1600 5 1987 1992 
430 662 4 1987 1991 459 1500 4 1988 1992 
403 740 4 1987 1991 440 796 ND ND 1992 
410 725 3 1988 1991 389 640 3 1989 1992 
465 862 4 1987 1991 388 604 3 1989 1992 
423 925 5 1986 1991 412 710 4 1988 1992 
388 565 4 1987 1991 385 ~566 5 1987 1992 
403 771 3 1988 1991 398 664 4 1988 1992 
393 600 4 1987 1991 434 916 4 1988 1992 
381 544 4 1987· 1991 390 620 ND ND 1992 
384 578 3 1986 1991 412 728 4 1988 1992 
484 1010 4 1987 1991 436 890 4 1988 1992 
424 806 4 1987 1991 395 688 5 1987 1992 
445 1400 6 1985 1991 445 844 4 1988 1992 
532 1775 5 1987 1992 412 755 4 1988 1992 
384 510 3 1989 1992 394 690 4 1988 1992 
400 608 3 1989 1992 420 770 4 1988 1992 
388 642 3 1989 1992 523 ND 5 1987 1992 
405 698 4 1988 1992 445 908 5b NAC 1992 
416 840 ND ND 1992 431 1024 5b NAC 1992 
385 720 3 1989 1992 390 664 3 1989 1992 
381 647 3 1989 1992 410 636 4 1988 1992 
520 1150 5 1987 1992 390 700 3 1989 1992 
460 974 5 1987 1992 435 824 4 1988 1992 
460 1000 4 1988 1992 524 1950 4 1988 1992 
428 728 4 1988 1992 472 1040 5b NAC 1992 
391 566 3 1989 1992 395 850 4 1988 1992 
411 574 4 1988 1992 397 800 3 1989 1992 
402 668 4 1988 1992 410 1000 4 1988 1992 
399 552 4 1988 1992 386 636 3 1989 1992 
406 608 3 1989 1992 397 640 4 1988 1992 
429 634 4 1988 1992 444 1300 4 1988 1992 
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Appendix Table 1. Continued. 

Year Year 
Length Weight Age class collected 

496 1600 4 1988 1992 
510 1700 5 1987 1992 
513 1650 4 1988 1992 
522 1650 5 1987 1992 
383 556 4 1988 1992 
390 666 3 1989 1992 
419 768 4 1988 1992 
420 716 4 1988 1992 
425 790 5 1987 1992 
433 1010 4 1988 1992 
384 588 6 1986 1992 
390 496 ND ND 1992 
402 608 4 1988 1992 

a Not determined. 
b Stocked trout with one year added to age to 

account for 1.5 years in hatchery. 
c Not applicable. 
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