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Abstract
Cradienr and other instream hnbitat variables {ere assessed for their in uence on brook trout (Salaelnrslont;zaln) abundance
in small streams wh.rc brool trout were tbe only li-"h species present. Brook trout occurred throughout the gradient range
studied (0.4-9.2 percent), but inc.eased gradieni had a negative influence on abundance. Gradient, width lo deplh ratio, mean
depth, and mcan width accounted lbr 68.8 percent of the variation in brook trout abundance among the 24 srudy reaches.

Inlroduction

Stream gradient is bel ieved to have a negative
inf luence on the abundance of brook trout
(Salaelinus fontinalis) in small Rocky Mountain
streams. The relat ion between gradient and abun'
dance has been evaluated, but only for brook
trout in the presence of other salmonids. Brook
trout have been observed to be most abundant
in low gradient stream reaches and cutthroat
trout (Salmo clarki) in hlgh gradient reaches
(Bachmann 1958, MacPhee 1966, Grif f i th 1972).
C ibson  (1q78 )  made  a  s im i l a r  obse rva t i on  i n
streams containing brook trout and Atlantic
salmon (S. salor):  brook trout were most abun-
dant in pools and salmon in areas with higher
na le r  r r l oc i l ) .  Obs " r va t i ons  un  resou rce  pa r l i -
t ioning have been made in streams where rain-
bow trout (5. gaird,neri) and brown trout (S.

trutta) occtrrre.l with brook trout (Nyman 1970,
Cunjak and Crcen l9B3).

The hypothesis that brook trout biomass is
related to stream gradient in srnall Rocky Moun-
tain streams was tested in the Snowy Range of
Wyorn ing .  whe re  on l l  b rook  t r ou t  occu r  i n  man l
streams. Because confounding inf luences of
possible competit ion with other f ish species did
not occur, rve rvere able to test whether the rela-
t ion was due simply to habitat select ion by brook
trout.

Study Area and Methods

We evaluated 24 reaches in 13 streams in 1984;
all reaches were at an elevation of2,B00 to 3p0) m

and there were no nearby beaver ponds. The
streams were in coniferous forest or subalpine
habitats. Gradients in the reaches studied ranged
from 0.4 to 9.2 percent. All streams had flow pat-
terns typical of those in streams of the Rocky
Mountain Region: flows were low from late fall
until spring (May to July), when peak runoff oc-
curs due to snowmelt.

Study reaches were 65-85 m long. Gradient
of each stream reach was measured with a tran-
sit level and rod or a clinometer. Within each
reach, we measured width, depth, and substrate
along transects at 5-m intervals, using the pro-
cedures of Platts e, rrl (1983). We used a por-
table direct current electrofishing unit, isolated
the upper and lower l imits of each reach with
block nets, and performed three consecutrve elec-
trofishing passes in each reach. Brook troul abun-
dance in each reach vas estimated by the method
described by Zippin (1958).

Relations between independent variables and
brook trout abundance were analyzed by one-way
analysis of variance, the Newman-Keuls test, and
stepwise-multiple regression (Nie et ol. 1975).

Besults
The 24 stream reaches were segregated into three
gradient classes for analysis (Figure l): lov
(0.4-1.8 percent, n = 8), moderate (2.0-5.0 per-
eent .  n  -  l0 ) .  and h igh  (6 .8 -9 .2  percent .  n  6 ) .
Standing stock differed significantly among the
three gradient classes (ANOVA, F = 4.43, P =
0 .025.  d f  -  23) .  The arerage s rand ing  s ro , "L  o f
brook trout was 40.5 kg/km (SD = 24.?) in low
gradient, 24.7 kg/km (SD = 12.9) in moderate
gradient, and t4.l kg/kn (SD = 5.2) in high gra-
dient. Paired comparisons of the mean standing
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Figure l. Relation betoeen stream gradient and brook troot standing stocl for 24 str€am reaches in the Snowv Range, Wyoning,
198,t.

stock between gradient classes, based on the
Newman'Keuls test, yielded significant dif-
ferences (P<0.10) among all three gradient
classes.

The amount of variation in standing stock
within each gradient classes declined with in-
creasing gradient. The coefficients of variation
for reaches at different gradients were 6l.l per-
cent (low gradient),52.2 percent (moderate), and
36.6 percent (high).

Stepwise multiple regression analysis in-
dicated that stream gradienl accounted for 25.5
percent of the variation in standing stock among
the 24 study reaches. In addition to gradient, the
width to depth ratio, mean depth, and mean

width over a stream reach cumulatively ac-
counted for 68.8 percent of the variation in brook
trout standing stock among the 24 study reaches.
The mult iple regression equation for this rela-
t ionship was

S = -9.88 - 3.43G + I246.BW/D +
12.28D 321.5W (P = 0.0001),

where S = kilograms of trout per kilometer of
stream; G - gradient over the stream reach; W/D
= width to depth rat io; D = mean depth (m);

and  W -  m .an  rn i d th  (m) .  Th i s  equa t i , - , n  i n .
dicated that instream habitat variables accounted
for variation in brook trout standing stock within
the range of gradients (0.4-9.2 percent) analyzed.
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Discussion
The results of this study confirmed that gradient
influences the standing stock of brook trout, even
in the absence of other fish species. Although
brook trout occurred throughout the gradient
range s tud ied .  they  $prp  about  lh rec  l imes morP
abundant in low gradient than in high gradient
reaches. As gradient increased, variation in stand-
ing stock decreased, an indication that other
habitat variables had a stronger influence on
standing stock at low than at high gradients. Gra'
dient appeared to l imit the upper level of stand-
ing stock of brook trout in streams of the Snowy
Range of Wyoming.

High stream gradient appears to have a
similar negative influence on brolvn trout and
rainbo trout, Kennedy and Strange (1982) found
brown trout to be limited to areas of low gradient,
and Hermansen and Krog (1984) found brown
trout density in small lowland streams to be
negatively correlated with gradient. Such a situa-
tion may lead to competition betlveen brook trout

and brown trout in streams where both species
occur (Cunjak and Green I983). In low-gradient
habitat, brook trout have been shown to dominate
rainbow trout, thus providing a species advan-
tage for brook trout when preferred habitat is
l imited (Cunjak and Green 1984).

Some salmonids, such as cutthroat trout
(Bachmann 1958, MacPhee 1966, Criff ith l9?2)
and Atlantic salmon (Cibson l97B), appear to
select for high gradient reaches and to segregate
themselves from brook trout when the species live
in the same stream. This pa it ioning of space
probably reduces competit ion between brook
trout and these salmonids.
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