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Abstract.—We examined distribution and habitat characteristics of spawning sites of cutthroat
trout Oncorhynchus clarki at various spatial scales to assess effects of sedimentation within a large
basin in Montana. Redd density varied widely across the basin; nearly all (99%) of the 362 redds
observed occurred in two high-elevation headwater tributaries. Redd density at the reach scale
was positively correlated (r2 = 0.72, P = 0.001) with abundance of spawning gravels. Other
habitat variables, such as gradient, width, depth, embeddedness, bank stability, and percent riffle,
were not significantly correlated to redd density. Taylor Fork redds contained some of the highest
proportions of fine sediments (<6.35 mm, mean = 41.6%; <0.85 mm, 17.9%) observed in egg
pockets of salmonid redds in the Rocky Mountain region. Cache Creek, a highly disturbed subbasin,
had significantly greater proportions of fine sediments smaller than 0.85 mm in redds than the
undisturbed Wapiti Creek subbasin. High fine-sediment levels in redds led to very low estimated
embryo survival (mean, 8.5%), but sedimentation did not appear to limit recruitment. Our data
suggest that compensatory juvenile survival and high embryo survival in the small proportion of
redds with good substrate quality may buffer the effects of the high sediment levels in the basin.

Predicting the effects of sedimentation resulting
from land use activities has been a research pri-
ority for fishery biologists for the past 60 years
(Chapman 1988). Much of the research has fo-
cused on effects of fine sediment on emergence
success of salmonid fry (e.g., Chapman 1988;
Young et al. 1991; Weaver and Fraley 1993). In
their review of sediment studies, Everest et al.
(1987) concluded that studies of population-level
effects are needed to examine how sedimentation
affects fish populations within entire drainage ba-
sins. However, we found few published studies that
have adopted this approach. Exceptions are studies
by Shepard et al. (1984a), Cederholm and Reid
(1987), and Scrivener and Brownlee (1989) that
assessed population effects of sedimentation by
combining data on numbers of recruits, relations
between fine sediments and egg-to-fry survival,
and amount of fine sediments within redds con-
tributed by land use activities.

Geologic characteristics of a drainage basin ex-
ert a strong influence on degree of sedimentation
and sensitivity to land disturbance (Everest et al.
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1987). Dominant geological formations in the
range of cutthroat trout Oncorhynchus clarki in
Montana include highly erosive granitic series of
the Idaho Batholith, cobble-producing Belt series,
and various fine silt-producing volcanic and sed-
imentary series (Alt and Hyndman 1986). Much
of the research on sediment effects on salmonids
in the Rocky Mountain region has focused on gra-
nitic soils and sand-sized particles of the Idaho
Batholith (Bjornn et al. 1977; Platts et al. 1989).
To evaluate the effects of smaller sediment parti-
cles, we sampled streams draining sedimentary ge-
ology.

Recent studies indicate that spawning habitat of
stream-dwelling salmonids may be more spatially
variable across drainage basins and may play a
larger role in determining patterns of distribution
of juveniles and adults than previously thought
(Beard and Carline 1991; Bozek and Rahel 1991).
To properly characterize such high spatial vari-
ability in habitat use and document population ef-
fects of habitat change, sampling designs that em-
ploy a hierarchial series of spatial scales ranging
from the entire watershed to microhabitats are
needed (Frissell et al. 1986).

The objectives of our study were to (1) char-
acterize spawning habitats of cutthroat trout across
a large sediment-rich drainage basin, (2) examine
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FIGURE I.—Locations of spawning reaches (stippled and coded areas), weirs, and thermographs in Taylor Fork
basin, Montana.

factors influencing redd distribution at different
spatial scales (basin, subbasin, and reach), and (3)
evaluate effects of sedimentation on redd substrate
composition and estimated emergence success. We
use the data to address the question, Is fine sedi-
ment limiting recruitment of the cutthroat trout
population in the Taylor Fork basin?

Study Area
Taylor Fork is a fourth-order tributary to the

upper Gallatin River in southwest Montana (Figure
1). The drainage encompasses 161 km2 and con-
tains about 100 stream kilometers. Peak flows oc-
cur from snowmelt during late May to mid-June.
Three major elevational land types exist in the

drainage. Headwater sections (above 2,300 m) of
the major third-order tributaries (Cache, Wapiti,
and Lightning creeks) meander through alpine
meadows. Midelevation sections (2,100-2,300 m)
have steeper gradients, more constrained valley
floors, and are bordered by coniferous forest. Low-
er sections (below 2,100 m) and the main-stem
Taylor Fork drain wide valley floors vegetated by
sagebrush Artemisia spp. and willow Salix spp.

Taylor Fork drains sedimentary soils predomi-
nantly consisting of fine silt (Snyder et al. 1978).
This material is highly erosive and produces large
quantities of fine sediment; many of the stream-
banks in the basin were rated unstable by Snyder
et al. (1978). Habitat conditions in the basin range
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TABLE 1.—Genetic status of Taylor Fork cutthroat trout
as determined by protein electrophoresis (R. Leary, Uni-
versity of Montana, personal communication).

Percent genetic composition of:

Location

Westslope Yellowslone
cutthroat Rainbow cutthroat

trout trout trout

Cache Creek
Upper Wapiti Creek
Deadhorse Creek
Upper Taylor Fork0

87
57
85
93

11

10
2

2
43

5
5

a Near Lightning Creek.

from pristine to highly altered. Splash dams were
operated in the late 1800s on the main-stem Taylor
Fork to transport logs downstream (Snyder et al.
1978). Livestock graze allotments in upper Cache
and middle Wapiti creeks, and areas of the Cache
Creek drainage have been recently logged. In the
Cache Creek subbasin, there is a predominance of
bare, unstable banks and the incised channels and
encroachment of sagebrush characteristic of heavi-
ly grazed riparian zones (Snyder et al. 1978). In
contrast, upper Wapiti Creek, which is similar in
size, elevation, and geomorphology to upper
Cache Creek, has no known history of logging,
grazing, or road building.

The basin contains one of the few remaining
populations of westslope cutthroat trout O. clarki
lewisi in the Gallatin River drainage (Liknes 1984).
Other fishes inhabiting the basin include mountain
whitefish Prosopium williamsoni, mottled sculpin
Cottus bairdi, nonnative rainbow trout O. mykiss,
brown trout Salmo trutta, and Yellowstone cut-
throat trout O. c. bouvieri. Rainbow trout were
stocked in Taylor Fork from 1928 to the late 1980s.
Yellowstone cutthroat trout were stocked in small
headwater lakes and subsequently invaded down-
stream reaches. As a result, westslope cutthroat
trout are introgressed with rainbow trout and Yel-
lowstone cutthroat trout to varying degrees
throughout the basin (Table 1). We assume a neg-
ligible influence of this introgression on the effects
of sedimentation.

Methods
Spawner and redd distribution.—The entire ba-

sin was surveyed in summer 1991 to identify po-
tential spawning sites by the presence of redds,
suitable spawning gravel, and newly emerged fry.
Potential spawning sites were then stratified into
17 reaches (Figure 1), ranging in length from 324
to 3,020 m (mean length, 914 m). Reach bound-
aries were delineated by changes in gradient, geo-

morphology, or the presence of a tributary junction
(Frissell et al. 1986). In 1992 we counted redds in
each reach every 3-4 d from 25 May to 1 July.
We counted a redd only if we observed fish spawn-
ing; cleaned gravel sites could not be reliably iden-
tified as redds because of their small size, lack of
periphyton, and the high fine-sediment load in the
stream. We marked individual redds by placing
numbered stakes on the streambank and mapped
probable egg pocket locations by observing where
fish spawned. Redd density per reach was ex-
pressed as number of redds/100 m2 of wetted
stream area. Thermographs recorded hourly tem-
perature at five locations in the basin (Figure 1).

We also employed weirs in the lower (Little
Wapiti Creek), middle (Deadhorse Creek), and up-
per (Cache Creek) portions of the basin (Figure 1)
to assess when and where spawning occurred.
Weirs spanned the stream channel and captured
upstream and downstream migrants. Weirs were
checked twice daily from 19 May to 1 July 1992.
Fish were weighed, measured for fork length, and
tagged with a visible implant tag behind the left
eye. Species, sex, and spawning condition were
also noted.

Spawning habitat.—Habitat features were mea-
sured in 11 of the 17 spawning reaches to evaluate
potential physical factors associated with variation
in redd density. We were unable to measure habitat
features in the other six spawning reaches as a
result of early ice cover. Sampled reaches repre-
sented the full range of observed habitat conditions
and redd densities. We measured habitat according
to the procedure of Overton et al. (in press), a
modification of the systematic habitat-sampling
procedure described by Hankin and Reeves (1988).
Proceeding upstream, we described each channel
unit (pool, riffle, etc.) and measured its length,
mean wetted width, and mean and maximum
depths. The area of potential spawning gravel was
measured with a meter stick and expressed as per-
cent of total reach surface area. Based on obser-
vations of 362 completed redds, we defined po-
tential spawning gravel as patches of substrate at
least 0.25 m2 in area with particles 2-35 mm in
diameter. The same observer made all estimates of
spawning gravel to reduce bias. At every 10th
channel unit, we measured gradient with a clinom-
eter and visually estimated percent bank stability
and substrate embeddedness, using rating criteria
described by Platts et al. (1983). In pool tailouts
and riffles, we measured substrate composition
with the pebble count technique (Wolman 1954),
using 100 data points at each site in streams wider
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than 1 m and 50 data points in streams narrower
than 1 m. We classified substrate size as sand-silt
(<2 mm in diameter), pea gravel (2-16 mm), grav-
el (17-75 mm), rubble (76-150 mm), cobble (151-
300 mm), or boulder (>300 mm). We used Spear-
man \s rank correlation and simple linear regression
(Zar 1984) to assess associations between redd
density and reach habitat features. We were unable
to statistically compare habitat features among
subbasins because only one reach was sampled in
two of the three subbasins.

Redd substrate composition.—We used a McNeil
hollow-core sampler (Platts et al. 1983) to exca-
vate substrate from 21 redds in upper Cache Creek
(five reaches or reach groups) and 15 redds in upper
Wapiti Creek (three reaches). In Cache Creek, we
grouped north fork (reaches 8-11) and south fork
(reaches 13-17) spawning reaches together for
ease of sampling. Three to seven redds were ran-
domly chosen for coring in each of these eight
designated reaches or reach groups. To quantify
substrate conditions near time of emergence, we
collected cores during a 2-week period (23 July to
6 August) following our first sighting of emergent
fry (22 July). We used the redd maps to position
cores over egg pockets. Cores were taken to a
depth of 10 cm to mimic egg pocket depths ob-
served in cutthroat trout redds (B. May, Gallatin
National Forest, personal communication). We la-
beled cores as egg pocket samples if we observed
eggs or alevins in the core.

Oven-dried core samples were weighed after be-
ing mechanically shaken through sieves of 50.8,
25.4, 12.4, 9.5, 6.35, 2.36, 0.85, and 0.074 mm
(see Magee 1993 for further detail). We collected
an average of 3.6 kg of substrate per core. As
recommended by Chapman (1988) and Young et
al. (1991), we expressed substrate composition by
two methods: the percentage of fine substrate
smaller than a given size (6.35, 2.36, and 0.85 mm)
and by a measure of central tendency, the fredle
index F/ (F/ = DgIS0\ Dg is the geometric mean
particle diameter and S0 is a sorting coefficient;
see Young et al. 1991). As in previous studies
(Grost et al. 1991; Thurow and King 1994), we
calculated F/ by excluding particle sizes greater
than 50.8 mm to minimize bias. (Particles greater
than 50.8 mm ranged from 0% by weight in 17
redds to 3.3-37.5% in 19 redds.) This procedure
also allowed us to compare our results with other
studies that used truncated data.

We compared substrate composition among
spawning reaches with a Kruskal-Wallis nonpara-
metric analysis of variance and Tukey's multiple

comparison test (Zar 1984). We used rank corre-
lation to examine associations between redd den-
sity and measures of substrate composition (F/;
proportion of particle sizes less than 6.35, 2.36,
0.85 mm). Stepwise multiple regression was used
to assess how the proportion of different-sized fine
particles influenced variation in F/. A Mann-Whit-
ney IMest was used to compare redd substrate
composition among egg pocket and non-egg pock-
et cores and to compare redd substrate composition
among subbasins having low (Wapiti Creek) and
high (Cache Creek) land disturbance.

Fry production.—We predicted fry emergence
success for each cored redd using the equation
developed by Weaver and Fraley (1993) for west-
slope cutthroat trout:

% emergence = -0.7512 (arcsine % SP^js)
+ 39.67;

% Sp6.35 = percentage of substrate particles
smaller than 6.35 mm.

Total fry production per reach was estimated by
combining data on total redd number, estimated
egg deposition, and average substrate composition
of cored redds. To account for effects of female
size on egg deposition, we divided the length-fre-
quency distribution of females captured in the
Cache Creek spawning trap into 25-mm intervals
and calculated egg deposition (£) for each size-
class using a length-fecundity relation for west-
slope cutthroat trout: E = 82.63e° 0007958L, where
L is fork length in millimeters (C. Downs and B.
Shepard, Montana State University, personal com-
munication). We assumed all mature females had
an equal likelihood of spawning and apportioned
egg deposition to redds by the percentage of fe-
males within each size-class (25%, 150-174 mm;
50%, 175-199 mm; 16%, 200-224 mm; 6%, 225-
249 mm; and 3%, >250 mm). Fry production in
a reach was estimated by multiplying total esti-
mated egg deposition by estimated emergence suc-
cess.

Results
Spawner and Redd Distribution

The majority (271, 94%) of trout trapped during
upstream spawning migration were captured in the
Cache Creek weir; only 10 trout were captured in
Deadhorse Creek and 6 in Little Wapiti Creek
weirs. Cutthroat trout accounted for 99.6% of fish
caught in the upper basin weir at Cache Creek;
rainbow trout constituted a larger proportion of the
catch at the two lower-elevation weirs (10% in




