Transactions of the American Fisheries Society 125:768-779, 1996
© Copyright by the American Fisheries Society 1996

Spatial Variation in Spawning Habitat of Cutthroat Trout in a
Sediment-Rich Stream Basin
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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 (#2 = 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 Brownice (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 1daho 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 1.—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 km? 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

































