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Abstract.—Weight change in age-0 coho salmon Oncorhvnchus kiswtch at about natural density
was ncgatively related to the density of juvenile steelhead (anadromous rainbow trout O. mykiss)
in a 6-week experiment conducted in July—August 1993 in the north and south forks of Caspar
Creek. California. The experiment used 12 enclosed stream sections, cach containing a pool and
a portion of upstream riffle, with two replicates of three steelhead densities—zero, natural density
(1X). and twice the natural density (2X)—on both the north and south forks. The natural density
of coho salmon was about one-sixth the density of steelhead. Coho salmon survival was high
(87% overall) and not related to treatments, In the north fork, coho salmon weight change was
positive in zero density steelhead treatments, zero in | X treatments, and negative in 2X treatments,
Coho salmon weight change in the south fork was less favorable than in the north fork but was
also negatively related to the density of steelhcad. These results indicate that under some conditions
resource partitioning by salmonid species does not eliminate negative interspecific interactions.

Interspecific interactions between salmonid spe-
cies have received considerable attention from
fisheries biologists. yet there are few well-docu-
mented field examples of negative interspecific ef-
fects on population size in the absence of sub-
stantial changes in habitat (Moore et al. 1983,
1986; Larson and Moore 1985). Also, few field
studies have measured interspecific effects on pa-
rameters related directly to survival and repro-
duction, such as growth (Kennedy and Strange
1980, 1986a).

Much of the focus in research on salmonids has
been on habitat partitioning (Hearn 1987). Many
studies have provided evidence for microhabitat
partitioning (e.g., Everest and Chapman 1972;
Cunjak and Green 1983: Glova 1987; Dolloff and
Reeves 1990), and some have documented habitat
shifts following the removal of one species (e.g..
Fausch and White 1981; Hearn and Kynard 1986;
Kennedy and Strange 1986b; DeWald and Wilz-
bach 1992). However, even where habitat segre-
gation leads to dietary differences between species
(Johnson and Ringler 1980; Glova 1984), it may
not obviate competition for food (Chapman 1966).
Where segregation results from ongoing interac-
tions, species that shift in response to the presence
of another may then occupy habitats that provide
lower net energy intake (although predation risk
may confound habitat selection based on energetic
considerations alone). Also, spatial separation of
species on a microhabitat scale may not preclude
significant overlap in the use of food resources,
particularly where drifting prey are significant

components in the diets of both species (Fausch
and White 1986).

In situations where significant habitat segrega-
tion does not occur, competition between salmonid
species should be more likely. Where differences
in the densities of species are large, interspecific
segregation of habitat could become weaker as in-
traspecific interactions dominate the interactions
of the more abundant species. Some physical set-
tings may provide limited opportunities for seg-
regation by habitat. For example, habitat parti-
tioning at the scale of channel geomorphic units
(e.g., pools, riffles) may be restricted in small
streams if fast-water habitats are too shallow to be
occupied by fish. The simplification of stream
channels by aggradation and the removal of wood
debris may also reduce opportunities for habitat
partitioning. Finally, smaller channel geomorphic
units probably reduce the extent of microhabitat
partitioning that is possible.

In many small California coastal streams, pop-
ulations of coho salmon Oncorhynchus kisutch and
steelhead (anadromous rainbow trout O. myvkiss).
and the habitat available, exemplify the conditions
outlined above. As a result of widespread declines
in coho salmon populations in California (Brown
et al. 1994), many streams contain small numbers
of coho salmon in sympatry with higher densities
of steelhead. Most of these streams have been sub-
ject to anthropogenic habitat alterations. In light
of this situation, and the paucity of data on the
effect of interspecific interactions on salmonid
growth, we tested the hypothesis that juvenile
steelhead negatively affect coho salmon survival
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and growth in two streams offering common hab-
itat conditions for the two species in northern Cal-
ifornia. We focused on the effect of steelhead on
coho salmon rather than attempting to contrast in-
ter- and intraspecific competition because abun-
dances of the two species in many streams suggest
that, for coho salmon, interspecific interactions are
currently of overriding importance.

Study Streams

Caspar Creek is a small coastal stream in Men-
docino County, California. It originates at 245 m
elevation and flows 13 km before emptying into
the Pacific Ocean at 39°22'N 123°49'W. We con-
ducted this study in two reaches at similar longi-
tudinal positions on the north and south forks. The
downstream end of the north fork reach has a
drainage area of about 497 ha, and that of the south
fork about 424 ha. Both reaches have a 1-2% gra-
dient. Both streams have measuring weirs within
150 m of the downstream ends of the study reach-
es. During the experiment, discharge declined
steadily from 0.74 to 0.26 m3/min in the north fork
and from 0.65 to 0.25 m3/min in the south fork.
Water temperatures measured hourly during the
experiment averaged 13.9°C in the north fork and
13.5°C in the south fork.

The two drainages have been used in watershed
scale experiments on the effects of timber harvest
practices. The entire south fork was selectively
logged in 1971-1973. About 40% of the north fork
was logged by clearcutting in 1989-1991; selec-
tively cut buffer strips of 40 m were left throughout
the study reach and upstream. Forest cover in both
drainages includes 100-year-old second-growth
coastal redwood Sequoia sempervirens and Doug-
las-fir Pseudotsuga menziesii. Tan oak Lithocarpus
densiflora, huckleberry Vaccinium ovatum, and
sword fern Polystichium minutum predominate in
the understory. Alder Alnus rubra dominates the
riparian zone of the south fork, but is absent from
the north fork.

Coho salmon and steethead were the only two
fish species in the north fork study reach; the
downstream end of the south fork study reach also
contained a low density of threespine stickleback
Gasterosteus aculeatus. Pacific giant salamanders
Dicamptodon tenebrosus were abundant in both
streams. During the experiment, all coho salmon
in the two study reaches were age-0. Of the 1,375
steelhead sampled in both areas, about 95% were
age-0. Examination of size distributions suggested
an upper limit of 80 mm fork length (FL) for age-
0 steelhead (R. J. Nakamoto, unpublished data).
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Methods

We used a cross-classified experimental design
to measure the effect of juvenile steelhead on age-
0 coho salmon growth and survival within fenced
stream sections in the north and south forks of
Caspar Creek over 6 weeks, from 19 July to 31
August 1993. We included two streams in the de-
sign of the experiment because of consistent dif-
ferences in their fish densities over the previous 5
years (Nakamoto, unpublished data). Coho salmon
in the fenced stream sections were stocked at about
natural density, and the steelhead treatments were
zero density, natural density (1X), and twice the
natural density (2X). The experiment included two
replicates of each density treatment in each stream,
allowing analysis of steelhead density, stream, and
steelhead density X stream interaction effects on
coho salmon survival and growth. We estimated
natural coho salmon and steelhead densities before
the experiment by blocknetting 24 pools in the
north fork and electrofishing them to depletion
(three to five passes with a backpack electroshock-
er).

Experimental units were positioned within the
area naturally occupied by both species. Each ex-
perimental unit was a stream section of 13.5-19.6
m?2 containing a single lateral scour pool with a 2-
m length of upstream riffle. Maximum water
depths within units ranged between 45 and 60 cm.
We constructed fences at the upstream and down-
stream ends of each experimental unit using 6-mm-
mesh plastic screen. We assumed the mesh had
little or no effect on food availability; invertebrates
that could not pass through this screen were prob-
ably too large to have been eaten by fish used in
the experiment. Experimental units were separated
by an average of 85 m in the north fork and 106
m in the south fork. The three steelhead density
treatments were randomly assigned to the six ex-
perimental units in each stream.

All 12 unmanipulated pools contained some
cover for fish, but we also added a 92 X 71-cm
wood panel to each pool to provide a substantial
refuge in each experimental unit. Each panel was
completely submerged near the middle of the pool
with the long axis of the panel paraliel to the flow.
One long edge of the panel was anchored to the
substrate with rocks and the opposite edge posi-
tioned about 20 cm off the bottom.

At the beginning of the experiment, we first
electrofished each unit (four or five passes) to re-
move all fish, which were retained in buckets. Pa-
cific giant salamanders were also captured during
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electrofishing: those that we considered large
enough to be piscivorous were removed from the
enclosures. We then added the appropriate num-
bers of coho salmon and steelhead, based on earlier
determination of the natural densities of both spe-
cies, measurement of the areas of the experimental
units, and assignment of steelhead density treat-
ments to specific units. We measured all fish
stocked into the units to the nearest millimeter
(FL) and individually weighed them to the nearest
0.01 g with an Ohaus model CT200 electronic bal-
ance. Fish stocked into a given unit were an un-
controlled mixture of fish previously removed
from that unit and fish captured elsewhere in the
study reach. We attempted to approximate the nat-
ural size-frequency distribution of steelhead when
stocking the 1X and 2X treatments. Thus, steel-
head treatments contained a small number of steel-
head longer than 80 mm FL and shorter than 55
mm FL. The size of coho salmon used in the ex-
periment also reflected the natural size-frequency
distribution; they ranged from 59 to 72 mm FL.
Individual fish were not marked or tagged to avoid
possible effects on short-term growth. We cleaned
enclosure fences every 6-8 d. Only small quan-
tities of detritus accumulated on the fences be-
tween cleanings. At the end of the experiment, all
fish in the experimental units were collected by
electrofishing and again individually measured and
weighed.

The 1 X treatment represented natural density of
age-0 steethead in north fork pools (1.5 fish/m?);
22-28 steelhead were added to enclosures receiv-
ing the 1X treatment. Enclosures containing the
2X treatment received 41-50 steelhead. All en-
closures received 5-6 coho salmon, which repre-
sented about 0.3 coho salmon/m?. This density was
higher than the natural density of 0.2 fish/m? that
we measured in the north fork. However, historic
densities of coho salmon in Caspar Creek have
exceeded the density we used in the experiment.
In summer 1969, coho salmon density in an entire
reach of the north fork was 0.6 fish/m? (Burns
1971), and in summer 1990, coho salmon density
in south fork pools was 0.4/m2 (Nakamoto, un-
published data).

We used two-way analysis of variance (ANO-
VA; main effects: stream and steelhead density)
to analyze survival and growth of coho salmon.
Survival data were transformed before ANOVA
by means of the arcsine square root transformation
as modified by Anscombe (1948) for binomial
data. Growth of coho salmon was expressed as
percent change from initial weight. Where all the
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coho salmon stocked in an enclosure were not re-
covered, we estimated weight change based on the
average weight of individuals at the beginning and
end of the experiment. We also analyzed steelhead
survival by two-way ANOVA using transformed
data from the 1X and 2X treatments. Response
variables were tested for homogeneity of variance
with Bartlett's test.

Results

The integrity of all enclosure fences was main-
tained throughout the experiment. However. all of
the zero density steelhead treatments contained
three to six small (<50 mm FL) steethead at the
end of the experiment. Either we failed to remove
these fish from the enclosures at the beginning of
the experiment or they passed through the fences.
The first possibility is supported by our recovery
of individuals shorter than 50 mm FL (both living
and dead) from all treatment combinations. In ei-
ther case, these fish represented a very small frac-
tion of the biomass of fish in any treatment, and
were probably evenly distributed among treat-
ments.

Coho salmon exhibited high survival in the ex-
periment (87% overall). We recovered all of the
coho salmon stocked in 7 of the 12 experimental
units (Table 1). Survival was not related to treat-
ments (P = 0.238 for both main effects and the
interaction term).

Growth of coho salmon varied among the treat-
ments. Steelhead negatively affected coho salmon
growth (Figure 1). and steelhead density was the
dominant factor in the analysis of variance (F =
49.3; df = 2, 5: P < 0.001). All three pairwise
comparisons of coho salmon growth among the
three steelhead density treatments were signifi-
cantly different (Dunn-Sidak test. P < 0.05). In
the north fork. coho salmon gained weight in the
zero density steelhead treatment, did not change
weight in the | X treatment, and lost weight in the
2X treatment (Figure 1). Coho salmon growth was
lower in the south fork than in the north fork (F
= 8.8:df = 1, 5; P = 0.031). The steelhead density
X stream interaction term was not significant (F
= 43; df = 2. 5: P = 0.083). The ANOVA of
coho salmon growth contained 5 degrees of free-
dom for error and 10 degrees of freedom total be-
cause we excluded from the analysis the enclosure
from which we recovered only two coho salmon,
and therefore included a total of 11 observations.
We did so because the two surviving fish in that
enclosure seemed to have been the two smallest
of the five fish stocked, based on the length of fish















