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Beaver Dam Locations and Their Effects on Distribution and
Abundance of Coho Salmon Fry in Two Coastal Oregon Streams

Abstract

Beaver (Castor canadensisy dams and coho salmon (Oncorhiynehus kisutchy fry were examined for their relationships in two coastal
Oregon streams in 1987, Our initial spring survey of 19 kni of stream found only one dam still complete aficr winter. By autumn,
the number of dams had increased to 1.1 and 1.2 per km on the two streams. Beaver dams increased summer pool habilat 7
to 14 percent over unmodified conditions. Although density of coho (per m? and m?*) was similar among pool types. beaver ponds
were larger and contained more coho fry than non-beaver pools: thus, beaver increased rearing habitat for coho during the fate

summer low flow. Beaver represent a low-cost ool deserving more consideration for stream rchabilitation projects.

Introduction

Although there is cvidence that coho salmon frv
use beaver ponds as rearing habilat in the Oregon
Cascade Mountains {Everest and Sedell 1983:
Everest et al. 1985) and in southcastern Alaska
{Sanner 1987), beaver generally have been con-
sidered detrimental 1o salmonid populations. Dams
have been viewed as barriers 10 migration and so
have been removed (Salyer 19354.b, Bradt 1947.
Patterson 1950, Reid 1952. Marston and Jong
1978. Marston and Deming 1979). Much is known
about the general effect of beaver on rivers and
streams (Naiman et al. 1986). but little reserach
has been done in the Northwest, especially in the
Orcgon Coast Range. The impact of beaver dams
on streams and their fish populations may be differ-
ent in the Coast Range relative to that in the Cas-
cade Mountains or southcastern Alaska because
of differences in climate, topography, forest types,
and forcst management. Most beaver dams in
coastal Oregon streams are ephemeral, being
washed out in heavy winter storms and rebuilt the
nexl summer (Maser et al. 1981). Thus. applica-
bility of existing research on beaver-fish intcrac-
tions to the Oregon Coast Range is uncertain.
Our objectives in this studv were to identify
characteristies associated with dam location in two

coaslal Oregon strcams and 1o assess the cffect of

stream modification by beaver dams on the rear-
ing habitat of coho salmon.

Study Sites

The two study streams in the central Oregon Coast
Range, Cummins Creck and Cape Creek (Figure
1), are underlain by basalt and flow directly into
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Figure 1. Location of the study sites. main Cape Creek. and
Cummins Creek, Oregon.

the Pacific Ocean. Both are within the Picea silch-
ensis Zone (Franklin and Dyrness 1973) in which
mean minimum temperature in January is 0-2.5°C
and mean maximum temperature in July is
20-25°C. The zone receives 200-300 cm of
precipilation vearly, most of which falls as rain from
Oclober through May.

Cummins Creek

Cummins Creek is a fourth-order Ll-km stream
draining a watershed encompassing 2,100 ha in
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a trellis drainage pattern (the main channcl being
fed by small tribularics that intersect it at approxi-
mately right angles). Average active channel width
is the summer is 3 m, und average gradient is 3
percent over the sampled length. The pool:riffle
vatio is ncarly 4:5; summer discharge near the
mouth averages 0.28 m*/s. The floodplain is wide,
510 50 m, and the stream is often braided. Spawn-
ing gravel, rearing habitat, and aquatic macroin-
vertebrate production were judged excellent for
juvenile salmonids by Marston and Deming (1979).
Gravel bars dominate the channel and arc usually
associated with large woody debris. There are
several log jams, and the upper reaches of the
stream are structured with log steps. The basin is
modecrately stable, although debris slides do oc-
cur in undisturbed areas.

Except for the lower 0.4 km, the walershed is
managed by the U.S. Forest Service as a wilder-
ness area. Hence, Cummins Creek is in an old-
growth watershed cxcept for three small clearcuts
(adjacent to a lotal 350 m of stream) created in
1955. 1963, and 1966-67. Overstory vegetation
consists of red alder (Alnus rubra), Sitka spruce
(Picea sitchensis). and Douglas-fir (Psendotsuga
menziesii); western redeedar (Thuja plicata) and
western hemlock (Tsuga heterophylla) become
morc abundant in the upper reaches. Understory
vegelation is mainly salal (Gaultheria shallon ) and
salmonberry (Rubus spectabilis).

Cape Creek

The main stem of Cape Creek is a fifth-order
15.3-km stream that drains a watershed encom-
passing 3,292 ha in a dendritic stream pattern,
with three major wibutaries. The average stream
width i¢ 4 m, and the average gradient is 3-4 per-
cent over the sampled length. The pool:riffle ratio
is 3:4; summer discharge ncar the mouth averages
1.3 m/s.

More than 70 percent of the watershed has
been logged since 1948, generally without main-
taining any maturc forest buffer strips along
streams. Ln addition, the lower 1.9 km of the main
stem was mined for gravel in the late 1950%. The
stream has long stretches devoid of large organic
debris but is punctuated by large debris jams es-
tablished by mass wasting from hillside clearcuts
and midslope roads or by logging debris. There
is little opportunity for a steady addition of large
organic debris to the stream as most of the stream-

side overstory vegetation is young alder that has
regenerated alier clearcutting. Sitka spruce, west-
crn redeedar. Douglas-fir, and western hemlock are
also present. The understory is mainly salmonberry
and thimbleberry (Rubus parviflorus).

Methods

We surveyed the lower 7-8 km of each stream (to
the upper limit of coho distribution) for beaver
dams and for coho salmon use in April-May and
September of 1987. We divided the stream into
natural habitat units {reaches) and classified each
as pool, riffle. or glide (Hankin and Reeves 1988).
then visually estimated their average length, width.
and depth. Every tenth unit was measured to pro-
vide a correction factor for the visual estimates.
Corrections were applied in the mathematical anal-
ysis. Definitions of the habitat units, from Bisson
et al. (1982), are based on occurrences during high
water flow as follows:

Pool—an area {(including beaver ponds) thal is scoured

Riffle —an arca of deposition

Glide —an area in which neither deposition nor seour-

mg occurs

Because the volume of the streams decrcased
substantially from high waler in the spring to low
water in the [all, a relative measure (percent vol-
ume) of the stream in each habitat tvpe was used
in comparing results of the spring and fall surveys.

As physical variables generally play an impor-
tant parl in determining dam location (Slough and
Sadleir 1977, Howard and Larson 1983, Beier
and Barrett 1987) and as they may be important
1o fish populations, we also examined geomorphol-
ogy and vegelation. Habitat features potentially im-
portant to beaver dam construction were measured
along 30-m transects on each side of the strcam
at cach dam site (n = 16) and at sites located at
random dislances from the stream mouth bul more
than 100 m from beaver activity. Variables mea-
surcd were: proximity lo log jams, debris slides,
and tributarics; bank slope along a 30-m transect
perpendicular 1o each stream; stream gradient;
stream width and depth; and cover by woody plant
taxa of the understory (less than 2 m tall), mid-
story (2-10 m tall). and overstory (greater than 10
m tall). Nonparametric discriminant analysis— the
k nearest neighbor method. PROC DISCRIM
method = NPAR (SAS Institute, Tne.. 1987)—
was used to identify habitat features that best sepa-
rated dam sites from random unused sites.
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Divers counted coho salmon fry in each habi-
tat unit in the fall by the method described by
Hankin and Rceves (1988). Other fish species
were not counted. Number of fry per pool and den-
sities were calculated as the sum of the product
of habitat-specific densities and habitat frequen-
cies. Student’s t-test was used Lo compare the total
number of coho fry in beaver and non-beaver pools
and the densily of fish in pools with the density
in glides and ritfles.

Results and Discussion
Beaver Dams

In the spring. Cummins Creek had no beaver dams
and Cape Creek only onc. Casual observation
showed that dam construction began in late Junc,
although mosl construction was done in July and
August. We observed new dams being started as
late as September. In the fall, we located eight
dams (1.2 dams/km} on Cummins Creek and eight
(1.1 dams’km} on Cape Creek, low densities in
comparison with those found by Naiman et al.
{1986} in Quebec, Canada (8.6-16.0 dams/km).

The mean sideslope was significantly different
(P < 0.05) on used sites (dams) and unused sites
on Cape Creek, the former having a lower slope
(10.5%. SD = 2.8 versus 24.8%, SD = 6.7).
Slopes of used and unused sites on Cummins were
not significantly different, the mean sideslopes be-
ing almost identical (9.2% and 8.3%., respectively).
The differences may be largely a consequence of
the geomorphological difference hetween the two
streams. Nonetheless, the sideslupe on used sites
was similar on both ecrccks, approximately 10
degrees. Cummins Creek has a wider flood plain,
o ncither used nor unused areas are steep.

The tendency of beaver to avoid steep bank
slopes has been shown in two other western studies
that have examined this variable (Beier and Barrett
1987, McComb et al.. 1990} and may be a gencral
weslern behavior. Tn contrast, in the Midwest,
Urich et al. (1983} found that beaver selected steep
banks.

Because the sample size was small, the model
for discriminant analysis of physical and vegeta-
tion variables important to dam location is not
presented here. However, the resulls are al least
indicative of relationships and so have some use.
Proximity to logjams, tributaries, and debris slides
accounted for 52 percent of the model variation,
indicating the importance of pre-existing structures
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to the location of dams. The dams frequently were
built on or in front of logjams, or on large wood
in the stream channel. Three vegetation variables
accounted for an additional 23 percent of the var-
iation. Midstory and overstory conifer cover had
a negative association while midstory vine maple
{Acer circinatum) was positively associated.

The percent volume of streams in non-beaver
pools in the spring and fall surveys was fairly con-
stant (Figure 2); however, beaver pools added 7
percent more habitat in Cummins Creek and 14
percent more in Cape Creek—12 percem and 22
percent of the total fall pool volume, respectively.
Beaver ponds, on average, were from 3 1o 4 times
larger than pools formed by other means (Figure
3). Some beaver dams enlarged present pools, of-
ten at the expense of riffle or glide habitat. Other
dams created pool habitat from riffles or glides.
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Figure 2. Changes in the percentage of stream volume in pool
habitat in Cummins and Cape Creeks, 1987, In the
spring survey, na heaver ponds were present al Cum-
mins Creek, and only one small beaver pond at Cape
Creek.

Fish-beaver Interactions

The total coho salmon counts of Cape and Cum-
mins Creeks were 8,767 and 3.437. respectively
(Table 1). Coho salmon fry were 2 times more
abundant in pools than in glides and 40 times more
abundant in pools than in riffles, which supports
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Figure 3. Mean volume and runges (or beaver ponds and non-
beaver pools. Cummins and Cape Creek, fall 1987.
Number of pools and standard error are shown.

the conclusion that the fry are typically found in
pools (Bisson et al. 1982, Sedell et al. 1984). We
also found that coho distribution terminated up-
stream at a large logjam on Cummins Creek, and
that where Cape Creek became very small. bea-
ver dams were not associated with the upstream
limit of the coho. The upper limit of coho on Cape
Creek appeared to be associated with a continued

diminution of stream width and an increase in
stream gradient.

The mean number of coho {ry in beaver ponds
was threc times the mean number in non-beaver
pools, although the variance was too high 1o be
statistically significant (Table 2). Density of coho
fry by area and volume did net differ in beaver
ponds and non-beaver pools; thus, it appears that
the fry use the habitat created by beaver in these
streams. We have no evidence that fry were ac-
tively selecting beaver ponds; rather, they were us-
ing large pools, and beaver ponds lended to be
larger than non-beaver pools.

The presence of beaver in these two coastal
Oregon streams scemed to affect coho populations
positively by increasing the availability of pools,
the preferred coho habitat (Bisson et al. 1988).
We did not observe the decreases in density that
have been reported in the midwestern United
States for fish species of that region (Salyer
1935a,b, Patterson 1950, Reid 1952). The coastal
streams are stecper. faster, and gencrally colder
in summer than midwestern streams, where large
temperaturc rises and low levels of dissolved oxy-
gen are associated with beaver dams in the low-
gradient stream systems. In this coastal environ-
ment, the moderate slowing and deepening of

TABLE 1. Total stream length, area and volume in the hubilat units, and average coho sulmon density in cach unil, N is the number

of units sampled in fall 1987.

Length Area Volume Average fish densily

Stream: habitat unit N (m) (m?) (m3) m™ m™
Cape Creek

Pool 22 2.307 19.210 8.935 0.554 1.500

Clide 12 2.898 21.321 3.965 0.080 0.387

Riffle 10 3.050 22.527 2478 0.011 0.143
Cummins Creck

Pool 42 3.741 22,518 7.430 0.107 0.332

Glide 18 2.322 13.341 2.601 0.036 0.156

Riffle 30 4,856 23.310 2.833 0.000 0.000

TABLE 2. Comparison of coho fry populations in beaver and non-beaver paols, by pool, density per area. and density per volume.
Values are lor Cape Creek and Cummins Creek combined. fall 1987. Student’s ¢-test was used Lo compare population sizes.

Beaver ponds (n = 14) Non-beaver pools (n = 45)

Population Average (KSD) Average (SD) P

Cohalpool 108.43 (179.68) 35.62 (56.76) 0.16
Coho/m? 0.34 (0.38) 0.26 (0.38) 0.49
Coho/m?® 0.95 0.75 0.71 (1.02) 0.43
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streams by beaver dams improves the quality of
summer habitat by increasing the amount of slow
water in pools (Bisson et al. 1988). Beaver ponds
raise the level of a stream and may also provide
access to side channels as the water level
dcercases. therefore preventing fry from becom-
ing stranded in side-channel ponds.

Our spring survey showed that most dams were
destroved by winter high waler; however, they were
not always washed entirely away. Remnant ends
of dams along banks may provide some slow-water
refuge (sensu Scdell er al. 1990) during high wa-
ter cvents. The side channels, canals, and dams
developed at a beaver site also could be impor-
tant winter habitat for coho frv. Careful study of
stream energetics is needed to cvaluate if beaver-
caused changes in the strcam system resull in
changes in fish productivity or changes in the com-
position of the fish community.

An important question to ask, but for which an-
swers can only be speculative, is why there are so
many more coho salmon in Cape Creek than in
Cummins Creek. The streams differ in both small
and large ways; any or all of which may contrib-
ute to the difference in coho population size. A very
significant difference between the streams is their
management history, which suggests testable hy-
potheses on the interactions between coho popu-
lations and strcamside community structure and
disturbance. Off-shore harvest of salmon may also
have affected within-stream populations.

Management Iimplications

Stream enhancement projects instituled in some
anadromous fish streams in the Pacific Northwest
(Bisson et al. 1987) have demonstrated that strue-
tures can increase spawning or rearing habital
{Everest and Sedell 1983), but they have also
shown thal stream enhancement can be expensive
(Bisson et al. 1987). Costs for placing an individual
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