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ABSTRACT

Although management and study of freshwater ecosystems can benefit from multi-scale analysis,
research has generally focused on only the shortest temporal and the finest spatial scales. Habitat avail-
ability and selection were examined for the juvenile anadromous salmonid assemblage in the Elk River,
Oregon at multiple spatial scales over 7 years. Means of few instream habitat characteristics differed
among years at either the stream system or valley segment scales. Within individual years, most habitat
characteristics differed between the two stream system types (i.e., the mainstem and tributaries of Elk
River) but not among the three valley segment types (i.e., unconstrained valleys, alluviated canyons, and
constrained canyons). Habitat selection was quantified at the stream system, valley segment, and channel
unit scales by selection ratios and confidence intervals calculated with bootstrapping methods. Uncon-
strained valleys in the tributaries and pools in the mainstem were often selected by ocean-type chinook
salmon (Oncorhynchus tshawytscha), coho salmon (O. kisutch), and cutthroat trout (O. clarki) but were
often avoided by steelhead (O. mykiss). All species selected pools in the tributaries. Steelhead was the only
species for which stream discharge or water temperature variables explained a significant proportion of
the interannual variation in selection ratios. Intraspecific competition may have influenced selection by
chinook salmon for constrained canyons in the mainstem, and competition with this species may have
influenced selection for tributaries by coho salmon. Had this study been of shorter duration, one or two
years as is common when relating fish and their habitat, interannual variation in selection ratios was often
sufficient to have altered conclusions depending upon the years examined. Because habitat types were
selected at each spatial scale, salmon conservation strategies that protect and restore habitat at multiple
spatial scales may have the highest likelihood of success.
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INTRODUCTION

Application of hierarchy theory has become an important theme
in ecology over the past two decades. The theory stems naturally
from a recognition that ecosystems are scaled in time and space with
subsystems arranged as nested hierarchies (O’Neill 1989; Allen and
Hoekstra 1992). Each level of the hierarchy is differentiated by spe-
cific process rates and structures. Higher levels are driven by slower
processes that generate patterns at coarser spatial and longer tempo-
ral scales, while lower levels are driven by faster processes that gener-
ate patterns at finer spatial and shorter temporal scales. The concept
of constraint is an important consequence of hierarchical arrange-
ment; that is, each level is limited from above by its biotic and abi-
otic context and from below by its components (O’Neill 1989). To
effectively characterize ecosystems, it is necessary to consider mul-
tiple levels of the hierarchy (Allen and Hoekstra 1992): 1) the focal
level or the level of interest, 2) levels above to identify context and
relevance, and 3) levels below to identify mechanisms. Methods to
translate explanation and prediction across scales may be ‘top-down’
in which understanding at finer scales derives from system context
or ‘bottom-up’ in which fine-scale measurements are summed over
broad scales, with the caution that heterogeneity may exert non-lin-
ear influences (Turner et al. 1989).

Management and study of freshwater ecosystems have been influ-
enced by hierarchy theory. Numerous issues in stream ecology were
examined across two or more spatial scales, from regional to local.
These include controls on fish diversity (e.g., Poff 1997; Angermeier
and Winston 1998); individual and population distribution and reg-
ulation (e.g., Fausch 1998; Torgersen et al. 1999; Labbe and Fausch
2000); fish habitat classification, conservation, and restoration (e.g.,
Frissell et al. 1986; Lewis et al. 1996; Rabeni and Sowa 1996); land-
use effects on water quality, biotic integrity, and habitat condition
(e.g., Hunsaker and Levine 1995; Roth et al. 1996); and modeling,
planning, and managing of salmonids (e.g., FEMAT 1993; Lee and
Grant 1995; Armstrong et al. 1998). Baxter and Hauer (2000) dem-
onstrated multi-scale hierarchical analyses and the unique insights
that can be obtained. Numbers of redds for bull trout (Salvelinus
confluentus) in tributaries of the Swan River basin, Montana were
positively correlated with areas of groundwater upwelling at the three
coarsest spatial scales examined but with areas of downwelling at the
finest spatial scale. Their findings indicated that, although hyporheic
exchange was important at all four spatial scales, geomorphic fea-
tures and mechanisms affecting bull trout spawning selection and
use differed among scales. Focus on scale may particularly benefit
aquatic system applications because physical and biological compo-
nents may scale more similarly in aquatic systems than in terrestrial
systems where biological features frequently dominate structure and
mediate physical influences (Wiens 1989).

Despite advantages of hierarchical analysis, most research on sal-
monid distribution and abundance in streams has been at fine spatial
and short temporal scales (for discussion see Platts and Nelson 1988;
Folt et al. 1998). Wiens (1989) stressed the importance of match-
ing the scale of inquiry to the question. Investigations targeting finer
scales (i.e., channel unit (100-101 m) or below and <1 year) may be
appropriate for many questions, such as how habitat mediates inter-
actions between a fish and conspecifics. For other questions, partic-
ularly those related to freshwater habitat influences on population
persistence, relevant information is most likely to derive from coarser

spatial scales (i.e., watershed (103-104 m) or above and >10 years)
(Reeves et al. 1995). Most fish-habitat research has had a temporal
extent of #2 years and a spatial extent of reach(es) (101-102 m) or
channel unit(s).

Studies over multiple years can be valuable when relating fish and
their habitat. Population abundances of stream fish and factors influ-
encing these abundances may fluctuate from year to year (Platts and
Nelson 1988; Grossman et al. 1990). An extended investigation can
reveal interannual patterns and provide a context for interpreting
the results from any one year. Transferability of fish habitat models
and results to other years may be limited by the failure to account
for interannual variation. Documenting and understanding tempo-
ral variability can also aid in designing programs to monitor trends.
The effectiveness of conservation strategies may be improved if the
suite of habitat elements affecting fish over longer periods is known.

As abundances of many Pacific salmon and trout populations
(Oncorhynchus spp.) declined near or to extinction (Nehlsen et al.
1991), knowledge gaps resulting from fine-scale studies became obvi-
ous and a watershed perspective was often recommended in strate-
gies to understand and reverse these trends (Doppelt et al. 1993;
FEMAT 1993; NRC 1996). However, relatively few investigations
examined relationships between fish and their habitats throughout
a watershed (e.g., Dolloff et al. 1994; Roper et al. 1994; Scarnec-
chia and Roper 2000). Longer-term studies (i.e., one or more gen-
erations) over the spatial extent of a watershed are even less common
(e.g., but see Reeves et al. 1997).

Use by an organism of habitat at any spatial scale may reflect
availability of, rather than selection for, a particular habitat type;
therefore, metrics to quantify selection were developed (Manly et
al. 1993). Selection by salmonids in freshwater has been assessed at
different spatial scales (e.g., Dambacher 1991; Nislow et al. 1999;
Torgersen et al. 1999), but most often at the reach scale or below.
A variety of habitat selection indices have been used in such studies
[e.g., Chesson’s alpha (Chesson 1978), Jacobs D (Jacobs 1974),
and Ivlev’s electivity index (Ivlev 1961)]. Manly et al. (1993) articu-
lated an integrated statistical theory of habitat selection based on a
resource selection function that estimated the probability of a given
habitat being used. Univariate and multivariate methods were devel-
oped to calculate values of resource selection functions and their
normally approximated standard errors. Erickson et al. (1998) dem-
onstrated bootstrapping methods to estimate a resource selection
function and standard errors for moose winter habitat selection.
Such an approach can overcome limitations of the normal approxi-
mation but has not been applied to estimate salmonid habitat selec-
tion at any spatial scale.

The goal of this research was to understand summer habitat avail-
ability and selection for a juvenile salmonid assemblage over mul-
tiple years and at multiple spatial scales in a watershed. Specific
objectives were to: 1) describe inter-annual variability over 7 years
(1988-94) for fish-habitat characteristics in the Elk River, Oregon,
USA (Fig. 2.1) summarized at the stream system and valley seg-
ment scales; 2) compare fish-habitat characteristics in each year
between stream system types and between valley segment types; 3)
evaluate habitat selection in each year by juvenile ocean-type chi-
nook salmon (Oncorhynchus tshawytscha), coho salmon (O. kisutch),
coastal cutthroat trout (O. clarki) and steelhead (O. mykiss) at the
stream system, valley segment, and channel unit scales (Fig. 2.2)
using bootstrapping techniques to estimate selection ratios and con-
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Figure 2.1. Location and map of the Elk River, Oregon with valley segments identified for anadromous fish-bearing sections of the mainstem

and its tributaries.

fidence intervals; and 4) explain interannual variation in species-spe-
cific selection with environmental conditions and salmonid densities
as potential indicators of competition.

METHODS
Study Area and Salmonid Community

Elk River is located in southwestern Oregon, USA (Fig. 2.1). The
mainstem flows primarily east to west, entering the Pacific Ocean
just south of Cape Blanco (42°5° N latitude and 124°3’ W longi-
tude). The Elk River basin (236 km?) is in the Klamath Mountains
physiographic province (Franklin and Dyrness 1988) and is similar
to other Klamath Mountain coastal basins in climate, land form,
vegetation, land use, and salmonid community (Chapter 4). The
upper mainstem of Elk River (i.e., upstream of Anvil Creek) and
its tributaries (Fig. 2.1) provide spawning and rearing habitat for
native ocean-type chinook salmon, coho salmon, coastal cutthroat
trout, and winter-run steelhead. A small population of chum salmon
(O. keta) occurs with these species in the lower mainstem. The Elk
River is highlighted in both state and federal strategies to protect and
restore salmonids (USDA and USDI 1994; State of Oregon 1997).

Valley Segments

Valley segments encompass sections of stream accessible to anad-
romous salmonids. Accessibility was determined in the field based
on the absence of physical features considered to be barriers for adult
fish migrating upstream. The type and boundaries of each valley seg-
ment were determined through field reconnaissance. Valley segments

were classified as one of three types (Table 2.1) (adapted from Fris-
sell 1992). Unconstrained valleys (UV) in the upper Elk River basin
occur only in the tributaries. These contain stream channels that are
generally lower gradient and less confined (i.e., valley floor width
>2 x active channel width) than other valley segments in the trib-
utaries. Any confinement is imposed by channel-adjacent terraces.
Constrained canyons (CC) contain stream channels that are rela-
tively high gradient for the stream system type where they occur and
are confined by valley walls (i.e., valley floor width - active channel
width). Alluviated canyons (AC) contain stream channels that are
intermediate in gradient and confinement to those in the former two
valley segment types for the stream system type where they occur.
Twenty-five valley segments were identified and mapped (Table 2.1
and Fig. 2.1); eight are in the upper mainstem between Anvil Creek
and the confluence of the North and South Forks of Elk River, and
17 are in the tributaries. The mainstem is a 5 order channel, and
surveyed tributaries are either 3'® or 4™ order channels (Strahler
1957). Drainage area of valley segments did not differ significantly
(P>0.05) by valley segment type in either the mainstem or tributar-
ies.

Channel Unit Features and Juvenile Salmonid Densities

Data for channel units and juvenile salmonid abundance were
collected in the Elk River basin each year from 1988 to 1994.
Annual data collection began in late July to mid-August and contin-
ued approximately three weeks. Data were collected for twenty-three
valley segments in 29 km of the upper mainstem and 20 km of the
tributaries for every year. Surveys included an additional 0.5 km in
Anvil Creek for 1991-1994 and 0.9 km in the East Fork of Panther
Creek for 1990 and 1992-1994.
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Figure 2.2. Spatial scales examined in the Elk River, Oregon. Linear spatial scale approximates units in 31

from Frissell et al. 1986).

Each channel unit was classified by type [as pool, fastwater
(Hawkins et al. 1993), or side channel (<10% flow)]. The length,
mean wetted width, and mean depth of each channel unit was esti-
mated using the method of Hankin and Reeves (1988). Channel
units were at least as long as the estimated mean active channel width
(10°-10" m). Dimensions were measured for approximately 15% of
all channel units. A calibration ratio was derived from the subset of
channel units with paired measured and estimated values. Separate
calibration ratios were developed annually for each person estimating
channel unit dimensions. All estimated dimensions were multiplied
by the appropriate calibration ratio, and only calibrated estimates
were analyzed. For each channel unit, the dominant substrate by
percent area (defined as small gravel 3-10 mm, large gravel 11-100
mm, cobble 101-299 mm, boulder >300 mm, and bedrock) was esti-
mated visually and the number of wood pieces (=3 m long and >0.3
m diameter) was counted. Maximum depth of each pool was mea-
sured if <I m and was estimated otherwise.

A systematic sample of channel units was selected annually for
estimating fish abundance. Species were chinook and coho salmon
that emerged the previous spring (i.e., age 0) and of steelhead and
cutthroat trout that were thought to have reared in the basin for at
least a year (i.e., > age 1). Every 4th pool, 10™ fasewarer habitat,
and 2" side channel were chosen annually using an independent
random start for each channel unit type in the mainstem and in

5% order channels (figure adapted

each tributary. Abundance estimates were derived from fish counted
while snorkeling in these selected units (Hankin and Reeves 1988)
between 10:00 AM and 4:00 PM. Snorkeling counts were not cali-
brated with electroshocking estimates of fish abundance in a depar-
ture from Hankin and Reeves (1988). Consequently, estimates from
snorkeling counts were assumed to be negatively biased (Rodgers
et al. 1992; Thompson and Lee 2000) but to provide measures of
relative abundance. Valley segments Anvil Creek 1 from 1988-1990,
Red Cedar Creek 3 from 1988, E. Fork Panther Creek 1 from
1988,1989, and 1991, and Mainstem 8 from 1990 were excluded
from analyses because fish data were not collected in these years.
Valley segments Bald Mountain Creek 2 and 3 were excluded from
all analyses for chinook and coho salmon because a barrier prevented
access by adults of these species.

Habitat and fish abundance data for each channel unit were geo-
referenced to the digital stream network with Dynamic Segmenta-
tion in ARC/INFO! (Byrne 1996). A separate channel unit coverage
was created for each year that data were collected. Geo-referenced
channel unit data were summarized for each year to derive channel
unit features and estimates of fish density for subsequent analyses.
Channel unit data by type were summarized for valley segments to

"The use of trade or firm names is for reader information and does not imply
endorsement by the U.S. Department of Agriculture of any product or ser-
vice.
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Valley Drainage
segment Length Mean (SD)  area

Valley Segment type (m) % gradient  (ha)
Mainstem 2 CC 1,977 13(.7) 18,286
Mainstem 4 CC 4,887 0.8(1.0) 14,925
Mainstem 6 CC 1,342 0.6(0.9) 13,328
Mainstem 8 CC 1,531 0.9¢(0.1) 9,254
Mean (SD) 0.9 (0.3)
Mainstem 3 AC 2,248 0.2(0.3) 17,920
Mainstem 5 AC 2923 0.8(0.7) 14,203
Mainstem 7 AC 3,471 0.7(0.8) 12,397
Mainstem 9 AC 10,629 0.9(0.8) 7,226
Mean (SD) 0.7 (0.3)
Anvil Creek 1 uv 532 0.1(0.1) 687
North Fork Elk River 2 UV~ 2,511 1.6(2.9) 2,302
Panther Creek 2 uv 1,697 232.0)0 2,275
Red Cedar Creek 2 Uv 1418 2.1(1.9) 736
Mean (SD) 1.5 (0.9)
Bald Mountain Creek 2 AC 4,251 2.4(2.7) 2,678
Butler Creek 2 AC 1,588 1.2(1.8) 1,724
Panther Creek 3 AC 1,165 1.9(1.9) 928
W. Fork Panther Creek  AC 806 2.8(2.7) 574
Red Cedar Creek 3 AC 419  3.3(3.4) 564
Mean (SD) 2.3(0.7)
Bald Mountain Creek 1 CC 826 3.1(3.8) 2,715
Bald Mountain Creek 3 CC 965 2.3(2.6) 1,510
Butler Creek 1 CC 763 3.3 (4.3) 1,752
North Fork Elk River 1 CC 648 3.3(4.9) 2,456
Panther Creek 1 CcC 727 0.6 (0.8) 2,346
E Fork Panther Creek 1 CC 888 1.8(3.2) 569
Red Cedar Creek 1 CC 344 4.7 (3.3) 743
South Fork Elk River 1  CC 1,544 5.6 (6.2) 1,988
Mean (SD) 3.2 (1.6)

Table 2.1. Characteristics of mainstem and tributary valley segments
in the Elk River, Oregon. Valley segments are numbered starting
downstream. Valley segment types are unconstrained valleys (UV),
alluviated canyons (AC), and constrained canyons (CC) (adapted
from Frissell et al. 1992). Mean percent gradient and drainage area
were derived from US Geological Survey (USGS) 30 m digital eleva-
tion models (DEM) (Chapters 3 and 4).

obtain channel unit features of mean length (m), mean wetted width
(m), mean maximum depth of pools (m); mean volume (m?); mean
density of wood (number of pieces/100 m); percent area; frequency
(number/km); and percent area with bedrock as dominant substrate,
boulders as dominant substrate, cobble as dominant substrate, large
gravel as dominant substrate, and small gravel as dominant substrate.
Total relative fish density (number/100 m?) by species and associated
standard errors, stratified by habitat type (Cochran 1977), were esti-
mated for each year over the entire basin (Table 2.2). Estimates were
also calculated for the mainstem and tributaries separately (Table

2.3).

Stream Discharge and Water Temperature

Stream discharge data were obtained from the USGS gauge (no.
14327250) on the mainstem of Elk River at the State of Oregon
Salmon Hatchery. Water temperature data were recorded continu-
ously by a thermograph at the same location. Because of their poten-
tial to influence habitat and selection, the following four variables
were estimated for each sampled year (Table 2.4): 1) maximum
daily average stream discharge during spring (March 21-June 20); 2)
annual minimum daily average stream discharge for the water year
(October 1-September 30); 3) maximum daily water temperature
during summer (June 21-September 20); and 4) annual maximum
daily average stream discharge for the water year (October 1-Septem-

ber 30).
Selection by Juvenile Salmonids

Selection was evaluated for juveniles of each salmonid species at
three spatial scales in the Elk River basin using a selection function
(Manly et al. 1993) calculated with nonparametric bootstrapping
methods (Manly 1998; Erickson et al. 1998). In each of seven years
for each species, selection functions were developed for each of the
two types at the stream system scale (mainstem and tribuctaries); for
each of the three types at the valley segment scale (unconstrained val-
leys, alluviated canyons, and constrained canyons) in the mainstem
and in the tributaries; and for each of the three types at the channel
unit scale (pools, fastwater, and side channels) in the mainstem and
in the tributaries. Selection functions reduce to selection ratios when
habitat is characterized by a single categorical variable (Manly et al.
1993), which in this study was the type at each spatial scale. For
each species, type, and stratum (i.e., the stratum is the year at the
stream system scale and is the year and mainstem or tributaries at the
valley segment and channel unit scales), 5,000 samples were drawn
with replacement from the original data. Sample size was equal to
the number of snorkeled units for that species, type, and stratum. A
snorkeled unit, instead of a single fish, was considered an observation
because the presence of an individual fish may not have been inde-
pendent of conspecifics. The total number of fish observed and the
total area snorkeled were determined for each of the 5,000 samples
for each species, type and stratum. For each species and stratum,
selection ratios for type were calculated (Manly et al. 1993):

M wi=0;/p;

where i was the type, o; was the number of fish observed in type i
divided by the total number of fish observed in all types at that scale,
and p; was the area snorkeled of type i divided by the total area snor-
keled of all types at that scale (Table 2.5). The pairwise difference
between selection ratios (Wi—Wj) was calculated also.

Means and confidence intervals were generated for selection ratios
and for their pairwise differences from the bootstrapped sample dis-
tributions for each species, type, and stracum. Hereafter, selection
ratio refers to a mean calculated from annual bootstrapped estimates.
Confidence intervals were developed with the percentile method,
the simplest and most commonly used approach (Dixon 1993),
by determining the 100*(0t/2) and the 100*(1-0/2) percentiles of
each bootstrapped sample distribution. We used 0=0.1 and a Bon-
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Chinook Coho Cutthroat
salmon salmon trout Steelhead

Year density density density density

1988  8.24 (1.00) 0.04 (0.01) 0.35(0.05) 4.76(0.33)
1989 15.18 ((1.34) 0.02 (0.00) 0.34 (0.04) 6.86 (0.45)
1990 1.49 (0.28) 0.00 (0.00) 1.39 (0.21) 8.26 (0.76)
1991 3.85(0.50) 0.33 (0.16) 0.51 (0.12) 8.20 (0.66)
1992 0.66 (0.15) 0.03 (0.01) 0.47 (0.05) 8.21(0.62)
1993 1.92 (0.48) 0.15(0.05) 0.23 (0.03) 7.38 (0.44)
1994  2.47(0.31) 1.13(0.15) 0.26 (0.03) 8.74 (0.62)

Table 2.2. Estimated total relative density (standard error) of juve-
nile salmonids in the Elk River, Oregon (1988-1994). Density is
expressed as the number of fish per 100 m?.

ferroni adjustment when appropriate. The lower and upper con-
fidence limits were: 1) the 2.5 and 97.5 percentiles for the two
selection ratios at the stream system scale, and the 5 and 95 percen-
tiles for the single pairwise difference between these selection ratios;
and 2) the 1.67 and 98.3 percentiles for the three selection ratios
and for the three pairwise differences between these selection ratios
at the valley segment scale and at the channel unitscale. Although the
nominal confidence interval calculated with the percentile method
may be inaccurate when the estimated parameter is not the median
of the bootstrapped distribution, this was rarely the case for selection
ratios or their pair-wise differences.

Selection ratios may range from zero to infinity with a value of
one implying no selection. When the confidence interval did not
contain the value of one, the null hypothesis was rejected that juve-
niles of that salmonid species used the habitat type in proportion to
its availability (Manly et al. 1993). Consequently, a selection ratio
that was significantly >1 indicated selection for the type, and a selec-
tion ratio that was significantly <1 indicated avoidance. Similarly,
when the confi-dence interval for the pairwise difference between
selection ratios did not contain zero, the null hypothesis of no differ-
ence between the selection ratios was rejected.

Statistical Analysis

Statistical analyses were performed with SAS/STAT statistical
software (Version 6.12, 1997, SAS Institute Inc., Cary, NC) with

significance determined at 0.=0.05. One-way ANOVA was used to
compare means of channel unit features among years for each stream
system type (mainstem and tributaries) and each valley segment type
(unconstrained valleys, alluviated canyons, and un-constrained can-
yons). A Bonferroni adjustment was applied for the twenty-one post-
hoc comparisons of means between years. Means of channel unit
features were compared between the mainstem and tributaries for
each year using one-way ANOVA. Means of channel unit features
were compared among valley segment types for each year using anal-
ysis of covariance (ANCOVA) with drainage area as the covariate.
Homogeneity of regression slopes was evaluated, and all cases met
this assumption. Reported means were adjusted for the covariate
when appropriate. A Bonferroni correction was applied for the three
post-hoc comparisons of means between valley segment types in the
tributaries.

The presence of outliers and the assumption of normality for
each group were assessed by examining normal probability and box
plots and with the Shapiro-Wilk test statistic. Homogeneity of vari-
ance among groups was evaluated with Levene’s test (Snedecor and
Cochran 1980). Parametric assumptions were met in ANCOVA for
means comparisons of each channel unit feature among valley seg-
ment types. Parametric assumptions were not met in ANOVA for
within- and among-year means comparisons of a few channel unit
features. Identified problems could not be corrected by transform-
ing variables, thus medians for these channel unit features were com-
pared with one-way ANOVA on ranked data.

Relationships between selection ratios and independent variables
were evaluated with linear regression. Assumptions of constant vari-
ance and normally distributed regression residuals were evaluated
with predicted versus residual plots and normal probability and
box plots. A value of the Cook’s D statistic >2 was used to screen
for potential outliers and influential observations. Selection ratios
were regressed with stream discharge and water temperature vari-
ables to explain interannual variation. Because maximum daily aver-
age stream discharge during spring could influence whether juvenile
salmonids were found in the mainstem or tributaries later in the year,
this variable was regressed with selection ratios only at the stream
system scale. To examine potential influence of intra- and inter-
specific competition, selection ratios for types selected at each spa-
tial scale were regressed with the densities of each species. Selection
ratios at the stream system scale were regressed with the estimated
total relative fish density of each species in the basin. Selection ratios
at the valley segment and channel unit scales were regressed with

Table 2.3. Estimated total relative density (standard error) of juvenile salmonids in the mainstem and tributaries of the Elk River, Oregon

(1988-1994). Density is expressed as the number of fish per 100 m?.

Chinook salmon Coho salmon Cutthroat trout Steelhead
Year mainstem  tributaries mainstem tributaries mainstem  tributaries mainstem  tributaries
1988  10.1 (1.3) 0.6(0.20) 0.05(0.01) 0.00 (0.00) 0.35(0.06) 0.34(0.05) 4.6(0.4) 5.3(0.4)
1989 18.5(1.7) 1.90 (0.30)  0.02 (0.01) 0.00 (0.00) 0.33 (0.05) 0.37 (0.05) 7.3 (0.6) 5.6 (0.5)
1990 1.9 (0.3) 0.10(0.04)  0.00 (0.00) 0.00 (0.00) 1.44 (0.28) 1.26 (0.18) 8.1(0.9) 8.7 (1.5)
1991 4.7 (0.6) 0.30 (0.08)  0.40 (0.20) 0.03 (0.01) 0.63(0.17) 0.21(0.03) 8.8(0.9) 6.6 (0.4)
1992 0.8 (0.2) 0.04 (0.02) 0.00(0.00) 0.15(0.07) 0.36 (0.06) 0.73 (0.11) 9.0 (0.9) 6.3 (0.4)
1993 2.4 (0.6) 0.11(0.02) 0.13(0.07) 0.20 (0.04) 0.25(0.04) 0.19 (0.03) 8.0 (0.6) 5.8 (0.4)
1994 3.0 (0.4) 0.40(0.05) 0.77(0.16) 2.57(0.42) 0.25(0.05) 0.29 (0.04) 9.3(0.8) 7.2(0.4)
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Maximum daily

average stream  Annual minimum

Maximum daily ~ Annual maximum

Table 2.4. Estimated stream discharge and water
temperature in the Elk River, Oregon (1988-1994).

discharge during daily average water temperature daily average Data were obtained from the USGS gage (no.

spring stream discharge ~ during summer  stream discharge  14327250) on the mainstem of Elk River at the

Year (m3/s) (m3/s) (Co) (m3/s) State of Oregon Salmon Hatchery and from a

thermograph at the same location. Annual daily

1988 30.80 0.81 20.89 285.60 average stream discharges are for the water year

1989 65.52 1.01 20.33 181.16 (October 1-September 30).

1990 34.72 0.98 20.33 192.36
1991 32.48 0.98 20.89 161.84
1992 83.16 0.84 20.89 112.28
1993 171.92 0.76 20.33 171.92
1994 31.36 0.76 19.78 118.16

the estimated total relative fish density of each species in either the
mainstem or tributaries. Residuals from linear regressions with fish
density data were typically not normally distributed. Thus, rank
regression (Inman and Conover 1979) was used to develop all rela-
tionships between juvenile salmonid densities and selection ratios.
Regressions were not conducted with coho salmon in the tributaries
at the valley segment or channel unit scales because degrees of free-
dom (df = 3) were considered too few to yield meaningful results.

RESULTS
Habitat Characterization
Stream system scale

In general, means of channel unit features did not differ signifi-
cantly among years in either the mainstem or tributaries (Table 2.6).
Mean density of wood in pools, frequency of pools, and percent area
of fastwater with large gravel as dominant substrate differed signifi-
cantly among years in the mainstem. In the tributaries, significant
among-year differences were observed for the frequency of pools,

percent area of pools with boulders as dominant substrate, and per-
cent area of fastwater with large gravel as dominant substrate.

Annual means of several channel unit features differed consis-
tently between the two stream system types (Table 2.6). Means
of channel unit features describing the dimensions of pools (mean
length, mean wetted width, mean maximum depth, and mean
volume) and the percent area of pools were significantly greater for
the mainstem than for the tributaries in each year. In contrast, the
mean density of large wood in pools and the frequency of pools were
significantly greater for the tributaries than for the mainstem in each
year. Results of annual means comparisons between the mainstem
and tributaries for substrate characteristics were less consistent, and
any differences were often less statistically significant than for other
channel unit characteristics.

Valley segment scale

Few channel unit features differed significantly among years for
valley segment types in either the mainstem or tributaries. Means
for the frequency of pools, the percent area of pools, and the per-
cent area of fastwater with large gravel as dominant substrate differed
significantly among years for alluviated canyons in the mainstem

% Sampled area % Sampled area

% Sampled area

% Sampled area % Sampled area

of basin in of mainstem in of tributaries in of mainstem in of tributaries in
Year mainstem tributaries UV~ AC  CC UV AC CC pools FW SC pools FW SC
1988 73 27 _ 62 38 27 41 32 75 25 _ 44 54 2.1
1989 68 32 _ 63 37 22 44 34 72 26 1.7 51 47 1.0
1990 68 32 _ 64 36 28 39 33 72 27 0.2 49 48 34
1991 66 34 _ 65 35 31 38 31 72 26 14 56 42 20
1992 65 36 _ 68 32 30 34 36 74 23 29 57 40 2.6
1993 61 39 _ 66 34 32 37 31 76 21 2.6 63 35 14
1994 67 33 _ 67 33 33 37 30 80 19 09 65 31 1.1
Mean(SD) 67(4) 33(4) 65(2) 35(2) 29(4) 39(3) 32(2) 74(3) 24(3) 2(1) 55(8) 43(7) 2(1)

Table 2.5. Percent of habitat area sampled for fish (pi) at the stream system, valley segment and channel unit scales in the Elk River, Oregon
(1988-1994). Stream system types are the mainstem and tributaries. Valley segment types are unconstrained valleys (UV), alluviated canyons
(AC), and constrained canyons (CC). Channel unit types are pools, fastwater (FW), and side channels (SC). No unconstrained valleys were
identified in the mainstem. Percent area sampled for fish approximates the percent estimated total area of each type (Appendix 2.1).
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Figure 2.3. Selection ratios of juvenile salmonids for the mainstem and tributaries in Elk River, Oregon (1988-1994) for: (a) chinook salmon;
(b) coho salmon; (c) cutthroat trout; and (d) steelhead. Coho salmon were not observed in the basin in 1990. A selection ratio was significant
when the Bonferroni-adjusted confidence interval (0.=0.1/2) did not include one. For a given year, selection ratios were significantly different

(0:=0.1) if their confidence intervals did not overlap.

(Table 2.7). Means of channel unit features did not differ signifi-
cantly among years in constrained canyons in the mainstem. In the
tributaries, significant among-year differences were observed for only
the frequency of pools in constrained canyons (Table 2.8).

Valley segment types rarely differed significantly for channel unit
features in either the mainstem or tributaries (Tables 2.7 and 2.8).
Drainage area was a significant covariate more often in the triburaries
than in the mainstem when comparing means for channel unit fea-
tures between valley segment types. Percent area of pools with boul-
ders as dominant substrate and percent area of fastwater with large
gravel as dominant substrate were each significantly greater for main-
stem alluviated canyons than for mainstem constrained canyons in
at least one year. Conversely, the mean length of pools, mean maxi-
mum depth of pools, mean volume of pools, and percent area of
pools were each greater for mainstem constrained canyons than for
mainstem alluviated canyons in at least one year. Valley segment
types in the tributaries differed significantly for only three channel
unit features: 1) the frequency of pools was significantly greater for
constrained canyons than for unconstrained valleys in 1994; 2) the
mean depth of fastwater was significantly greater in constrained can-
yons than in unconstrained valleys in 1989 and 1991; and 3) the
percent area of fastwater with small gravel as dominant substrate was

significantly greater for unconstrained valleys than for both alluvi-
ated canyons and constrained canyons in 1988.

Habitat Selection
Stream system scale

Selection at the stream system scale differed among the four
salmonid species (Fig. 2.3). Based on confidence intervals derived
from bootstrapping distributions of selection ratios and pairwise dif-
ferences between these, chinook salmon selected for the mainstem
(P<0.05) and selected for this stream system type with a higher
probability than for the tributaries (P<0.1) (Fig. 2.3a) in each year.
Coho salmon was the only species not found in both stream system
types in every year (Table 2.3). For each year that coho salmon
were observed in both stream system types (1991, 1993, and 1994),
they selected tributaries with a higher probability than the mainstem
(P<0.1) (Fig. 2.3b). Cutthroat trout selected the mainstem and trib-
utaries with similar probabilities (P>0.1) prior to 1992, but in each
subsequent year, tributaries were selected over the mainstem (Fig.
2.3¢). Steelhead selected tributaries with a higher probability than
the mainstem (P<0.1) in four of seven years (Fig. 2.3d).
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Table 2.6. Results of comparing means for channel unit features within and among years at the stream system scale in the Elk River, Oregon
(1988-1994). Means (standard error) were compared with ANOVA: 1) between the mainstem (MS) and its tributaries (Trib) in each year
(1988 df = 1,205 1989 df = 1,21; 1990-91 df = 1,22; 1992-94 df = 1,23); and 2) among years in the mainstem (df = 6,49) and tributaries
(df = 6,105).

Stream
System 1988 1989 1990 1991 1992 1993 1994
Type Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE)
Pools:
Mean length MS  78.61 (4.9) 98.41 (6.4) 8231 (4.8) 6721 (4.9) 702t (4.5) 909t (5.0) 78.4T (5.4)
(m) Trib 1951 (3.7) 22.91 (4.7) 21.81 3.4) 1971 (3.5) 2041 3.1) 1891 (3.4) 1831 (3.7)
Mean wetted MS 1321 (0.8) 11.5T (0.4) 1131 (0.6) 1111 (0.6)  10.8f (0.5  11.7f (0.6)  12.31 (0.5)
width (m) Tiib  6.2T (0.6) 5.81 (0.3) 5.7t (0.4) 5.8t (0.4) 5.41 (0.3) 6.1t (0.4) 5.81 (0.4)
Mean maximum  MS  1.90T (0.13) 2.287(0.14) 2.287(0.14)  1.891 (0.11) 1.781 (0.09)  1.911 (0.10) 1.73T (0.09)
depth (m) Trib  0.911 (0.10) 1.19t (0.11)  1.021(0.10)  0.95t (0.08)  0.911 (0.06)  0.891 (0.07)  0.85T (0.06)
Mean volume MS 823.5T (115.8) 1093.11(81.2) 1058.31(95.6) 722.31 (71.5) 592.81 (48.4) 785.71 (64.5) 889.31 (99.0)
(m?) Tib'  54.7t (87.6) 5731(59.3) 5071 (67.6)  47.9f (50.6)  49.11 (33.2)  43.41 44.2) 39.2T (67.9)
Mean density MS L2 (1.2) 2.2% (3.9) 1.0% (3.6)  151.(2.6)  4.0%p4 (3.6) 265 (27)  1.0% (3.5)
of wood (n0./100)  Tiib 7.7t (0.8)  17.7* (2.8) 14.0% (2.6) 12.6f (1.8) 152* (2.7) 13.9* (1.8) 12.1* (2.4)
Frequency MS  83f (1.3) Gl (1.7) 83t (1.8)  10.0f, (2.2) 9.81,(1.9)  8.9t. (2.8) 10.7t; (3.0)
(no./km) Trib  18.5f, (1.0)  15.6%, (1.3)  18.0% (1.3)  2L.1f (1.5)  19.9%¢ (1.3)  26.57pq(1.9) 28.5T,¢ (2.0)
% Area MS 652t (4.8)  635f (6.1) 69.2F (5.1) 6431 4.9) 675t 3.9  79.1f (48) 79.7t (4.0)
Trib 355t (3.6)  34.9f (44) 377t (3.6) 3861 (3.4) 3661 (27) 455t (3.3) 4691 (2.8)
% Area with MS! 52 (5.7) 89 (49 232t 38 28 (2.8 9.0 (3.0) 100 (3.7) 28 (3.3)
bedrock as Tib 9.5 (43) 115 (3.6 49t 27) 6.0 (2.0 62 (2.1) 29 (2.6) 44 (2.2
dominant substrate
% Area with MS  433* (8.0) 188 (5.0) 200 (6.1) 275 (5.6) 4051 (54) S1.8 (8.8) 37.6* (7.4)
boulders as Trib  13.5% (6.0) 127 (3.7) 141 (43) 9.3% (3.9 921, 3.7) 3174 (6.0) 14.7% (5.1)
dominant substrate
Fastwater:
Mean depth MS 027t (0.02)  0.31f (0.03) 0.35f (0.03) 0.291 (0.02)  0.261 (0.02)  0.281 (0.02) 0.261 (0.02)
(m) Trib  0.181 (0.02)  0.18 (0.02) 0.15t (0.02) 0.16t (0.02)  0.15f (0.01)  0.15t (0.01) 0.14f (0.01)
9% Area with cobble MS  26.9* (8.6)  61.9%* (8.3) 544 (10.0) 494 (5.5  41.1 (67) 417 (87) 558 (8.3)
asdominant  Tib  61.9* (65)  40.3* (6.0) 589 (7.1) 493 (3.9) 515 (46) 521 (59) 602 (5.7)
substrate
% Area with MS 65 (3.2 73 (5.2 8.1 (3.9) 242,%(53) 201 (7.5 265 (47)  2.1% (5.7)
large gravel as b 8.3, (24) 162 (3.8) 154 (2.8) 278, (3.8) 288, (52) 15.0* (3.2) 17.1* (3.9)
dominant substrate
% Area with MS 03 (0.6) 5.7 (4.7) 0.8 (07) 2.6 (0.9 8.0 (4.2) 0.1 (0.6 00 (0.0)
small gravel as  iib 0.7 (0.5) 58  (3.5) 06 (05 02 (0.7) 0.7 (2.8) 13 (04 0.0 (0.0

dominant substrate!

tMeans for year were significantly (P<0.001) different.
*Means for year were significantly (P<0.05) different.

TANOVA for among-year and each within-year means comparison conducted on ranked data.

2Means with the same subscript were significantly (P<0.05 after Bonferroni adjustment for 21 comparisons) different between years.
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Table 2.7. Results of comparing means for channel unit features within and among years at the valley segment scale in the mainstem of the
Elk River, Oregon (1988-1994). Means (standard error) were compared: 1) between alluviated canyons (AC) and constrained canyons (CC)
in each year using ANCOVA with drainage area as the covariate (df = 2,5); and 2) among years within alluviated canyons (df = 6,21) and
constrained canyons (df = 6,21) using ANOVA.

Valley
Segment 1988 1989 1990 1991 1992 1993 1994
Type Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE)
Pools:
Mean length AC  68.1 (10.4) 79.2* (10.8) 67.4* (7.6) 575 (11.1) 62.1 (10.3) 805 (11.2)  67.4 (12.6)
(m) CC  89.1 (10.4) 117.8* (10.8) 97.2* (7.6) 769 (11.1) 782 (10.3) 101.4 (11.2)  89.5 (12.6)
Mean wetted AC 1391 (0.8 117 (0.4) 1.7 (03) 115 (1.3) 109 (0.7 122 (0.7) 128 (0.5)
width (m) CC 125 (0.8) 112 (0.4) 10.8 (03) 107 (1.3) 106 (0.7) 112 (0.7) 117 (0.5)
Mean maximum ~ AC  1.68 (0.24)  2.08 (0.26) 1.97* (0.14) 1.66 (0.16) 159 (0.16) 1.73 (0.21)  1.53 (0.18)
depth (m) CC 213 (0.24) 247 (0.26) 258 (0.1 211 (0.16) 1.97 (0.16) 2.10 (0.21)  1.93 (0.18)
Mean volume AC  703.1 (169.3) 895.3 (180.1) 7313 (80.7) 567.8 (170.2) 455.6 (105.5) 634.9 (154.6) 628.1 (228.2)
(m%) CC  943.9 (169.3) 1291.0 (180.1) 1385.5 (80.7) 876.9 (170.2) 729.9 (105.5) 936.4 (154.6) 1150.4 (228.2)
Mean density AC 14 (0.4) 2.1 (0.6) 12 (0.5) 15 (0.8) 53 (1.5) 3.1 (0.4) 1.1 (0.3)
of wood (no./100)  cC 0.7 (0.4 22 (0.6) 0.9 (0.5) 14 (0.8 26 (1.5 22 (0.4) 0.9 (0.3)
Frequency AC 8.6,% (1.0) 6.2 (0.5 8.6 (0.5 9.8 (1.2) 10.1  (0.7) 9.7 (0.6 11.3, (1.2)
(no./km) CcC 8.1 (1.0 6.0 (0.5 7.9 (0.5 102 (1.5 95 (0.7) 81 (0.6) 100 (1.2)
% Area AC 583 (5.8) 526, (82) 603 (6.6) 55.6%,1 (3.8 642 (6.5 763,,(5.9) 753, (5.0)
CC 720 (5.8 743 (82) 781 (6.6) 729* (38 708 (65 819 (5.9  84.1 (5.0)
% Area with AC? 3.8 (2.9) 52 (52) 185 (8.2) 15 (1.6) 64 (45 44 (9.0 29 (2.0
bedrock as cC 65 (29 126 (52) 278 (82 41 (1.6) 11.6 (45 157 (9.0) 2.8 (2.0)
dominant substrate
% Area with AC 507 (14.0) 265% (45 27.2¢ (40) 303 (11.4) 499 (11.0) 589 (11.9)  38.8 (15.1)
boulders as CC 358 (14.0) 11.0* (45 12.8* (40) 248 (114 311 (11.0) 446 (11.9) 363 (15.1)
dominant substrate
Fastwater:
Mean depth AC 026 (0.04) 032 (0.06) 034 (0.06) 030 (0.05 026 (0.03) 027 (0.05  0.24 (0.03)
(m) CC 029 (0.04 031 (0.06) 036 (0.06 029 (0.05 027 (0.03) 028 (0.05  0.28 (0.03)
9% Area with cobble AC 283 (10.6) 487 (11.4) 515 (11.4) 44.6 (10.4) 488 (10.5) 302 (13.7) 422 (15.1)
as dominant CC 255 (10.6) 752 (11.4) 572 (11.4) 542 (10.4) 334 (105 532 (13.7)  69.4 (15.1)
substrate
% Area with AC 8.0 (6.0) 12.4* (2.3) 88 (500 2282 (83) 140 (141) 33 (2.2) 3.1, (1.5)
large gravel as cC 50 (6.0) 2.3 (2.3) 74 (500 256 (83) 262 (14.1) 1.8 (2.2) 1.0 (1.5)
dominant substrate
% Area with AC 0.6 (0.4) 8.1 (6.1) 00 (12) 34 (25 09 (107 02 (0.1) 0.0 (0.0)
small gravel as cC 0.0 (0.4 33 (6.1) 1.6 (12 17 (25 151 (10.7) 0.0 (0.1) 0.0 (0.0)

dominant substrate3

*Means were significantly (P<0.05) different between valley segment types for that year.
"Means in bold and italic were significantly (P<0.05) correlated with drainage area and were adjusted for that covariate in ANCOVA.
2Means with the same subscript were significantly (P<0.05 after Bonferroni adjustment for 21 comparisons) different between years.

SANOVA for among-year means comparisons conducted on ranked data.
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Table 2.8. Results of comparing means for channel unit features within and among years at the valley segment scale in the tributaries of the
Elk River, Oregon (1988-1994). Means (standard errors) were compared: 1) between alluviated canyons (AC) and constrained canyons (CC)
in each year using ANCOVA with drainage area as the covariate (1988 df = 3,10; 1989 df = 3,115 1990-91 df = 3,125 1992-94 df = 3,13); and
2) among years in unconstrained valleys (df = 6,18), alluviated canyons (df = 6,27), and constrained canyons (df = 6,46) using ANOVA.

Valley
Segment 1988 1989 1990 1991 1992 1993 1994
Type Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE)
Pools:

Mean length uv 21.6  (3.3) 25.1 (5.8) 26.4 (4.5) 20.1 (3.00 234! (23) 21.1 (2.3) 20.9 (2.2)
(m) AC 19.1 (2.9) 24.0 (4.5) 21.1 (3.5) 20.3 (2.7) 23.4 (2.0) 21.3 (2.1) 19.9 (2.0)
CcC 18.8 (2.2) 21.3 (3.8) 20.5 (2.8) 19.0 (2.3) 16.9 (1.6) 16.3 (1.6) 16.0 (1.6)
Mean wetted uv 6.6 (0.6) 6.1 (0.5) 5.7 (0.5) 5.7 (0.5) 5.8 (0.3) 7.3 (0.7) 6.2 (0.3)
width (m) AC 6.0 (0.5) 5.7 (0.4) 5.6 (0.4) 59 (0.5) 5.3 (0.3) 56 (0.6) 5.6 (0.3)

CC 6.1 (0.4) 5.7 (0.3) 5.8 (0.3) 59 (0.4) 53 (0.2) 59 (0.5) 57 (0.2)

Mean maximum uv 0.93 (0.09) 1.09 (0.13) 1.03 (0.24) 0.90 (0.14) 091 (0.09) 0.85 (0.05) 0.85 (0.06)
depth (m) AC 0.80 (0.09) 1.13 (0.11) 0.97 (0.19) 0.86 (0.12) 0.87 (0.08) 0.86 (0.05) 0.83 (0.05)
CC 0.97 (0.06) 1.26 (0.09) 1.05 (0.15) 1.03 (0.10) 0.92 (0.06) 0.93 (0.04) 0.86 (0.04)

Mean volume uv 5750 (6.7) 65.5 (20.4) 64.6 (20.8) 488 (10.9) 562 (89) 53.1 (6.5) 453 (5.4)
(m?) AC 49.1 (6.0) 42.3 (15.8) 409 (16.1) 49.6 (10.0) 579 (81) 441 (5.9) 40.2 (4.9)
CC 56.6 (4.5) 64.4 (13.4) 51.6 (12.7) 46.2 (85) 40.0 (6.4) 381 (47) 355 (3.9)

Mean density uv 9.0 (2.5 17.0 (8.0) 19.6 (7.2 12.5 (4.5) 14.1 (6.6) 153 (4.7) 19.7  (5.7)
of wood (no./100)  AC 7.6 (2.1 222 (6.2) 172 (5.6) 16.0 (4.0) 18.5 (6.6) 16.0 (4.2) 133 (5.1)
CC 7.1 (1.6) 14.8 (5.3) 99 (4.4 10.2  (3.4) 13.7 (5.4 11.8 (4.2) 7.5 (4.0

Frequency Uv 161 (27) 117 (34 152 (3.6) 211 (33) 182 (3.0) 237 (49 21.9* (3.8
(no./km) AC 195 (23) 171 (270 163 (28) 187 (3.00 172 (2.7) 247 (44) 241 (3.9

CC 1902 (1.8) 162y (2.3) 202, (22) 228, (26) 225, (22) 29.0¢ (3.5) 34.6%y (2.7)
% Area UV 345 (86) 283 (9.9 369 (83) 352 (7.1) 377 (55) 436 (7.6) 404 (5.9)

AC 352 (7.4) 37.0 (7.7) 33.3 (6.4) 41.1 (6.3) 33.7 (4.9 45.2 (6.8) 457 (5.3)
@ 36.2 (5.6) 36.3 (6.5) 40.8 (5.1 387 (53) 38.0 (3.9 46.7 (5.4) 51.0 (4.2)

% Area with uv 0.0 (11.4) 3.6 (9.2 0.0 (4.3) 1.2 (4.7) 3.1 (4.4) 1.3 (2.5 2.2 (5.6)
bedrock as AC 5.4 (9.9) 143  (7.1) 6.1 (3.3 9.6 (4.2) 63 (3.9 32 (2.3) 1.7 (5.0)
dominant substrate CC 16.0 (7.5) 13.0 (6.0 59 (2.6) 6.0 (3.9 7.8 (3.1) 3.5 (1.8) 7.2 (3.9

% Area with uv 21.1 (11.4) 10.4  (9.0) 3.5 (11.2) 3.5 (6.4) 13.3 (5.3) 26.8 (12.6) 13.1 (8.5)
boulders as AC 2.1 (9.9 69 (7.0 9.4 (8.7) 6.6 (5.9 53 (4.8) 20.2 (11.3) 7.8 (7.8)
dominant substrate CC 16.8 (7.5) 17.8  (5.9) 21.0 (6.9) 14.5 (4.6) 9.5 (3.8) 414 (8.9) 19.7 (6.0)

Fastwater:
Mean depth uv 0.15 (0.03) 0.I15* (0.01) 0.14 (0.02) 0.13* (0.01) 0.12 (0.02) 0.14 (0.01) 0.13 (0.01)
(m) AC 0.15 (0.03) 0.18 (0.01) 0.15 (0.02) 0.15 (0.01) 0.13 (0.02) 0.1I5 (0.01) 0.14 (0.01)

@ 0.20 (0.02) 0.19* (0.01) 0.16 (0.01) 0.18* (0.01) 0.18 (0.01) 0.16 (0.01) 0.15 (0.01)

% Area with cobble UV 58.1 (15.5) 33.3 (13.3) 72.0 (165) 49.4 (6.4 485 (9.6 40.3 (11.2) 61.0 (10.0)
as dominant AC 76.8 (13.4) 489 (10.3) 695 (12.8) 56.7 (5.7) 542 (8.6) 63.3 (10.0) 61.5 (9.0)
substrate CcC 55.0 (10.2) 37.2 (8.7) 473 (10.1) 439 (49) 513 (6.8 50.9 (7.9) 59.1 (7.1)

% Area with uv 120! (4.9) 22.8 (9.5) 24.0 (6.7) 38.7 (6.9) 41.5 (8.8) 30.1 (6.8) 21.3 (9.1)
large gravel as AC 6.8 (4.3) 7.7 (7.7) 15.1  (5.2) 19.8 (6.2) 285 (7.9) 12.3 (6.2) 27.7 (8.2)
dominant substrate CC 7.5 (32 19.5 (6.4) 122  (4.1) 273 (5.2) 227 (6.2 9.2 (4.9) 8.3 (6.5)

% Area with UV 34 (09) 114 (82 05 (L.I) 09 (03) 13 (0.6) 1.5 (L.1) 0.0 (0.0)
small gravel as AC 0.0* (0.0 10.6  (6.3) 0.1 (0.8 0.0 (0.3) 0.4 (0.5 1.5 (1.0) 0.0 (0.0)
dominant substrate’> CC 0.0% (0.0) 0.0 (5.3 1.0 (0.7) 0.0 (0.2) 0.5 (0.4) 1.2 (0.8) 0.0 (0.0)

*Means were significantly (P<0.05 after Bonferroni adjustment for 3 comparisons) different between valley segment types.
IMeans in bold and italic were significantly (P<0.05) correlated with drainage area and were adjusted for that covariate in ANCOVA.
2Means with the same subscript were significantly (P<0.05 after Bonferroni adjustment for 21 comparisons) different between years.



BURNETT, Chapter 2 16

Valley segment scale

The four species differed in their selection of valley segment types
in the mainstem, but chinook salmon, coho salmon, and cutthroat
trout often selected for unconstrained valleys in the tributaries (Fig.
2.4). Chinook salmon in the mainstem selected constrained canyons
with a higher probability than alluviated canyons (P<0.03) in two
years (1993 and 1994), but selection ratios for the two valley seg-
ment types did not differ (P>0.03) in any other year (Fig. 2.4a).
Unconstrained valleys in the tributaries were either selected or used
in proportion to their availability by chinook salmon and for most
years (1989, 1991, 1993, and 1994) were selected with a higher
probability than the other two valley segment types (P<0.03) (Fig.
2.4b).

Coho salmon in some years selected alluviated canyons in the
mainstem and unconstrained valleys in the tributaries. This species
selected alluviated canyons with a higher probability than con-
strained canyons (P<0.03) in two of the five years that they were
observed in the mainstem (Fig. 2.4¢c). Coho salmon in the tributar-
ies selected for unconstrained valleys (P<0.03) in 1991 and 1994.
This valley segment type was selected with a higher probability than
alluviated canyons (P<0.03) in three years and with a higher prob-
ability than constrained canyons (P<0.03) in two years (Fig. 2.4d).
Alluviated canyons and constrained canyons in the tributaries were
either avoided or used in proportion to their availability.

Cutthroat trout generally used valley segment types with equal
probability in the mainstem but frequently selected for uncon-
strained valleys in the tributaries. Cutthroat trout in the mainstem
used valley segment types in proportion to their availability for all
except one year (1990) when alluviated canyons were selected over
constrained canyons (P<0.03) (Fig. 2.4e). In the tributaries, they
generally selected unconstrained valleys and avoided constrained
canyons, but alluviated canyons were used in proportion to availabil-
ity (Fig. 2.4f). Cutthroat trout selected unconstrained valleys with a
higher probability than constrained canyons (P<0.03) in 4 years and
alluviated canyons in one year.

Steelhead used valley segment types in proportion to their avail-
ability in the mainstem (Fig. 2.4g) but often avoided unconstrained
valleys in the tributaries. In three years (1988, 1991, and 1993),
the probability of selecting unconstrained valleys was less than one
(P<0.03) and less than that of selecting either of the other two valley
segment types (P<0.03) in the tributaries (Fig. 2.4h).

Channel unit scale

All four species selected for pools in the tributaries but selected
less strongly for this channel unit type relative to fastwater in the
mainstem (Fig. 2.5). Chinook salmon generally selected pools and
avoided fastwater and side channels in both the mainstem and trib-
utaries (Figs. 2.5a and b). Pools were selected (P<0.03) and were
selected with a greater probability than fastwater (P<0.03) for all
except one year (1990) in the mainstem and for all years in the tribu-
taries. Chinook salmon either avoided or used side channels in pro-
portion to their availability in the mainstem and in the tributaries
(Figs. 2.5a and b).

Selection by coho salmon was relatively inconsistent in the main-
stem (Fig. 2.5¢), but pools were always selected and the other chan-

nel unit types were avoided in the tributaries (P<0.03) (Fig. 2.5d).
For three of the five years that coho salmon were observed in the
mainstem, they selected for pools (P<0.03) and against fastwater
(P<0.03). Both channel unit types were used in proportion to their
availability for the other two years (1989 and 1993). Coho salmon
were not seen in tributary side channels in any year, but side chan-
nels in the mainstem were selected (1989), avoided (1994), or used
in proportion to their availability (1991 and 1993).

Selection by cutthroat trout, except for avoiding side channels,
was somewhat ambiguous in the mainstem (Fig. 2.5¢), but in the
tributaries pools were usually selected over the other two channel
unit types (Fig. 2.5f). Cutthroat trout selected pools with a higher
probability than fastwater (P<0.03) for only two years (1992 and
1993) in the mainstem and for all except one year (1990) in the
tributaries (Figs. 2.5¢ and f). Although observed in both mainstem
(1992 and 1994) and tributary (1990, 1992, 1994) side channels,
cutthroat trout avoided or used this channel unit type in proportion
to availability (Figs. 2.5¢ and f).

Steelhead selected fastwater over pools for some years in the
mainstem but always selected pools over fastwater in the tributaries.
In the mainstem, steelhead either selected fastwater with a higher
probability than pools (P<0.03) or used both habitat types in pro-
portion to availability (Fig. 2.5g). In the tributaries, they invariably
selected pools over fastwater (Fig. 2.5h). Although steelhead were
observed in side channels in the mainstem and in the tributaries,
their selection ratios for this channel unit type were less than one
(P>0.03) in both the mainstem and tributaries for every year (Figs.
2.5g and h).

Interannual Variation in Selection

Interannual variation in selection ratios at most spatial scales was
not explained by stream discharge, water temperature, or juvenile
salmonid densities (Table 2.9). Steelhead was the only species for
which selection ratios of selected habitat types were related to stream
discharge or water temperature. Selection ratios of chinook salmon
for constrained canyons in the mainstem were negatively related to
densities of this species in the mainstem. Selection ratios of coho
salmon for tributaries were negatively related to the density of chi-
nook salmon in the basin.

DISCUSSION

Habitat Characterization

Means of most channel unit features differed between stream
system types, but means of only a few channel unit features differed
among years or among valley segment types. Channel unit features
routinely differed between the mainstem and tributaries, which were
distinguished primarily based on drainage area and gradient. Streams
with larger drainage area generally have higher discharge and greater
ability to transport materials (Gordon et al. 1992) so should be
deeper, wider, and transport more wood than streams with lower dis-
charge. Accordingly, channel units were larger and the mean density
of wood in pools was less in the mainstem of Elk River than in the
tributaries for each year. Larger streams may also have lower wood
inputs. Pool frequency should be higher and percent pool area lower



Figure 2.4. Selection ratios of juvenile salmonids for unconstrained valleys, alluviated canyons, and constrained canyons in Elk River, Oregon (1988-1994)
for: chinook salmon in the (a) mainstem and (b) tributaries; coho salmon in the (c) mainstem and (d) tributaries; cutthroat trout in the (¢) mainstem and (f)
tributaries; and steelhead in the (g) mainstem and (h) tributaries. Coho salmon were not observed in the mainstem in 1990 and 1992 or in the tributaries in
1988-90. A selection ratio was significant when the Bonferroni-adjusted confidence interval (0t=0.1/3) did not include one. For a given year, selection ratios
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were significantly different (0t=0.1/3 Bonferroni adjusted) if their confidence intervals did not overlap.

In Mainstem Elk River In Tributaries
T T T T T T T T T T T T T T
; (a) Chinook salmon 4 [ (b) Chinook salmon
3 -
2+ A : "
- i IR
e B et S ) B B R ®
ALV AL LIRS 4 S S DS R
g AT AL b
o Or of m L] n A g
S R
= (c) Coho salmon [ (d) Coho salmon
L 3t 3t
g L
o)
9%} L
2t 2t +
g . I
I T 7 S — N S S S N Y 4
0r A A 0: * l A L ]
| | | | | | I l l l l l l l l
T T T T T T T T T T T T T T
3 (e) Cutthroat trout I (f) Cutthroat trout
2r 2L +
Fot gttt
5 l BESULE R
g Or or
(;2 f = = = = = f f f f f f f :
g 51 (g) Steelhead I (h) Steelhead @ Unconstrained valleys
'g B Alluviated canyons
© A Constrained canyons
9%} L
2t 2t
TS SR I ARSI e aoes
o of
| | | | | | I | | | | | | | |
1988 1989 1990 1991 1992 1993 199%4 1988 1989 1990 1991 1992 1993 1994
Year Year



BURNETT, Chapter 2 18

Figure 2.5. Selection ratios of juvenile salmonids for pools, fastwater habitats, and side channels in Elk River, Oregon (1988-1994) for: chinook salmon in the
(a) mainstem and (b) tributaries; coho salmon in the (c) mainstem and (d) tributaries; cutthroat trout in the () mainstem and (f) tributaries; and steelhead in
the (g) mainstem and (h) tributaries. Coho salmon were not observed in the mainstem in 1990 and 1992 or in the tributaries in 1988-90. A selection ratio
was significant when the Bonferroni-adjusted confidence interval (00=0.1/3) did not include one. For a given year, selection ratios were significantly different
(0=0.1/3 Bonferroni adjusted) if their confidence intervals did not overlap.
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Table 2.9. Results from regressions to explain interannual variation in selection ratios for habitat types selected by juvenile salmonids at three

spatial scales in Elk River, Oregon. Selection ratios were regressed with stream discharge and water temperature variables at each spatial scale.

Selection ratios were also regressed at the stream system scale with the estimated total density of each salmonid species summarized for the

basin and at the valley segment and channel unit scales with the estimated total density of each salmonid species summarized for the mainstem

or tributaries. The sign (+/-) preceding selection ratios indicates the direction of relationship with the independent variable.

Valley Segment Channel Unit
Species Stream System mainstem tributaries mainstem tributaries
Chinook ns! r2=0.73; df=6; P=0.01 ns ns ns
salmon selection ratio —select{on ratio selection ratio selection ratio selection ratio
for mainstem for constrained canyons  for unconstrained for pools for pools
vs. density of chinook valleys
salmon in the mainstem
Coho 12=0.97; df=4; P=0.003  No habitat type selected selection ratio No habitat type selection ratio
salmon -selection ratio for for unconstrained selected for pools?
tributaries vs. density valleys?
of juvenile chinook
salmon in the basin
Cutthroat ns No habitat type selected ns ns ns
trout selection ratio selection ratio selection ratio selection ratio
for tributaries for unconstrained for pools for pools
valleys
Steelhead  12=0.63;df=6; P=0.03  No habitat type selected ns 12=0.66; df=6; P=0.03 ns

-selection ratio for
tributaries vs. maximum
daily stream flow during

spring?

selection ratio
for pools

+selection ratio for
fastwater vs. annual
minimum daily
stream flow

selection ratio
for unconstrained
valleys (avoided)

in smaller, steeper channels with more wood because pool spacing is
scaled to channel width and decreases with increased gradient and
amount of wood or boulders (Grant et al. 1990; Montgomery and
Buffington 1997). Consistent with this, we found that the frequency
of pools was greater and the percent area of pools was less in the
tributaries than in the mainstem for every year. Differences between
stream system types were identified for some dominant substrate
classes, but both the level of statistical significance and the consis-
tency of relationships were less than for the previously discussed
channel unit features. This may stem from weaker relationships of
substrate classes to drainage area and gradient or from greater bias
associated with ocular estimation of dominant substrate.

Possible reasons we rarely found significant differences among
valley segment types in channel unit features included that valley
segment types were truly not different or that real differences were
not detected due to small sample size and error associated with
observer bias. Differences in channel unit features should have been
apparent if influences of channel gradient and confinement, the pri-
mary characteristics we used to identify valley segment types, were
expressed. Valley segment types have been shown to differ signifi-
cantly for some of the same channel unit features that we evaluated
(Cupp 1989; Frissell 1992). However, the spatial extent of these
studies was much larger and encompassed a broader range of valley
segment types than those examined here. Lithologies and geologic
structures, from which valley segment types originate (McHugh
1986; Cupp 1989; Frissell 1992), may not have varied enough in the
Elk River basin to cause statistically discernible differences in chan-
nel unit features. This could be particularly true for the mainstem of

Elk River where only two similar valley segments types were identi-
fied.

Land use effects in the Elk River basin may have masked dif-
ferences among valleys segment types, especially in the tributaries.
Timber harvest activities have been concentrated in Butler Creek
and on the south and east sides of the Elk River basin (USDA 1998).
Thus, valley segments of the same type had different land use his-
tories that were thought to be manifested in their stream channels
(McHugh 1986; Ryan and Grant 1991). Streams affected by timber
harvest may contain less wood (Bilby and Ward 1991; Montgomery
et al. 1995) and respond to increased sediment loads by aggrading
and widening (McHugh 1986; Ryan and Grant 1991). These effects
may have increased the variability of channel unit features within a
valley segment type thus decreased the likelihood of distinguishing
among valley segment types.

Small sample size and observer bias may have reduced the proba-
bility of identifying differences among valley segment types in means
of channel unit features. Ability to consistently detect differences
could have been limited by small sample size unless differences
among valley segment types were large, approaching the order of
magnitude for those between stream system types. For a subset of
channel unit features, valley segment types did differ significantly.
Valley segment types were ordered similarly in other years for these
channel unit features, suggesting that identified differences occurred
by chance or low statistical power prevented their detection in other
years.

Errors associated with observer bias in delineating, classifying,
and estimating dimensions of channel units can have serious ramifi-
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cations when characterizing streams (Roper and Scarnecchia 1995;
Poole et al. 1997). Bias of different observers reduces repeatability
and precision of estimates (Poole et al. 1997) and might have
allowed differences among valley segments types to remain unde-
tected. However, field crews for Elk River were uniformly trained
and were required to distinguish among a limited number of chan-
nel unit types. Both factors have been shown to reduce bias in stream
surveys (Roper and Scarnecchia 1995). Observer bias does not fully
explain results for all channel unit features. Differences among valley
segment types in the mean maximum depth of pools were not iden-
tified even though this variable was measured instead of estimated.
Furthermore, confidence intervals for channel unit dimensions in
the Elk River were typically less than 20% of the corrected estimates.
Thus, smaller differences between means of channel unit features
may not have been discerned.

Habitat Selection

Juvenile anadromous salmonids in the Elk River basin selected
for specific types at the stream system, valley segment, and channel
unit scales. The types selected at each scale varied among species
and among years. Year-to-year consistency, strength of selection, and
possible reasons for observed temporal patterns also varied among
species and spatial scales. We recognize that habitat types used by
juvenile salmonids at the stream system and valley segment scales
may have been determined in part by where adults spawned. Spa-
tially explicit data on the number of spawning adults and the move-
ments of juveniles are not available for Elk River, thus selection at
the stream system and valley segment scales cannot be apportioned
between juvenile and adult choice.

Stream system scale

The temporal pattern of selection for steam system types varied
among species in the Elk River basin. Chinook salmon selected the
mainstem over the tributaries in each of the seven years of study. In
the Elk River basin, chinook salmon are thought to spawn primarily
in low gradient areas of the mainstem and larger tributaries (Burck
and Reimers 1978). Many of the juveniles that originated in these
tributaries appear to have entered the mainstem at the time of our
surveys. This is consistent with their ocean-type life history (Taylor
1990; Healey 1991) and with smolt trapping data from the Elk River
that indicated a large proportion of each chinook salmon cohort was
migrating downstream during the spring and summer (Downey et
al. 1987; K.M. Burnett and G.H. Reeves, unpublished data).

The stream system type selected by coho salmon in the Elk River
basin varied among years and may have been influenced by competi-
tion with chinook salmon. Coho salmon selected for the mainstem
in some years and for the tributaries in others. The summer distri-
bution of juvenile coho salmon in the Elk River basin is similar to
that in other river systems where these fish are found in mainstem
rivers and lower gradient tributaries (Stein et al. 1972; Sandercock
1991; Rosenfeld et al. 2000). Coho salmon selected for the tribu-
taries more strongly in years when densities of chinook salmon in
the basin where lower. Both species selected pools over other chan-
nel unit types, and tributaries have less of their surface area in pools
than the mainstem. Concordant with ideal free distribution theory

(Fretwell and Lucas 1970), coho salmon may have moved into or
stayed in the mainstem to reduce competition with chinook salmon
when densities of that species were high.

The relationship between chinook and coho salmon was the only
evidence suggesting that interspecific competition may have influ-
enced selection. In fine scale studies, juvenile coho salmon often
prevail in competitive encounters with steelhead (Hartman 1965),
cutthroat trout (Glova 1986), and chinook salmon (Stein et al.
1972). However, densities of these three species in the Elk River
basin exceeded those of coho salmon for almost every year. This may
have diminished the competitive ability of coho salmon and favored
chinook salmon when the two species interacted. Although interspe-
cific competition is well documented for juvenile salmonids at fine
spatial scales (see Hearn 1987 for review), its role in determining
habitat use at coarser spatial scales is seldom studied (e.g, Fausch et
al.1994) so may not be well understood (Fausch 1998).

Cutthroat trout and steelhead selected tributaries over the main-
stem of Elk River in some years, but in others, they used both stream
system types with equal probability. These species typically occur in
a range of stream sizes from mainstem rivers to small, steep tributar-
ies (Meehan and Bjornn 1991; Trotter 1997). Although interannual
variation in selection of cutthroat trout for tributaries could not be
explained, selection ratios of steelhead for tributaries were negatively
related to maximum daily average stream discharge during the previ-
ous spring. In years with relatively high spring flows, steelhead may
have either avoided tributaries during late summer, or perhaps more
likely, moved downstream and out of them before we surveyed. If the
latter is true, the mainstem and tributaries may not be equally avail-
able to steelhead during summer in years when spring flows were
high. Determination of habitat availability is critical in interpreting
habitat selection (Johnson 1980; Rosenberg and McKelvey 1999). If
a habitat type is less available to a species than its area would indicate
due to factors such as patch shape or location (Otis 1997; Rosen-
berg and McKelvey 1999), presence of predators or competitors,
and weather, selection ratios will underestimate the true preference
for the habitat type. Steelhead was the only species for which exam-
ined environmental variables explained a significant proportion of
the inter-annual variation in selection ratios for selected types at any
spatial scale. Relationships may have been more apparent if stream
discharge and water temperature data had been collected at locations
in addition to the USGS gauge on the mainstem of Elk River.

Valley Segment Scale

Juvenile salmonids generally used mainstem valley segment types
in proportion to availability. Cutthroat trout and coho salmon
selected for mainstem alluviated canyons in one and two years,
respectively, and chinook salmon selected for mainstem constrained
canyons in two years. Infrequent or no selection for valley segment
types supports the hypothesis that alluviated canyons and con-
strained canyons in the mainstem were similar regarding channel
unit features and indicates that any physical differences between
these valley segment types had limited influence on distribution of
juvenile salmonids during the summer. Valley segment location, but
not type, affected abundances of juvenile chinook and coho salmon
in the mainstem of Drift Creek, Oregon (Schwartz 1990). However,
in Drift Creek and other larger rivers, juvenile salmonids have been
associated with specific physical characteristics of valley segments
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or reaches. More complex reaches had higher densities of cutthroat
trout and coho salmon (Rosenfeld et al. 2000), mainstem reaches
with more pool area were selected by chinook salmon (Roper et al.
1994), and higher densities of older steelhead occurred in mainstem
reaches with lower temperatures (Roper et al. 1994), higher gradi-
ents (Schwartz 1990), or larger substrates (Dambacher 1991).

Intraspecific competition may have influenced selection by chi-
nook salmon for constrained canyons in the mainstem. If intraspe-
cific competition influenced habitat selection, annual densities and
selection ratios for a species should have been inversely related at
densities above the carrying capacity of any truly preferred habitat
type as poorer competitors chose less suitable habitat types (Fretwell
and Lucas 1970). Densities in the mainstem and selection ratios of
constrained canyons in the mainstem for chinook salmon were nega-
tively related. This was the only species and the only spatial scale for
which such a relationship was identified. Densities of juveniles in the
Elk River basin for all salmonid species except chinook salmon in
the mainstem were at or below those in other coastal Oregon basins
(Schwartz 1990; Frissell 1992; Roper et al. 1994; Solazzi et al. 2000).
Thus, carrying capacities of preferred habitat types were probably
not routinely exceeded in any other circumstance, reducing the like-
lihood that intraspecific competition would markedly affect habitat
selection in Elk River.

In contrast to the mainstem, valley segment types in the tributar-
ies were often selected or avoided by juvenile salmonids. Chinook
salmon selected unconstrained valleys more strongly and consis-
tently than the other species, commonly selecting for this valley seg-
ment type over alluviated canyons and constrained canyons. Coho
salmon and cutthroat trout also selected for unconstrained valleys,
but only cutthroat trout routinely selected these over another type,
constrained canyons. In contrast, steelhead often avoided uncon-
strained valleys in favor of the other two valley segment types. These
findings suggested that chinook salmon and steelhead perceived
physical differences between unconstrained valleys and the other
valley segment types in about half of the surveyed years. Cutthroat
trout seemed to differentiate unconstrained valleys from constrained
canyons at a similar frequency. No species, except chinook salmon,
selected alluviated canyons with a probability that typically differed
significantly from the other valley segment types. This may reflect
that alluviated canyons are intermediate to unconstrained valleys
and constrained canyons in physical characteristics (Frissell 1992).

The geomorphic context of smaller streams has been shown
to influence use by juvenile salmonids. Greater abundances were
found of non-anadromous cutthroat trout in lower gradient, less
constrained valley segments and of non-anadromous rainbow trout
(O. mykiss) in higher gradient, more constrained valley segments in
southwestern Washington (Cupp 1989). Although few age 1+ steel-
head were observed in a low gradient reach of an Idaho stream,
young-of-the-year chinook salmon were abundant (Everest and
Chapman 1972). In coastal Oregon, Hicks (1989) found greater use
by age 1+ steelhead of streams with steeper gradients, larger sub-
strates, and deeper fastwater habitat and greater use by juvenile coho
salmon in lower gradient, less constrained streams.

Although we identified few differences between valley segment
types in channel unit features, characteristics that we did not exam-
ine may have influenced selection for unconstrained valleys. Cupp
(1989) found that moderate slope bound valley segments, subsumed
in unconstrained valleys in this study, were best distinguished from

other valley segment types by characteristics of the fish assemblage
instead of by channel unit features. Thus, fish apparently responded
to differences in physical attributes that are not routinely assessed
in stream surveys. Low gradients and wide floodplains, typical of
unconstrained valleys, slow water velocities and can cause gravel
and wood transported from upstream to accumulate, creating an
enlarged hyporheic zone (Edwards 1998) and complex channel pat-
terns (Gregory et al. 1991). Less topographic shading and longer dis-
tances between the wetted channel and riparian vegetation allowed
more sunlight to reach streams in unconstrained valleys of Elk River
(Zucker 1993). These coarse-scale geomorphic features were thought
to contribute to greater gross primary production and aquatic macro-
invertebrate biomass (Zucker 1993), nutrient and particulate reten-
tion (Lamberti et al. 1989), protection of redds and juveniles from
high flows (Gregory et al. 1991), and groundwater upwelling (Baxter
and Hauer 2000) in unconstrained channels. Such conditions may
have increased the suitability of unconstrained valleys in Elk River
tributaries for adult spawning and juvenile rearing by chinook
salmon, coho salmon, and cutthroat trout. Water velocities are lower
(Gregory et al. 1991) and summer water temperatures are more vari-
able from increased solar heating (McSwain 1987) in unconstrained
valleys than in the other valley segment types. These characteristics
may be less suitable for steelhead than for other salmonids (Bisson
et al. 1988; Hicks 1989; Bjornn and Reiser 1991) and help explain
why steelhead avoided unconstrained valleys.

Channel Unit Scale

At the channel unit scale, species varied in their selection for
pools in the mainstem. Chinook salmon generally selected pools in
the mainstem, perhaps as resting sites during their seaward migra-
tion. Mainstem pools either were used in proportion to their avail-
ability or were selected by coho salmon and cutthroat trout and were
avoided by steelhead. These findings correspond with results from
other studies that examined channel unit types selected by salmonids
and are compatible with their body morphology, behavior, and ecol-
ogy (e.g., Bisson et al. 1988; Roper et al. 1994; Rosenfeld and Boss
2001). For example, steelhead have cylindrical bodies and short fins
that allow them to exploit fastwater habitats (Bisson et al. 1988),
but chinook salmon may be better adapted to pools because they
tend to occur in aggregations, are found in relatively deep water,
and have laterally compressed bodies, similar to coho salmon, that
should increase maneuverability in the water column (Everest and
Chapman 1972; Hillman et al. 1987; Bisson et al. 1988; Roper et al.
1994).

All four species of salmonids selected pools and avoided fastwater
in Elk River tributaries. Selection ratios of each species were greater
for tributary pools than for mainstem pools, suggesting that, rela-
tive to fastwater, pools were of greater importance in the tributaries.
Consistent with our findings, Dambacher (1991) and Roper et al.
(1994) observed that larger steelhead reversed preference for pools
and fastwater as stream size increased. This pattern of selection by
steelhead may have been influenced by both the length of pools and
the depth of fastwater. Pools were longer in the mainstem than in
the tributaries. Thus, a smaller percentage of the area in mainstem
pools than in tributary pools should have been favorable for steel-
head trout that feed typically on macroinvertebrates drifting into the
pool from upstream (Fraser 1969). Fastwater units were deeper in
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the mainstem than in the tributaries and were probably deep enough
to accommodate steelhead in the mainstem but not in the tributaries
(Dambacher 1991). Furthermore, fastwater in the mainstem, due to
steeper gradients and larger substrates, perhaps provided beneficial
conditions of velocity and drift that were more abundant and evenly
distributed than in relatively long mainstem pools. Our finding that
selection ratios of steelhead for fastwater in the mainstem were posi-
tively related to the annual minimum daily average stream discharge
also suggested depth as a factor in their selection or avoidance of
fastwater.

Juvenile salmonids usually avoided side channels in the main-
stem and tributaries of Elk River. Although off-channel habitats
are important to rearing salmonids during winter (Cunjak 1996)
and spring (Reeves et al. 1998) and juveniles were observed in Elk
River side channels, it is doubtful these habitats were selected during
summer low flows. Instead, fish were probably stranded in drying
side channels when connections to the main channel were severed.
Bisson et al. (1982) found few fish in secondary channel pools
during summer, noting that these were often isolated from the main
channel and had relatively high water temperatures. Coho salmon
was the only species to use mainstem side channels in a proportion
that exceeded availability, possibly indicating their greater use of this
channel unit type earlier in the year (Swales et al. 1986; Bustard and
Narver 1975).

Management Implications

A logical outcome of a multi-scale, hierarchical perspective of
habitat selection is the need to understand, manage for, and protect
habitat features from the landscape to the micro-habitat. Although
decision makers are rarely concerned with channel units or sub-units
(1071, they have been forced to rely on understanding gained at
these spatial scales to plan for and manage stream ecosystems across
entire regions. Knowledge that fish prefer a particular channel unit
or sub-unit type engendered reductionist approaches that concen-
trated on that type even when it was recognized that higher level
constraints were operating (Lewis et al. 1996; Rabeni and Sowa
1996; Frissell 1997). Such approaches may prevent attainment of
conservation objectives. For example, our results indicated that man-
agement based on assessment or creation of pool area may negatively
impact drift-feeding species, such as steelhead, particularly if habitat
length or spacing issues are ignored. Fine-scale characteristics, such
as large wood or pool frequency, may influence creation (Montgom-
ery et al. 1995) or use of a particular habitat type at a coarser spatial
scale. However, we think that contributions to salmonid conserva-
tion will be diminished if regional habitat strategies do not directly
address coarser spatial scales. Planning for coastal basins with cli-
matic and geologic settings similar to Elk River that manages for the
proper function of unconstrained valleys and the watersheds con-
taining them will likely help conserve chinook salmon, coho salmon,
and cutthroat trout. However, a myopic focus on this valley segment
type offers little advantage to steelhead. Regional conservation goals
may be best advanced by simultaneously protecting and restoring the
processes that create fine-scale, ephemeral features (e.g., pools) and
the functions of coarse-scale, persistent geomorphic features [e.g.,
unconstrained valleys or streams on young glacial terraces (Benda et

al. 1992)] that provide high quality habitat.

CONCLUSIONS

Our results highlight the value of multi-year studies. Temporal
patterns in habitat characteristics and selection provided a context
for, and reinforced our confidence in, the results for any one year. We
found that means of few channel unit features varied significantly
among years and that relationships between types at each scale were
generally consistent. However, variation in the densities and selec-
tion ratios of most species was substantial. In many cases, if we had
examined only one or two years of data, as is common in habitat
selection and use studies, our conclusions may have differed substan-
tially. These results underscore problems that may arise from devel-
oping fish-habitat relationships with data of limited temporal extent
and of applying predictive habitat models that do not account for
interannual variation, which for stream fish can be substantial (Platts
and Nelson 1988; Grossman et al. 1990; House 1995; Ham and
Pearsons 2000). With few notable exceptions (e.g., Long Term Eco-
logical Research (LTER) program), scientific institutions are neither
structured nor funded to support multi-year studies. Yet critical
understanding about lotic ecosystems and long-term effects of land
use may not emerge with any other approach (e.g., Hall et al. 1987;
Tschaplinski 2000).

Habitats were selected by juvenile salmonids at each spatial scale
examined in the Elk River basin. Pools were selected by all four spe-
cies in the tributaries and by each species except steelhead in the
mainstem. Relative to fastwater, all species selected less strongly for
mainstem pools than for tributary pools, suggesting the heightened
importance of pools in the tributaries. Unconstrained valleys were
selected by chinook salmon, coho salmon, and cutthroat trout but
were avoided by steelhead. However, valley segment types did not
differ for most channel unit features that we examined. Thus, we
think that it is important to first identify, then protect, those attri-
butes or processes that influence selection by juvenile salmonids at
the valley segment scale. Better understanding of the differences
between steelhead and the other species in selection for pools in
the mainstem and unconstrained valleys in the tributaries should
improve habitat management and protection for all four species.
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Appendix 2.1. Percent of total estimated area at the stream system, valley segment and channel unit scales in the Elk River, Oregon
(1988-1994). Stream system types are the mainstem and tributaries. Valley segment types are unconstrained valleys (UV), alluviated canyons
(AC), and constrained canyons (CC). Channel unit types are pools, fastwater (FW), and side channels (SC).

% Area of % Area of % Area of % Area of % Area of
basin in mainstem in tributaries in mainstem in tributaries in
Year mainstem tributaries UV AC CC UV AC CC pools FW SC  pools FW  SC
1988 74 26 _ 64 36 29 39 32 63 37 0 35 64 0.4
1989 72 28 _ 67 33 27 43 29 58 41 0.4 34 65 0.1
1990 71 29 _ 67 33 27 40 33 63 36 0.1 38 61 0.7
1991 71 29 _ 65 35 30 42 28 60 39 0.4 37 62 0.9
1992 69 31 _ 68 32 29 42 29 65 34 0.6 37 62 0.6
1993 68 32 _ 65 35 32 39 29 76 23 0.6 43 56 1.0
1994 72 28 63 37 29 40 31 77 22 0.2 45 54 0.5

Mean(SD) 71(2) 29(2) 65(2) 35(2)

29(2) 41(2) 30(2)

66(8) 33(8) 0.33(0.2) 39(5) 60(5) 0.7(0.2)




BURNETT, Chapter 2 26

Appendix 2.2. Estimated total relative density (stan-

Valley Chinook Coho Curthroat dard error) of juvenile salmonids in valley segment
segment salmon salmon trout Steelhead types for the mainstem of the Elk River, Oregon
Year  type density density density density (1988-1994). Valley segment types are alluviated
1988  AC 6.57 (1.43)  0.02 (0.01)  0.30 (0.06) 3.94 (0.41) <@nyons (AC) and constrained canyons. (CC). Den-
sity is expressed as the number of fish per 100m~.
1989 AC 13.12 (1.53) 0.03 (0.01) 0.31 (0.05) 7.66 (0.72)
1990 AC 0.93 (0.25) 0.00 (0.00) 1.52 (0.33) 7.11 (0.78)
1991 AC 3.32 (0.68) 0.33 (0.21) 0.58 (0.20) 7.98 (1.05)
1992 AC 0.41 (0.12) 0.01 (0.01) 0.35 (0.07) 7.69 (0.99)
1993 AC 1.35 (0.28) 0.18 (0.09) 0.26 (0.05) 8.33 (0.75)
1994 AC 2.07 (0.33) 0.90 (0.20) 0.21 (0.04) 8.82 (0.86)
1988 CC 18.31 (2.36) 0.14 (0.04) 0.46 (0.14) 5.90 (0.94)
1989 CC 31.91 (3.77) 0.00 (0.00) 0.35 (0.08) 6.68 (1.08)
1990 CC 5.10 (1.07) 0.00 (0.00) 1.05 (0.40) 11.61 (2.83)
1991 CC 8.72 (1.21) 0.61 (0.46) 0.67 (0.24) 10.80 (1.57)
1992 CC 1.88 (0.59) 0.00 (0.00) 0.39 (0.10) 12.15 (1.56)
1993 CC 5.58 (2.20) 0.00 (0.00) 0.20 (0.04) 7.03 (0.79)
1994 CC 5.51 (1.04) 0.34 (0.14) 0.36 (0.12) 10.19 (2.05)
Appendix 2.3. Estimgted total .relaFive density (stan- sZgarlriZt (-;‘illll?l(())?lk Siﬁiloon Cuttr:)h:toat Sotbhend
dard error) of Juv.emle s.almonlds in v:fllley segment ype densiy density density density
types for the tributaries of Elk River, Oregon
(1988-1994). Valley segment types are unconstrained 1988 uv 0.62 (0.20) 0.00 (0.00) 0.59 (0.14) 4.04 (0.54)
valleys (UV), alluviated canyons (AC), and con- 1959 gy 389 (0.84) 000 (0.00) 0.62 (0.13) 444 (0.65)
strained canyons (CC). Density is expressed as the
number of fish per 100 m?. 1990 UV 012 (0.10)  0.00 (0.00) 1.10 (0.22) 497 (0.69)
1991 uv 0.61 (0.15) 0.04 (0.03) 0.21 (0.05) 4.06 (0.48)
1992 uv 0.00 (0.00) 0.00 (0.00) 1.15 (0.20) 6.10 (0.50)
1993 uv 0.21 (0.05) 0.30 (0.07) 0.24 (0.04) 3.95 (0.80)
1994 uv 0.74 (0.09) 4.90 (1.05) 0.37 (0.05) 5.61 (0.39)
1988 AC 0.00 (0.00) 0.00 (0.00) 0.26 (0.07) 5.76 (0.59)
1989 AC 0.14 (0.10) 0.00 (0.00) 0.38 (0.07) 5.85 (1.12)
1990 AC 0.03 (0.03) 0.00 (0.00) 1.08 (0.22) 13.50 (4.18)
1991 AC 0.00 (0.00) 0.02 (0.01) 0.26 (0.06) 7.80 (0.61)
1992 AC 0.16 (0.10) 0.68 (0.29) 1.00 (0.25) 5.85 (0.52)
1993 AC 0.03 (0.03) 0.09 (0.05) 0.23 (0.05) 6.76 (0.59)
1994 AC 0.10 (0.04) 0.09 (0.05) 0.21 (0.06) 7.18 (0.79)
1988 CC 0.80 (0.40) 0.00 (0.00) 0.24 (0.07) 5.81 (0.63)
1989 CC 0.93 (0.24) 0.00 (0.00) 0.20 (0.06) 6.10 (0.74)
1990 CC 0.05 (0.02) 0.00 (0.00) 1.61 (0.43) 7.00 (0.81)
1991 CC 0.19 (0.10) 0.04 (0.02) 0.14 (0.05) 7.51 (0.74)
1992 CC 0.00 (0.00) 0.00 (0.00) 0.16 (0.04) 6.76 (0.74)
1993 CC 0.04 (0.02) 0.17 (0.06) 0.10 (0.04) 6.19 (0.66)
1994 CC 0.16 (0.05)  1.95(0.39)  0.31 (0.07) 8.46 (0.59)
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Appendix 2.4. Estimated total relative density (number of fish per 100 m?) of juvenile salmonids in valley segments of the Elk River, Oregon (1988-1994).

Chinook Coho Cutthroat Chinook Coho Cutthroat
Valley salmon salmon  trout  Steelhead Valley salmon salmon  trout  Steelhead
Year segment density density density  density | Year segment density  density density  density
1988 Mainstem 2 17.88 0.23 0.33 6.07 1993 Mainstem 4 3.80 0.00 0.09 5.26
Mainstem 3 25.62 0.00 0.17 4.90 Mainstem 5 1.69 0.00 0.12 10.61
Mainstem 4  26.93 0.02 0.19 6.06 Mainstem 6 1.70 0.00 0.20 3.74
Mainstem 5  28.81 0.05 0.33 5.91 Mainstem 7 2.10 0.00 0.09 11.24
Mainstem 6 12.98 0.56 0.49 2.88 Mainstem 8 0.29 0.00 0.15 9.86
Mainstem 7 3.88 0.06 0.79 5.26 Mainstem 9 0.28 0.27 0.34 7.12
Mainstem 8 0.67 0.00 1.77 9.95 Mainstem 2 6.34 0.00 0.86 12.88
Mainstem 9 0.93 0.00 0.14 2.85 Mainstem 3 6.12 0.02 0.08 7.24
1989 Mainstem 2 34.56 0.00 0.37 6.32 1994 Mainstem 4 8.46 0.17 0.26 6.57
Mainstem 3 39.27 0.00 0.15 8.09 Mainstem 5 6.51 0.61 0.30 10.06
Mainstem 4  46.54 0.00 0.34 6.41 Mainstem 6 1.37 1.17 0.13 3.48
Mainstem 5 23.65 0.00 0.60 12.20 Mainstem 7 1.97 0.53 0.15 11.48
Mainstem 6 27.88 0.00 0.38 3.04 Mainstem 8 0.75 0.59 0.05 14.31
Mainstem 7 10.58 0.00 0.80 8.18 Mainstem 9 0.88 1.01 0.20 7.88
Mainstem 8 6.92 0.00 0.13 7.73 Bald Mountain 1~ 0.57 0.00 0.40 13.00
Mainstem 9 6.43 0.05 0.13 6.32 Bald Mountain 2 0.28 7.74
1990 Mainstem 2 6.77 0.00 0.62 14.39 1988 Bald Mountain 3 0.00 7.64
Mainstem 3 5.17 0.00 0.40 10.36 Butler 1 0.00 0.00 0.23 0.52
Mainstem 4 4.96 0.00 1.58 13.10 Butler 2 0.00 0.00 0.00 0.54
Mainstem 5 1.93 0.00 4.62 8.49 North Fork Elk 1 0.46 0.00 0.29 5.43
Mainstem 6 2.49 0.00 0.16 0.45 North Fork Elk 2 0.05 0.00 0.53 7.10
Mainstem 7 0.86 0.00 1.02 12.30 Panther 1 0.00 0.00 0.11 5.15
Mainstem 8 Panther 2 0.73 0.00 0.20 2.98
Mainstem 9 0.07 0.00 0.95 5.01 Panther 3 0.00 0.00 0.09 2.18
1991 Mainstem 2 16.87 2.54 0.51 20.86 W. Fork Panther  0.00 0.00 0.42 3.84
Mainstem 3 17.24 0.10 0.55 13.32 Red Cedar 1 6.19 0.00 0.81 2.77
Mainstem 4 9.49 0.10 0.35 6.66 Red Cedar 2 1.21 0.00 0.93 0.68
Mainstem 5 11.13 2.00 0.38 12.34 South Fork Elk 1 0.00 0.00 0.11 5.38
Mainstem 6 9.82 0.00 0.00 5.20 Bald Mountain 1~ 0.00 0.00 0.40 11.94
Mainstem 7 0.43 0.00 0.55 14.97 Bald Mountain 2 0.38 8.43
Mainstem 8 0.75 0.10 1.33 9.68 1989 Bald Mountain 3 0.03 1.76
Mainstem 9 0.04 0.05 0.60 4.35 Butler 1 0.00 0.00 0.11 2.15
1992 Mainstem 2 4.23 0.00 0.38 16.30 Butler 2 0.05 0.00 0.01 1.64
Mainstem 3 2.65 0.00 0.26 18.54 North Fork Elk 1 3.15 0.00 0.14 7.76
Mainstem 4 0.96 0.00 0.62 13.39 North Fork Elk 2 7.52 0.00 0.71 7.67
Mainstem 5 0.98 0.00 1.17 17.94 Panther 1 1.78 0.00 0.00 2.63
Mainstem 6 0.47 0.00 0.06 1.61 Panther 2 0.87 0.00 0.52 4.33
Mainstem 7 0.10 0.00 0.50 10.14 Panther 3 0.00 0.00 0.78 3.92
Mainstem 8 0.00 0.00 0.01 6.93 W. Fork Panther  0.28 0.23 0.33 6.07
Mainstem 9 0.00 0.01 0.10 2.35 Red Cedar 1 2.35 0.00 0.17 4.90
1993 Mainstem 2 16.41 0.00 0.43 0.43 Red Cedar 2 0.75 0.02 0.19 6.06

Mainstem 3 6.83 0.00 0.22 0.22 Red Cedar 3 0.00 0.05 0.33 5.91
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Chinook Coho Cutthroat

Chinook Coho Cutthroat

Valley salmon salmon  trout  Steelhead Valley salmon salmon  trout  Steelhead
Year segment density density density  density || Year segment density density density  density
1989 South Fork Elk 1 0.00 0.00 0.00 10.54 1992 Panther 2 0.00 0.00 0.14 3.99
1990 Bald Mountain 1 0.00 0.00 5.74 15.76 Panther 3 0.35  0.00 0.06 3.80
Bald Mountain 2 0.00 0.94 21.16 E. Fork Panther 0.00 0.00 0.70 3.43
Bald Mountain 3 0.00 0.00 9.14 W. Fork Panther 0.00  0.00 0.73 1.91
Butler 1 0.13 0.00 0.10 2.86 Red Cedar 1 0.00 0.00 0.00 0.56
Butler 2 0.08 0.00 0.28 4.99 Red Cedar 2 0.00 0.00 1.75 4.42
North Fork Elk 1 0.10  0.00 0.10 7.59 Red Cedar 3 0.00  0.00 2.04 4.16
North Fork Elk 2 0.01 0.00 0.21 8.97 South Fork Elk 1~ 0.00 0.00 0.22 10.09
Panther 1 0.00 0.00 0.03 7.39 1993 Anvil 1 0.37 1.30 0.25 2.36
Panther 2 0.00 0.00 1.48 9.29 Bald Mountain 1 0.00  0.00 0.20 14.63
Panther 3 0.00 0.00 0.50 1.92 Bald Mountain 2 0.40 8.19
E. Fork Panther ~ 0.00 0.00 0.48 3.94 Bald Mountain 3 0.00 5.48
W. Fork Panther  0.00 0.00 0.46 3.01 Butler 1 0.06 0.06 0.23 3.35
Red Cedar 1 0.23 0.00 8.64 0.00 Butler 2 0.00 0.00 0.00 3.23
Red Cedar 2 0.23  0.00 1.45 0.42 North Fork Elk 1 0.19  1.45 0.12 7.43
Red Cedar 3 0.00 0.00 4.04 0.00 North Fork Elk2  0.18  0.62 0.44 4.71
South Fork Elk 1 0.00  0.00 0.00 5.19 Panther 1 0.10  0.00 0.12 1.60
1991 Anvil 1 0.69 14.81 0.83 5.49 Panther 2 0.50 0.00 0.21 2.77
Bald Mountain 1 1.35 0.00 0.68 20.10 Panther 3 0.08 0.00 0.11 3.23
Bald Mountain 2 0.48 10.68 E. Fork Panther ~ 0.00  0.00 0.52 2.48
Bald Mountain 3 0.09 5.93 W. Fork Panther 0.00  0.00 0.00 8.45
Butler 1 0.00 0.26 0.00 5.73 Red Cedar 1 0.00 0.00 0.00 1.48
Butler 2 0.00 0.09 0.00 5.55 Red Cedar 2 0.00 0.19 0.10 3.96
North Fork Elk 1 0.08 0.00 0.46 6.20 Red Cedar 3 0.00 0.52 0.26 6.22
North Fork Elk 2 0.09 0.09 0.30 5.02 South Fork Elk 1 0.00 0.00 0.00 7.72
Panther 1 0.00 0.17 0.00 3.13 1994 Anvil 1 0.93 6.28 1.51 6.81
Panther 2 0.03 0.00 0.14 3.17 Bald Mountain 1 0.00 1.85 0.66 22.08
Panther 3 0.00 0.20 0.28 3.96 Bald Mountain 2 0.25 10.47
W. Fork Panther  0.00  0.00 0.30 4.86 Bald Mountain 3 0.24 6.92
Red Cedar 1 0.31 0.00 0.00 1.99 Butler 1 0.00 9.26 0.52 3.27
Red Cedar 2 1.49 0.00 0.14 3.54 Butler 2 0.13 0.15 0.18 5.04
Red Cedar 3 0.00 0.00 0.21 6.47 North Fork Elk 1 0.59  2.68 0.20 7.52
South Fork Elk 1 0.00  0.00 0.03 8.70 North Fork Elk 2 0.61 1.27 0.49 8.47
1992 Anvil 1 0.57 15.25 0.46 4.38 Panther 1 0.56  0.00 1.27 5.56
Bald Mountain 1 0.00 0.00 0.40 12.94 Panther 2 0.58 0.00 0.31 4.11
Bald Mountain 2 0.54 8.70 Panther 3 0.03  0.00 0.13 2.43
Bald Mountain 3 0.26 5.14 E. Fork Panther 0.00 0.00 0.33 1.31
Butler 1 0.00 0.00 0.00 1.97 W. Fork Panther 0.06  0.00 0.17 3.39
Butler 2 0.00 2.48 0.69 2.89 Red Cedar 1 0.00 4.08 0.00 4.30
North Fork Elk 1 0.00 0.00 0.13 5.18 Red Cedar 2 0.89 11.27 0.31 4.92
North Fork Elk 2 0.00 0.00 0.93 8.49 Red Cedar 3 0.20 0.29 0.05 4.59
Panther 1 0.00 0.00 0.07 4.20 South Fork Elk 1~ 0.00 0.06 0.00 8.00




