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Abstract
Patterns of salmon distribution throughout a riverscape may be expected to change over time in response to

environmental conditions and population sizes. Changing patterns of use, including identification of consistently
occupied locations, are informative for conservation and recovery planning. We explored interannual patterns of
distribution by juvenile Coho Salmon Oncorhynchus kisutch in 11 subbasins on the midcoast of Oregon. We found
that juvenile Coho Salmon distribution expanded and contracted around stream sections that were continuously
occupied (core areas). Timing of expansion or contraction was synchronous among subbasins and appeared to be
related to the size of the parental spawning run. Juvenile distribution expanded from core areas when adults were
abundant and contracted into core areas at lower adult abundances. The “intrinsic potential” of stream sections to
support high quality habitat for Coho Salmon also appeared to inform distribution patterns. In most subbasins, when
populations expanded, they moved into areas of high intrinsic potential. We identified areas that were consistently
used by juvenile Coho Salmon which may be important target locations for conservation and restoration. Our study
contributes to the body of work that seeks to explain the processes behind spatial and temporal patterns of freshwater
habitat use by salmonids in the Pacific Northwest, thereby enhancing understanding of the complexity of biological
and environmental interactions over broad scales.

Knowledge of habitat use by juvenile salmonids is generally
based on investigations that focus on sample sites at scales of
habitat units (tens of meters) or stream reaches (perhaps hun-
dreds of meters). These fine-scale approaches effectively iden-
tify habitat characteristics amenable for different life stages of
salmonids (Quinn and Peterson 1996) and establish seasonal site

*Corresponding author: rflitcroft@fs.fed.us
Received April 25, 2013; accepted July 2, 2013

fidelity and movement characteristics of juveniles (Nickelson
et al. 1992; Bell et al. 2001). However, in recent years, a
call for broad-scale analysis that explores riverscape-scale
processes and patterns has been echoed by aquatic ecologists
(Fausch et al. 2002; Wiens 2002). Analysis at the riverscape
scale allows for exploration of processes that function at broad
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RIVERSCAPE PATTERNS AND JUVENILE COHO SALMON 27

scales that may help explain patterns observed at fine scales.
This reflects the data input at riverscape scales that is meant to
be fairly continuous, or comprehensive, throughout all stream
sections in a chosen watershed.

Patterns at one spatial scale may not translate into the same
pattern at a different spatial scale (Wiens 1989; Fukushima
2001). Habitat occupancy by juvenile salmonids at microsite
and reach scales is not random. Rather, habitat use at these
fine scales has been shown to be related to season of the year
(Nickelson et al. 1992), locations of habitat forming features
(Montgomery et al. 1996; Benda et al. 2004), and proximity
among seasonal habitats (Flitcroft et al. 2012). Much work
has been done in aquatic systems to model and understand the
geomorphic processes of stream habitat creation (Beechie and
Sibley 1997), distribution (Benda et al. 1998, 2004; Burnett
et al. 2007), and the effect of human uses on the availability, di-
versity, and quality of stream habitat (Wang et al. 1997; Fausch
et al. 2002). Due to predictable patterns of geomorphology and
hydrology, recent models of salmonid habitat characteristics
have been developed at watershed scales (Benda et al. 2007).
The question arises as to whether this predictability is also
found in patterns of juvenile fish distribution at riverscape
scales, and whether broad-scale habitat use patterns change over
time.

The riverscape template of salmonid habitat types and quality
associated with geomorphology and underlying geology may
not be the only influence on interannual patterns of fish dis-
tribution. Other factors also may be important in explaining
interannual distribution patterns of juvenile salmonids at river-
scape scales. These may include population density (Grant and
Kramer 1990), hydrologic regime (Poff et al. 1997), or loca-
tion of spawning parents (Einum et al. 2008). However, little
work examining interannual patterns of juvenile salmonids at
riverscape scales has been completed. At subbasin and basin
scales, ecological investigation often focuses on habitat or ge-

omorphic associations with fish occurrence because inventories
of the species of interest are time consuming or unavailable
(Fausch et al. 2002; McMillan et al. 2013).

Analysis of riverscape-scale patterns of stream occupancy
by juvenile salmon over time may advance our understanding of
the forces that drive habitat use at watershed scales. We address
this issue by comparing subbasin-scale distribution patterns
of juvenile Coho Salmon Oncorhynchus kisutch in western
Oregon across multiple years. Coho Salmon are broadly
distributed across the coastal-draining stream systems in the
Pacific Northwest (Sandercock 2003). Although juvenile Coho
Salmon may move during any time of the year (Kahler et al.
2001; Ebersole et al. 2006, 2009; Pess et al. 2011; Reeves et al.
2011), summer distributions are important because juveniles
are assumed to move least during this season (Nickelson et al.
1992). Therefore, summer surveys were used to assess variation
of interannual distribution.

We focused on three specific research questions: (1) are there
differences in the extent of juvenile Coho Salmon distribution
among 4 years within river systems in midcoastal Oregon;
(2) are juvenile Coho Salmon patterns of interannual distribu-
tion throughout stream networks centered on consistently used
sections of stream, or core areas; and (3) does the intrinsic
potential of a stream to support Coho Salmon inform interan-
nual patterns of juvenile distribution. We examined a variety
of potentially correlated factors that may influence interannual
summer distribution by juvenile Coho Salmon, including the
size of parental spawning runs, seasonal streamflow, patchiness
of juvenile Coho Salmon density, and subbasin size.

METHODS
Study site.—Interannual distribution patterns of juvenile

Coho Salmon were determined in 11 subbasins of the Alsea
and Siletz River basins (1,785 and 1,964 km2, respectively), in
the mid-Oregon Coast Range (Figure 1; Table 1). Both the Alsea

TABLE 1. Interannual variation in distribution patterns of juvenile Coho Salmon documented in 11 subbasins located on the mid-Oregon coast. Stream length
used is the total number of stream kilometers where juvenile Coho Salmon were observed throughout the entire subbasin (no entry indicates no survey).

Stream length used (km)

Subbasin Basin Area (km2) 1998 1999 2001 2002

Canal Creek Alsea River 33.0 12.7 15.6 19.5
Cedar Creek Siletz River 33.4 4.4 18.7 18.8
Sams Creek Siletz River 37.7 25.2 25.4 28.9
Fall Creek Alsea River 71.8 19.3 17.9 19.1
North Fork (NF) Alsea River Alsea River 73.5 31.5 31.8 33.8
Sunshine Creek Siletz River 77.0 15.6 12 18.6 15.4
Upper Drift Creek Alsea River 79.7 35.5 37.8 42.7
Rock Creek Siletz River 104.7 21.1 21.2 38 41.8
Lobster Creek Alsea River 143.7 49.1 49.5 65.8 70.7
SF Alsea River Alsea River 158.8 22.3 34.4 34.4
Five Rivers Alsea River 300.0 74.9 89 108
Average across all subbasins 30.8 24.6 35.7 39.4
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28 FLITCROFT ET AL.

FIGURE 1. Subbasins selected for analysis of the distribution of juvenile
Coho Salmon in the midcoast of Oregon between 1998 and 2002.

and Siletz River basins are in the vegetation zone for western
hemlock Tsuga heterophylla (Franklin and Dyrness 1988). Fire
(Spies et al. 1988), timber harvest (Kennedy and Spies 2004;
Wimberly and Ohmann 2004), and agricultural uses have mod-
ified the landscape (Nonaka and Spies 2005). The geology of
the Siletz River is principally volcanic, while the Alsea River
is characterized by sandstone (Madin 2009). The climate of
this area is mild maritime; rain is the dominant form of pre-
cipitation, occurring primarily during the winter (Redmond and
Taylor 1997).

Juvenile Coho Salmon data.—To assess annual distribution,
locations of juvenile Coho Salmon for the years 1998, 1999,
2001, and 2002 were compiled from snorkel surveys conducted
by the MidCoast Watershed Council, Newport, Oregon. Not all
11 subbasins were surveyed in every year (Table 1), but all sub-
basins had survey information for at least 3 of 4 years analyzed.
Surveys from 2000 were not used because accurate field maps
necessary for georeferencing the data were unavailable. Every
fifth pool was snorkeled, and all observed fish were counted
in one pass. Pool length and width were recorded to facilitate
calculation of fish density. Other habitat types such as riffles
were not sampled because Coho Salmon are known to occur
predominantly in pools in this region (Nickelson et al. 1992).
Surveys were conducted from the stream mouth upstream, and
included all tributaries thought to be used by rearing juvenile
Coho Salmon during the summer field season (June through
September). Surveys were ended when crews observed no ju-
venile Coho Salmon for five snorkeled pools. This distance was
meant to approximate a stream reach beyond which it is unlikely
juvenile Coho Salmon would be found. Therefore, this end point
was interpreted to be the end of juvenile Coho Salmon distribu-
tion for a given year.

We georeferenced the snorkel survey data to facilitate cal-
culation of metrics to describe how much of the stream sys-
tem was occupied by juvenile Coho Salmon in a given year.
The juvenile snorkel survey data set was attached to digital hy-
drography using the Arc Info dynamic segmentation protocol
(ESRI 2006). The digital hydrography for the Alsea and Siletz
River basins was generated from 10-m digital elevation mod-
els (DEMs; Miller 2003; Clarke et al. 2008) and obtained for
this study from the data set available for all streams in western
Oregon (http://www.fsl.orst.edu/clams/). Control points located
approximately every 0.5 km were the basis for spatially refer-
encing the surveys to the digital data set. The start of the survey
and the end point of the survey were of critical importance for
the interpretation of areas of use. Therefore, end points were
referenced with great detail to promote the greatest accuracy.
However, we anticipate that some error in the identification of
the end point may be present in the georeferenced data set. This
error is associated with crew misidentification of location or the
spatial inaccuracy of the DEMs. We were unable to quantify
this error for our analysis.

Interannual distribution of juvenile Coho Salmon: differ-
ences among years in area used.—Maps of juvenile Coho
Salmon distribution were created that display distributions of
fish in the streams for each year. The upstream end of juve-
nile Coho Salmon presence for all surveyed streams was the
basis for calculating the total number of stream kilometers used
per year, per subbasin. Summary information was collected to a
tenth of a kilometer in resolution, reflecting the accuracy of field
measurements and the accuracy of the spatial linework. Error
in geospatial location in the field or in the georeferencing was
certainly present in our data set. However, quantification of that
error was not possible. Therefore, we chose to summarize the
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RIVERSCAPE PATTERNS AND JUVENILE COHO SALMON 29

distance measures at the fairly coarse resolution of one tenth of
a kilometer.

In the four largest subbasins (Rock Creek, Lobster Creek,
South Fork [SF] Alsea, and Five Rivers), juvenile Coho Salmon
were not observed throughout the main stem in 1998 and 1999.
In these subbasins, we identified the start of summer stream
occupancy by the presence of juvenile Coho Salmon in the
main stem. In all other subbasins, in all other years, juvenile
Coho Salmon were observed starting at the stream mouth. The
distribution of juvenile Coho Salmon was continuous among
surveyed pools for most years. However, occasionally, a pool
would be surveyed that did not contain juvenile Coho Salmon.
Such a pool was included in length of stream used by juvenile
Coho Salmon if juvenile Coho Salmon were documented both
upstream and downstream of the pool.

To test whether the mean length of stream used by juvenile
Coho Salmon averaged over subbasins differed among years, an
unbalanced repeated-measures ANOVA was conducted (SAS
2003). In this test, data from different subbasins are assumed to
be independent, but data from each subbasin are assumed to be
correlated through time. Therefore, subbasin forms the unit of
replication. Given the multiple comparisons, significance was
determined from a Bonferroni-corrected alpha (α = 0.0125).
Differences between pairs of years among subbasins in the mean
annual distribution length (km) for juvenile Coho Salmon was
described by Tukey–Kramer multiple-comparison tests (SAS
2003).

Adult Coho Salmon.—Variation in juvenile Coho Salmon
distribution may be influenced by the abundance of spawners
in the previous year. Annual basin-scale estimates of spawning
Coho Salmon abundance were available for the Alsea
and Siletz River from the Oregon Department of Fish
and Wildlife’s Salmonid Survey Program (http://oregonstate.
edu/dept/ODFW/spawn/index.htm). These estimates were
based on spawning ground surveys of sites selected using a spa-
tially distributed, probability-based survey protocol. Spawning
survey locations were regularly revisited by field crews during
the spawning season to count spawning fish and redds (Jacobs
and Nickelson 1998). In all years except 1997, the number of
spawning fish, regardless of origin (wild or hatchery), were esti-
mated. Only estimates of the number of wild spawning fish were
available from the 1997 spawning season (effectively parents of
1998 summer juveniles). Wild fish were identified by the ab-
sence of hatchery identification markings (adipose or maxillary
clip) or PIT tags.

As the number of spawning Coho Salmon increases, the den-
sity of fish on the spawning grounds would also increase, poten-
tially encouraging individuals to occupy other spawning habitat
locations. This density-dependent relationship may influence
the observed use of stream habitat by juvenile Coho Salmon.
The finest resolution available of adult spawning run sizes is
the basin. Therefore, we plotted the number of spawning Coho
Salmon with the average number of kilometer of stream occu-
pied by their progeny the following summer.

Movement of adult Coho Salmon into freshwater to spawn is
associated with adaptation to seasonal flow regime (Sandercock
2003). In Oregon, the timing of the Coho Salmon run is asso-
ciated with fall precipitation events (Weitkamp et al. 1995) that
increase streamflow levels, allowing adults access to upstream
habitats. It is possible that high flow levels may allow adults
access to reaches located further in the stream network to spawn
than low flow levels. This may affect the observed distribution of
juveniles the following summer. The months of October through
March encompassed all documented spawning in either the
Alsea or Siletz basins during our study period (1997–2001). Av-
erage monthly streamflow data were available at the basin scale
for the Siletz and Alsea River basins. This information was ac-
quired from the U.S. Geological Survey Water Resources of Ore-
gon (http://waterdata.usgs.gov/or/nwis/monthly?). We graphed
the estimated size of the spawning run with streamflow during
the run for the Alsea and Siletz basins.

Core areas.—Core stream areas were identified as the con-
tiguous portion of the surveyed stream in each subbasin that was
used in every year. This allowed us to describe and compare in-
terannual variation of the proportion of stream kilometers used
that were within the core area and outside the core area over
the sample period. We were also interested in the location of
core areas within the river network and how core areas may be
related to groupings of juvenile Coho Salmon.

The term “patch” is generally used to describe areas of simi-
lar habitat or landscape (Clark 2010). In this project, rather than
habitat, we were interested in the length of groups of juvenile
Coho Salmon and refer to this as a patch. We were interested
in whether patches were of similar sizes among subbasins and
among years within subbasins. We quantified the patch size
of juvenile Coho Salmon by analyzing patterns of spatial au-
tocorrelation in the density of juvenile Coho Salmon at each
snorkeled pool. This was done by generating variograms, de-
signed for stream networks, for each subbasin and each year
(Ganio et al. 2005).

Before calculating the variograms, we removed the relation-
ship of fish density with distance between its location and the
stream mouth in order to meet the assumptions of a stationary
process. We did this by regressing fish density on the distance
and obtaining the estimated residuals to use in the variogram
calculation. The robust variograms allow for the estimation of
the interval (estimated variogram range) in which survey points
exhibit spatial autocorrelation, in this case due to the density
of fish. Because the range was estimated, it included an un-
quantifiable amount of error. Therefore, no statistical tests were
completed using this metric as a dependent variable, and we
summarized the results qualitatively.

Habitat intrinsic potential: delineating areas of high intrin-
sic potential.—Fish distribution data were collected without
accompanying data describing habitat quality of the channel.
Therefore, we used intrinsic potential (IP; Burnett et al. 2007)
when examining interannual patterns of juvenile Coho Salmon
distribution. Intrinsic potential describes the capacity of streams
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30 FLITCROFT ET AL.

to provide rearing habitat for Coho Salmon and was modeled
from mean annual streamflow, valley constraint, and channel
gradient in conjunction with the hydrography for the Alsea and
Siletz River basins (Burnett et al. 2007; Clarke et al. 2008). Val-
ues of intrinsic potential can range from 0 to 1. We measured the
annual length of stream classified as high (>0.75) IP and calcu-
lated the percentage of available juvenile Coho Salmon habitat
within a subbasin that was high IP using a geographic infor-
mation system (ESRI 2006) and digital hydrography. Available
juvenile Coho Salmon habitat was conservatively defined as all
the stream length in a subbasin below a gradient of 7% (Burnett
et al. 2007).

Comparing juvenile Coho Salmon habitat potential between
the Alsea and Siletz basins.—The Alsea and Siletz basins differ
by geology, which has been shown to influence the development
of stream habitat types in the Oregon Coast Range (Hicks and
Hall 2003). Before we could compare among all subbasins in
the Alsea and the Siletz, we attempted to detect differences in
mean intrinsic potential for juvenile Coho Salmon between these
two basins that may influence fish distribution. We compared
(t-tests) the mean length of streams with a high IP designation
per subbasin, between the Alsea and Siletz basins. We also
compared (t-tests) the mean percent of available juvenile Coho
Salmon habitat in high IP per subbasin between subbasins in the
Alsea and Siletz basins.

Comparing juvenile Coho Salmon habitat potential among
all subbasins—We anticipated that in years when fewer stream
kilometers were occupied, a higher proportion of occupied areas
would have a high IP than in years when more stream kilome-
ters were occupied. Hence, we predicted IP might be related
to core area usage. Annual summaries were made in each sub-
basin of the length of occupied stream with high IP, the percent
of occupied habitat with high IP, and the percent of high IP
habitat occupied. To provide context for comparisons among
subbasins, we also summarized the total percent of all juvenile
Coho Salmon habitat within a subbasin with high IP and the
number of stream kilometers with high IP. We also calculated
Ivlev’s electivity values for each year (Ivlev 1961). While alter-
native indices are available (e.g., Manly et al. 1993), this metric
was chosen for its simplicity and compatibility with our data set
given that areas of high IP are not rare in any study subbasin
and that the amounts are constant over time. Therefore, we used
Ivlev’s electivity values to compare the amount of high IP used

with the total length of high IP that is available using

E = r − p

r + p
,

where r is the percentage of habitat used with high IP and p
is the percentage of high IP among all habitat throughout the
watershed.

RESULTS

Interannual Distribution of Juvenile Coho Salmon
Stream lengths used by juvenile Coho Salmon in subbasins

varied among years from 4.4 to 108 km, with interannual vari-
ation in a single subbasin spanning over 20 km (Table 1). Un-
balanced repeated-measures ANOVA results supported this ob-
servation and indicated significant differences among years in
the mean annual stream length used (P < 0.001 with 22 df
for each year [1998, 1999, 2001, and 2002]). Tukey–Kramer
multiple-comparison tests indicated that the mean for the length
of stream used differed in each of the six pairwise year com-
parisons except between 1998 and 1999 and between 2001 and
2002 (Table 2).

A density-dependent relationship may exist between the size
of the adult Coho Salmon spawning population and the number
of spawning sites that are occupied. This may, in turn affect the
number of stream kilometers used by juvenile Coho Salmon the
following summer. Because comprehensive surveys of spawn-
ing Coho Salmon were unavailable, we plotted the size of the
spawning Coho Salmon population with the average number of
stream kilometers used in the Alsea and Siletz basins, respec-
tively (Figure 2). In the Alsea basin, as the size of the spawn-
ing population of Coho Salmon increased, so did the average
number of stream kilometers used by juvenile fish the follow-
ing summer. In the Siletz basin the relationship was weaker;
however, more stream kilometers were used by juvenile Coho
Salmon in 2001 and 2002 than in 1998 or 1999.

The number of spawning adults and available streamflow dur-
ing spawning may affect the habitats adults can access, thereby
influencing the distribution of juveniles observed in the follow-
ing summer. Interannual counts of wild spawning Coho Salmon
varied over time in the Alsea and Siletz basins (Figure 3). The
number of spawning adult Coho Salmon in the Alsea increased
between 1997 (parents of juvenile fish observed in summer

TABLE 2. Tukey–Kramer multiple-comparison tests for differences between years in the mean subbasin length (km) of stream used by juvenile Coho Salmon
in 11 subbasins located on the mid-Oregon coast. Each comparison has 22 df, and a blank indicates that this comparison was not made (for instance, 1998 was
compared with 1999, but the reverse comparison is redundant and not presented).

Tukey–Kramer adjusted P-value
(Differences in juvenile Coho Salmon mean stream length used [km] ± 95% CI)

1998 1999 2001 2002

1998 0.78 (−2.42 ± 5.27) 0.05 (6.37 ± 4.75) 0.01 (10.02 ± 6.04)
1999 <0.01 (8.79 ± 4.50) <0.01 (12.44 ± 5.87)
2001 0.22 (3.65 ± 3.80)
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RIVERSCAPE PATTERNS AND JUVENILE COHO SALMON 31

FIGURE 2. Estimated run size of spawning Coho Salmon in the Alsea or Siletz
basins, plotted against the average stream kilometers used by their progeny the
following summer.

1998) and 2001 (parents of juvenile fish observed in summer
2002). The Siletz also saw lower numbers of spawning fish
in 1997 and 1998 than in 2000 and 2001. Streamflow during
spawning in both basins was considerably lower during October
2000 through March 2001 than in the period of highest stream-
flow during the spawning run, October 1997 through March
1998 (Figure 3).

Core Areas
Delineation of areas that were used by juvenile Coho Salmon

during all of the survey years juxtaposed with areas used only

FIGURE 3. Spawning run size of Coho Salmon in the Alsea and Siletz River
basins compared with streamflow during parental spawning season (October
through March).

occasionally support the concept of core areas (Figure 4). We
quantified the stream length inside and outside the core area, for
each year in each subbasin (Table 3). Core areas comprised the
majority of stream lengths used in all subbasins except Cedar
and Rock creeks in 2001 and 2002. Further, in years when
fewer stream kilometers were occupied, more occupied length
centered in the core than in years when more stream length was
used. Likewise, variability in the percent of stream length used
outside the core was greatest in 2001 and 2002, when more of
the stream was used.

Variogram range sizes, used to suggest patch sizes, varied
within subbasins among years and were more variable in larger
subbasins than smaller ones (Figure 5). In addition, the estimated
variogram range size appears to be smaller in small subbasins
compared with larger subbasins.

Habitat Intrinsic Potential
Although the Alsea and Siletz basins have different under-

lying geologies that may influence habitat suitability, neither
the mean total quantity (km) of stream length with a high IP
designation (T9 = 0.363; P-value = 0.72) nor the mean percent
of available juvenile Coho Salmon habitat in high IP (T9 =
0.853; P-value = 0.42) differed between the basins. Thus, all
subsequent comparisons are among subbasins.

To explore our interest in the connection between areas with
the capacity to support highly suitable habitat and stream occu-
pancy, we summarized fish use of high IP areas over time. The
shortest length of habitat used with a rating of high IP occurred
in either 1998 or 1999 for all subbasins (Table 4). This is con-
sistent with the shortest length of stream used for all subbasins,
which occurred in either 1998 or 1999 (Table 1). Subbasins
varied in the percent of all habitat used with a designation of
high IP; the highest percent was in either in 1998 or 1999 for
seven subbasins (Canal Creek, Cedar Creek, Sunshine Creek,
Upper Drift Creek, Rock Creek, Lobster Creek, and Five Rivers;
Table 5). Lowest length of stream occupied in high IP and the
highest percent of habitat used in high IP coincided for five sub-
basins (Canal Creek, Cedar Creek, Sunshine Creek, Upper Drift
Creek, Five Rivers; Tables 4, 5). For all subbasins, the percent
of available high IP used was highest in either 2001 or 2002
(Table 4). In 6 of the 11 subbasins, at least 90% of high IP habi-
tat was used in the years of the most extensive fish distribution
(Table 4). Ivlev’s electivity index (E) values support juvenile
selection of high IP areas. For all subbasins in all years (with
the exception of SF Alsea in 1998), values for E were positive
(Table 5). Further, some subbasins have more high IP habitat
than others (Table 6).

DISCUSSION
Our study of interannual variability in juvenile Coho Salmon

distribution across entire subbasins enables us to describe a com-
plicated story of habitat use and relationships in fish distribution
between cohorts. We identified patterns of interannual variation
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32 FLITCROFT ET AL.

FIGURE 4. Interannual distribution of juvenile Coho Salmon among 11 subbasins in midcoastal Oregon, which included core areas where fish were found every
year and areas of expansion outside the core that were used less frequently.
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RIVERSCAPE PATTERNS AND JUVENILE COHO SALMON 33

TABLE 3. The length of stream used by juvenile Coho Salmon in every year, inside and outside areas used in every year, and core areas (and as a percent of
total) for 11 subbasins on the mid-Oregon coast (blanks under years indicate no survey).

Length (km) used outside the core (%)

Subbasin Core length (km) 1998 1999 2001 2002

Canal Creek 11.6 1.1 (9) 4.0 (26) 7.9 (41)
Cedar Creek 4.4 0 (0) 14.3 (76) 14.3 (76)
Sams Creek 21.7 3.4 (14) 3.7 (14) 7.1 (25)
Fall Creek 15.9 3.5 (18) 2.0 (11) 3.2 (17)
NF Alsea River 24.1 7.4 (24) 7.7 (24) 9.7 (29)
Sunshine Creek 11.1 4.4 (28) 0.9 (7) 7.4 (40) 4.2 (28)
Upper Drift Creek 32.5 2.9 (8) 5.3 (14) 10.2 (24)
Rock Creek 15.3 5.7 (27) 5.9 (28) 22.7 (60) 26.5 (63)
Lobster Creek 39.1 10.0 (20) 10.4 (21) 26.7 (41) 31.7 (45)
SF Alsea River 18.8 3.3 (15) 15.4 (45) 15.4 (45)
Five Rivers 66.7 8.3 (11) 22.3(25) 41.3 (38)
Mean % and SE (19) ± 7 (13) ± 5 (34) ± 10 (39) ± 12

in the distribution of juvenile Coho Salmon. Across subbasins,
we found synchrony in patterns of expansion and contraction
around core areas over time. Elements of this synchrony appear
to be related to habitat characteristics and to the overall size of
the adult spawning run.

Interannual Distribution of Juvenile Coho Salmon
and Core Areas

Interannual variation in spatial patterns of juvenile Coho
Salmon distribution appeared to be centered on core areas.
Across subbasins, map and statistical analysis of juvenile Coho

Salmon distribution indicate statistically significant differences
in the number of stream kilometers used among years and be-
tween years within subbasins. In all subbasins but one, juvenile
Coho Salmon use of stream kilometers was highest in 2001 or
2002. Further, in all subbasins, a set of core areas were used
over time.

Two possible ideas that may contribute to an explanation of
juvenile Coho Salmon distribution patterns are related to the
behavior of spawning parents. One alternative is the hypothesis
that in years of high flow during the spawning run, adults migrate
farther upstream, thereby resulting in a positive relationship

FIGURE 5. Juvenile Coho Salmon estimated variogram range for 1998, 1999, 2001, and 2002 in subbasins of the Alsea and Siletz River basins. Each point is
an annual estimate of variogram range size. Variograms were calculated from fish density data in snorkeled pools, detrended for distance of the pool to the mouth
of each stream.
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34 FLITCROFT ET AL.

TABLE 4. The length (km) of habitat used with a designation of high IP for juvenile Coho Salmon and the percent of available high IP used each year for 11
subbasins on the mid-Oregon coast (blanks indicate no survey).

Length of habitat used with high IP (km) Available high IP used (%)

Subbasin 1998 1999 2001 2002 1998 1999 2001 2002

Canal Creek 3.2 3.3 3.4 89.2 92.1 94.9
Cedar Creek 1.0 2.4 2.4 37.8 92.3 92.3
Sams Creek 13.6 14.2 15.5 83.7 87.5 95.4
Fall Creek 1.2 1.2 1.5 80.2 80.2 100
NF Alsea River 21.2 22.2 22.7 75.5 78.9 81
Sunshine Creek 6.6 5.5 7.5 6.4 74.6 63.2 85.4 72.8
Upper Drift Creek 14.4 14.2 15.5 82.9 82.1 89.2
Rock Creek 12.8 14.8 20.9 21.8 40.9 47.2 66.7 69.5
Lobster Creek 24.8 28.3 35.7 35.2 65.9 74.9 94.6 93.3
SF Alsea River 7.3 18.2 18.2 31.3 77.7 77.7
Five Rivers 44.0 44.2 48.8 83.7 84.1 92.8

between water flow during spawning and juvenile distribution
the following summer. This explanation does not appear to be
supported by the data from our study subbasins. Rather, greater
stream lengths and the broadest distribution of juvenile Coho
Salmon into upstream areas were documented in 2001, the
year corresponding to the lowest flow during the spawning run
of the previous year, compared with 1998, the year with the
highest flow conditions during the spawning run of the previous
year.

Alternatively, the size of the spawning population may
influence the distribution of adults; larger populations would
be more broadly distributed across available spawning habitat
than smaller populations. In our subbasins, we observed that
lower spawning run sizes were present in the Alsea and Siletz
River basins in the first 2 years of the study than in the latter

2 years. Smaller run sizes in the early years correspond with
more limited juvenile distribution and greater use of core areas.
Larger spawning run sizes correspond with greater stream
length used and both upstream and downstream expansion out
of core areas. Juvenile Coho Salmon have limited mobility
between the time of alevin emergence and summer low-flow
conditions due to a combination of poor mobility and spring
flow conditions (Ottaway and Forrest 1983). Therefore, it
is possible that distribution of juvenile Coho Salmon in the
summer reflects the spawning patterns of their parents. Such
a link was found by Teichert et al. (2011) for Atlantic Salmon
Salmo salar. Evidence of distribution restricted to core area
in years of low spawning population size was documented for
Chinook Salmon O. tshawyscha (Isaak and Thurow 2006).
At fine spatial scales, Einum et al. (2008) found that patterns

TABLE 5. The percent of habitat used with a designation of high IP for juvenile Coho Salmon and the Ivlev electivity index for high IP habitat each year for 11
subbasins on the mid-Oregon coast. The Ivlev electivity index can range between −1 and 1, with positive values indicating that areas of high IP were selected for,
while negative values indicating they were selected against. Values close to zero indicate no preference for or against areas of high IP (blanks indicate no survey).

Percent of habitat used with high IP Ivlev electivity index for high IP habitat used

Subbasin 1998 1999 2001 2002 1998 1999 2001 2002

Canal Creek 25.2 21.1 17.4 0.35 0.28 0.18
Cedar Creek 22.1 12.7 12.7 0.52 0.29 0.29
Sams Creek 54.1 56.0 53.8 0.13 0.14 0.12
Fall Creek 6.3 6.9 5.0 0.22 0.27 0.11
NF Alsea River 67.2 69.6 67.3 0.27 0.28 0.27
Sunshine Creek 42.1 46.1 40.4 41.7 0.27 0.32 0.25 0.27
Upper Drift Creek 40.5 37.6 36.2 0.43 0.40 0.39
Rock Creek 61.0 69.8 55.0 52.1 0.24 0.31 0.20 0.17
Lobster Creek 50.6 57.1 54.2 49.8 0.13 0.19 0.16 0.12
SF Alsea River 33.0 52.9 52.9 −0.04 0.19 0.19
Five Rivers 58.7 49.6 45.2 0.27 0.19 0.14
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RIVERSCAPE PATTERNS AND JUVENILE COHO SALMON 35

TABLE 6. Within each subbasin, the number of stream kilometers within the
distribution of Coho Salmon with high IP to support quality habitat for Coho
Salmon, and the percent of all stream kilometers within the distribution of Coho
Salmon with high IP to support quality habitat for Coho Salmon for each of 11
subbasins on the mid-Oregon coast.

High IP

Kilometers Percent of all
Subbasin available habitat

Canal Creek 3.6 12
Cedar Creek 2.6 7
Sams Creek 16.3 42
Fall Creek 1.5 4
NF Alsea River 29.7 39
Sunshine Creek 8.8 24
Upper Drift Creek 17.9 16
Rock Creek 31.3 37
Lobster Creek 38.5 39
SF Alsea River 28.7 36
Five Rivers 56.5 34

of redd distribution were linked to juvenile distribution and
growth in experimental studies of Atlantic Salmon.

Interannual Distribution of Juvenile Coho Salmon and
Habitat Suitability

Our results indicate that the distribution of juvenile Coho
Salmon is related to the location of areas with high IP. Areas
classified with high IP correspond with geomorphic characteris-
tics in which high quality habitat may naturally develop (Burnett
et al. 2007). Geomorphic characteristics have been shown to af-
fect spawning habitat use by Atlantic Salmon (Moir et al. 2004).
We found that for most subbasins, the highest percent of high
IP stream length used as a proportion of stream length occupied
corresponded with the shortest overall stream length occupied.
We also saw that for most subbasins, as more stream length was
occupied, the percent of available high IP that was used also
increased. However, these two general patterns did not hold
universally. In some places, areas of high IP may not coincide
with current high quality habitat (Burnett et al. 2007). Further,
some subbasins had more areas of high IP than others or had
different distributions of high IP, making access to areas of high
IP potentially more difficult in some locations than in others.
Availability and connectivity among the suite of habitat vari-
ables needed for the freshwater life stages of Coho Salmon has
been shown to be important in explaining juvenile Coho Salmon
density (Flitcroft et al. 2012) but is not necessarily represented
by the IP metric.

Graphed variation in variogram range sizes of juvenile Coho
Salmon indicate that watershed size may also offer insights into
patterns of juvenile Coho Salmon distribution. Variograms of
subbasins larger than 70 km2 tended to show greater variation
in patch size over time than smaller subbasins. The location of

core areas in the four largest subbasins occurred in upstream
portions of the river system, core areas in smaller subbasins
occurring in the lower portions of the subbasins. These larger
subbasins also tended to have more stream length of high IP
habitat available and also had larger proportions of high IP
habitat compared with all available habitats. This is consistent
with the hypothesis that larger subbasins would contain more
floodplain habitats than smaller subbasins, thereby changing the
spatial configuration of IP among subbasins of different sizes.
Larger subbasins may offer juvenile Coho Salmon more op-
tions in terms of habitat availability or access to highly suitable
habitat than smaller subbasins. Thus, juvenile Coho Salmon in
larger subbasins may have more options to respond to annual
environmental conditions, and this may result in variation of
habitat use and associated patch size over time. However, land
use in larger subbasins may be more varied or different from
land use in smaller subbasins and may confound the relation-
ship between larger subbasins and habitat diversity in some
areas. Geomorphology and stream network configuration have
been implicated as important considerations in determining cen-
ters of habitat diversity (Benda et al. 2004). Further, barriers to
movement may reduce the potential advantages of habitat di-
versity in some watersheds (Sheer and Steel 2006). Additional
analysis that includes the quantification of floodplain morphol-
ogy and network complexity could further understanding of the
differences in habitat availability and diversity that may be re-
lated to watershed size.

The context of habitat suitability may be linked in an impor-
tant way to the distribution of spawning adults. In our study, the
lowest quantity of stream length used by juvenile Coho Salmon
is associated with the smallest adult spawning run sizes. Histor-
ically, spawning by adult Coho Salmon in lower portions of the
stream network in low abundance years may have been adaptive
because juveniles would have had easy access to highly suitable
rearing habitat. However, human management of riverscapes
has altered the quality of stream habitats in different parts of the
stream network (Sedell et al. 1990; Lichatowich 1999; Trom-
bulak and Frissell 2000). Habitat location within the framework
of the entire riverscape has been shown to be important in
describing juvenile Coho Salmon density (Flitcroft et al. 2012).
In the interests of species conservation and recovery, millions of
dollars have been invested in stream habitat restoration projects
throughout the Pacific Northwest (ODFW 1997; Bernhardt
et al. 2005). Much of the work has been completed on federally
or publically owned and managed lands (Bernhardt et al.
2007). These areas often contain the best preserved instream
and upslope habitat and are associated with timber holdings
(Burnett et al. 2007). These areas are also generally found in
the upper elevation portion of river systems, potentially missing
core habitat areas identified in this study. These upstream
subbasins tend to be relatively small. As noted previously, larger
subbasins may afford greater habitat diversity, thereby allowing
for population resilience in response to varied environmental
conditions. Considering where habitat restoration should occur
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36 FLITCROFT ET AL.

in order to enhance habitat diversity in core areas and at larger
spatial extents may mean looking beyond ownerships and land
uses that have been the typical focus for restoration effort.

Studies performed at riverscape scales include the collec-
tion and analysis of data throughout a river network (Fausch
et al. 2002). Work at this scale can identify patterns of varia-
tion and synchrony over large spatial extents that may reflect
processes working at multiple spatial scales. In this project,
we identified similarities and differences in interannual distri-
bution patterns of juvenile Coho Salmon at subbasin scales.
Detection of the patterns that we found would not have been
possible using point-based sampling techniques (i.e., general-
ized random-tessellation stratified [GRTS]) designed by Stevens
and Olsen 2004). However, patterns detected using riverscape-
scale techniques may be able to direct analysis of biological
and geomorphic processes in broad-scale monitoring data sets
that use spatially randomized point samples. Work that allows
riverscape-scale studies to direct process detection at sites within
regional sampling frameworks may be an important link towards
understanding how processes interact at different spatial extents.

Our study was limited by the inability to find continuous data
sets describing spawning distributions of adult Coho Salmon in
the same places that we have continuous surveys of juveniles.
Two types of Coho Salmon spawning surveys were available
through the Oregon Department of Fish and Wildlife for our
study area. One set of surveys included long-term monitoring
locations in primarily high suitability habitat. The other set of
surveys were randomly selected using a rotating panel sampling
design and are used to detect trends in the population (Jacobs
and Nickelson 1998; Firman and Jacobs 2001). Whereas both of
these sampling designs are effective at trend detection, neither
detects changes in spawning distribution with great precision
(Peacock and Holt 2012). Unfortunately, few of the spawning
sites in our study area were surveyed every year, clouding as-
sessments of adult occupancy patterns. Spawning survey data
that is available throughout river systems over time has the po-
tential to answer questions regarding processes by which fish
chose habitat and are affected by environmental conditions. De-
tailed analysis of the relationship between adult and juvenile
fish habitat use at multiple spatial extents could have been in-
cluded in this paper if such information was available. Such
analysis has the potential to inform stream habitat enhancement
and restoration work throughout the range of Coho Salmon. Fur-
ther research into factors driving distribution patterns of adult
spawners and juveniles should expand our understanding of how
these fish use available habitat.

Our riverscape model of juvenile Coho Salmon distribution
supports the roles of both abundance and core areas, impor-
tant interacting considerations that may inform natural resource
managers concerned with fish restoration or conservation. This
result points to the merits of data collection across entire stream
networks. Such approaches have been advocated by aquatic
ecologists (Fausch et al. 2002; Ward et al. 2002; McMillan
et al. 2013), but acquiring continuous survey data continues

to be a challenge. Our study demonstrates the utility of such
surveys. We were able to analyze multiple spatial scales of
organization over time. This allowed for interpretation of rela-
tionships that inform an understanding of population-scale use
of habitat that is embedded within a stream network. We found
that core areas were located in different areas in the river net-
work in larger compared with smaller subbasins. The location
of core areas within the river system and their proximity to
areas of habitat restoration and protection are important con-
siderations for management. Despite their broad range, Oregon
coastal Coho Salmon are listed as threatened under the U.S.
Endangered Species Act (Weitkamp et al. 1995). Management
and restoration of core areas of salmonid habitats within river-
scapes may be the foundation of watershed-scale planning for
resilient populations within dynamic environmental conditions.
Our study improves understanding of their population ecology
and is likely useful to natural resource managers providing stew-
ardship for their ecosystems.
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