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Abstract.—Small stream systems are complex networks that form a physicochemical template 
governing the persistence of aquatic species such as coastal cutthroat trout Oncorhynchus clarkii 
clarkii. To gain new insight into these interactions, we initiated an integrated program of land
scape-scale sampling that is focused on fine- and broad-scale relationships among upslope 
landscape characteristics, physical stream habitat, and the spatial patterns of cutthroat trout 
abundance. Our sample of 40 catchments (500–1,000 ha) represented approximately 15% of 
the 269 barrier-isolated catchments in western Oregon that support populations of cutthroat 
trout. Because data were collected in a spatially contiguous manner throughout each catch
ment, it was possible to collect biological and geographic information necessary to assess the 
spatial structure of cutthroat trout abundance. Results underscore the influence of the physi
cal habitat template at a variety of spatial scales. For example, cutthroat trout move through
out the accessible portions of small streams. Some cutthroat trout congregate in areas of suitable 
habitat and form local populations that may exhibit unique genetic attributes. At times, some 
cutthroat trout move into larger downstream portions of the network where they may con
tribute to the genetic character of anadromous or local potamodromous assemblages. Results 
underscore the advantages of viewing habitats that are critical to the fitness and persistence of 
cutthroat trout populations as matrices of physical sites that are linked by movement. It is 
apparent that human activities that impede movement among suitable habitat patches can 
have unanticipated consequences for metapopulations of cutthroat trout and may ultimately 
affect their persistence. 
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INTRODUCTION


Two basic questions in aquatic ecology relate 
to how aquatic systems are organized in space 
and how they change in time. In a more gen
eral sense, interest in the relationship between 
organisms and their habitats undoubtedly dates 
to the earliest hunter/gathers. Although the 
questions are simple (e.g., what influences the 
distribution and abundance of animals), the 
answers are extremely complex because they 
represent the integration of environmental het
erogeneity and the adaptation of organisms to 
that habitat template (Southwood 1977; Healey 
and Prince 1995). 

The spatial and temporal dynamics of land
scapes increase habitat complexity (Frissell et al. 
1986; Pickett and Cadenasso 1995) and compli
cate the study and interpretation of habitat–fish 
relationships at multiple scales (Turner et al. 
1989; Frissell et al. 1997). Interactions among 
physical, chemical, and biological characteristics 
of terrestrial, riparian, and aquatic systems fur
ther obfuscate understanding of habitat–fish re
lationships, especially at broad spatial scales. 
Frissell et al. (1986) developed a hierarchical 
method for classifying stream systems in the con
text of the catchments of which they are a part, 
and this type of integrated multiscale approach 
is widely accepted as a means of understanding 
the influence of disturbance and land manage
ment in catchments (Imhof et al. 1996). 

Habitat studies for aquatic ecosystems most 
often have been conducted at the local scale 
(Imhof et al. 1996), which seems inappropriate 
for organisms, such as salmonids, that require a 
variety of habitats depending on season or life 
stage (Northcote 1997). Furthermore, research 
has often focused on the relationship between 
physical habitat and anadromous salmonids 
(Nickelson et al. 1992; Reeves et al. 1995), but 
strong inferences are difficult to develop because 
anadromous fish spend much of their lives in 
the ocean where they are affected by an array of 
environmental variables that are not accounted 
for, including commercial harvest (Hicks et al. 

1991) and fluctuating ocean conditions (Pearcy 
1992). In contrast, potamodromous coastal cut
throat trout Oncorhynchus clarkii clarkii live in 
freshwater their entire lives. Thus, they are likely 
to be more tightly linked to changes in terres
trial habitats than anadromous fishes, but much 
less effort has been expended to describe these 
linkages. 

Interactions between terrestrial and aquatic 
systems are especially relevant in small streams 
that often are inhabited by cutthroat trout. These 
stream channels can represent more than 70% of 
the cumulative channel length in mountainous 
catchments of the Pacific Northwest (Benda et al. 
1992). In addition, small streams are often directly 
affected by natural and anthropogenic disturbance 
(Gomi et al. 2002; May and Gresswell 2004). For
tunately, in small stream systems it may be pos
sible to quantify the spatial and temporal extent 
of these processes and their influence on the spa
tial patterns of cutthroat trout abundance. 

We describe a research approach developed for 
small western Oregon streams. Our goals were to 
investigate (1) patterns of cutthroat trout abun
dance in small streams, (2) habitat quality and 
quantity in these systems and how it influences 
patterns of cutthroat trout abundance, and (3) 
how relationships between habitat and cutthroat 
trout abundance change through space and time 
in response to natural and anthropogenic distur
bance (Figure 1). These goals were integrated into 
a program of landscape-scale catchment sampling 
to investigate the fine- and broad-scale relation
ships among upslope landscape characteristics, 
stream physical habitat, and the abundance of 
cutthroat trout. We present a general overview of 
our research with associated strengths and weak
nesses and a summary of results to date. 

METHODS 

Geographical and Ecological Context 

The historic range of coastal cutthroat trout ex
tended from Humboldt Bay, California to Prince 
William Sound, Alaska. The subspecies exhibits 
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Landscape-scale 
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Habitat Quality
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Fish Abundance 
and Distribution 

Figure 1. Conceptual framework for assessing inter-
relationships among habitat quality and quantity, 
coastal cutthroat abundance and distribution, and 
natural and anthropogenic disturbance. Relationships 
among fish, habitat, and disturbance are captured by 
landscape-scale catchment sampling. 

a diverse array of life histories, including anadro
mous, amphidromous, potamodromous, and 
nonmigratory forms (Trotter 1989). Recent 
range-wide declines in abundance and distribu
tion have raised concerns about the persistence 
of the subspecies, especially the anadromous 
form (Nehlsen et al. 1991; Hall et al. 1997), and 
petitions have been submitted to list coastal cut
throat trout under the Endangered Species Act. 

Potamodromous and nonmigratory forms are 
relatively abundant in small stream systems, but 
little is known about factors influencing the spa
tial patterns of abundance of the subspecies in 
these areas. We focused on catchments above 
barriers inhibiting upstream migration, where 
there are no confounding effects from the pres
ence of anadromous salmonids. We hypothesized 
that it would be easier to identify and interpret 
the interactions among terrestrial and aquatic 
components of isolated catchments because 
coastal cutthroat trout in these systems are directly 
linked to the freshwater habitat and the surround
ing drainage throughout their lives. In addition, 
coastal cutthroat trout may be much more vul
nerable to disturbance in small isolated streams, 
and information concerning the effects of land 
management activities (e.g., timber harvest, ag

gregate mining, and associated road construction 
and maintenance) is scarce for these systems. 

Sampling Design 

Two spatial scales were particularly important for 
this study. The first concerns the large-scale 
variation across western Oregon using catch
ments as analytical units and the influence of 
geologic, geomorphic, and climatic factors on 
natural and anthropogenic disturbance regimes. 
The second spatial scale of interest focused on 
channel units, geomorphic reaches, and stream 
segments as analytical units to investigate varia
tion within catchments. Although there is a sub
stantial amount of information at the channel 
unit (10–100 m), and in some cases the stream-
segment level (100–1,000 m), the effects of natu
ral disturbance and land-management activities 
at the catchment scale are poorly understood. 
Because consequences of anthropogenic and 
natural disturbance vary substantially within a 
catchment, managing catchments as systems 
may be critical for the persistence of many 
aquatic organisms. 

In order to make inferences about coastal cut
throat trout across western Oregon, we defined 
the sample unit as an entire catchment. To cap
ture the spatial context of the population of 
catchments, the sample was extended across all 
of the known barrier-isolated Oregon catch
ments west of the Cascade Range divide where 
coastal cutthroat trout was the only salmonid (N 
= 269; Gresswell et al. 2004). We used standard 
sampling procedures to subsequently select study 
catchments from the group of known popula
tions (Scheaffer et al. 1990). Because physi
ographic province and geology were expected to 
influence cutthroat trout-habitat relationships 
across western Oregon, the above-barrier 
catchments were grouped by ecoregion: (Coast 
Range, Klamath Mountains, and Cascades; Pater 
et al. 1998) and erosion-potential class (resistant 
or weak rock types; Gresswell et al. 2004).A sample 
of 40 catchments was selected in proportion to 
the number of isolated catchments with coastal 
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cutthroat populations occurring in each of the 
six strata (Figure 2). A sample size of 40 
catchments represents approximately 15% of the 
population of barrier-isolated catchments with 
cutthroat trout in western Oregon, and we as

sumed that it would be feasible to complete the 
sample within a period of 3 years. 

We sampled during low-discharge periods 
from June through September. To sample 40 
catchments in 3 years, it was necessary to limit 

Figure 2. Locations of 40 catchments selected from 269 barrier-isolated coastal cutthroat populations in 
western Oregon. Catchments were grouped by ecoregion (Coast Range [CR], Klamath Mountains [KM], and 
Cascades [CA]) and erosion potential (resistant rock types and weak rock types); sample catchments were 
subsequently selected from each of the six strata. 
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the amount of time to 3 d for sampling an indi
vidual catchment. Pilot studies suggested that to 
meet time constraints for the field portion of the 
project, it would be necessary to limit the maxi
mum drainage area of sample catchments to 
approximately 1,000 ha. In cases where a barrier-
isolated catchment exceeded 1,000 ha, the area 
above each tributary junction (moving progres
sively farther upstream) was estimated until at 
least one subcatchment less than 1,000 ha was 
identified and that upstream subcatchment was 
sampled. If two or more subcatchments (500– 
1,000 ha) occurred above a tributary junction, 
one was randomly selected for sampling. 

Because each catchment was surveyed only 
once, we selected an additional catchment to serve 
as an interannual temporal reference.Camp Creek 
(Umpqua River drainage) was sampled annually 
1998–2004. Camp Creek also was used as the study 
site for within-catchment assessments of cutthroat 
trout movement and genetic structure. 

Field Surveys of Physical Habitat 
and Cutthroat Trout 

Prior to initial surveys, the channel network of 
each catchment was divided into stream seg
ments (Frissell et al. 1986; Moore et al. 1997) 
using existing databases, topographic and geo
logic maps, aerial photographs, and field recon
naissance to identify tributary junctions 
(tributaries contributing � 15% of mainstem 
flow) and geologic barriers to fish movement 
(waterfalls > 2 m). In the field, each segment was 
divided into geomorphic reach types (beaver 
complex, cascade, step-pool, plane-bed, pool-
riffle, dune-ripple, colluvial, or bedrock channel) 
based on substrate, gradient, bed morphology, 
and pool spacing (Montgomery and Buffington 
1997); minimum reach length was 10 active 
channel widths. Subsequently, channel-unit 
types (pool, riffle-rapid, cascade, and vertical 
step) were classified in each reach according to 
criteria developed by Bisson et al. (1982). Physi
cal variables including channel-unit size (e.g., 
length, maximum depth, and width), substrate 

size-class (bedrock, boulder, cobble, gravel, sand, 
and silt; Moore et al. 1997), valley segment type 
(broad and narrow; Moore et al. 1997), channel 
type (constrained and unconstrained; Moore et 
al. 1997), and woody debris accumulations (i.e., 
�5 pieces, �15 cm in diameter and 3 m in 
length; classified in 10-piece aggregations; Moore 
et al. 1997) were recorded for all channel units. 

Following physical habitat assessment, we es
timated relative abundance of cutthroat trout 
� 70 mm in all pools and cascades using single-
pass electrofishing (Bateman et al. 2005). To 
identify the upstream extent of cutthroat trout 
distribution, the main-stem segment and tribu
taries were electrofished for 50–300 m (approxi
mately 10–40 individual pool sample units) 
beyond the point at which no more cutthroat 
trout were detected. All captured cutthroat trout 
were anesthetized with clove oil to reduce han
dling stress (Taylor and Roberts 1999), measured 
(fork length; ±1 mm), and weighed (±0.1 g). 
Scale samples (23–254 per catchment) were col
lected from up to 10 cutthroat trout in each 10
mm length category for age determination. 

Repeated sampling of Camp Creek provided 
the means to examine both within- and among-
year changes in physical habitat and cutthroat 
trout abundance patterns (Hendricks 2002). In 
Camp Creek, tagged and marked individuals (753 
tagged with a passive integrated transponder [PIT] 
and 5,322 fin-clipped) were monitored bimonthly 
from June 1999 to August 2000. To increase the 
probability of relocating individual cutthroat 
trout, each survey included all channel-units from 
the waterfall at the downstream terminus of the 
study area to the end of fish distribution in the 
main stem and tributaries. To further increase 
temporal resolution, locations of 35 radio-tagged 
cutthroat trout were recorded 3–5 d each week, 
January–June 2000. Emigration out of the catch
ment was estimated with a rotating fish trap. 

Genetic Diversity 

Caudal-fin tissue was collected from up to 100 
cutthroat trout from each catchment to assess 
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genetic diversity. Tissue collections were distrib
uted spatially within a catchment by sampling 
up to 10 fish in 10-mm size-classes from each 
stream segment until 100 samples were obtained 
or the end of fish distribution was reached. If 
end of fish distribution was reached before 100 
samples were obtained, we assumed that a large 
percentage of the population was sampled 
(Bateman et al. 2005), and therefore, the range 
of genetic variation in the population was rep
resented. Fin tissue was preserved in a buffer so
lution (100 mM trisHCl pH8, 100 mM EDTA 
pH8, 10 mM NaCl, 0.5% (w/v) SDS) or a desic
cant (anhydrous sulfide crystals) prior to genetic 
analysis (Guy 2004). Seven microsatellite loci in 
three multiplexed sets were chosen after screen
ing for reliable PCR amplification, ease of scor
ing, and polymorphism (Guy 2004). 

Additional tissue samples were collected in 
Camp Creek to assess cutthroat trout popula
tion structure within a small stream network and 
to evaluate the effects of fish passage barriers on 
coastal cutthroat trout genetic variation 
(Wofford et al. 2005). Genetic sampling occurred 
at 10 sites in the Camp Creek watershed. Prior 
to sampling, the catchment was surveyed to iden
tify barriers to cutthroat trout passage. Genetic 
sampling sections were bounded by tributary 
junctions or fish-passage barriers, except in the 
upper portion of the main stem where two ad
ditional sections were added because no tribu
taries or passage barriers occurred in a relatively 
extensive section of stream. Sample collection 
proceeded as noted above except that tissue was 
collected from all cutthroat trout captured in six 
sections where abundance was low. Sample pro
cessing was conducted in the manner described 
above (Wofford et al. 2005). 

Analysis of Spatial Structure 

The spatial patterns of cutthroat trout abun
dance in channel networks were evaluated with 
geostatistical techniques. Variograms were used 
to indicate the degree of spatial autocorrelation 
among samples. For 22 catchments where a 

spherical variogram model was applicable, the 
range (i.e., the distance over which observations 
were autocorrelated) was used to determine the 
dominant scale of variation (i.e., patch size) in 
the spatially referenced data (Rossi et al. 1992). 
Initial variogram analysis was limited to the main-
stem channels of four streams. To rigorously quan
tify spatial structure in cutthroat trout abundance 
throughout the channel network of a catchment, 
it was necessary to (1) develop an automated 
method of determining the network distance (dis
tance along the stream channel) between all 
sampled points (Torgersen et al. 2004), and (2) 
create a software routine to perform network 
variogram analyses in a commercially available 
statistical application (Ganio et al. 2005). 

RESULTS AND INTERPRETATION 

Spatial Patterns of Abundance 

Because all pools and cascades were sampled in 
each catchment, it was possible to develop a spa
tially explicit representation of cutthroat trout 
abundance in the channel network (Figure 3). 
Visual examination revealed that cutthroat trout 
abundance was not uniform within individual 
catchments, and some stream sections had 
greater numbers than others. In fact, in many 
catchments, abundance patterns were highly 
structured, and the number of cutthroat trout 
in individual channel units was more similar to 
neighboring units than those farther away. Con
versely, patterns of abundance varied substan
tially among catchments. 

By incorporating supporting data layers, it was 
possible to build hypotheses concerning the 
physical processes and structures that may in
fluence patterns of cutthroat trout abundance. 
Drainage patterns of the fish-bearing portion of 
the channel network also varied, but dendritic 
(one or more tributaries) and simple (no tribu
taries) patterns were the two most common 
groups. Although a myriad of physical factors 
and processes can influence the patterns of cut
throat trout abundance in channel networks, 
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bedrock lithology was the dominant factor 
among those we examined. For example, a 
greater proportion of complex, dendritic pat
terns were found in the Coast Range ecoregion 
(87%) where sedimentary bedrock was com
mon, but simple patterns were more common 
in the Cascades ecoregion (13%), where the bed
rock lithology was predominantly basalt (Guy 
2004). Kaufmann and Hughes (2006, this vol
ume) found that anthropogenic disturbances 
were higher and fish assemblage condition was 
lower in stream sections with sedimentary bed
rock when compared to equivalent sections with 
volcanic geology. 

Initial variogram analysis conducted along the 
main-stem channels of four streams showed spa
tial autocorrelation in cutthroat trout abun
dance; however, visual examination of cutthroat 
trout abundance patterns suggested that spatial 
structuring was occurring throughout the chan
nel network (Figure 3). Results of network 
variogram analyses revealed a number of differ
ent spatial structures and scales of variation as 
indicated by the shapes of the variograms. Pat
terns of cutthroat trout abundance in the 40 
sampled catchments ranged from completely 
random to highly structured (gradients, patches, 
and nested patches; Ettema and Wardle 2002; C. 
E. Torgersen and R. E. Gresswell, unpublished 
data). The dominant scale of variation (i.e., patch 
size) in cutthroat trout abundance was assessed 
for 22 catchments that fit the spherical model, 
and 75% of the variation in patch size was ex
plained by rock stability (Figure 4). Resistant rock 
types (basalt, granite, and hard sedimentary) 
subject to narrow, shallow debris flows were as
sociated with shorter spatial scales of variation 
in cutthroat trout distribution than weaker rock 
types. Weak rock types (pyroclastics, tuff, schists, 
and soft sedimentary) had gentle slopes formed 
by wide, deep earthflows and were associated 
with longer spatial scales of variation in cutthroat 
trout distribution. Other physical catchment 
characteristics, including the average distance 
between tributary junctions and the maximum 
pathway distance (maximum distance separat

ing any two points in the distribution of cut
throat trout) in the network, were also positively 
associated with the dominant scale of variation 
in cutthroat trout abundance, but not correlated 
with each other (r = 0.41, P > 0.05) (Torgersen 
and Gresswell, unpublished data). 

Physical factors influencing the spatial extent 
of stream occupied by cutthroat trout (number 
of kilometers occupied by cutthroat trout up
stream of the starting point) are of particular 
interest to fisheries managers. Previous research 
on coastal cutthroat trout distribution in small 
streams has not had the advantage of spatially 
contiguous data, so the task of developing pre
dictive models has been challenging (Latterell et 
al. 2003). Data from 40 catchments in western 
Oregon enabled analyses to relate patterns of 
cutthroat trout relative abundance to three land
scape variables derived from remote sensing 
imagery and geographical information system 
(GIS) data layers. We used information derived 
from field surveys of cutthroat trout distribu
tion in the channel network to develop statisti
cal models that predicted the spatial extent of 
cutthroat trout distribution as a proportion of 
catchment size. The spatial extent of cutthroat 
trout distribution was negatively correlated with 
mean stream slope (r = –0.65, P < 0. 01) and 
positively correlated with mean annual precipita
tion (Daymet 2004) (r = 0.50, P < 0. 01) and for
est vegetation type (r = 0.51, P < 0. 01) (Cohen et 
al. 2002; Torgersen and Gresswell, unpublished 
data). The total abundance of cutthroat trout in 
the study catchments as a proportion of water
shed area was much more difficult to predict than 
spatial extent and was not significantly associated 
(r = 0.10, P = 0.52) with forest vegetation type. 

Temporal Patterns and Movement 

Cutthroat trout moved frequently in Camp 
Creek, but distances were short. Habitat-unit
scale (2–95 m) movement was common 
throughout the year, and reach-scale (66–734 m) 
and segment-scale (229–3,479 m) movements 
were more common during the late winter and 
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(a) (b) 

(c) (d) 

Figure 3. Spatial variation in the distribution and relative abundance of coastal cutthroat trout (length � 70 
mm) in four small streams in western Oregon. Vertical bars in three-dimensional representations of Hardy 
Creek (a), East Fork Laying Creek (b), Rock Creek (c), and Miller Creek (d) indicate the relative abundance of 
cutthroat trout sampled in pool and cascade habitats with single-pass electrofishing. Paired three-dimensional 
representations and semivariograms of cutthroat trout counts illustrate different patterns of spatial autocorrelation: 
(a, e) no spatial structure, (b, f) large-scale heterogeneity with a pronounced trend or gradient, (c, g) small-
scale heterogeneity with distinct patches, and (d, h) nested heterogeneity at two different scales (Ettema and 
Wardle 2002). 
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Figure 4. Relationship between the dominant spatial 
scale of variation in coastal cutthroat trout counts and 
rock stability in headwater basins of western Oregon. 

spring (Hendricks 2002). Movements over 
greater distances were associated with annual 
spring spawning events; the least movement oc
curred when discharge was at a minimum in 
October. About 80% of PIT-tagged cutthroat 
trout occupied pool habitats from June through 
October, but from December through March, 
when discharge was high and water temperatures 
were low,pools were used almost exclusively. Only 
63 cutthroat trout (<1% of those tagged and 
marked) were captured in the downstream trap 
between February and June (Hendricks 2002). 

Using a kernel density estimator (Silverman 
1986) to quantify spatial variation in fish counts, 
we identified several interannual patterns of cut
throat trout relative abundance in Camp Creek 
(Figure 5). Although it is apparent that abun
dance varies substantially among years, some 
areas in Camp Creek consistently exhibit high 
relative abundance of cutthroat trout (Figure 5). 
Concomitantly, some areas exhibited consistently 
low numbers of  cutthroat trout. Similar 
interannual patterns of abundance have been 
noted in another small stream in the Umpqua 
River drainage that has been monitored annu
ally since 2001 (Gresswell, unpublished data). 
Efforts to identify habitat characteristics related 
to areas of consistently high and low relative 
abundance are ongoing. 

Genetic Structure


Genetic differentiation among 27 isolated popu
lations of cutthroat trout in this study was high 
(mean Fst = 0.33), but intrapopulation genetic 
diversity determined by microsatellite analysis 
(mean number of alleles per locus = 5, mean He 
= 0.60) was only moderate (Guy 2004). When 
all populations were combined, there was evi
dence of genetic isolation by geographic distance, 
but isolation by distance was not observed if 
populations were compared by ecoregion. Dif
ferences in genetic diversity between the Coast 
Range ecoregion (mean alleles = 47) and the 
Cascade Mountains ecoregion (mean alleles = 
30) were statistically significantly (P = 0.02), and 
Guy (2004) suggested that this pattern was re
lated to the interactions of drift, gene flow, and 
the physical environments of the two ecoregions. 
Topological stream channel complexity (ratio of 
summed tributary lengths to the main stem 
length) and connectivity (number of vertical 
steps > 1 m divided by the mean step height) 
were greater in the Coast Range (0.54 and 27.7, 
respectively) than the Cascade Mountains (0.1 
and 18.7, respectively), and differences were sta
tistically significant (P = 0.00 and P = 0.02 for 
complexity and connectivity, respectively). Re
sults suggested that genetic patterns in the Coast 
Range were more strongly influenced by gene 
flow than in the Cascade Mountains, where drift 
appeared to be the dominant factor influencing 
genetic diversity (Guy 2004). 

At the catchment spatial scale, Wofford et al. 
(2005) found that dispersal barriers strongly in
fluenced coastal cutthroat trout genetic structure 
among sample locations in Camp Creek, and 
barriers were associated with reduced genetic 
diversity and increased genetic differentiation. In 
Camp Creek, cutthroat trout exhibit many small, 
partially independent populations that are di
rectly influenced by genetic drift. For example, 
mean gene diversity was 0.50 within populations, 
and mean allelic richness was 3.96. Gene diver
sity and allelic richness decreased with increas
ing distance upstream and above barriers to 
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Figure 5. Interannual variation in the summer distribution of coastal cutthroat trout in Camp Creek (1998– 
2003). The relative density (fish/m2) of trout was estimated using a kernel density function. Circles provide a 
spatial reference for comparing patterns among years. 

movement. Tributaries that were connected with 
the main stem usually had relatively high levels 
of allelic richness and gene diversity, but samples 
obtained upstream of barriers to gene flow ex
hibited low values for both measures of diver
sity. Wofford et al. (2005) hypothesized that 
increased habitat fragmentation in small streams 
may result in genetic and demographic isolation 
that leads to reduced genetic diversity of cut
throat trout populations and compromises long-

term population persistence. 

DISCUSSION 

Although thorough examination of the data col
lected in this research program has only begun, 
it is evident that the approach has several 
strengths that differentiate it from previous at
tempts to quantify relationships between physi
cal habitat and the pattern of cutthroat trout 
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abundance. First, using a probability-based pro
cess to sample catchments provided a known 
scope of inference (Stevens and Olsen 1999), and 
we are not aware of any other study that has com
bined this spatial extent with the intensity of 
sampling within each of the sample catchments. 
The use of probability-based sampling in itself 
is not unique, and there are examples of both 
broad landscape scale and fine instream scale stud
ies (Johnson and Gage 1997; Paulsen et al. 1998; 
Larsen et al. 2004); however, using the catchment 
as the sample unit and measuring variables at 
each level of the spatial hierarchy within each 
catchment is unparalleled. Our sample of 40 
catchments represents approximately 15% of the 
269 barrier-isolated catchments that support 
populations of coastal cutthroat trout in west
ern Oregon. Furthermore, because the samples 
were selected in proportion to their occurrence 
in six strata based on geographic location and 
erosion potential, it is possible to investigate the 
influence of these broad-scale factors on the ob
served catchment-scale relationships. 

A second major contribution of this research 
is related to the collection of spatially contigu
ous data throughout each of the catchments 
(Fausch et al. 2002). This approach provided the 
biological and geographic information to exam
ine the spatial structure of cutthroat trout abun
dance in all 40 study catchments. Several recent 
studies have employed spatially contiguous sam
pling in stream systems (Labbe and Fausch 2000; 
Fausch et al. 2002; Torgersen et al. 2006, this vol
ume), but none of these studies has combined 
the spatial extent and fine-scale detail to exam
ine spatial structure of cutthroat trout abun
dance with geostatistical techniques in stream 
networks (Torgersen et al. 2004; Ganio et al. 
2005). Our results underscore the influence of 
the physical habitat template on the spatial pat
tern of cutthroat trout abundance at a variety of 
spatial scales. Moreover, through repeated sam
pling within individual catchments, it is possible 
to evaluate how the pattern of relative abundance 
changes through time, and thereby identify those 
areas, and characteristics of those areas, that 

more frequently support higher numbers of cut
throat trout and those that consistently support 
lower numbers of cutthroat trout. 

By examining a wide variety of biological 
traits it was possible to develop what may be the 
most thorough and spatially explicit picture of 
life history organization of any fish taxon to date. 
Data collected in this survey of catchments across 
western Oregon have already yielded new in
sights into patterns of relative abundance, move
ment, and genetic structure of cutthroat trout 
populations that are isolated above migration 
barriers. Ongoing studies are further evaluating 
the effects of physical landscape and catchment-
scale features on patterns of cutthroat trout 
abundance and relationships with age structure 
and growth of isolated populations of the sub
species. Related studies have examined intra-
annual variation of food availability and diet in 
relation to riparian vegetation (Romero et al. 
2005), and the influence of wood and sediment 
distribution on the geomorphology of small 
streams in the Oregon Coast Range (May and 
Gresswell 2003a, 2003b, 2004). 

Finally, variation in cutthroat trout abun
dance patterns among catchments reflects di
verse environments and selective factors, such as 
geology, geomorphology, climate, and land-
management history. These results underscore 
the advantages of viewing physical habitat as a 
matrix of physical sites critical to the fitness and 
persistence of cutthroat trout populations that 
are linked by movement (Kocik and Ferreri 
1998). Consequently, human activities that im
pede movement among habitat patches can have 
lasting consequences for local cutthroat trout 
populations and assemblages and may ultimately 
affect persistence (Labbe and Fausch 2000; Kruse 
et al. 2001; Harig and Fausch 2002). 

Although we are not advocating use of the 
methodological approach discussed in this pa
per for all research on cutthroat trout–habitat 
relationships, it does have distinct advantages. 
The relationships we identified with this meth
odology provide information needed to develop 
hypotheses that can be evaluated further using 
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alternate statistical and experimental designs. 
Our methods also present the means to “scale 
up” from the local scale (individual channel 
units) to regional scale (ecoregions). The ap
proach does have disadvantages, however. For 
example the effort, time, and expense required 
to collect these data are not trivial, and in many 
cases may be cost prohibitive. Furthermore, con
tiguous sampling may not be practical for long-
term monitoring applications over large regions 
(Pacific Northwest). Numerous sampling proto
cols have been developed to meet this objective 
(Hankin and Reeves 1988; Hughes et al. 2000; 
Larsen et al. 2004). Such monitoring methods 
can be used to attain accurate and precise esti
mates of central tendency and expanded approxi
mations for a variety of biotic and physical 
variables, but it is less certain that these data are 
appropriate for investigating the underlying eco
logical relationships that determine distribution 
and abundance of biota in a catchment. With
out thorough understanding of these critical re
lationships, however, we suggest that it is difficult 
to identify the linkages between natural and an
thropogenic disturbance on physical habitat and 
the resulting consequences for cutthroat trout 
and other aquatic biota. The sampling strategies 
described in this paper provide an alternative 
approach for assessing relationships between 
salmonid distribution and physical habitat that 
opens the door for continued methods develop
ment and innovation in the near future. 
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