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Chapter 1
Introduction

Stream ecosystem research has been dominated by studies exam-
ining small areas over short periods. This follows a general trend in 
ecology. May (1994), summarizing reviews of published ecological 
literature, indicated that few investigations had a spatial extent of 
more than 10 m or a temporal extent of more than 1 year. Analo-
gously, for ecological studies involving Atlantic salmon (Salmo salar), 
80% lasted less than 5 years and 75% were conducted within a single 
tributary (Folt et al. 1998). Limits of understanding gained at fine 
spatiotemporal scales have become obvious as society attempts to 
cope with pervasive problems involving rivers and streams such as 
declining water quality and quantity (e.g., Carpenter et al. 1998; 
Postel 2000), loss of biological diversity and integrity (e.g., Moyle 
and Williams 1990; Hughes and Noss 1992), and species endanger-
ment and extinction (e.g., Frissell 1993; Ricciardi and Rasmussen 
1999). Aggregating fine-scale information from disparate sources has 
not provided decision makers with the necessary tools to address 
such issues. In response, freshwater resources are now commonly 
incorporated into bioregional assessments (Johnson et al. 1999). 
Additionally, stream ecosystem researchers are expanding their scope 
of inquiry (Reeves et al. 1995; Thompson and Lee 2000) and apply-
ing spatial statistics (Cooper et al. 1997), concepts from landscape 
ecology (Dunham and Rieman 1999; Schlosser 1995), and multi-
scale analysis (Roth et al.1996; Torgersen et al. 1999; Baxter and 
Hauer 2000). 

Analysis at multiple scales can provide critical knowledge about 
system function and inform management decisions. For example, 
fish may respond to different habitat features at different scales. 
Multi-scale studies can identify these habitat features, suggest their 
importance to fish at different times, and distinguish natural pro-
cesses responsible for their creation and maintenance. Examining 
multiple scales allowed Labbe and Faush (2000) to elaborate a con-
ceptual model specifying how physical processes influence habitat 
features that mediate biotic processes and ultimately govern the per-
sistence of a threatened fish, the Arkansas darter (Etheostoma cragini), 
in an intermittent stream. Tracing one of several pathways in the 
model, high rainfall elevated stream flow at a reach scale that restored 
connections among habitats. This improved the likelihood of popu-
lation persistence because fish could disperse from source areas in the 
spring. Along a second pathway, increased rainfall produced floods 
that excavated pools at a habitat scale. Water remained in these 
deep pools during subsequent low flows, permitting fish to survive 
when shallower habitats dried. Their conceptual model offers practi-
cal information for anticipating management impacts. For example, 
flood control or water withdrawal for irrigation could negate benefits 

from increased precipitation by disconnecting habitats and reduc-
ing the potential to form new deep-pool refugia. Analysis at only 
one scale would have undoubtedly missed physical and biotic pro-
cesses necessary for the darter’s persistence and reduced the study’s 
relevancy to managers. 

Multi-scale analysis arises from hierarchy theory. Hierarchy theory 
formalizes the awareness 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 specific process rates and structures. Higher levels are driven by 
slower processes that generate patterns at coarser spatial and longer 
temporal scales, while lower levels are driven by faster processes 
that generate patterns at finer spatial and shorter temporal scales. 
The concept of constraint is an important consequence of hierarchi-
cal arrangement- each level is limited from above by its biotic and 
abiotic environment and from below by its components (O’Neill 
1989). Higher levels provide context; lower levels provide mecha-
nisms (Allen and Hoekstra 1992). Frissell et al. (1986) extended 
hierarchy theory to streams by refining the lower levels of Warren 
and Liss’s (1983) spatially nested hierarchy for watershed classifica-
tion. Frissell et al. (1986) presented habitat classification variables 
and controls on process at the stream system, valley segment, reach, 
channel unit, and sub-unit scales. 

This attention to habitat was logical given that discovering rela-
tionships between organisms and their habitats is a cornerstone of 
ecology. In his presidential address to the British Ecological Society, 
Southwood (1977) proposed the concept of habitat as a templet for 
ecological strategies. He stressed the role of spatial and temporal het-
erogeneity in determining optimal habitats for species with differ-
ent reproductive strategies and in structuring the communities that 
they comprise (Southwood 1977; Southwood 1988). Poff and Ward 
(1990) detailed the relevance of ‘habitat as templet’ for ecosystem 
recovery following disturbance in streams. The view that habitat is a 
key determinant of community structure and organization has been 
integral to many developments in stream ecology, including the river 
continuum (Vannote et al. 1980) and process domain (Montgomery 
1999) concepts, as well as the multi-scale hierarchical framework of 
Frissell et al. (1986).

 There is no single right scale for studying relationships between 
fish and their habitat. The question at hand should determine which 
scales are examined (Wiens 1989). 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. But, for other questions, 
particularly those related to freshwater habitat influences on popula-
tions of anadromous salmonids, pertinent information is more likely 
to derive from coarser spatial scales (i.e., watershed (103-104 m) or 
above and >10 years) (Reeves et al. 1995).  Watersheds are a par-
ticularly useful spatial extent for relating a population of anad-
romous salmon to its habitat and a collection of watersheds for 
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relating a meta-population to its habitat (Reeves et al. 1995). How-
ever, salmonid-habitat relationships have been infrequently explored 
throughout a watershed (e.g., Dolloff et al. 1994; Roper et al. 1994; 
Scarnecchia and Roper 2000). Such watershed studies over longer 
periods (i.e., one or more generations for the species of interest) are 
valuable but even less common (e.g., Reeves et al. 1997). Population 
abundances of stream fish and factors influencing these abundances 
may fluctuate from year to year (Platts and Nelson 1988; Grossman 
et al. 1990; House 1995; Ham and Pearsons 2000). Thus, failing to 
account for interannual variation may limit understanding of fish-
habitat relationships and the transferability of results among years.

The condition of stream habitat is largely a function of condi-
tions in the watershed that it drains (Hynes 1975; Frissell et al. 1986; 
Naiman et al. 1992). Thus, a watershed perspective is often recom-
mended for studying and managing stream systems (Doppelt et al. 
1993; FEMAT 1993; NRC 1996). Direct, local effects on stream 
habitat of features in the riparian area are relatively well established 
(Osborne and Koviac 1993; Naiman et al. 2000). Less well under-
stood and agreed upon are relationships between stream habitat and 
riparian characteristics accumulated upstream along a channel net-
work (e.g., Weller et al. 1998; Jones et al. 1999) or riparian and 
upslope characteristics accumulated throughout a catchment (e.g., 
Jones and Grant 1996; Thomas and Megahan 1998; Jones and Grant 
2001). Riparian and catchment characteristics have been compared 
across multiple spatial scales for their influences on stream ecosys-
tems in agricultural systems. However, these influences have seldom 
been compared for streams in mountainous areas where silviculture 
was the dominant land use. Abundances of Pacific salmon and trout 
(Oncorhynchus spp.) or conditions of their freshwater habitat have 
been related to landscape characteristics at different spatial scales, 
including the local riparian area (Bilby and Ward 1991), the entire 
riparian network (Botkin et al. 1995; Lunetta et al. 1997), and the 
catchment (e.g., Reeves et al. 1993; Dose and Roper 1994; Dunham 
and Rieman 1999; Thompson and Lee 2000). Although these stud-
ies offered critical insights, none directly compared relationships 
between stream habitat and landscape characteristics at multiple spa-
tial scales. I am aware of only two response variables, macroinverte-
brate biological integrity (Hawkins et al. 2000) and abundance of 
adult coho salmon (Oncorhynchus kisutch) (Pess et al. in review), for 
which relationships to riparian and catchment characteristics were 
compared in streams draining forested, montane regions. Analogous 
multi-scale assessments can identify riparian and upslope areas that 
help create and maintain stream habitat in forestry-dominated land-
scapes.

I have two primary goals in this dissertation. The first is to 
understand relationships between juvenile anadromous salmonids 
and their habitat at multiple spatial scales throughout a watershed 
over multiple years. And the second is to understand relationships 
between fish habitat and landscape characteristics summarized at 
multiple spatial scales. Chapter 2 addresses habitat availability for 
and selection by members of the juvenile anadromous salmonid 
assemblage in the Elk River, Oregon for each of 7 years (1988-1994). 
Ocean-type chinook salmon (Oncorhynchus tshawytscha), coho 
salmon (O. kisutch), coastal cutthroat trout (O. clarki), and steel-
head (O. mykiss) comprise the salmonid assemblage. Examined spa-
tial scales are the stream system, the valley segment, and the channel 
unit. Habitat selection ratios and associated confidence intervals are 
calculated with bootstrapping methods. Interannual patterns of hab-

itat selection are examined in relation to environmental factors and 
to fish density as an indicator of potential intra- and interspecific 
competition. Variation in fish habitat characteristics is described 
at the stream system and valley segment scales within and among 
years.

Chapter 3 relates the annual distribution (1988-1994) of juvenile 
ocean-type chinook salmon among valley segments in tributaries of 
the Elk River to habitat features at the valley segment and channel 
unit scales. Stream habitat is typically thought to be less critical to 
juvenile ocean-type chinook salmon than to other species of salmo-
nids that spend more time in freshwater. Habitat characteristics may, 
however, be important to ocean-type chinook salmon in basins, such 
as the Elk River, that lack a well developed estuary and that sup-
port a population exhibiting diversity in the length of freshwater 
residency. If habitat features are irrelevant, I expect these to explain 
little of the among-valley segment variation in fish use in any single 
year and to be inconsistently related to fish use among years. Dis-
criminant analysis is applied to identify valley segment and channel 
unit features that distinguish between valley segments that are highly 
used by juvenile chinook salmon and those that are not. The trans-
ferability of resulting models to other years for Elk River is assessed.

Chapter 4 seeks to explain among-valley segment variation for 
channel unit features in the Elk River, a forested montane system, 
using catchment area and landscape characteristics (i.e., lithology, 
topography, and land cover) summarized at five spatial scales. Chan-
nel unit features are those that help distinguish between levels of use 
for juvenile chinook salmon. Spatial scales are designed to differ in 
the area incorporated upslope and upstream of surveyed valley seg-
ments and consist of three riparian buffer scales (i.e., corridor, sub-
network, and network) and two upslope scales (i.e., sub-catchment 
and catchment). By comparing relationships between fish habitat 
and landscape characteristics at multiple spatial scales, I hope to 
determine which riparian and upslope areas are most tightly linked 
to channel unit features. Any similarities and differences among the 
scales should suggest key processes responsible for the relationships.

A context for this study is provided by research in the Elk River 
basin over the past three decades. This tradition began prior to the 
establishment of the State of Oregon salmon hatchery on Elk River 
in 1968. The hatchery was intensively supported during the first two 
decades by the Coastal Chinook Salmon Studies research project of 
the Oregon Department of Fish and Wildlife. Under the auspices 
of this project, information was acquired on numerous aspects 
of chinook salmon ecology in the Elk and other coastal Oregon 
rivers. Much of this was published in annual and special reports 
of the Oregon Department of Fish and Wildlife Research Section 
and is summarized in Nicholas and Hankin (1988). Data collected 
on ocean-type chinook salmon in Elk River included interactions 
among juveniles (Reimers 1968), numbers of returning hatchery 
and wild adults (Nicholas and Downey 1983; Hankin et al. 1993), 
and the spatial and temporal distribution of spawning adults (Burck 
and Reimers 1978). Another research project on the Elk River was 
initiated in the mid-1980s by a team from Oregon State University 
and the Pacific Northwest Research Station of the United States 
Forest Service. The focus of that effort was to examine landsliding 
relative to rock type and land management (McHugh 1986), ripar-
ian and channel responses to hillslope erosional processes (Ryan and 
Grant 1991), and natural and management effects on stream tem-
peratures (McSwain 1987). Characterizing juvenile salmonid popu-
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lations and their habitats was also an objective of that project. The 
present study continues work on this objective.
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