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Abstract approved: 

Stocks of salmon are declining in the Pacific Northwest. Based on region-

wide studies that list and categorize the status of salmon stocks (Nehlsen et al., 

1991; Huntington et al., 1994; and Nawa, 1995), I analyze the watersheds where 

stocks of salmon spawn for several anthropogenic variables, most of which are 

known to affect salmon. A total of 202 watersheds (stocks of salmon) in 

Washington, Oregon, California, and Idaho are coded for 13 anthropogenic 

variables such as dams, forest, agriculture, human population, hatcheries, Indian 

tribes, and watershed organizations. Most variables are ordinally coded 1 to 5 

with the help of maps, some survey results, and visual assessment. Hypotheses 

are that the human activities that are detrimental to the health of salmon are 

associated with the poor status of salmon stocks in watersheds where they 

spawn. Salmon watersheds are also analyzed according to ecoregions and 

salmon management regions. Principal components analysis is performed to 

reduce the number of anthropogenic variables into factors. Kendall's tau, partial 

correlation, multiple linear regression, logistic regression, and discriminant 

analyses are performed separately for five species/races of salmon (coho, spring 

chinook, summer chinook, fall chinook, winter steelhead) and for the watershed 
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average for salmon stock status, against the anthropogenic variables and 

factors. Statistical results using both variables and factors support most of the 

hypotheses relative to salmon and anthropogenic activities in watersheds. 

Results suggest that the 5 species/races of salmon are associated differently 

with most anthropogenic activities. The greater the amount of dams below 

watersheds where salmon spawn, the less healthy the salmon stocks. Summer 

chinook are least healthy where hatcheries are absent, while wild and scenic 

rivers are associated with healthier spring chinook. Coho are least healthy 

where there is more agriculture, more human population, and less forest. Fall 

chinook are least healthy where there is more US Forest Service land. Winter 

steelhead are least healthy where hatcheries are absent and less Indian tribal 

land. Ecoregional differences coupled with the absence of dams on the Coast 

compared to the Columbia Basin are associated with healthier coastal stocks. 
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Anthropogenic Activities Associated with the Status of Salmon Stocks in 
Pacific Northwest Watersheds 

CHAPTER I - INTRODUCTION 

Problem Definition 

The status of salmon populations is one of the biggest ecological 

concerns in the Pacific Northwest. The extinction of stocks represents a great 

loss of biodiversity for salmon and for their ecosystem. If salmon are to be 

restored, the region needs to identify the anthropogenic activities that would 

reverse the process of decline. 

At least 106 major populations of salmon in the Pacific Northwest have 

been extirpated (Nehlsen et al., 1991). Numerous causes have been identified 

but the relative significance of each cause of salmon decline has not been 

evaluated region-wide. This research associates several anthropogenic 

activities in watersheds with the status of salmon stocks. Life history 

characteristics and ecoregional patterns are included to help explain the 

relationship between salmon and anthropogenic activities in watersheds. 

Since the 1870s, humans have dealt with the salmon problem with 

narrowly focused mitigation strategies to increase the number of smolts for a 

consequent increase of number of recruits (Cone and Ridlington, 1996). 

Science and management have recognized the need for more complex 

ecosystem views and plans when dealing with the salmon/human problem. 

Lichatowich (1994) modified a version of the patient-template analysis 

(PTA) described by the RASP (Regional Assessment of Suplementation Project) 
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(1992) as a way to describe, diagnose, and propose future conditions for salmon 

stocks in Columbia River subbasins. The patient describes the existing (post 

1940) status of the habitat and life history of the population to be restored. The 

template describes the historical (pre-development to 1940) performance of 

populations in a watershed. "The diagnosis compares the patient and template 

to identify constraints on salmon production (Lichatowich, 1994)." PTA assumes 

functional relationships between life history and habitat diversity, which is an 

important determinant of a system's potential capacity in terms of salmon 

production. 

My study focuses on the freshwater anthropogenic factors that impact 

salmon. The 4 Hs (hydropower, habitat, harvest, and hatcheries) have been 

commonly referred to as the main causes of decline in salmon stocks (Northwest 

Power Planning Council, 1982). Hydropower, hatcheries, and freshwater habitat 

are addressed by this study. I recognize the importance of harvest and ocean 

environmental conditions in relationship to salmon. However, because of the 

lack of information about ocean variables affecting each stock of salmon, I 

decided to address only the watershed anthropogenic components of salmon life 

history. Given the current data available on the status of stocks by watershed, I 

used the same approach for determining the anthropogenic variables known (or 

thought) to affect the status of salmon populations. 

This is a general study that tries to address a general, complex problem. 

There has not been a similar endeavor so far. Botkin et al. (1995), when 

addressing factors affecting the status and future of salmon in Western Oregon 

and Northern California, covered a smaller area and focused on detailed 

information about fewer watersheds. Frissell (1992) covered only southwest 

Oregon coastal streams in a more detailed study of cumulative effects of land 

use on salmon. Lichatowich ( 1994) compared past and present status of 

habitats and life histories of Pacific salmon in degraded watersheds or 
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subbasins and the functional relationships between habitat and life history in 

some areas of the Columbia River Basin. Nehlsen et al. (1991) listed 214 native 

salmon stocks at risk of extinction or of special concern. They also attributed the 

nature (or cause) of threat to current problems, such as modification of habitat, 

overfishing, disease, and other natural or manmade factors for each of the 

stocks identified in their list, but they did not use statistical analyses to attribute 

causes. Nawa (1995) compiled information on stock assessment, threats, and 

causes of decline for 417 stocks of chinook salmon in California, Oregon, 

Washington, and Idaho. However, a region-wide statistical analysis of threats in 

association with salmon was not done by Nawa (1995); instead, the information 

was based on literature review for each of the stocks listed. Huntington et al. 

(1994) listed 99 healthy stocks of salmon in the Pacific Northwest mainly in the 

states of Washington and Oregon. 

This is the first study that identifies the status of healthy, unhealthy, and 

extinct stocks of salmon by species/race, gathers the human (anthropogenic) 

variables thought to affect salmon in the watersheds where they spawn and 

relates these two types of variables in a region-wide analysis. 

If anthropogenic and salmon data are to be jointly analyzed, what is the 

unit of analysis? Humans tend to organize themselves according to political 

boundaries, which are not always consistent with the biogeography of plant and 

animal species. Biological data tend to be organized by species, which relate to 

specific biogeographies, but also crosscut other biogeographies. One of the 

fundamental issues that has to be worked out is how the scale of human 

interaction matches the ecosystem dynamics of resource use. Should human 

systems develop culture and institutions that are very broad scale and applied 

equally everywhere, or should human systems seek to match the bioregional 

dynamics of specific resources? 
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An approach to this problem is to conduct analyses by watershed. 

Salmon populations are identified by watershed. I developed anthropogenic 

data by watershed for the analyses in this study. The anthropogenic data 

include dams, agriculture, urbanization, forests, hatcheries, watershed 

organizations, and Indian tribes. Biological and anthropogenic data are 

described in detail in Chapters Ii and III. 

I recognize the difficulty of interpreting the results of two subjective and 

broad types of data, the biological (salmon stocks status) and the anthropogenic 

(watershed variables), over a whole region. However, the value of this study 

comes from understanding general patterns of the watershed, such as 

landscape and regional patterns in relationship to salmon. 

I have chosen the interaction between humans and salmon because of 

the importance this has in the Pacific Northwest. Salmon have supported 

commercial and recreational fishing industries that produce over $ 1 billion in 

personal income per year and create more than 60,000 jobs (Oregon Rivers 

Council, 1992). Salmon are an integral part of many facets of the biological, 

cultural, economical, and political life of Pacific Northwest. Because salmon 

exist at or near the top of the food chain, they serve as indicators of overall 

aquatic ecosystem's well-being (Cairns and Lackey, 1992). Because of this 

importance, there are considerable data. 

The Watershed Focus 

The stock concept and the watershed are the basis for organizing these 

data. For many decades, biologists have recommended that Pacific salmon 

management be done at the stock level (Rich, 1939 cited by Nehlsen et al. 

1991). More recently, discussions on ecosystem management have referred to 
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the watershed as the appropriate scale for natural resources planning (National 

Research Council, 1996; FEMAT, 1993; Johnson et al. 1991). The stocks of 

salmon are defined at various watershed scales depending on the detail of 

information available about the populations. 

"The fundamental freshwater geographic unit for salmon is the river basin. 

A river basin is the drainage network of a river and its tributaries (National 

Research Council, 1996)." The Columbia River Basin, the Sacramento River 

Basin, the Klamath River Basin, Puget Sound, Oregon, Washington, and the 

California coast watersheds were included in this study. River basins can have 

subbasins; the Willamette River in Oregon is a subbasin in the Columbia River 

Basin as is the Snake River. Watersheds are small or large river systems, but 

the term "usually is taken to mean intermediate-size drainages of 20-500 km2 

(FEMAT, 1993)." 

Planning in the Pacific Northwest (PNW) typically takes the watershed as 

the appropriate ecological unit. Duncan (1994) notes that John Wesley Powell 

suggested the hydrographic basin as the unit for economic development more 

than 100 years ago. In 1969, the Pacific Northwest River Basins Commission 

divided the states of Idaho, Montana, Oregon, and Washington into 11 sub 

regions, following the contours of drainages. In 1987, the Northwest Power 

Planning Council (NPPC) divided the Columbia Basin into 31 subbasins for a 

salmon restoration program. Johnson et al. (1991) proposed to Congress the 

"Watershed Option" for late successional ecosystems. That same year, Moyle 

and Elison (1991) used a watershed focus for managing aquatic diversity. In 

1993, the Pacific Rivers Council proposed a watershed approach for the Pacific 

Northwest (Doppelt et al.,1993). The Forest Ecosystem Management Project 

also approved the watershed as "an appropriate unit for implementing 

ecosystem management (FEMAT, 1993)." In 1993, the Oregon Legislature 

created the Watershed Health Program (HB 2215 and Senate Bill 81) which 
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created and funded local watershed councils to work in partnership with local, 

tribal, state, and federal agencies to solve watershed problems. "In 1995, the 

Oregon Legislature passed HB 3441, which merged the watershed council 

principle created by HB 2215 along with other successes of the Watershed 

Health Program into the Governors Watershed Enhancement Board (GWEB) 

(Oregon Plan, 1997)." The "Oregon Plan" bases its proposal on a watershed 

approach using watershed councils as the primary restoration organization 

(Oregon Plan, 1997). 

Superimposed on watersheds are thousands of political jurisdictions: 

cities, counties, districts, states, provinces, and nations. Added to these are 

water, forest, engineering, transportation, port, and a host of other special-

purpose districts and political divisions. Political jurisdictions rarely match 

watershed boundaries. Humans typically draw boundaries down the middle of 

river basins. Further, since inventing the land survey, people have preferred to 

overlay straight lines on the landscape. Thus, the challenge of the current 

research is to develop anthropogenic data on a watershed basis. 

One reason for using watersheds as the unit of analysis for understanding 

how ecological and anthropogenic activities are associated with the status of 

salmon is that salmon spawn in streams within a watershed system, and salmon 

populations are defined on the basis of separate watershed-based reproductive 

units. Another reason for using a watershed focus is that, "Watersheds 

represent a natural demarcation of geography that encompasses a wide 

diversity of ownership, issues, and viewpoints. They provide a rational and 

effective spatial scale for citizens to participate in natural resource decision-

making (FEMAT 1993)." Therefore, it makes sense biologically (first reason) 

and socially (second reason) to study and manage salmon by watershed. 
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The watersheds described and analyzed in this study correspond to the 

stocks of salmon in the Pacific Northwest listed by Nehlsen et al. (1991), 

Huntington et al. (1994), and Nawa (1995). Most watersheds are small, 

especially the ones on the Washington, Oregon, and California coasts. Very few 

urban or agricultural areas report the status of salmon. The majority of 

watersheds are in forests. Some watersheds are completely blocked by dams, 

such as the ones in the Snake River Basin. Half of the watersheds are 

influenced by watershed organizations, but only a few watersheds are found 

within tribal land. More detailed information about these watersheds is 

presented throughout this thesis. 

Objectives 

The overall goal of this study is to understand the status of salmon stocks 

by looking at anthropogenic activities in watersheds where these salmon spawn. 

The objectives of this study are to answer the following questions (Q) and/or test 

the following hypotheses (H): 

Q: 1) Which species/races of salmon are more significantly associated with 

anthropogenic activities in the watershed? 

H: 1) Species/races of salmon that spend more time in fresh water are more 

significantly associated with anthropogenic activities in the watershed. 

Q: 2) How are anthropogenic variables associated with the status of salmon in 

watersheds? 

H: 2a) Anthropogenic variables that can negatively impact salmon's habitat are 

associated with unhealthy salmon stocks. 
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H: 2b) Anthropogenic variables that are favorable to the health of salmon's 

habitat are associated with healthy salmon stocks. 

Q: 3) Are salmon differently associated with anthropogenic variables in different 

ecoregions or management regions of the Pacific Northwest? 

H: 3a) Ecoregions characterized by climate, soils, and vegetation favorable to 

salmon have healthier salmon stocks than other ecoregions. 

H: 3b) Ecoregions and management regions that are the most developed by 

humans have salmon stocks that are the least healthy. 

More questions and hypotheses are stated in Chapters III and IV. 

Methods 

The main approach of this study was to use existing information about the 

status of salmon stocks in watersheds and use statistical analyses to determine 

the relationship between anthropogenic activities in the watershed and the 

status of salmon stocks. I coded salmon stocks based on the combined reports 

by Nehlsen et al. (1991) and Huntington et al. (1994). I coded the 

anthropogenic data as to match the way salmon stocks were coded with the use 

of maps and some visual assessment. More detailed information on coding 

strategies for the biological and anthropogenic data are presented on Chapters 

II and III. 

The first question (in the Objectives Section) is addressed by looking at 

the relationship of anthropogenic variables in the watershed and the status of 

salmon. Chapters II and III present background on salmon life history and 
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anthropogenic variables known to affect the abundance of salmon and salmon 

stocks. Cross-tabulation, frequency tables, correlation analyses, and 

multivariate analyses are done for each of the species/races of salmon 

separately to determine the ones that are more associated with the 

anthropogenic variables in watersheds. In Chapter VI, I present the results of 

the analyses and refer to appropriate salmon life history characteristics that help 

explain the relative significance of associations. Chapter VII presents overall 

conclusions and recommendations. 

The second question is addressed much the same way the first question 

is addressed. The relative importance of anthropogenic variables associated 

with the status of salmon stocks is discussed in Chapters VI and VII. 

The third question includes a regional component to the salmon/human 

problem. In chapter IV, Pacific Northwest salmon watersheds are organized 

within a regional context. Pacific Fishery Management Council regions and 

ecoregions are described and salmon watersheds are classified into 

management regions and ecoregions. Associations between the status of 

salmon and management regions and ecoregions are discussed in this chapter. 

Two regions characterized by different climate, soils, vegetation, and 

anthropogenic impacts are chosen for further analyses: the Coast and the 

Columbia Basin. In Chapter VI, I present the results by specie/race and by 

region further addressing the question of regional differences in the status of 

salmon stocks. 
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CHAPTER II STOCK STATUS: THEORY AND METHODS
 

This chapter reviews the life history of chinook, coho, and steelhead 

salmon. I present the background for the reports of salmon used to arrive at the 

biological data. The methodology used to re-code the stocks listed by 

Huntington et al. (1994), Nehlsen et al. (1991), and Nawa (1995) is presented. 

Theory 

In this section I review the concept of stocks, metapopulations, and 

Evolutionarily Significant Units and present the biological data used to analyze 

the status of salmon in the Pacific Northwest. To understand the status of 

salmon, one must first understand the general life history patterns of the major 

species/races of salmon. Life history is important for determining reproductive 

success and identifying how human development impacts salmon. General life 

history patterns of salmon and more detailed life history characteristics of the 

species/races of salmonids studied are described. 

The Stock Concept and the Endangered Species Act 

This study uses the definition of 'stock' as given by Ricker (1972). He 

defined a stock as the group of fish that spawn in a particular river system, or 

portion of it, at a particular season and do not interbreed to any substantial 

degree with any group spawning in a different place or in the same place at a 

different season. Thus, stocks are breeding populations. Anadromous salmonid 

species are comprised of populations that originate from specific watersheds 

and generally return to the same watershed to spawn. 
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In 1973, the Endangered Species Act (ESA; 16 U.S.C. §§ 1531 to 1544) 

was passed to protect endangered and threatened species and stocks of 

species from extinction. The National Marine Fishery Service is in charge of 

enforcing the provisions of the law for aquatic and marine species. On 

November 20, 1991, the NMFS published a policy on applying the definition of 

species under the ESA to Pacific salmon. 

Salmon are recognized as reproductively isolated units at the stock level. 

However, defining the stock's boundary is, many times, controversial and "can 

have critical impact on management programs. Narrowly defined boundaries 

complicate or prohibit harvest management in marine and lower river areas 

where stocks are mixed, and they restrict the use of hatchery fish in outplanting 

programs (Independent Scientific Group, 1997)." 

The debate between "lumpers" (those who tend to see a few large stocks) 

and "splitters" (those who tend to see a large number of small stocks) has 

profound biological implications (Independent Scientific Ground, 1997). For 

example, during periods of unfavorable environmental conditions if management 

focuses on the aggregation of larger stocks, their actions could result in the 

extinction of smaller, less productive, but nevertheless important populations 

(Independent Scientific Group, 1997). The implication of the debate about the 

stock concept for watershed management could be the protection of certain 

watersheds from commercial use if a stock of salmon is listed as threatened or 

endangered, or the restriction of certain areas (critical habitat) of the watershed 

habitat from certain types of human use depending on the boundaries of the 

stock. 

The metapopulation concept refers to a group of demes (or local 

populations) that are physically close to each other and that occasionally 

exchange genes through straying (National Research Council, 1996). The 
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metapopulation concept is based on the probability of movement among local 

populations, and it implies fragmentation in habitats (Hanski and Gilpin, 1991). 

The key processes in metapopulation dynamics are extinction and colonization. 

These processes are affected by demographic and environmental stochasticity, 

such as genetic drift and drought. Therefore, the anthropogenic activities 

affecting the status of local populations, by affecting the habitats in which they 

live, should affect the status of metapopulations. 

The Independent Scientific Group (1997), in Return to the River, 

hypothesizes that fragmentation of metapopulations has caused reduction of life 

history diversity and has increased isolation of populations shifting the 

metapopulation structure from core-satellite to non-equilibrium metapopulations. 

The core-type populations in the past were the ones that spawned in high quality 

mainstem habitats. The satellite populations were the most prone to extinction 

and possibly inhabited marginal streams and habitats. The core population 

should provide colonists into habitats where satellite populations were extirpated 

(Independent Scientific Group, 1997). For example, "it is possible that fall 

chinook in the Hanford Reach now function as a core population, which might 

serve as a source for colonization of adjacent habitats if normative [that is, an 

ecosystem where specific functional norms or standards that are essential to 

maintain diverse and productive populations are provided] conditions were 

restored in those areas (Independent Scientific Group, 1997)." 

Anthropogenic activities such as dams, logging, agriculture, and 

urbanization fragment watersheds and mainstem habitats that used to foster 

core populations. The fragmented core populations lead to permanent extinction 

since they can no longer serve as colonists for local satellite extirpated 

populations (Independent Scientific Group, 1997). Because salmon stocks are 

adapted to their local environment, the loss of stocks and metapopulations will 

lead to changes in genetic composition and subsequent reduction of genetic 
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diversity (Nehlsen et al., 1991). Declining numbers of adults is one of the 

criteria for considering a stock as unhealthy. "Smaller, more isolated 

populations are less likely to persist because (1) small populations face higher 

risk of extinction through demographic and environmental stochasticity and allele 

effects; and (2) isolated populations have a lower probability of demographic 

support or recolonization through dispersal from surrounding populations 

(Rieman and McIntyre, 1996)." 

There is debate over whether salmon should be managed as 

metapopulations. In its review of the status of salmon and social issues 

influencing the health of salmon stocks in the Pacific Northwest, the National 

Research Council (1996) recommended that salmon be recognized as 

metapopulations rather than isolated stocks. On the other hand, the 

Independent Scientific Group (1997) cautions that the data on metapopulation 

structure is limited, and salmon metapulations should be viewed as hypothetical. 

Others argue that "landscapes are so fragmented that what appears to be a 

metapopulation actually may comprise fragments of a core-and-satellite pattern. 

In the metapopulation model, each of the populations carries equal evolutionary 

weight; in the core-and-satellite model, the core is more evolutionarily important 

than satellite populations (Li et al. 1995)." 

On February 7, 1996 the U.S. Fish and Wildlife Service and the NMFS 

proposed a policy that narrowly defined distinct population segments as 

Evolutionary Significant Units (ESUs) (Pennock and Dimmick, 1997). An ESU is 

a population (or group of populations) that is substantially reproductively 

isolated from conspecific population units and represents an important 

component in the evolutionary legacy of the species (Waples, 1991). 

With Pacific salmon, reproductive isolation is a question of degree, since 

natural straying does occur. NMFS examined three factors when deciding 
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whether populations are reproductively isolated: genetic traits, examined from 

protein electrophoresis or DNA analyses; phenotypic and life-history traits, which 

may reflect local adaptations; and habitat characteristics that can allow for the 

possibility of unique adaptations in local population (Waples, 1991). 

The first step recommended for making determination regarding a 

population's distinctness under the ESA is to evaluate the degree of 

reproductive isolation. "If the population is believed to be reproductively 

isolated, an evaluation of evidence for ecological/genetic distinctness should be 

made (Waples, 1991)." Waples (1991) used the ESU concept to identify 

populations of Pacific salmon in need of protection since these populations were 

not recognized as separate species or subspecies. Once a species is listed as 

endangered or threatened, it is protected from take, and federal agencies are 

required to insure compliance with the law. 

Pennock and Dimmick (1997) argue that the ESU approach cannot easily 

accommodate the integration of demographic, behavioral, economic, and 

cultural justifications for preserving populations. In their critique of the ESU as a 

definition for "distinct population segments" under the ESA, the authors state 

that "several groups protected under the ESA were designated as distinct 

population segments because their evolutionary uniqueness was contested and 

could not be protected as species or subspecies (Pennock and Dimmick, 1997)." 

Examples are Sacramento and Snake River populations of spring and summer 

chinook and Snake River fall chinook were given protection under the ESA and 

were found to be distinct populations from conspecific populations elsewhere in 

the species' ranges. Also defining the unit of conservation is a criterion subject 

to various interpretations (Pennock and Dimmick, 1997). Along the same lines, 

Dizon et al. (1992) argue that populations may be important for reasons other 

than their qualifications as an ESU. 
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Angermeier and Scholosser (1995) argue that conservation approaches 

usually focus on genetic elements rather than ecological elements above the 

level of population. They suggest broadening the scope of conservation policy 

to protect assemblages because it is more cost-effective and more likely to 

balance conflicting needs of various components of the ecosystem. Angermeier 

and Scholosser (1995) present a framework for an assemblage taxonomy with 

four major levels of classification based on biogeographic patterns, geomorphic 

features of landscape (similar to delineation of ecoregions), occurrence of 

certain higher taxa, and biotic composition. In the case of salmon, for example, 

it would mean broadening strategies from protecting a specific run in a specific 

river to protecting the entire assemblages most likely of entire ecoregions. 

Others argue that there are too many species to be considered individually and 

a protection of ecosystems would be more efficient (Noss and Cooperider, 

1994). 

Li et al. (1995) argue that protecting populations really depends on what 

model is operational, a metapopulation model or core-satellite model. For 

example, "if we opt to protect a core population, but the classical metapopulation 

model is operating, only a fraction of the evolutionary potential will be protected. 

On the other hand, if a fragmented core-and-satellite pattern is mistaken for a 

classical metapopulation distribution and higher priority is given to protecting 

ecologically unique populations than more generalized one, we risk leaving the 

core unprotected (Li et al., 1995)." The authors have developed an area 

cladogram of native fish faunas of selected western river basins to determine 

similarities among selected drainages of Oregon. They conclude that the use of 

biogeographical analyses may offer a complement to ESU designations "linking 

the status of a species to the ecosystem upon which it depends (Li et al. 1995)", 

as stated in the ESA. 
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Some argue that the redefinition of distinct population segments "as 

evolutionarily significant units will compromise management efforts because the 

role of demographic and behavioral data will be reduced. Furthermore, strictly 

cultural, economic, or geographic justifications for listing populations as 

threatened or endangered will be greatly curtailed (Pennock and Dimmick, 

1997)." 

A limitation to the effectiveness the Endangered Species Act is that it is a 

reactive, rather than a proactive measure. In many instances, by the time a 

species or stock is listed it is already too late for any protective measure to be 

effective. The first anadromous salmonid population to be listed as threatened 

under the ESA was the Sacramento River winter chinook of California's Central 

Valley under the emergency rule listing on August 4, 1989. Not until January of 

1994 were Sacramento River winter chinook listed as endangered under the 

ESA. Snake River sockeye were listed as endangered in 1991, and Snake River 

fall and spring/summer runs were listed as threatened in 1992. Ten steelhead 

ESUs have proposed listings in the Pacific Northwest. The Middle Columbia 

River steelhead have been listed as candidates since August 1996. In May 

1997, the Southern OR/Northern CA coast coho salmon stocks were listed as 

threatened. Oregon Coast coho were put in a candidate list that same month. 

The many definitions of salmon populations (stock, metapopulation, ESU, 

and core-satellite) add to the difficulty in managing salmon. Defining salmon 

populations directly affects decisions of whether a population and its habitat are 

protected from human impacts. 



17 

Salmon Life History 

Pacific salmon species may have evolved 500,000 to 3,000,000 years 

ago. Salmon's basic life history characteristics are anadromy, homing, and, for 

most species, semelparity. Because of these characteristics, this genus evolved 

into separate species, which are reproductively isolated, and species evolved 

into separate populations, which are adapted to their local habitats (Healey, 

1991). "Life history adaptations of salmon, such as straying of adults, movement 

of juveniles, and high fecundity rates, allowed populations of anadromous 

salmonids to persist in this dynamic environment (Reeves et al., 1995)." 

Salmonid life history traits also include the age and size that juvenile migrate 

within a river system or to the sea, growth and maturity during migration, 

spawning habitat preferences, age and timing of spawning migration 

(Independent Scientific Group, 1997). 

Anadromous fish begin their lives in freshwater, migrate to sea after some 

period in freshwater, feed and grow at sea, and then return to fresh water to 

spawn. Smoltification is a transformation process that includes physical, 

physiological, and behavioral changes that make salmon better adapted to make 

the transition to salt water. Homing is the capability to return to the same stream 

where the fish began its life. The homing capability reduces genetic exchange 

among salmon populations. The action of natural selection in diverse habitat 

combined with this homing capability of salmon results in the differentiation of 

populations into units that are reproductively isolated (National Research 

Council, 1996). Semelparity is the characteristic of fish that die after their first 

spawning. Steelhead and cutthroat are the only species of the genus 

Oncorhynchus that migrate back to sea after spawning, and then return to 

spawn again after one or more seasons. 
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The seven species of Pacific salmon go through a generalized life cycle. 

However, among all species there is variability in habitat requirements for 

spawning, fecundity, time spent in fresh water prior to migrating to sea, general 

distribution in fresh water and sea, productivity, growth rate, time returning to 

spawn, and total life time. 

Of the seven species of salmon, I chose to include in my study chinook 

(spring, summer, and fall), coho, and winter steelhead. The reason for the 

choice is that these three species have very different life history characteristics 

making them ideal for addressing whether life history characteristics can explain 

some of the variability in the way certain species/races of salmon are associated 

with greater or lesser impact of certain anthropogenic activities. Furthermore, 

there are specific reasons for not choosing some of the other species of salmon. 

For example, there are less data available for cutthroat trout, sockeye, and pink, 

which make statistical analyses more difficult. The lack of commercial and/or 

recreational use in CA, OR, and WA of pink, chum and sockeye makes them 

less attractive from a utilitarian perspective. Summer steelhead has so few 

healthy stocks that a comparison of healthy and unhealthy stocks is not possible 

statistically. 

Chinook Salmon 

Chinook salmon is commonly differentiated into fall, spring, and summer 

runs. Variation within each run represents adaptation to uncertainties in juvenile 

survival and productivity within particular freshwater and estuarine nursery 

habitat. Salmon have evolved a variety of behavioral patterns apparently to 

spread the risk of mortality across habitats and diminish the potential for 

extinction (Lichatowich, 1994). 



19 

Healey (1991) describes two races of chinook salmon: the stream-type 

and the ocean-type chinook. He associates most of the stream-type life history 

with the adult spawning runs in summer and spring and the ocean-type with the 

fall run. Taylor (1990) states that the variability in the age at seaward migration 

in chinook salmon is a response to variability in temperature, photoperiod and 

distance from the sea. Clarke et al. (1992) conducted a series of experiments 

on genetic control of the expression of stream and ocean-type life histories in 

chinook salmon to challenge Taylor's (1990) conclusions. The results from 

these experiments suggest that "ocean-type life history is dominant and that 

photo period responsiveness may be under Mendelian genetic control 

(Lichatowich 1994)." 

Chinook's life history characteristics also depend on the river system. In 

the Columbia River, for example, summer and fall chinook are usually grouped 

together because they both migrate downstream as subyearlings (Independent 

Scientific Group, 1997). They use the "mainstem for most or all of the pre-smolt 

rearing in addition to emigration, [while] [spring chinook] rears in tributary areas 

and uses the mainstem mainly for migration (Independent Scientific Group, 

1997)." In the Snake River, summer and spring chinook are grouped in one 

ESU classified as endangered. Chinook salmon in the Sacramento River, on the 

other hand, appear to exhibit typical stream-type and ocean-type behavior, 

which has been designated as a unique winter run (Healey, 1991). Depending 

on the level of detail about life history characteristics of salmon, different 

patterns can emerge. For example, Schluchter and Lichatowich (1977) identified 

eight life history patterns in spring chinook salmon from the Rogue River. 

In the Columbia River, fall and summer chinook use the mainstem river 

for both rearing and emigration, while spring chinook have a less distinct 

demarcation between rearing and emigration phases of their life cycle 

(Independent Scientific Group, 1997). Fall and summer chinook spend more 
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time than spring chinook holding in the shallow-water, near shore habitats where 

they feed and rear, moving shorter distances (Independent and Scientific Group, 

1997). 

Chinook salmon stocks show substantial geographic structuring. Usually, 

populations with different run timings from the same stream are more similar 

genetically than populations with similar run timing from different areas. 

However, populations in the upper Columbia and the Snake River exhibit further 

structuring on the basis of run-timing rather than geography (Independent 

Scientific Group, 1997). 

As previously stated, chinook salmon exhibit variable life history 

characteristics depending on many factors. However, for the purpose of this 

study, the life history characteristics of fall chinook are generalized to be of the 

ocean-type, while spring and summer chinook are assumed to have stream-type 

life history patterns as described by Healey (1991) (Please refer to table 11.1). 

Nehlsen et al. (1991), Huntington et al. (1994), and Nawa (1995) used the 

designations of fall, spring, and summer chinook; therefore, it seems logical to 

use the same designations in this study. 

The peak of spawning migration of chinook salmon occurs from June to 

August for northern river populations and progressively later for runs further 

south. Spring chinook in the Columbia River spawn in headwater streams, 

summer chinook spawn in intermediate tributaries, while fall chinook spawn in 

the mainstem. As a consequence of fragmented habitats due to several 

anthropogenic activities, most fall and summer chinook that spawned in upper 

mainstem segments of subbasins have been extirpated (Lichatowich, 1994). In 

addition, most fall chinook populations spawning in the mainstem reaches of the 

Columbia and Snake Rivers have been driven extinct (Independent Scientific 

Group, 1997). 
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Table 11.1: Summary of common life history characteristics of salmonids. Each of 
the species/races of salmonids has specific life history traits that are important in 
understanding the way they are impacted by anthropogenic activities. This 
information is referred to in chapter VI when results of statistical analyses 
between anthropogenic variables/factors and status of salmon stocks by 
specie/race are presented. (Note: FW= fresh water; Fall chinook is assumed to 
have an ocean-type life history while spring and summer chinook are assumed 
to have stream-type life history as presented in the "Chinook" section of this 
chapter.) 



Table 11.1 

Characteristics 

Weight (lbs ) 
Average-fecundity 
(# eggs) 
Rearing location 

Time spent in fresh 
water before going 
to the ocean 
Ocean life 

Time spent in the 
ocean 
Time of return to 
fresh water 
Age of maturity 
Time of spawning 

Spawning migration 
duration 

Spawning area 

Other 
characteristics 

Coho 

8-12 up to 30 
(2,700) 

slower moving 
sections of stream 

up to 15 months 
rearing; 

high in water 
column 
18 months 
6 months for jacks 
late summer and 
fall 

3 years 
fall 

most 3 months or 
more 

small headwater 
streams and small 
coastal streams 
very adaptable 
"opportunistic" 

Fall
 
Chinook
 
20 up to 120
 
(2,000 to 17,000)
 
lower
 
tributary of
 
main river; estuary
 

up to 90 days in FW 
or weeks to a few 
months in estuary 
coastal waters 

variable 

August to December 
(Fall) 
4- 5 years 
September to March 

few days or weeks 

large rivers 
mainstem habitat 

variable life history 
shorter upriver 
migrations 

Spring 
Chinook 
20 up to 120 
(2,000 to 17,000) 
higher 
headwater 
tributaries 

about 1 year in FW 
variation 

offshore migrations 
(broader dispersal) 
variable 

spring 

4 5 years 
early fall 
(Aug/Sep/Oct) 
several months 

headwater streams 

variable life history 
longer upriver 
migration 

Summer 
Chinook 
20 up to 120 
(2,000 to 17,000) 
higher 
intermediate 
tributaries 

about 1 year in FW 
variation 

offshore migrations 
broader dispersal 
variable 

summer 

4 5 years 
fall 

Several months (less 
than for spring 
chinook.) 
intermediate 
tributaries 

variable life history 
intermediate 
upriver migration 

Winter 
Steelhead 
Variable 
2,000 per kg of 
female body 
small schools in 
shallow water of 
stream banks 
1-4 years 
the most variable 
of salmonids 
not well defined 

1-4 years prior to 
first spawning 
variable 

variable 
November to April 
most variable 
enter as maturing 
fish spawning soon 
(variable) 
intermittent streams 
(mostly coastal 
streams) 

possibility of 
repeated spawning 
up to 4 times 
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Spring and summer chinook must enter fresh water to spawn early to take 

advantage of peak summer flows to reach their spawning areas in headwater 

tributaries. Therefore, they seem to suffer a double disadvantage. Not only do 

they lose feeding time in the sea, but they must also maintain their ion balance, 

without feeding, in the osmotically rigorous fresh water environment for several 

months before spawning (Healey, 1991). 

Chinook generally spawn in deeper and faster flowing waters than other 

species possibly because they are large enough to hold position and to build a 

redd in the coarser gravel found in the stream. They also have the largest eggs, 

which are more sensitive to reduced oxygen levels and require a more certain 

rate of irrigation. The physical characteristics of spawning beds vary 

considerably. The range of depth and water velocity that chinook find 

acceptable are very broad compared to other salmon species. The redd for 

Columbia River spring chinook were found to be smaller than for fall and 

summer (Healey, 1991). 

In the Columbia River, "subyearling chinook (fall and summer) emigrants 

are less dependent on flow and water velocities as physical aid to migration than 

yearling (spring) chinook emigrants, but are affected by high summer water 

temperature...this has been clearly established through many years of field 

studies (Independent Scientific Group, 1997)." 

There is variation in fecundity within populations, but even greater 

variation between populations. Fecundity of chinook females can range from 

2,000 to 17,000 eggs. Fifty percent of this variation can be explained by the size 

of females, larger females having more eggs. In general, the fecundity of 

species increases from south to north (Healey, 1991). 
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Once started downstream, chinook fry may continue migrating to their 

river estuary or may stop migrating and take up residence in the stream for a few 

weeks to a year or more. River discharge and intra-specific interaction may both 

play a role in stimulating the downstream migration (Healey, 1991). 

Fall chinook migrate seaward as fingerlings between April and June of 

their first year of life. The ocean-type chinook take up residence in river 

estuaries and rear there to smolt size. Spring and summer chinook do not 

migrate to sea during their first year of life with the exception of some Oregon 

rivers, such as the Rogue, where the adults produce underyearling smolts. 

Most spring and summer chinook move offshore early in their ocean life, 

whereas fall chinook remain in sheltered coastal waters. Spring and summer 

chinook are common in river mouth fisheries during the early season, suggesting 

that maturing stream fish move rather quickly through the coastal troll fisheries. 

Tagging/recapture studies and analysis of scale patterns attempt to determine 

the ocean distribution of chinook in relation to their area of origin. Data suggest 

that juveniles disperse north along the coast, followed by a southward homing 

migration of maturing adults. Oregon Coast stocks of chinook show diverse 

ocean migration patterns that do not correspond to the general northward 

migrating behavior. Stocks that spawn from the Rogue River south disperse 

mainly south and contribute to the fisheries off Oregon and northern California 

(Healey, 1991). 

Most fall chinook do not disperse more than 1,000 km from their natal 

river. As revealed by their contribution to both coastal and high seas catches, 

the dispersal of spring and summer chinook appears to be much broader. "The 

largest rivers tend to support the largest aggregate runs of chinook and also 

tend to have the larger individual spawning populations (Healey, 1991)." 
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Commercial harvest of salmon began in the 1820s. Chinook salmon were 

the most abundant species in the Columbia River. Because of their superior 

quality and size, they were targeted by the early canneries for the highest price, 

especially the spring and summer runs (Lichatowich, 1994). In the early 1900s, 

the harvest of spring and summer chinook declined and the catch of fall chinook 

increased. Catches of spring and summer chinook increased again around the 

time of World War I. Greater fishing pressure may have also hastened salmon 

decline. Ricker (1980) stated that the size and age structures of chinook salmon 

were also declining as early as the 1920s. In the Columbia River Basin, present 

harvest rates for fall and summer chinook are a significant factor limiting chinook 

populations (Independent Scientific Group, 1997). 

Chinook salmon was the first fish to be artificially propagated in the 

Columbia River, and artificial propagation became an important management 

activity despite the lack of evidence that hatcheries enhanced chinook salmon 

productivity. Despite the fact that hatchery techniques have improved since 

1960, many studies argue that hatcheries have failed to meet their objectives of 

mitigating for habitat loss and supplementing wild salmon production (National 

Research Council, 1996; Independent Scientific Group, 1997; Botkin et al., 

1995). 

Coho Salmon 

The streams of coastal Washington and Puget Sound are abundant 

producers of coho. In Oregon, coho are found in many tributaries of the lower 

Columbia and Willamette Rivers, as well as in most coastal streams south of the 

Rogue River. They occur in most coastal streams from the California/Oregon 

border to the San Lorenzo River in Monterey Bay. They are rare in the 
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Sacramento/San Joaquin River and occur only in small numbers in the Klamath 

River (Sandercock, 1991). 

Most coho spend one winter at sea. The majority of coho mature in their 

third year of life. Coho arrive at their river of origin during late summer and 

autumn. In some cases, the journey is a short one along coastal routes, but for 

most stocks the spawning run duration is 3 months or more. In California, the 

spawning migrations may be delayed until November or December because 

smaller coastal streams do not have sufficient flow. Coho generally begin their 

upstream migration when there is a large increase in flow. Most coho actively 

migrate upstream during daylight hours rather than at night (Sandercock, 1991). 

In their upstream migration, coho can jump more than 2 m to overcome 

obstacles. They rest in deeper and quieter pools to avoid predation and do not 

migrate as far upstream as chinook (Sandercock, 1991). 

Coho are the least particular of all Pacific salmon in their choice of 

spawning areas. The redds may be located on gravel bars of smooth flowing 

river or on white water riffles of turbulent mountain streams. The female 

generally selects a redd site at the head of a riffle area where there is a good 

circulation of oxygenated water (Sandercock, 1991). 

Under average stream and streambed conditions, 15-27% of eggs will 

survive to emergence. However, anthropogenic activities, such as hydroelectric 

and irrigation dams can impair stream conditions. "Winter flooding and the 

associated silt load may reduce water circulation in the gravel to the point where 

oxygen levels become critical or lethal (Sandercock, 1991)." 

Because overwintering coho normally occupy the slower moving sections 

of a stream, this allows the capture of food with a minimum expenditure of 
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energy. Predation is a major component of the mortality suffered by juvenile 

coho (Sandercock, 1991). 

The migration of coho downstream begins in the spring. Factors that tend 

to affect the time of migration include the size of the fish, flow conditions, water 

temperature, dissolved oxygen levels, day length, and the availability of food. 

The bulk of seaward migration takes place at night (Sandercock, 1991). 

Coho exhibit low levels of genetic variation compared to other salmonids. 

They have often been described as "opportunistic". Their success as a species 

may be partly attributed to their utilization of various small coastal streams, 

which generally provide cool, clear, well oxygenated water, rich in aquatic 

insects, with stable flows that are ideal for incubation and subsequent rearing 

(Sandercock, 1991). 

Coho can be readily adapted to the hatchery environment and are 

potentially the easiest of all Pacific salmon to domesticate. "Relatively few coho 

salmon are released in California, and moderate numbers are released along 

the Oregon Coast, and Olympic Peninsula, while the Columbia River, southwest 

Washington Coast, and Puget Sound are the world's leading producers of 

hatchery coho salmon (Weitkamp, 1997)." 

Johnson et al. (1991) suggest that the origin of coho salmon brood stocks 

in lower Columbia River hatcheries is uncertain. Flagg et al. (1995) state that 

mixed stocks have been extensively outplanted throughout the basin. In the 

Columbia River, most wild coho stocks are depleted or extinct due to habitat 

degradation, overharvest, and the massive hatchery program. "At present 

production of coho salmon is almost entirely from artificial propagation [for the 

Columbia River] (Independent Scientific Group, 1997)." 
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Winter Steelhead 

Steelhead is a strain of rainbow trout that migrate to the ocean; however, 

some individuals may remain in a stream, mature and spawn without going to 

sea. Their life history varies more than that of any anadromous fish regarding 

the time spent at sea, the time spent in freshwater, and the times of emigration 

from and immigration to freshwater. Unlike other salmon, steelhead do not 

usually die right after spawning (Barnhart, 1986). 

Steelhead are classified into two races: winter steelhead that enter 

streams between November and April and summer steelhead that enter streams 

between May and October. The winter-run usually enter freshwater as maturing 

fish spawning relatively soon, while most summer steelhead enter as immature 

fish spawning several months later (Barnhart, 1986). 

Steelhead spawn in cool, clear, well-oxygenated streams with suitable 

depth, current velocity, and gravel size. Intermittent streams are often used by 

steelhead for spawning. Steelhead fry usually emerge from the gravel 2 to 3 

weeks after hatching. After emergence, steelhead fry usually live in small 

schools in shallow water along the stream banks. Newly emerged fry are 

sometimes preyed upon by older juvenile steelhead. Juvenile steelhead feed on 

a wide variety of aquatic and terrestrial insects (Barnhart, 1986). 

Steelhead live in freshwater from 1 to 4 years before becoming smolts 

and migrating to sea. In the ocean, they live 1 to 4 years. The length of 

residence in freshwater and the ocean increase from the south to the north of 

their geographic range (Barnhart, 1986). 

The environmental quality of coastal rivers governs the level of steelhead 

production. A productive steelhead stream should have summer temperatures in 
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the range of 10 to 15°C. Steelhead have difficulty extracting oxygen from water 

at temperatures much over 21°C. If embryos hatch at low oxygen levels, the 

incubation period is extended, and the resulting fry are likely to be smaller and 

weaker than those reared at oxygen concentrations close to saturation 

(Barnhart, 1986). 

Increased levels of sediment reduce the carrying capacity of the stream 

by reducing available rearing habitat and by reducing the production of 

invertebrate food for steelhead. Suspended sediment occasionally reaches 

concentrations high enough to injure steelhead by adhering silt particles to the 

chorion of salmonid ova and causing the abrasion and fusion of gill filaments. 

Steelhead may also encounter water velocity barriers that can hinder their 

swimming ability and retard their migration (Barnhart, 1986). 

Steelhead are managed exclusively for recreational purposes because 

commercial fishing, except for Indian catch, has been prohibited since 1964 

(Washington Department of Fisheries, 1966). Although the adult fish do not 

commonly feed in freshwater, they are readily taken by angling (Barnhart, 1986). 

Hatchery reared steelhead are supplied to several rivers in the Pacific 

Northwest in order to mitigate the loss of steelhead caused by dams and water 

diversion. Steelhead planted at the wrong time or at the wrong size tend to stay 

in the stream longer than usual and are more competitive with wild fish. There 

has been evidence of heavy predation by hatchery-raised steelhead smolts on 

chinook salmon fry (Menchen, 1981 cited by Barnhart, 1986). 
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Reports on Status of Salmon Stocks 

This research is based on three region-wide studies on the status of 

salmon: Nehlsen et al. (1991), Huntington et al. (1994), and Nawa (1995). 

These studies reflect salmon condition in the late 1980s early 1990s. 

Subsequently, more stocks may have declined, possibly as a result of the 

continued detrimental anthropogenic activities. 

Nehlsen et al. (1991) has the most comprehensive list of salmon stocks in 

trouble, while Huntington et al. (1994) lists the healthier stocks over the same 

area. I needed to use data on healthy and unhealthy stocks to determine 

anthropogenic factors that might explain the relative status of salmon stocks. 

The data by Nawa (1995) on spring chinook was used for checking the accuracy 

of the first two reports. 

Nehlsen: Nehlsen et al. (1991) rated the health of 214 stocks among 7 

anadromous salmonid species: chinook (Oncorhynchus tshawytsha), coho (0. 

kisutch), sockeye (0. nerka), chum (0. keta), pink (0. gorbuscha), steelhead (0. 

mykiss), and sea-run cutthroat trout (0. dark). Their study identified salmonid 

populations in California, Idaho, Oregon, and Washington that were judged to be 

at moderate or high risk of extinction or in need of special concern. 

Nehlsen et al. (1991) reviewed data on spawning escapement (where 

these were available), redd counts, adult counts, recreational catch, dam counts, 

and anecdotal observations. Information on the status of salmon stocks was 

obtained from published literature, fish management agencies, Indian tribes, 

Oregon and Idaho chapters of the American Fisheries Society, and sportfish and 

conservation groups. Because the data were inadequate to separate 

populations in some cases, the authors aggregated more than one population 

within a drainage. Potential interbreeding with nonnative fish did not disqualify a 
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stock from their list because substantial native character may remain (Nehlsen et 

al., 1991). 

Trotter et al. (1992) examined the "criteria for prioritizing at-risk stocks of 

Pacific salmon for conservation and recovery actions" through "formal methods 

of population viability analysis (PVA) or a set of surrogate estimators of PVA if 

formal methods [were] not available or [could] not be used (Trotter et al., 1992)." 

I used their information to help describe the characteristics of stocks listed by 

Nehisen et al. (1991). 

The original codes by Nehlsen et al. (1991) were: 

Stocks of special concern (C)
 

Stocks at moderate risk of extinction (B)
 

Stocks at high risk of extinction (A)
 

Stocks that may have become extinct (A+)
 

Extinct native stocks
 

Nehisen et al. (1991) defined stocks "at high risk of extinction" as 

populations having less than 200 adults returning to spawn within the 5 years 

prior to the study. A stock in the category of "at risk of extinction" is estimated by 

PVA to have a 50 percent or greater probability of extinction within 5 years. The 

minimum number of adults needed to avoid irretrievable genetic losses depends 

on the size of the watershed, the extent of gene flow among stocks, and the life 

history of the stocks. The stock in this category has likely reached the threshold 

for listing as endangered under the ESA. The authors indicated 18 of the 101 

stocks listed in this category that may already be extinct. 

Populations "at moderate risk of extinction" are populations "whose 

spawning escapement appear to be stable after previously declining more than 
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natural variation would account for, but above 200... where approximately one 

adult per spawner is returning to spawn (Nehlsen et al., 1991)." A population in 

this category has usually at least 20 percent probability of extinction within 20 

years. It has likely reached the threshold for listing as threatened under the 

ESA. Fifty-eight stocks were listed in this category. 

Populations "of special concern" are the ones for which relatively minor 

disturbances could pose a threat, insufficient information on population trend 

exists, but available information suggests depletion, there are large ongoing 

releases of nonnative fish potentially interbreeding with the native population, 

and the unique character of the population requires special attention. Fifty-four 

stocks were listed in this category. A stock in this category has usually at least a 

5 percent probability of extinction within 100 years (Trotter et al., 1992). Five-

percent probability of extinction is the threshold for listing a stock as threatened 

or endangered under the ESA by the National Marine fisheries Service (Trotter 

et al., 1992). 

"Goodman (1990) pointed out that gene pools are destroyed through 

means other than declining populations, e.g. introgression of maladaptive genes 

due to interbreeding with non-native and hatchery fish, and selection (Nehisen et 

al., 1991)." Therefore, the criteria that Nehisen et al. (1991) used to categorize 

stock status may result in under-representing the number of at-risk stocks. 

Nehisen et al. (1991) consider their list as provisional and in need of amendment 

and/or modification when better data become available. The stocks on their list 

represent a range of populations and include small creeks (such as, Nason 

Creek, Washington) to large rivers (such as the Sacramento River, California). 

Columbia River stocks are well documented because of stock assessment plans 

under the Northwest Power Planning Council Columbia River Basin Fish and 

Wildlife Program. 
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In addition to the 214 stocks, Nehlsen et al. (1991) provided a partial list 

of extinct native stocks of salmon from California, Oregon, Idaho, Washington, 

and Nevada. I used this information when coding the stocks of spring, summer, 

and fall chinook, coho and winter steelhead. 

Huntington: A study by Oregon Trout followed Nehlsen et al. (1991) and 

identified the healthiest populations of wild salmon and steelhead in the 

Northwest (Huntington et al. 1994 and 1996). The study summarizes the 

combined results of a survey sent to 80 fishery biologists and a spatial (GIS) 

analysis done in Oregon, Washington, California, and Idaho. People responding 

to the survey between June 1993 and December 1994 were employed by the 

California Department of Fish and Game, Oregon Department of Fish and 

Wildlife, Washington Department of Fish and Wildlife, U.S. Fish and Wildlife 

Service, the National Park Service, the U.S. Forest Service, the Bureau of Land 

Management, consulting firms as well as representatives from Indian tribes in 

Oregon, Idaho, and Washington. 

A stock was defined as native if it had been recognized as a distinct 

population by fishery managers (which led them to consider basin-scale 

aggregations of subpopulations in some instances); 2) it became adapted to its 

local environment during a period of centuries; 3) its fitness within that 

environment could not have been substantially reduced by artificial propagation 

or stocks transfers. The criteria the respondents to the survey used to evaluate 

the status of salmon stocks included adult abundance, recent trends in 

abundance, juvenile abundance relative to freshwater carrying capacity, 

geographic range, habitat conditions, life history diversity, fish cultural practices, 

and interactions with non-native fish species. Survey responses were compiled 

into a Geographic Information System (GIS) and linked to freshwater 

distributions of stocks. Available data were not always adequate and frequently 
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the best information was "the best judgment of biologists familiar with a given 

stock or its habitat (Huntington et al., 1994)." 

The original codes by Huntington et al. (1994) were: 

1= adult abundance greater than 67% of what would be found in the 

absence of anthropogenic impacts; 

2= adult abundance between 33% and 67% of what would be expected 

without anthropogenic impacts; 

3= adult abundance between 10% and 33% of what would be expected 

without anthropogenic impacts; 

4= adult abundance less than 10% of what would be expected without 

anthropogenic impacts; 

A stock was classified as healthy if it was "at least 10% as abundant as 

would be expected in the absence of anthropogenic impacts, abundant relative 

to current habitat capacity, not recently declining in abundance, and not 

previously identified as being at substantial risk of extinction (Huntington et al. 

1994)." Huntington et al. (1994) ranked the stocks of salmon in an ordinal 

manner on a standardized scale of 1 to 4 for each criterion, with rankings of 1 

associated with the greatest degree of health. Those stocks less than the 10% 

abundance level were coded 4. 

Most of the stocks classified as healthy reside in coastal watersheds 

within Washington or Oregon. Washington has 37 healthy chinook, coho, and 

winter steelhead stocks, Oregon has 28 healthy stocks of these species, 

California has one, and Idaho none. 

Nawa: Nawa (1995) reported the condition of 417 chinook salmon stocks 

in California, Oregon, Washington, and Idaho. The data in his report was 
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compiled mostly from the Salmon and Steelhead Stock Inventory (SASSI) 

(Washington Department of Fisheries, 1993). Seven descriptors were assigned 

to each of the stocks: unknown, extinct, nearly extinct, declining, not declining, 

cultured, and composite river escapement. "Four parameters were determined 

for each stock identified: 1) stock status, 2) stock origin, 3) percent wild chinook 

salmon in the spawning population, and 4) causes for extinction, causes for 

population declines, and current threats (Nawa, 1995)." 

I only included in my data wild stocks that were defined in the following 

categories. Hatchery and mixed wild-hatchery stocks were not included because 

there were no correspondents in the Nehlsen et al. (1991) and Huntington et al. 

(1994) reports: 

Not declining: stocks listed in this category have had escapement to a 

stream that has not declined over past 20-50 years. 

Declining: "based on wild escapement, a declining trend was 

documented during the past 10-50 years or the combined hatchery and wild 

escapement to a river, creek or hatchery is declining (Nawa, 1995)." 

Nearly extinct: "an average of less than 50 adults returned during past 10 

years or numbers are so low that no quantitative data about run size exists (e.g. 

Siuslaw river spring chinook in Oregon) _(Nawa, 1995)." 

Extinct: "published information described the existence of a stocks or 

distict population that is now believed extinct (Nawa, 1995)." 
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Methods 

The methodological approach for this study was to combine biological and 

anthropogenic data using the watershed as a unit of analysis. This project was 

done on a regional scale (Pacific Northwest). More data would be desirable, as 

would more precise quantification of salmon data. 

Coding of Salmon Stocks 

My main goal with this study was to determine what anthropogenic 

activities are associated with healthier and with less healthy salmon. Nehlsen et 

al. (1991) covered a range of unhealthy stocks while Huntington et al. (1994) 

covered a range of healthy stocks. Since both studies had similar survey and 

analytical designs, I decided to order stocks from healthy to extinct using a 

combination of the categories presented by Huntington et al. (1994), Nehlsen et 

al. (1991) and Nawa (1995). All further references to the studies will be as 

Huntington, Nehlsen, and Nawa. 

The data that I used from Huntington's report were based only on adult 

abundance because fish abundance based on spawning escapement was a 

common criterion used by Nehlsen. When the same stock was coded differently 

by the Nehlsen and Huntington studies, I chose to list the status based on the 

most recent study, which is Huntington's. I assumed that the most recent report 

would have the most updated and, therefore, the most accurate data. There 

were only 5 stocks (of 202 for the combined studies of Huntington and Nehlsen) 

for which there was conflicting information: Coos River coho and fall chinook 

stocks; Rogue River fall chinook stock; Umpqua River coho; and Samish River 

coho. 
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First, I coded stocks from 1 (healthiest) through 5 (extinct) using a 

combination of categories by Huntington and Nehlsen. However, I questioned 

whether other combinations of the codings would be more appropriate and 

whether the actual coding would interfere with the correlations between the 

status of stocks and the anthropogenic variables. 

I needed to choose one coding scheme; therefore, I decided to check 

several coding schemes against the data that I gathered from a map by Nawa of 

chinook salmon stocks (Nawa, 1994). I used Nawa's coding of spring chinook 

as a reference point. I chose four different coding strategies, which are 

described in the following section. Each coding strategy was developed for the 

combined studies of Huntington and Nehlsen and for Nawa. Then, I correlated 

the two data sets to verify which of the codings were more similar to Nawa's 

coding (the reference point). 

Anthropogenic: In the first coding strategy, I coded the stocks from 1 to 

5 to match the anthropogenic 1-5 codes (described in Chapter III). The stocks 

listed by Huntington were classified in the 3 healthiest categories. The stocks 

listed by Nehlsen were classified in the 2 least healthy categories and one 

intermediate category. The stocks listed "at special concern" by Nehlsen and 

<10% of original abundance by Huntington were combined into one category 

between the most and least healthy stocks. I evaluated the definitions of each 

category defined by both authors to decide on ways to combine them. Although 

the stocks listed by Huntington as being "<10% of their original abundance" 

seemed like they should be placed with stocks at risk of extinction, I considered 

that Huntington reported on healthier stocks. Also, there was only one stock 

from the species I included in this study that was classified by Huntington as 

<10% of their original abundance, and that was Umpqua River, South Fork, fall 

chinook. All the other stocks included in my study from Huntington's list had an 

abundance greater than 10% of their original abundance. 
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The "minimum standard for classifying a particular stock as healthy was 

that the stock be at least 10% as abundant as would be expected in the absence 

of anthropogenic impacts, abundant relative to current habitat capacity, not 

recently declining in abundance, and not previously classified as being at 

substantial risk of extinction (Huntington et al., 1994)." 

Therefore, my decision, resulted in the following 1-5 coding: 

'1' for stocks >67% of their original abundance; 

'2' for stocks 10-67% of their original abundance; 

'3' for stocks 'at special concern', and <10% of original abundance; 

'4' for stocks 'at moderate risk of extinction', 'at high risk of extinction', and 

'maybe already extinct'; 

'5' for 'extinct' stocks. 

I coded Nawa's stocks in a similar way for comparison: 

'1' for 'not declining' stocks; 

'3' for 'declining' stocks; 

'4' for 'nearly extinct' stocks; 

'5' for 'extinct' stocks. 

Healthy-Unhealthy: In the second coding strategy I tried to balance 

healthy and unhealthy stocks into the same number of categories, I coded the 

healthy stocks 1 through 3 and the unhealthy stocks 3 through 6. I classified 

healthy stocks as the ones considered to be at least 10% as abundant as would 

be expected in the absence of anthropogenic impacts, as Huntington classified 

them. Therefore, the category 3= stock abundance 10-33% falls into the healthy 

category. Stocks at special concern and stocks with risk of extinction or already 
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extinct were classified in 3 categories into the unhealthy group. The combined 

1-6 coding was: 

1= stock abundance >67%; 

2= stock abundance 33-67%;* 

3= stock abundance 10-33%;* 

4= 'moderate risk of extinction' (it includes "special concern", "moderate 

risk of extinction", and <10%.); 

5= 'high risk of extinction (it includes "high risk of extinction", and "high 

risk of extinction -maybe already extinct".); 

6= extinct native stocks. 

*Note that the overlap at 33% abundance was inherited from the data by 

Huntington et al. (1994). Since the authors did not report the data for the actual 

abundance of salmon, but instead for categories of abundance, I could not deal 

with the stocks, if any, that fell on the 33% line. 

Nawa's data was similarly coded for comparison: 

1 = 'not declining' stocks; 

4 = 'declining stocks'; 

5 = 'nearly extinct stocks; 

6 = 'extinct stocks'. 

Simplified: Third, for simplified codes, I tried combining all the stocks that 

would be considered unhealthy into one category gave them a code of '4'. The 

resulting 1-4 coding was the following: 

stocks >67% of their original abundance were coded '1'; 

stocks 33-67% of their original abundance were coded '2';* 

stocks 10-33% of their original abundance were coded '31,* 
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stocks '<10%', 'of special concern'; 'at moderate risk of extinction', 'at high 

risk of extinction', and 'extinct' were now coded '4'. 

*Note that the overlap at 33% abundance was inherited from the data by 

Huntington et al. (1994). Since the authors did not report the data for the actual 

abundance of salmon, but instead for categories of abundance, I could not deal 

with the stocks, if any, that fell on the 33% line. 

Nawa's stocks were similarly coded for comparison: 

'1' for 'not declining'; 

'3' for 'declining'; 

'4' for 'nearly extinct' and 'extinct'. 

Stock Abundance: Fourth, I tried to match the stock abundance (as 

determined by Huntington) in a percentage scale. By placing the extinct stocks 

into a category of '10' and the healthiest stocks into the category of '1', the other 

stocks were placed into intermediate categories based on how close they 

seemed to be relative to the 0% abundance, or extinction. For example, stocks 

33-67% of their original abundance are close to half of their original abundance 

but are a little closer to the stocks coded 1 because they are considered healthy 

stocks, therefore, were placed in the category 4. Stocks 'at high risk of 

extinction' are very close to the 0% abundance (extinct) category, and were 

coded 9. The resulting combined Huntington and Nehlsen 1-10 coding was: 

Stocks >67% of their original abundance were coded '1'; 

Stocks 33-67% of their original abundance were coded '4';* 

Stocks 10-33% of their original abundance were coded '71;* 

'Special concern' and 'at moderate risk of extinction' stocks 

were coded '8'; 



41 

Stocks 'at high risk of extinction' were coded '9';
 

'Extinct' stocks were coded '10'.
 

*Note that the overlap at 33% abundance was inherited from the data by 

Huntington et al. (1994). Since the authors did not report the data for the actual 

abundance of salmon, but instead for categories of abundance, I could not deal 

with the stocks, if any, that fell on the 33% line. 

I coded Nawa's stocks in similar way for comparison: 

'1' for stocks 'not declining';
 

'7' for stocks 'declining';
 

'9' for stocks 'nearly extinct';
 

'10"extinct stocks'.
 

Analyses of Coding Strategies 

In order to determine the coding I would use in subsequent analyses, the 

four codings were compared as to how well they matched Nawa's codings. The 

map I used from Nawa (Nawa, 1994) reported stocks of spring, spring/summer, 

and summer chinook. Since there were too few stocks listed of spring/summer 

and summer chinook to allow statistical analyses, spring chinook was the 

specie/race chosen for the comparison between Nawa and the combined studies 

of Nehlsen and Huntington. 

Cross tabulation and correlation of the merged data from Huntington and 

Nehlsen with Nawa's data were done to determine the degree to which the three 

studies show similar results about the status of salmon. The objective of the 
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correlation analysis was to determine the extent to which variation in one 

variable was linked to variation in the other (concomitant variation). 

Non-parametric statistics are most appropriate for ordinal data. Non-

parametric means that no assumptions are made about the distribution of cases 

on the variables (i.e.: normal distribution or metric qualities). I used Kendall 

rank-order correlation coefficients to measure the association between the 

combined data from Huntington and Nehlsen and the data from Nawa. Because 

these data are ordinal, Kendall rank-order correlation coefficients are the most 

appropriate correlation measures. Kendall's tau measures the association 

between two ordinal-level variables. "The Kendall's tau coefficient is a relative 

measure of the discrepancy between the actual observed order of the 

independent variables and these two orders that would result from perfect 

association (Gibbons, 1976)". Tau-b is most appropriate with square tables 

(equal numbers of rows and columns), and tau-c is used for rectangular tables 

(Nie et al., 1975). 

Spearman's R and Kendall's tau are two similar correlation measures for 

categorical data. Tau should be used when a fairly large number of cases are 

classified into a relatively small number of categories (202 watersheds and 5 

categories for most variables), while Spearman's R should be used when the 

ratio of cases to categories is smaller. Kendall's tau approaches normality more 

rapidly than R. Thus, in sample of moderate size, a p-value based on tau is 

more reliable than one based on R (Gibbons, 1976). 

Pearson's R is a measure of association indicating the strength of the 

linear relationship between the two variables. Although Pearson's R is mostly 

used for parametric data, I also used Pearson's R as a way to check for the 

strength of the relationship between the variables. The correlations turned out 

to be very similar to Kendall's tau. 
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Results of Coding Strategies 

Kendall's tau statistics showed that spring chinook stocks listed by Nawa 

were significantly correlated to the spring chinook stocks from Huntington and 

Nehlsen (Table 11.2). The correlations varied from 0.4 to 0.7 depending on the 

coding. 

The best correlation between the studies of Nawa and the combined 

studies of Huntington and Nehlsen was for the anthropogenic coding 1-5 (Table 

11.2). I believe that the 1 -5 coding shows the best match between data sets. 

This is the coding that I chose, and the ordinal coding that is chosen for the 

anthropogenic variables (Please refer to chapter III). Therefore, the remaining 

analyses were done using the 1-5 coding for the status of salmon stocks. 

Although Nawa reports on more stocks of spring chinook, I feel that the 

data from Huntington and Nehlsen are more comprehensive because they report 

on several species/races of salmon. Therefore, for the remaining analyses I use 

the merged studies of Nehlsen and Huntington in the statistical analyses. 

Table 11.3 summarizes the various characteristics of stocks listed by 

Nehlsen and Huntington as well as the coding scheme that I used to place the 

stocks in specific categories. I included information about spawning escapement 

and adult abundance when they were available. The sections of the table that 

deal with probability of extinction, effective and total population per generation 

was derived from a study by Trotter et al. (1992). Their research was previously 

described in the section on "Reports on Status of Salmon Stocks" in this chapter. 
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Table 11.2: Kendall's tau correlation between the spring chinook stock status data 
using the combined coding of Huntington plus Nehlsen and the stock status data 
for Nawa. The different coding approaches were described in the previous 
section. The anthropogenic approach that resulted in the highest correlation 
was chosen for further analyses presented in chapters IV and VI. 

Name of coding Coding # of cases Correlation Significance
 
approach range p -value <
 
Anthropogenic 1-5 71 0.7 0.0001
 

Simplified 1-4 71 0.4 0.0001 

Healthy-unhealthy 1-6 71 0.5 0.0001 

Stock abundance 1-10 71 0.5 0.0001 

Note: For square tables, tau-b was used and for rectangular tables the tau-c was used. 

Watershed Average 

I also wanted to determine the health of the watershed in terms of its 

average status of salmonids. For that, I combined all the stocks listed by 

Nehlsen and Huntington into one variable that indicates the average status of all 

5 salmon species/races in each watershed. I used arithmetic average of the 

codes for the status of all species listed in each watershed to come up with a 

variable referred to as "average". 

The average status of salmonids varied from 1 to 5, with "1" being the 

healthiest average status and "5" being the watersheds that only had extinct 

stocks. 

When the average turned out to be a fractional number (not an integer) I 

rounded it off to the nearest integer. 
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Table 11.3: Information on various characteristics of salmon stocks listed by 
Nehlsen et al. (1991) and Huntington et al. (1994). The numbers on the first row 
represent the coding that I attributed to each category. Specific information is 
given on the footnotes (next page). The coding varies from 1 (healthy stock) to 5 
(extinct stock) with other categories in between described earlier in this chapter. 

Footnotes for Table 11.3:
 

INA = information not available
 

1 Spawning escapement information was not available in the report by Huntington et al. (1994) 

2 Information was not available about adult abundance for the report by Nehlsen et al. (1991). 

3 Probability of extinction was not stated in the article by Trotter et al. (1992) for the stocks
 
already extinct or maybe already extinct. I assumed a 100% probability of extinction for the
 
extinct stocks.
 

Information was not available about the probability of extinction in the article by Trotter et al. 
(1992) for the healthier stocks listed by Huntington et al. (1994). 

5 
Information was not available for effective population per generation in the article by Trotter et 

al. (1992) for the extinct and maybe already extinct stocks listed by Nehlsen et al. (1991). 

6 Effective population per generation is 50 times the generation length or less for stocks at high 
risk of extinction. The same reasoning applies for the other two categories. 

Information was not available about effective population per generation in the article by Trotter 
et al. (1992) for the healthier stocks listed by Huntington et al. (1994). 

8 Information was not available about total population per generation for the extinct or maybe
 
already extinct stocks.
 

9 
Total population per generation is 500 times the generation length or less for stocks at high risk 

of extinction. The same reasoning applies for the other two categories. 

10 
Information was not available about total population per generation for the healthier stocks
 

listed by Huntington et al. (1994).
 



Table 11.3 

My code 
Coded by 

1 

Huntington 
2 
Huntington 

2 

Huntington 
3 

Huntington 
3 
Nehlsen 

4 
Nehlsen 

4 
Nehlsen 

4 
Nehlsen 

5 
Nehlsen 

Classified as healthy 
level I 

healthy 
level II 

healthy marginally 
healthy 

special 
concern 

moderate 
risk 

high risk high risk 
maybe 
already 

extinct 

extinct 

Spawning 
escapement 
Adult 
abundance 

INA1 

at least 2/3 
of original 

INA1 

between 
1/3 and 2/3 

INA' 

between 
1/3 and 

INA' 

less than 
1/10 

Insufficient 
information 
INA2 

above 200 
adults 
INA2 

under 200 
adults 
INA2 

under 200 
adults 
INA2 

0 

INA2 

Probability of 
extinction 

INA" INA' 
1/10 

INFO INN' 10% or 5?) 
within 100 

20% within 
20 years 

50% within 
5 years 

100%3 100%3 

using PVA 
Effective INA' INA' NAT INA' Ne<5000*g 6 Ne<500*g Ne<50*g or 

less 
INA5 INA5 

population 
per 
generation 

Total INA1° INA16 INAm INA16 N<50,000*g 9 N<5,000 *g N=500*g or 
less 

INA6 !NAB 

population 
per 
generation 
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CHAPTER III: ANTHROPOGENIC ACTIVITIES: THEORY AND METHODS
 

In this section, I present the anthropogenic variables chosen to address 

the anthropogenic activities thought to influence the status of salmon. Detailed 

development of these variables in relationship to salmon is presented in Chapter 

VI. 

The most commonly mentioned factors associated with salmon decline 

are the 4 Hs: habitat, harvest, hatcheries and hydropower. Of those, habitat 

degradation is the most commonly mentioned factor associated with salmon 

decline, and that includes destruction and modification of freshwater and 

estuarine habitat (Nehlsen et al., 1991; Frissell, 1993). For that reason, I chose 

to determine the association between watershed variables/factors and the status 

of salmon stocks in a region-wide analysis. I also included human groups that 

deal with watershed issues, such as watershed councils and Indian tribes. 

These anthropogenic data were meant to parallel the biological data by Nehlsen 

et al. (1991) and Huntington et al. (1994) (Please refer to Chapter II). Therefore, 

maps used to code these data were dated from late 1980s and early 1990s. 

Thirteen anthropogenic variables were chosen: 2 measures of dams, 5 

measures of forests, agriculture, human population, subdivision development, 

hatcheries, watershed organizations, and Indian tribes. I did not include logging 

as part of forest variables because of the lack of region-wide information on the 

actual amount of forest logged in each of the watersheds. For the same reason, 

the actual amount or type of agriculture was not determined. Because grazing of 

pastures is sometimes done in conjunction with agriculture, this variable reflects 

agricultural and grazing practices in farmlands. Mining impacted salmon habitat 

in the past, but it is not a present threat to most Pacific Northwest watersheds, 

so it was not included in this study. I hoped to include most anthropogenic 
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variables referred to as probable causes of salmon decline as well as include 

human organizations that deal with watershed and salmon problems. 

Dams were chosen for the obvious reason that they have been 

acknowledged as a primary cause of stock decline, especially in the 

Sacramento, Snake, and Columbia River Basins (Lichatowich, 1994; 

Independent Scientific Group, 1997). Urban development has also caused 

extinction of stocks to the point that researchers do not acknowledge that 

salmon were once present in some urban watersheds. Deforestation of riparian 

zones through farming and logging are major causes of salmon decline in 

coastal watersheds (FEMAT, 1993; Frissell, 1992). Two measures of human 

organizations in salmon watersheds were chosen to determine if these 

organizations have any relationship with the status of salmon: presence of 

Indian tribes and watershed organizations. Indians have fished for salmon for 

their cultural and subsistence needs. They are currently active in protecting 

salmon for their needs and beliefs (Columbia River Inter-Tribal Fish 

Commission, 1996, 1997). Watershed organizations are formed to address local 

issues in response to declining watershed health (For the sake of the salmon, 

1995). 

To code the anthropogenic variables, I followed the approach of Nehlsen 

et al. (1991) and Huntington et al. (1994) of developing ordinal rankings of 

variables. There were four coding strategies: visual assessment of most 

watersheds from a highway, map reading, survey results, and literature review 

for hatcheries and watershed council data. I used the maps to code all 

variables. The variables indicating human population and subdivision, dams, 

Indian tribes, agriculture, United States Forest Service area, wilderness area, 

and total amount of forest were coded using Oregon, Washington and California 

US Geological Survey maps (DeLorme Mapping, 1991 and 1995), California 

road maps (Gousha Company, 1995 and American Automobile Association, 
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1990), a National Forests of the Pacific Northwest Region map (US Department 

of Agriculture, 1988), Central Valley (California) dam and reservoir project maps 

(US Department of Interior, 1985 and 1995), a U.S. Army Corps of Engineers 

North Pacific Division map (1990). The qualitative measures of the density of 

population was based sometimes on actual census of the largest city population 

in the watershed or in a comparative basis with other large cities already coded. 

Hatcheries and watershed organizations were coded based on published and 

unpublished literature and survey results. 

Court Smith (1995, personal communication) had visited most of the 

watershed areas and also used visual assessment as a tool to classify the 

salmon watersheds. He coded the watersheds by finding them on maps and 

using his memory of the type and "amount" of anthropogenic activities existing in 

the watersheds. Despite the subjective nature of the coding strategies, when the 

codes based on visual assessment and the ones based on maps were 

compared, we found minor differences. After the coding was completed, Court 

Smith and I discussed the differences and finalized the coding. 

The overall coding strategy was to use ordinal codes 1 to 5 for most of the 

anthropogenic variables. The coding was done a priori to test the hypotheses 

via statistical analyses. The direction of the coding was based on literature 

review of potential impacts of certain variables in watersheds. The code, "1," 

stands for the greatest amount of the variables in case of forest and human 

organizations, which I hypothesize to be associated with healthier salmon based 

on theoretical knowledge. One stands for the least amount of variables 

hypothesized to be associated with the least healthy salmon stocks as described 

by their negative impacts, such as dams, agriculture, urbanization and 

hatcheries. For example, the amount a watershed is dammed was coded from 1 

through 5, 1 for watersheds that are not dammed and 5 for watersheds that are 

entirely dammed. I hypothesized a positive relationship between the status of 
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salmon (1= healthy to 5 =extinct) and the variable indicating the amount that the 

watershed is dammed. This hypothesis was based on empirical and theoretical 

knowledge that dams have a negative impact on the status of salmonids (please 

see Dams: Background and Theory, this chapter). For watersheds that are the 

lowest in population, urbanization, agricultural development, and nearly 

completely forested, each variable was coded 1. If hatcheries, subdivision, 

agriculture, and dams were absent, this is hypothesized to be good for salmon. 

The hypothesis is that the code 1 for the absence of each of these variables in 

the watershed should correlate with the code 1 for healthy stocks of salmon in 

the watershed. Similarly, watersheds that are coded 1 for wilderness, USFS 

area, and Indian tribes, because these variables are present in the entire 

watershed, are hypothesized to have the healthiest stocks. 

In the case of watershed organizations and Indian tribes there has not 

been much theory developed in the effects of those variables in relationship to 

salmon, but I hypothesized that because these two types of human groups deal 

with watershed issues and try to promote the health of watersheds, healthier 

salmon should be found in watersheds were these groups are present. The 

hypotheses were then tested in terms of whether a "significant" association 

(please refer to Chapter VI for significance level) was found between the 

anthropogenic variable at stake and the status of the specie/race of salmon at 

stake. The direction (sign of the correlation or coefficient) of the significant 

associations is disdussed in the results and the conclusions, chapters VI and VII. 

The direction of the coding does not affect the strength of the statistical 

associations, nor were statistical analyses done to decide which direction to take 

for the coding of variables. The direction of the coding was done so that positive 

associations were expected between all anthropogenic variables and the status 

of salmon if hypotheses are supported. Hypotheses between anthropogenic 

variables and salmon are stated in each section of this chapter. 
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As much as possible, the codes approximate interval scale data. For 

example, when coding for USFS area, 1 means that all (or nearly all) of the 

watershed is within USFS area boundaries, 2 means that less than all but more 

than half of the watershed is within USFS area boundaries, 3 means that about 

half of the watershed is within USFS area boundaries, 4 means that less than 

half but more than none of the watershed is within USFS area boundaries, 5 

means that none (or nearly none) of the watershed is within USFS area 

boundaries. These codes were done similarly to the coding of salmon stocks by 

Huntington et al. (1994) in the sense that it approximates percentages of 

abundance of the variable in the watershed. 

My database had 283 watersheds in the salmon spawning regions of 

California, Oregon, Washington, and Idaho for which I coded anthropogenic 

activities. This represents total coverage of the status of stocks for these 5 

species/races of salmon including the stocks listed by Nawa. A more inclusive 

set of watersheds [202 for the combined data of Huntington et al. (1994) and 

Nehlsen et al. (1991) excluding the watersheds only coded by Nawa (1995)] was 

used for statistical analyses between status of salmon and anthropogenic 

variables. 

Next, I describe in greater detail how the anthropogenic variables were 

coded and the reason why they were chosen, questions and hypotheses about 

these variables in relationship to the status of salmon. 

Dams 

In a region-wide account, most (75%) watersheds in this study are not 

dammed. The greatest concentration of dams occurs in the Upper Columbia, 

Lower Columbia, Snake, and Klamath basins. Many stocks of salmon in the 
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Snake River Basin have their upstream migration entirely blocked by dams. 

Most Oregon and Washington coastal streams have no major dams. 

Background and Theory on Dams 

Dams were constructed in the Pacific Northwest starting in the late 1800s 

for irrigation purposes. In the early 1900s, many small reservoirs were built for 

hydropower. Splash dams were built to back up water and then float logs down 

river in western Oregon and Washington. In the late 1930s, Grand Coulee Dam 

was constructed starting a rapid pace of dam construction in Washington, 

Oregon, and Idaho (National Research Council, 1996). 

Dams utilized for irrigation, water storage, recreation, navigation, and 

production of electricity can have great impact on salmon, since they alter 

salmon habitat and migration in many different ways: blockage of juvenile and 

spawning migration, increased temperatures and decreased water flows in 

impounded lakes, and increased predation at bypass systems (National 

Research Council, 1996). Habitat diversity is diminished due to dams, also. 

The elimination of mainstem spawning and rearing habitat that used to support 

core populations of salmon has reduced the biodiversity of native salmon and 

the proliferation of non-native species (Independent Scientific Group, 1997). 

"The primary source of mortality at dams occurs as juvenile fish pass 

through turbine generating units (Independent Scientific Group, 1997)." Many 

juvenile salmon die during their downstream migration trying to pass dams. 

Bypass systems have been constructed in many dams with differing success 

rates of guiding the juveniles past dams. Some bypass systems use intake 

screens that collect juvenile fish before they pass into the turbines and deposit 

them downstream of the dam (Independent Scientific Group, 1997). 
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Nehlsen et al. (1991) noted that many of the 106 extinctions of salmon 

stocks might have resulted from migration blockages. Grand Coulee Dam in the 

Columbia River and Hells Canyon Dam in the Snake River removed major 

portions of the basin from anadromous salrnonid production, while dams below 

these produced reservoirs that inundated most of the remaining mainstem fall 

chinook habitat. 

Dams without fish-passage block half of the salmon's historical range in 

the Columbia River from access by salmon and other anadromous fishes 

(National Research Council, 1996). Fish-passage facilities for adult and juvenile 

fish have been constructed in some of the dams, but there are still many 

impassable dams (Independent Scientific Group, 1997). The Grand Coulee 

Dam was constructed in 1939 and "blocked access of andadromous salmonids 

to over 1,609 km of uspstream spawning and rearing habitat in 1939 (Utter et al., 

1995)." In compensation for this loss, the Grand Coulee Fish Maintenance 

Project intercepted upstream migratory salmonids and relocated them in 

tributaries downstream from Grand Coulee Dam or artificially propagated fish to 

introduce them to other regions. As a consequence of poor mitigation strategies 

and no fish passage facilities, all coho salmon stocks spawning above Grand 

Coulee Dam were eliminated with the completion of the dam in 1941 (Flagg et 

al., 1995). 

Some of the side effects of bypass systems include stress and damage to 

fishes, and concentration of smolts in a small area where they become 

vulnerable to predators. Barges to transport juvenile fish past dams have been 

used as a mitigation strategy. Although transportation can increase the survival 

of salmon that would otherwise be more likely to die trying to pass dams, Park 

(1983), determined that transported fish tend to spend more time than 

untransported fish in the lower river as adults. His study became the basis for 

questions asked by other researchers about the degree to which homing ability 
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may be impaired, as well as mortality and other salmon injuries related to 

transportation (Independent Scientific Group, 1997). 

Dams can also delay downstream migration of smolts because of artificial 

river flow control, which does not necessarily coincide with the need for 

increased river flow during downstream migration of different species/races of 

salmon. As a consequence of the delayed downstream migration, juvenile 

salmon become more susceptible to the harsh freshwater environment and to 

predation. The Independent Scientific Group (1997) stated that there is strong 

evidence that higher migration rates of salmon are associated with higher water 

velocities. 

Seasonal variation in water flow has been reduced as a consequence of 

dams, while daily fluctuations have increased (Independent Scientific Group, 

1997). Efforts to increase the flow during the spring and summer months of 

downstream migration have been made as a part of strategies to mitigate salmon 

habitat destruction. This strategy is referred to as the "water budget" and costs 

about $40 to $125 million/year of lost revenues to Pacific Northwest electricity 

rate payers (National Research Council, 1996). 

When water is deliberately discharged ("spilled") over dams to improve 

the survival of juveniles passing dams, supersaturation of water with 

atmospheric gas, specially nitrogen, occurs. Fish that are near the water 

surface can absorb this supersaturated gas into their bloodstream. Bubbles 

form when the gas comes out of solution subjecting the fish to a condition similar 

to the "bends" suffered by divers (National Research Council, 1996). 

Nevertheless, studies have shown that "because salmon migrate near the 

surface, spill of waters near the surface is a more natural migration route 

(Independent Scientific Group, 1997)." 
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Reservoirs have "shifted annual peak temperatures of the mainstem 

thalweg to later in the season, when late summer and fall migrating salmonids 

encounter them (Independent Scientific Group, 1997)." Winter warming of the 

water tends to speed the incubation of salmon embryos deposited in the streams 

below reservoirs, causing early emergence of fry which are more susceptible to 

predation. 

One mitigation alternative for the loss of salmon is the removal of dams 

that are significant contributors to the decline of salmon runs, and/or the removal 

of dams that are close to the end of their life expectancy. Because dams trap 

sediment, their active storage capacity and economic value is reduced with time 

(National Research Council, 1996). In 1992, Congress authorized the 

acquisition and removal of the Elwha River dams in Washington as a restoration 

strategy of the Elwha River ecosystem. The dams have no fish-passage facility, 

and one of them has never had a federal license to operate. Dam removal is a 

complex process involving the construction of a temporary stream channel to 

pass floods during the process. Most (75% to 90%) of the cost of dam removal 

(from about $70 million to $240 million dollars) is associated with sediment 

management (National Research Council, 1996). 

It is argued that "the major difference between the Snake River and the 

Columbia mainstem is that much of the Snake River storage is used for irrigation 

rather than hydropower generation (National Research Council, 1996)." 

Although the irrigation water requirements are much less than for hydropower, 

part of the water diverted for irrigation of agricultural lands is consumptively used 

and, therefore, never returned to the river. With the exception of a free flowing 

section of the Snake River between the Lower Granite reservoir and the Hell's 

Canyon Dam, the Snake River mainstem is mostly impounded (Independent 

Scientific Group, 1997). Fish in riverine reaches that were transformed into 

reservoirs are obligated to feed on reservoir zooplankton. 
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Coding of Dams 

I coded two variables related to the presence of dams in the watershed: a 

qualitative estimate of how much of the watershed is blocked by a dam, and the 

count of the number of dams below the watershed. For the dams in California I 

used the Central Valley project maps (United States Department of Interior and 

Bureau of Reclamation, 1985 and 1995). For the dams in Oregon, Washington, 

and Idaho I used the US Army Corps of Engineers map (1990). 

Since dams have been blamed as one of the major causes of salmon 

decline [National Research Council, 1996, Independent Scientific Committee, 

1997), dams were coded from 1 (the watershed has no dams in it) to 5 (the 

watershed is entirely blocked by a dam (or dams)]. The actual codes of the 

qualitative estimate of how much of the watershed is blocked by a dam were: 

5= one or more dams block all or nearly all of the watershed. 

4= dams block more than half but not all of the watershed; 

3= dams block about half of the watershed; 

2= any dams block less than half of the watershed; 

1= the watershed has no dams in it; 

Above Dams: This is a count of the number of dams below the 

watershed. The range is 0-13. 
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Questions and Hypotheses about Dams and Salmon 

Q1) How are dams associated with the status of salmon in the watershed? 

H1a) Salmon are healthier in watersheds with no dams or very few dams in 

them or below them. 

H1b) Dams are the most significant variable of those studied, related to the 

status of salmon. (Because dams can negatively impact salmon habitat in so 

many different ways, I hypothesize that dams are an overwhelming factor 

associated with less healthy salmon stocks.) 

Q2) What species races of salmon are more significantly related the variables 

describing dams in the watersheds where they spawn? Why? 

H2a) Species/races of salmon that spend more time rearing and migrating in 

fresh water are more strongly associated with dams in the watersheds where 

they spawn. 

H2b) Species/races of salmon that have a longer downstream and upstream 

migration are more strongly associated with the variables indicating the actual 

number of dams below watersheds where they spawn. 

Forests and Agriculture 

Most of the salmon watersheds in this study are entirely located within 

forest areas (34%) or "more than half' in forest areas (33%). Thirty-five percent 

of the salmon watersheds are either entirely located in USFS land or more than 

half of the watershed is located within USFS land. Only 7% of salmon 
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watersheds are either entirely or "more than half' located in wilderness areas. 

The same is true for wild and scenic rivers. 

Forest areas are relatively evenly distributed in the salmon management 

regions (Chapter IV). Klamath and north of Cape Falcon have the highest 

concentration of forests followed by the Snake Basin and Sacramento regions. 

The Klamath and Snake regions have the highest concentration of USFS lands. 

The few wilderness areas occur mainly in the Sacramento, Snake, Puget Sound 

regions, with some in the Upper Columbia and Klamath regions. Lower 

Columbia, California, Oregon and Washington Coasts salmon management 

regions have very little USFS area or wilderness. 

Although the actual amount of logging was not determined in these areas, 

I wanted to verify whether forest or agricultural areas in watersheds where 

salmon spawn and rear are associated with the status of salmon as examined by 

other studies (Botkin et al. 1995a; Frissell, 1992). 

Background and Theory on Logging and Agriculture 

Logging has been a widespread industrial activity in the Pacific Northwest 

because of valuable stands of old-growth forest, which now have become rare. 

Agriculture and grazing of pasture have occurred since before settlement of the 

Pacific Northwest. Indian tribes raised horse herds in some areas of the Pacific 

Northwest. Irrigated agriculture began with early settlement in the mid-1800s, 

rapidly accelerating in the early 1900s to the present (Independent Scientific 

Group, 1997). 

Removal of riparian vegetation in forested and agricultural areas has 

negative effects on the stability of banks, the siltation of spawning habitat, and 
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water temperature increases. Root systems are important for providing bank 

stability. Large woody debris in the stream are integral for the creation of 

refugia, contributing material to aquatic food webs for many aquatic organisms 

including salmonids. This study does not address the effects of logging because 

of the difficulty in obtaining region-wide detailed information on logging in the 

Pacific Northwest. Botkin et al. (1995) also experienced difficulty when studying 

the status of salmon of Western Oregon and Northern California. I partly 

addressed this issue by designating a wilderness variable where logging is 

prohibited. 

Logging, logging-related road construction, agriculture, and grazing can 

cause siltation in spawning beds resulting in high fish mortality. The erosion of 

large volumes of hillslope material can impair the reproductive success of 

salmon in several ways: spawning areas can be buried, migrations can be 

blocked by landslides, and fine sediment can cause smothering of eggs and 

entrapment of alevins (National Research Council, 1996). Long-term increases 

of sediments can result in pool-filling. Pools are important habitat features used 

by juvenile salmon for rearing protection. 

Some livestock impacts to streams include trampling of stream banks and 

channels, decreasing bank stability and increasing bank erosion; removal and 

consequent alteration of riparian vegetation, which has many negative impacts 

on salmon; and pollution of stream through fecal wastes, causing depletion of 

oxygen for fishes and other aquatic organisms (Independent Scientific Group, 

1997). In order to address the importance of agriculture and grazing in 

determining the status of salmon stocks, this study measures the amount of 

agricultural land in the watershed. This variable represents the farmed areas for 

agricultural development and/or ranching. 



60 

Recent studies of desert trout streams have shown that the condition of 

the streams depends upon riparian vegetation (Li et al., 1997). Results of 

experimental and analytical studies have determined that lower carrying 

capacities of rainbow trout occur in streams with poorer riparian cover. Trout 

and salmon survive in hot streams by seeking cold water input as refugia and 

increased water temperatures cause the spread of exotic warm water fishes in 

western basins (which can be deleterious to native salmonids). 

Summertime temperature regime is critical to salmon. "With high 

summertime temperatures, salmonids and other cold water species may 

experience increased stress levels, greater susceptibility to disease, and an 

inability to compete with warm water species (Beschta, 1997)." Riparian 

vegetation helps prevent sunlight from reaching the water surface. In addition to 

shading the stream, riparian vegetation also facilitates the hyporheic exchange, 

which prevents or minimizes high stream temperatures (Beschta, 1997). 

Removal of riparian vegetation in agricultural lands, extensive roads, and 

logging, can cause high river flows altering pool and riffle habitat and flushing 

sediment and organic matter from streams. The extreme reduction of flows can 

lead to egg and alevin desiccation as well as increased crowding, which might 

increase competition and predation (National Research Council, 1996). 

Irrigation has impacted salmon: 1) unscreened diversions cause the loss 

of migrating juveniles; 2) the dewatering of tributaries deprive salmon of water 

necessary for rearing and spawning; 3) the construction of dams block salmon 

migration and/or divert salmon into agricultural fields (Lichatowich, 1994). The 

interaction of the many negative factors resulting from the agricultural use of 

salmon watersheds has greatly impacted the status of salmon in agricultural 

watersheds. For example, river discharge is diminished by irrigation 

withdrawals. The diminished flow is worsened by the wider channel caused by 
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the de-stabilization of banks due to the removal of riparian vegetation. Sunlight 

influences, to a greater degree, the water temperature of wider stream channels, 

which can penetrate even more intensely with the absence of large riparian 

trees. High water temperatures in the summer, especially in high desert 

agricultural lands, can be the determining factor in the survival of salmon. 

Forest practice rules and regulations have been in place for about twenty-

five years and were recently modified to provide protection to fisheries and other 

aquatic organisms that live within riparian zones (Beschta, 1997). However, 

there is no comparable protection for agricultural and rangeland streams. Little 

regulation or mitigation exists to prevent the removal of riparian trees and 

simplification of stream channels in urban, suburban, and commercial areas 

(Botkin et al., 1995). 

In a comparative study of 120 streams in the Columbia River Basin based 

on reports from the mid-1900s to a present survey, McIntosh and Sedell (1996) 

report that unmanaged watersheds (wilderness/roadless areas) were minimally 

affected by anthropogenic disturbance compared to managed ones. The 

authors conclude that land-use practices (for example, timber harvest, livestock 

grazing) simplified streams channels and reduced habitat complexity, through 

loss of riparian vegetation and woody debris, and reduced connection between 

floodplain and stream channels. 

Coding of Forests 

In order to address the association between different types of forest lands 

and the status of salmon populations, I identified 5 variables: the amount of 

United States Forest Service land in the watershed, the amount of wilderness 

designated in the watershed, the amount of forest lands in the watershed, the 
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amount of non-US Forest Service land in the watershed, and the amount of the 

watershed designated wild and scenic. These variables were coded based on 

USGS maps (DeLorme, 1991 and 1995), a US Army Corps of Engineers map 

(1990), and a National Forests of the Pacific Northwest map (US Department of 

Agriculture, 1988). 

In general, more forests, means more canopy cover, more overhanging 

vegetation, lower stream temperatures, less sedimentation of the water, all 

conditions which are favorable to salmon. Supposedly wild and scenic rivers 

and wilderness areas would provide the most favorable habitat for salmon, 

followed by USFS areas, and other types of forests. 

I did not try to indicate the quality of the forest land. For example, forests 

along the northern California and southern Oregon coasts have been heavily 

cut, but the region is still mainly in forest use. Such a variable would be very 

difficult to determine because of the poor quality of records kept by the state 

agencies and/or the difficulty in obtaining them (Botkin et al., 1995). A way to 

control for the amount of harvest activity is to code the amount of wilderness. If 

a watershed is nearly all in wilderness, this variable was coded 1. 

The variable named "wilderness" is the amount of wilderness area that is 

in any part of the watershed. It was coded: 

1= all (or nearly all) the watershed is wilderness 

2= between half and all of the watershed is wilderness 

3= about half of the watershed is wilderness 

4= between half and none of watershed is wilderness 

5= no (or nearly no) wilderness in the watershed 
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Examples of all wilderness watersheds are the middle and south forks of 

Feather River in the Sacramento Basin, California, and in the Salmon River, 

Idaho. Watersheds in the Seattle, Portland, and San Francisco areas were 

coded, "5," wilderness. 

The United States Forest Service Area (USFS area) variable is the 

amount of USFS area that is in any part of the watershed. It was coded: 

1= all (or nearly all) the watershed is USFS area 

2= between half and all of the watershed is USFS area 

3= about half of the watershed is USFS area 

4= between half and none of watershed is USFS area 

5= no (or nearly no) USFS area in the watershed 

The variable named "total forest" is the relative proportion of the 

watershed that is in forest area as presented (usually a green color) on the 

maps. Note that there was no attempt to quantify the actual amount of forest 

that was left after logging. This variable was coded: 

1= all (or nearly all) the watershed is in forest land 

2= between half and all of the watershed is in forest land 

3= about half of the watershed is in forest land 

4= between half and none of watershed is in forest land 

5= no (or nearly no) in forest land in the watershed 

The variable representing non-US Forest Service (non-USFS) land was 

calculated from the variables "total forest" and "USFS area". Non-US Forest 

Service forest = Total Forest - USFS area. This variable corresponds to Bureau 

of Land Management (BLM), US Fish and Wildlife Service (USFWS), National 

Park Service, state and private lands. 
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The Department of the Interior's BLM administers more land than any 

other federal agency (Dombeck and Williams, 1995). BLM public lands have 

been influenced by the Federal Land Policy and Management Act of 1976, which 

authorized and defined multiple use of resources without permanent impairment 

to the productivity of the land (Dombeck and Williams, 1995). "In the Pacific 

Northwest, the USFS and BLM have developed a watershed management 

strategy, known as PACFISH: a strategy for the management of anadromous

fish-producing watersheds on federal lands in eastern Oregon, and Washington, 

Idaho, and portions of California (Dombeck and Williams, 1995)". PACFISH has 

standards and guidelines to meet the goals of restoring proper ecological 

functions to riparian areas in order to support natural diversity of invertebrates 

and fish communities (Dombeck and Williams, 1995). 

It is a common belief that private lands are less healthy habitats for 

salmon than public lands. Studies suggest that clear-cutting is practiced in both 

private and federal lands; however, there is less old growth on private lands than 

on federal lands and disturbances are more extensive on private land (Spies et 

al. 1994, cited by Smith and Voinov, 1996). Because this study does not 

address private forests separate from BLM, USFWS, National Park Service, and 

state forests, I cannot address this issue. 

I recognize the difficulty in analyzing statistical results between the non-

USFS area variable and salmon because these five types of forests (BLM, 

National Park Service, USFWS, private, and state forests) are managed quite 

differently. However, I wanted to verify whether non-USFS land was more or 

less strongly associated with salmon than USFS land. The resulting coding was: 

-4= all (or nearly all) the watershed is non-USFS land 

-3= more than half, but not all of the watershed is non-USFS land 

-2= about half of the watershed is non-USFS land 
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-1= non-USFS land less than half of the watershed 

0= no non-USFS land in the watershed. When there was no forest in 

the watershed, the value was omitted. 

This coding was re-coded to match the other anthropogenic variables. 

1= all (or nearly all) the watershed is non-USFS land 

2= more than half, but not all of the watershed is non-USFS land 

3= about half of the watershed is non-USFS land 

4= non-USFS land less than half of the watershed 

5= no non-USFS land in the watershed. When there was no forest in 

the watershed, the value was omitted. 

The "wild and scenic rivers" were coded based on the US Corps of 

Engineers (1990) map of the Columbia River Basin and Coast. This variable is 

an estimate of how much of the watershed has wild or scenic status from either 

state or federal authority, and it was coded: 

1= all (or nearly all) the watershed is designated wild and scenic 

2= between half and all of the watershed is designated wild and scenic 

3= about half of the watershed is designated wild and scenic 

4= between half and none of watershed is designated wild and scenic 

5= no (or nearly no) part of the watershed is designated wild and scenic. 

Examples of salmon watersheds designated as wild and scenic rivers are 

the White River, a tributary of the Deschutes in the Lower Columbia River, 

Oregon, and the Salmon River in the Snake River Basin, Idaho. 
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Questions and Hypotheses about Forest Variables and Salmon 

Q1) What is the association between forest variables in the watersheds where 

salmon spawn and the status of salmon? 

H1a) The greater the amount of forest (total forest, USFS area, non-USFS 

forest, wilderness, and wild and scenic rivers) the healthier the salmonids. 

H1b) Watersheds in wilderness areas and/or designated as wild and scenic 

rivers should have the healthiest salmonids based on the fact that these areas 

are protected from commercial use. 

H1c) USFS area should have healthier salmon than non-USFS forest areas 

because of stricter rules on logging in these areas than in private forests (for 

example). Problem: BLM, USFWS, National Park Service, State, and private 

forests are managed differently and have different levels of logging in their 

watersheds, but they are not differentiated in the variable named "non-USFS 

area". 

Coding of Agriculture 

The direction of coding of the variable for agriculture was based on the 

review of literature which suggests that agriculture can have detrimental effects 

on salmon watersheds. This variable represents the farmed areas for 

agricultural development and/or ranching. There was no qualification of the type 

of crop, the amount of irrigation required, or the amount of grazing done on the 

watershed. The variable was coded: 



67 

5= all (or nearly all) the watershed is in agricultural land 

4= between half and all of the watershed is in agricultural land 

3= about half of the watershed is in agricultural land 

2= between half and none of watershed is in agricultural land 

1= no (or nearly no) part of the watershed is in agricultural land 

Questions and Hypotheses about Agriculture and Salmon 

Q1) What is the association between the ratio of agricultural land in the 

watershed and the status of salmon? 

H1) The greater the ratio of agricultural land in the watershed where salmon 

spawn the less healthy are the salmon stocks. 

Urbanization 

This study shows that less than 2.0% of the salmon watersheds are in 

urban areas with high concentrations of population and subdivision 

development, such as a few watersheds in Lower Columbia, Sacramento, 

California Coast, and Puget Sound. 

Background and Theory on Urbanization 

One of the most important anthropogenic impacts on an ecosystem is the 

human population itself and the consequent need to develop the region. Some 

of the consequences of human population growth are the amount of land 

subdivision to conform to human needs; agricultural development to provide food 
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for humans; dams to provide electricity, irrigation, flood protection, recreation, 

and water supply; and logging to provide forest products. These anthropogenic 

activities are also created to provide jobs for the community. 

In urban areas, salmon habitat is largely changed. Large riparian trees 

are removed to allow cultivation, road building, housing, commercial, and 

industrial development. The depletion of trees in these areas is more extreme 

and intended to be permanent compared to trees removed in forests, which 

sometimes allow for some recovery of riparian functions (Botkin et al., 1995a). 

The removal of tree roots has many destructive consequences to a stream. 

Some of those are the de-stabilization of banks and consequent sedimentation 

of stream, widened channels during floods, and increased stream temperatures. 

Pollutants enter the stream from industrial waste and residential sewage. 

Highly populated areas are usually located near rivers that become polluted as a 

consequence of human development. Organic and nutrient pollution from point 

sources (i.e.: sewage effluents and storm drainage) near and within urban 

centers cause oxygen depletion for fishes and other aquatic organisms 

(Independent Scientific Group, 1997). The health of salmon depends on clean, 

cool, and well oxygenated water. Urbanization is very detrimental to salmon 

stocks. 

After the passage of the Clean Water Act in 1976, sewage and industrial 

waste treatments have improved. However, urbanization and the consequent 

increase in human population and subdivision development in watersheds are 

definite threats to salmon populations. 
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Coding of Urbanization 

Two measures of urbanization were coded: the amount of human 

population in the watershed and the amount of subdivision development there is 

in the watershed. The direction of the codes for the urbanization variables were 

based on the review of literature which suggests that the increasing urbanization 

of an area decreases favorability of this area (watershed) for salmon. Later this 

hypothesis is tested though statistical analyses (Chapter VI, presents analyses 

and results). 

The variable named "population" is a relative measure of the number of 

people inhabiting the watershed. The subsequent coding was based on 

estimates based on review of maps and actual assessment of some of the 

watersheds from a highway in the basin. I also used the population census from 

the US Census Bureau (1990) and from the Center for Population Research (last 

updated in 1997). I did not use exact population densities to determine the 

category in which every watershed should be placed because I did not have the 

population density for small towns near smaller watersheds. However, when 

data were available for the number of people inhabiting the largest city near the 

watershed, this number was used as a guideline in relationship to other cities. 

For example, the largest city near the Siuslaw River on the Oregon Coast is 

Florence with 5,162 inhabitants (Center for Population Research, 1997). 

Therefore, human population was coded 2 in the Siuslaw River in comparison 

with the Alsea River, which is near Walport with a human population of 1,595 

and was coded 1 for population. The Rogue River was coded 3 because 

Medford is the largest city near the Rogue River, and it is larger than Florence 

and Waldport. Human population was coded: 

5= the watershed is within the boundaries of very large cities with a large 

human population [Examples: Johnson Creek and the Tualatin River, near 
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Portland (508,500 people), the Sacramento River within Sacramento, CA 

(846,097 people)]. 

4 = the watershed is near large cites [Examples: the Consumes and 

American Rivers, near Sacramento, CA (846,097 people)]. 

3= the watershed is located near cities with moderate human population 

[Example: the Mackenzie River, near Springfield, OR (50,670 people)]. 

2= the watershed is outside the boundaries of a moderate sized city or 

near a city with low human population [Examples: the Big Chico River, near 

Chico, CA (40,079 people), and the Hood River, OR (5,065 people)]. 

1 = the watershed is in an uninhabited area (or close to very small towns), 

usually in forested areas (Examples: most Upper Columbia River Basin 

watersheds and watersheds in the Klamath River Basin). 

The variable named "subdivision" is a measure of the amount of 

subdivision development in the watershed. It was based on the amount of 

gridlines represented on the USGS maps for the "built-up area". The idea is to 

determine how much of the watershed is influenced by urban development. 

Almost always the larger the city population, the greater the subdivision 

development in the watershed. Therefore, this variable is highly correlated with 

the human population variable (tau b = 0.8, p < 0.0001). This variable was 

coded: 

5= all (or nearly all) the watershed is contained within the grids of "built

up area". (Examples: watershed in highly urbanized areas such as the Tualatin 

River, OR, the Sacramento River, CA, and the San Francisco Bay, CA). 

4= the watershed is near an urban area, but not located entirely with the 

grids of a "built-up" area. (Example: the Consumes River, CA, near Sacramento). 

3= the watershed is near an urban area, but less than half of the 

watershed is located within the grids of built-up area. (Example: the Washougal 

River, OR, the McKenzie River, OR). 
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2 = the watershed is outside the built-up area of a city or town with very 

low amount of "built-up area". (Example: the Big Chico, near Chico, CA) 

1 = the watershed is away from urban areas with no subdivision 

development. (Examples: most Upper Columbia River Basin watersheds and 

watersheds in the Klamath River Basin). 

Questions and Hypotheses about Urbanization and Salmon 

Q1) How are population density and subdivision development associated with 

the status of salmon? 

H1a) The greater the population density in the watersheds where salmon 

spawn, the less healthy the stocks of salmon. 

H1b) The greater the subdivision development in the watersheds where salmon 

spawn, the less healthy the stocks of salmon. 

Q2) Are different species/races of salmon differently associated with 

measures of urbanization? 

H2) Species/races of salmon that spend more time in fresh water are more 

strongly associated With population density and subdivision development. 

Hatcheries 

Salmon hatcheries occur in 36% of salmon watersheds. The highest 

concentration of salmon hatcheries is on the Washington Coast and Puget 

Sound regions. The Northwest Power Planning Council (1992) reported that 
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hatchery fish made up 80% of the salmon returning to the Columbia River. 

Despite the apparent localized impact of hatcheries on wild salmon, hatchery 

reared fish of mixed brood stocks were in the past outplanted throughout the 

Pacific Northwest region. 

Of the 370 stocks of salmon listed in this study, 25% of them are 

considered to be have high probability of introgression with hatchery fish. Of 

those, coho have the highest probability of introgression (54% of the 55 stocks 

of coho region-wide). Fifteen out of the 18 stocks of coho on the Oregon Coast 

have high probability of introgression with hatchery fish. 

Background and Theory on Salmon Hatcheries 

Since the early 1870s, supplementation of wild salmon stocks with 

juveniles of hatchery origin has been practiced as a mitigation strategy for 

habitat loss in Pacific Northwest streams and to increase natural production 

(Noble, 1991). In 1877, the first salmon hatchery was built on the Clackamas 

River, in Oregon. "By 1928, 15 hatcheries were operating in the [Columbia] 

basin and a total of 2 billion artificially propagated fry and fingerlings had been 

released into the river (Independent Scientific Group, 1997)" with the objective to 

augment declining natural production of salmon and steelhead and maintain a 

supply of salmon for the fishing industry. 

"Current approaches to artificial propagation can impose four types of 

genetic risks on hatchery fish and interacting populations: extinction due to such 

genetic problems as inbreeding depression, loss of population identity, loss of 

within-population variability, and domestication selection are examples of 

hatchery impacts on wild salmon (National Research Council, 1996)." 
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In hatcheries, human breeders have no way of identifying fish that would 

be the best natural breeders; consequently, adaptation to local environments, 

and evolutionary fitness are diminished in hatchery fish. Because hatchery 

young do not need to survive the stressful natural environment, more young 

survive from the same parents, resulting in lack of genetic variability within a 

hatchery population. 

Salmon's choice of which stream to ascend appears to be guided by long-

term memory of specific odors. Most wild salmon (about 90% or more) home to 

their natal stream (Quinn, 1993). There are relatively low levels of straying for 

wild salmon, that is, fish that spawn in streams other than their native stream. 

This usually occurs when habitat conditions in their stream of origin are no 

longer suitable or accessible for spawning, or are overcrowded with high 

densities of spawners (Independent Scientific Group, 1997). Even if hatchery 

reared salmon stray at the same rate as wild salmon, the absolute scale of 

hatchery production is often greater than natural production in streams. 

Therefore, the absolute number of hatchery strays can be greater (Independent 

Scientific Group, 1997). Consequently, some hatchery fish interbreed with 

naturally-spawning salmon populations and interfere in their genetic diversity. 

Most current hatchery rearing systems lack the diversity in habitat 

structure, cover, flow and temperature regimes, and exposure of fish to natural 

prey and predators. Consequently, hatchery juvenile salmon lack some of the 

physical characteristics to endure the natural environment. Nevertheless, 

juvenile hatchery fish can still survive to compete with wild salmon for food. As a 

result, wild salmon become less capable of enduring the environmental 

uncertainty of the ocean (Hemmingsen et al. 1986; Vincent, 1987). 

Nickelson et al. (1986) reported significantly lower average densities of 

newly emerged wild coho salmon fry in streams stocked with slightly larger 
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hatchery fry than in unstocked streams. Noble (1991) observed that introduction 

of hatchery steelhead fry of larger size and earlier emergence into streams 

containing wild stocks could disrupt the social structure and negatively influence 

the realized densities, spatial distributions, growth, and behavior of wild 

juveniles in recipient streams. 

Disease outbreaks in hatcheries need to be immediately detected in order 

to avoid spreading to wild stocks. Stock differences in susceptibility to parasites 

such as the Ceratomyxa shasta were reported by Wade (1986) in the Nehalem 

River in Oregon. After the introductions of nonresistant hatchery stocks in that 

river there was a suggested reduced resistance of coho salmon to C. shasta. 

The mechanism responsible for more susceptibility of hatchery reared fish to 

infectious disease is thought to be the lack of genetic diversity in hatchery fish 

for genes that are involved in disease defense. In response to this problem, 

state agencies have implemented disease prevention strategies that include 

prescribing optimal diets and environmental conditions as well as the use of 

vaccines where needed (Washington Department of Fisheries, 1993). 

Another negative impact of artificial propagation on wild salmon is that the 

increased fishing pressure caused by the increased production of hatchery fish 

can result in over exploitation of wild stocks in mixed stock fisheries 

(Independent Scientific Group, 1997). Fishing mortality sometimes selects for 

larger fish, resulting in early maturity at younger ages and smaller size spawning 

fish (National Research Council, 1996). Differential survival and reproduction of 

fish with different genotypes can change the genetic composition of the 

harvested population (Upton, 1992). 

Compared to the early operation of salmon hatcheries, today's hatchery 

production has an integrated approach with the objective of harvest, restoration, 

and supplementation. One of the objectives of the hatchery program in 
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Washington State is to minimize interactions with other fish populations through 

proper rearing and release strategies (Washington Department of Fisheries, 

1993). An example is their strategy to release larger than the known minimum 

size hatchery fish to increase the probability that they will readily migrate and 

minimize interactions with wild fish (Washington Department of Fisheries, 1993). 

The Fish and Wildlife Program of the Northwest Power Planning Council (1987) 

emphasizes hatchery production above the Bonneville dam "where hydropower 

development has been most extensive (Independent Scientific Group, 1997)." 

"Guidance on the use of artificial propagation in the recovery of listed 

species comes from three sources: The Endangered Species Act (ESA), US 

Fish and Wildlife Service (USFWS) policies and National Marine Fisheries 

Service (NMFS) guidelines (Lichatowich and Watson, 1993)." 

Coding of Hatcheries 

The hatchery data source was a report by Dr. Kenneth Johnson from 

Pacific States Marine Fisheries Commission with whom I communicated my 

interests in getting a list of hatcheries in the Pacific Northwest. I derived a list of 

hatcheries from his report and maps on coded wire tagging (CWTs) of 

anadromous salmon and steelhead in Northwest America (Johnson, 1990). 

identified the watersheds for which I had information on salmon and classified 

those for the presence or absence of hatcheries in each of the watersheds. 

Because Johnson (1990) reported on the location of hatcheries that used 

coded wire tags, and because his report had information up until 1990, I mailed 

my list of hatcheries to be checked and updated by professionals working with 

hatcheries. Mr. Kenneth Johnson sent me a list of members from a Mark (and 

release) Committee including those from the Oregon Department of Fish and 

Wildlife, the Washington Department of Fish and Wildlife, the Idaho Department 

I 
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of Fish and Game, the California Department of Fish and Game, the National 

Marine Fisheries Service, the Columbia Inter-Tribal Fish Commission, and the 

United States Fish and Wildlife Service. I sent the list of hatcheries to the nine 

Mark Committee members who had responsibility in the areas covered by my 

study, and I included a letter explaining the purpose of my research (Appendix 

A). 

In the letter, I asked each person to review the list in the region over 

which they have responsibility and indicate whether they felt the hatchery code 

should be changed. Three people checked and returned the hatcheries list after 

the first request and three more answered after a reminder. After I received the 

responses, I changed the codes of hatcheries from my list assuming that the 

information I received from the respondents was more updated and accurate 

than the list that I had. The direction of the coding of the hatchery variable was 

based on the review of literature which suggests that hatcheries have had 

detrimental effects on wild salmon stocks. 

The actual coding of hatcheries was: 

1 = there is no hatchery in that watershed 

5 = there is at least one hatchery in that watershed 

One difficulty with the hatchery data is that many hatcheries outplant 

fry/smolts to neighboring watersheds (Tillamook System Coho Task Force, 

1995). For example, the hatchery-based Lower Columbia River coho salmon 

population was established from combinations of Columbia River, coastal, and 

Puget Sound stocks. In addition, in 1984, ODFW transferred eggs or juvenile 

coho salmon from the Washington Department of Fisheries Cowlitz Hatchery 

into Oregon Lower Columbia River streams (Flagg et al., 1995). Studies have 

shown that introductions or interbreeding with salmon subgroups that are not as 
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closely genetically related as groups that inhabit neighboring watersheds are 

apparently unsuccessful (Utter et al., 1995). 

In order to have a more meaningful analyses, I would need to determine 

whether there are any hatchery fish outplanted in a particular watershed. Botkin 

et al. (1995a) tried to obtain the history of number of smolts released by 

hatcheries from the Oregon Department of Fisheries and Wildlife, with repeated 

written and phones inquiries and received no response, to later find out that the 

hatchery data had been lost, resulting in significant gap in the available data. 

Aware of the difficulty in obtaining detailed hatchery information, added to the 

already large amount of data required by this study, I decided to use only the 

measure of whether the watershed has a hatchery in it or not. 

Later in the development of this thesis, I decided to include another 

variable related to hatcheries, named "probability of introgression with hatchery 

stocks". This variable was derived from the report by Nehlsen et al. (1991), who 

italicized the native stocks believed to have a high probability of introgression 

with hatchery stocks. This variable was chosen to clarify some of the results of 

associations found between the presence of hatcheries in the watershed where 

salmon spawn and the status of salmon in that watershed (Chapter VI). 

Because Huntington et al. (1994) stated that "a stock's fitness within that 

environment could not have been substantially reduced by artificial propagation 

or stocks transfers", to be one of the three criteria for defining native stocks, I 

assumed that the stocks classified by Huntington et al. (1994) should all receive 

the code 1 for the variable "probability of introgression", meaning that the native 

stock is not believed to have a high probability of introgression with hatchery 

fish. Furthermore, "most of the stocks classified as healthy have either had no 

fish culture activities in their home watershed or are thought to have been 
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exposed to little risk of reduced productivity or adaptive potential due to stock 

transfer or direct interaction with hatchery fish (Huntington et al., 1994)." 

For each of the stocks of species/races of salmon, I coded this variable: 

1 = the native stock is not believed to have a high probability of 

introgression with hatchery stocks; 

5 = the native stock is believed to have a high probability of introgression 

with hatchery stocks; 

I also excluded all extinct stocks from the analyses, since the variable 

"probability of introgression" cannot be defined for extinct stocks. In addition to 

every species/race of salmon being coded for this variable independently, I 

included a variable similar to the "watershed average" variable. This other 

variable indicated whether the watershed had any stocks of salmon that had a 

high probability of introgression with hatchery fish. This variable was later 

correlated with the average status of salmon in the watershed to verify whether 

the watersheds with the least healthy salmon also had stocks of salmon with 

high probability of introgression with hatchery fish. 

Questions and Hypotheses about Hatcheries and Salmon 

Q1) How is the presence of hatcheries in the watershed where salmon spawn 

associated with the status of salmon? 

H1) Salmon are healthier in watersheds having no hatcheries. 

Q2) How is the variable indicating a high probability of introgression with 

hatchery fish associated with the status of the stock? 
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H2) Stocks with a high probability of introgression with hatchery fish are also 

less healthy than other stocks. 

Q3) Are the variables indicating the presence of hatchery in the watershed 

and indicating the high probability of introgression of wild and hatchery fish 

strongly associated? 

H3) Watersheds with hatcheries in them will also present wild salmon stocks 

that have a high probability of introgression with hatchery fish. 

American Indian Tribes 

About 10% of salmon watersheds are within tribal land boundaries (or at 

least half of the watershed is found within tribal land boundaries). Of the few 

existing tribes, most occur on the Washington Coast, Puget Sound, Upper 

Columbia, and Klamath regions. There are 24 Indian tribes near or within 

salmon watersheds in the Pacific Northwest. One third of these tribes are in the 

Puget Sound area. 

Background on Indian Tribes 

Studies indicate that people have been living in the Pacific Northwest for 

at least 10,000 years. Indigenous peoples primarily subsisted on ocean 

shellfish, salmon and bottomfish, berries, roots, waterfowl, elk, and deer. Their 

primary means of transportation was by canoe along the coast. They modified 

the interior landscape very little since there were many coast resources and also 

because they believed that spirits both helpful and malevolent inhabited the 

interior forests (Siuslaw National Forest, 1994). 
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American Indian economy was founded on salmon, "yet human 

exploitation rates were low enough [before European American explorers and 

settlers arrived in the Pacific Northwest] so that the salmon populations did not 

diminish over the long run (National Research Council, 1996)." In the late 

1700s, Europeans started interacting more frequently with American Indians. As 

a result, "private property rights increasingly conflicted with the communal 

system of the Native Americans (Smith and Voinov, 1996)." By the late 1850s, 

the American Indian population had decreased by 90% due to diseases brought 

by immigrants and battles with Euro-Americans. "The huge number of salmon 

harvested during the peak years of the commercial fishery (1880-1940) suggests 

that the Indian take did not appreciably deplete salmon populations (Siuslaw 

National Forest, 1994). The size of the Indian population at earlier times plays 

an important role in determining both the quantity of salmon consumed and the 

size of the original runs. 

The United States signed a number of treaties in the mid 1850's to deal 

with property rights conflicts. In 1854-55, Indian people signed away their 

traditional lands in treaties with the United States government (Smith and 

Voivov, 1996). "As states prevented the Indians from fishing at their traditional 

places, a strong and important part of Indian culture began to disappear (Cohen, 

1986)." On February 12, 1974 a federal judge, George H. Boldt, affirmed the 

right of most Washington tribes to fish for salmon in accordance with federal 

treaties. 

Four Indian tribes, the Nez Perce, Umatilla, Warm Springs, and Yakama 

have recently drafted the "Wy-Kan-Ush-Mi Wa-Kish-Wit (Spirit of the Salmon), 

The Columbia River Anadromous Fish Restoration Plan" in cooperation with 

federal and state managers and local citizens. One of the objectives of the plan 

is to rebuild salmon populations above the Bonneville Dam within 25 years "to 
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support tribal ceremonial, subsistence and commercial harvests (Columbia River 

Inter-Tribal Fish Commission, 1996 and 1997)." 

"The tribal perspective defines conservation as harvesting in a manner 

consistent with sustaining human uses of the salmon populations and their life 

history types, such as spring, summer, fall, and winter adult migrations (runs), for 

time periods equal to at least the next seven generations of humans (Mundy et 

al., 1995)." This perspective is based on anthropocentric and utilitarian values 

as well as biocentric values. Salmon is culturally and economically important to 

Native Americans, and the tribes are organized to ensure that salmon are 

sustained for their future generations. 

One example of a salmon success story, as stated by the tribes, is the 

salmon's return to the Umatilla River, Oregon, where coho and chinook salmon 

stocks were extinct by 1920 (Columbia River Inter-Tribal Fish Commission, 1996 

and 1997). As a result of the cooperative effort of the Confederated Tribes of 

the Umatilla Indian Reservation (CTUIR), the Oregon Department of Fish and 

Wildlife, the Bonneville Power Administration, the U.S. Bureau of Reclamation, 

Umatilla County, and the City of Pendleton, salmon are returning to the Umatilla 

River. Some of the strategies of the cooperative plan include putting more water 

in the river through pumping and water storage; improving fish passage at the 

Three Mile Dam with fish screens, fish ladders, and transportation of juvenile 

fish; improving the water quality of streams; reducing streambank erosion; and 

reintroducing salmon through hatchery production (Columbia River Inter-Tribal 

Fish Commission, 1996 and 1997). 
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Coding of Indian Tribes 

There is not a well established theory on the influence of Indian tribes on 

the status of salmon stocks. My belief is that Native Americans try to maintain 

healthy salmon watersheds for many generations to come based on the 

cooperative efforts of Indian tribes throughout the Pacific Northwest to restore 

salmon populations to "sustainable" harvestable levels. However, the adequacy 

of the methods by which Native Americans treat salmon and salmon habitat is 

debatable. Examples are salmon hatcheries supported by Indian tribes 

(Columbia River Inter-Tribal Fish Commission, 1996 and 1997) and Indian 

logging of watersheds. Based on the assumption of a positive influence on 

Indian tribes on the health of salmon stocks, and assuming that Indian tribal land 

represents this influence of Indian tribes on salmon, I coded the ratio of Indian 

tribal land in the watershed as following: 

1= all (or nearly all) the watershed is in Indian tribal land 

2= between half and all of the watershed is in Indian tribal land 

3= about half of the watershed is in Indian tribal land 

4= between half and none of watershed is in Indian tribal land 

5= no (or nearly no) part of the watershed is in Indian tribal land 

Questions and Hypotheses on Indian Tribes and Salmon 

Q) How is the ratio of tribal land in the watershed where salmon spawn 

associated with the status of salmon stocks? 

Based on my belief that Native Americans generally have a positive 

concern for the salmon habitat, Indian tribal land should be less modified by 

humans than urban civilized lands are; therefore, I hypothesize that: 
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H) The greater the ratio of tribal land in the watershed, the healthier the 

salmon stocks in that watershed. 

Watershed Organizations 

Over 200 watershed organizations existed in California, Oregon, and 

Washington in 1995 (For the Sake of the Salmon, 1996). More than half of 

salmon watersheds in the Pacific Northwest have watershed organizations. 

They are concentrated in the Klamath and Upper Columbia and coastal regions, 

but are present in all of the salmon management regions. 

Background on Watershed Organizations 

"A watershed council is a locally organized, voluntary, non-regulatory 

group established to assess the condition of their watershed and build a work 

plan to implement enhancement and protection activities within their watershed 

(Oregon Plan, 1997)." Some argue that watershed organizations are the wave 

for the future for aquatic resource management. "The purpose of watershed 

councils is to involve in meaningful ways, private land owners, conservation 

interests, public users, and local communities, in dialogue and action leading to 

the protection and restoration of watersheds, an unit of geography that is 

understandable to all participants in the process (American Fishing Association, 

1996)." 

Usually, watershed councils involve members from the community as well 

as decision makers and resource managers. A good example of the watershed 

council approach is the Henry's Fork Basin Council created after years of conflict 

among the basin's farmers, conservationists, resource agencies, the business 
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community, and elected officials on how the watershed should be managed 

(American Sportfishing Association, 1996). 

The Oregon Plan recognizes that actions to conserve and restore salmon 

must be worked out by communities and landowners with local knowledge of 

problems and ownership in solutions (Oregon Plan, 1997). Government 

programs have provided and will continue to provide regulatory and technical 

support to watershed councils to conserve and restore watersheds, through 

community-based education, monitoring programs, and emphasis on learning 

from experience (Oregon Plan, 1997). 

Most watershed organizations form to deal with specific local problems. 

Watershed organizations are being created to cope with urbanization, 

deforestation, and agricultural development. These watershed organizations 

cover small watersheds. The typical area is 2,500 km2. Some encompass as 

little as 15 km2, and others are 25,000 km2 or more. 

Coding of Watershed Organizations 

Most watershed management plans state that their success will depend 

on the involvement of the public in the planning and monitoring of watershed 

(Oregon Plan, 1997; Dombeck and Williams, 1995; FEMAT, 1993). Based on 

the fact that watershed organizations are being referred to as the "wave of the 

future" in watershed management and restoration of salmon stocks, I decided to 

include them in the study of anthropogenic variables associated with the status 

of salmon stocks. 

The coding of the watershed organizations variables was based on 

information provided by the watershed group "For the Sake of the Salmon". "For 
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the Sake of the Salmon" is an organization created for the purpose of supporting 

and coordinating efforts to protect, restore, and sustain salmon. They believe 

that "the role of federal, state, tribal, and local governments is to work together 

and with the public and private sector to protect, restore, and sustain salmon 

(For the Sake of the Salmon, 1997)." Their strategies include: to identify public 

and private policies that contribute to the decline of salmon and find ways to 

make human activities less harmful; to identify and protect the remaining healthy 

habitat for salmon; and to facilitate better coordination and cooperation among 

all levels of government (For the Sake of the Salmon, 1997). 

In 1995, "For the Sake of the Salmon" conducted a survey of watershed 

councils including questions about funding for watershed organizations 

coordinators; the need for central information systems; standardized 

assessment, prioritization, and monitoring protocols; the use of fiscal incentives; 

problems groups need help solving; the assistance desired by watershed 

groups; lessons learned/information useful to other groups; and educational 

materials being used. 

Results of this survey suggested some major problems encountered by 

these groups: lack of long-term funding for coordinator and projects, low level of 

land owner interest, lack of understanding and support for efforts by city and 

county governments and resource conservation districts, agencies having 

difficulties working with citizens, and planning decisions of governments 

undermining watershed health (For the Sake of the Salmon, 1995b). Some of 

the lessons learned by these groups are facilitators need to be present at 

meetings, they need to stay focused and include all partners and stakeholders, 

they need to start out with small projects and build on success, they need to 

keep the public involved, and they should attend hearings and testify at hearings 

related to watershed plan elements (For the Sake of the Salmon, 1995b). 
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I communicated with Fran Recht, the project manager of the F.I.S.H. 

Habitat Education Program, who sent me copies of all answered surveys, a 

summary of results, and a list of watershed groups in Washington, Oregon, and 

California (For the Sake of Salmon, 1995a, 1995b, and 1996). I received her 

permission and encouragement to use the data that her group obtained about 

watershed groups. My idea was to use their data and decide later whether to 

collect my own data on watershed councils. I decided that, for the purpose of my 

work, the information I received from "For the Sake of the Salmon" was sufficient 

and complete enough to address the general question of whether watershed 

groups are associated with the status of salmon in watersheds. Therefore, I 

created variables from some of the information obtained both from the answered 

questionnaires and the list of watershed councils. 

I coded each salmon watershed as to: the presence of watershed group, 

the presence of paid coordinators, whether the watershed group responded to 

the survey, and the number of watershed groups in the watershed. All 

watersheds in this study were coded for the variable "watershed organization", 

but the other measures could only be determined for the watersheds that either 

had responded to the survey or that had the information in the list of watersheds 

(For the Sake of the Salmon, 1995a and 1996). Therefore, there was a lot of 

missing data for the variables "paid coordinator" and "survey response". 

The reason for choosing these variables are explained in the section 

addressing questions and hypotheses later in this chapter. 

The variable named "watershed organization" was coded: 

1= a watershed organization is known to exist and encompass the whole 

watershed 

5= no watershed organization is known to exist in the watershed 



87 

The variable named "paid coordinator" was coded: 

1 = the watershed organization in the watershed has a full-time paid 

coordinator 

3 = the watershed organization in the watershed has a part-time paid 

coordinator 

5 = the watershed organization in the watershed does not have a paid 

coordinator 

The variable named "survey response" was coded: 

1= the watershed organization in the watershed responded to the survey 

sent by the group "For the Sake of Salmon" 

5= the watershed organization in the watershed did not respond to the 

survey sent by the group "For the Sake of Salmon" 

The variable named "number of organizations" represented the actual 

number of watershed organizations existing in this watershed. 

Questions and Hypotheses about Watershed Organizations and 
Salmon 

Q1) Is there an association between watershed organization variables and the 

status of salmon stocks? 

Although, I realize that watersheds are more apt to have a watershed 

council if salmon stocks are less healthy, my hypothesis is based on the 

assumption that these watershed councils are effective in promoting the health 
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of watersheds and, consequently, the health of salmon stocks in these 

watersheds. 

H1) Watersheds where there is a watershed council also have healthier 

salmon stocks. 

H2) Watersheds where the watershed council has a full-time paid coordinator 

have healthier salmon than watersheds where the watershed council does not 

have a paid coordinator. [Supposedly, having a paid coordinator indicates a 

stronger commitment to watershed issues and also could mean that the council 

is more effective in dealing with watershed problems. One of the factors limiting 

the watershed council process is lack of long-term stable funding sources to 

maintain necessary infrastructure. "The foundation for this infrastructure is in 

the form of a paid coordinator... The most effective councils have paid 

coordinators (Oregon Plan, 1997). "] 

H3) Watersheds with watershed councils which have responded to the survey 

sent by the group "For the Sake of Salmon" also have healthier salmon. (My 

objective in including this variable was to explore the watershed councils' 

effectiveness in responding to watershed concerns. I assumed that watershed 

councils that take the time to answer surveys are also more committed and 

effective in dealing with watershed and salmon issues. Because there are so 

many other variables directly affecting the health of salmon stocks, and because 

this variable could not be determined for most of the watersheds, this variable 

was later excluded from the analyses.) 

H4) Watersheds with more watershed councils also have healthier salmon 

stocks. (I assumed that the greater the number of watershed councils 

overseeing the watershed, the greater the chance of that watershed being 

healthy and having healthy salmon stocks. As discussed in the previous 
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hypothesis, because there are so many other variables directly affecting the 

health of salmon stocks, this variable was later excluded from the analyses.) 
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CHAPTER IV - SALMON REGIONS
 

This chapter partly addresses the question of whether regional 

differences exist in the status of salmon stocks in the Pacific Northwest. I 

evaluate two different approaches to regional analyses. One is an ecological 

approach: the ecoregions. The other is more in the concept of bioregionalism 

where social and biological regional designations merge. This is the Pacific 

Fishery Management Council (PFMC) salmon management regions. 

Ecoregions 

Many people have recognized the importance of ecoregional differences 

in understanding and managing watersheds and salmon populations 

(Independent Scientific Group, 1997; FEMAT, 1993; Lichatowich and Mobrand, 

1995). The report by the Forest Ecosystem Management Assessment Team 

(FEMAT, 1993) includes as part of their management plan for terrestrial and 

aquatic ecosystems the definitions of ecoregions. Their hierarchical approach is 

based on long-term influences of geology and climate on the highest level 

(Province boundaries) and based on the influence of the current climate setting, 

on soil development and biological processes for finer scales (Subprovince 

boundaries). 

Ecoregional characteristics, climate, soils, and vegetation are shown to 

be important in determining the success of salmon species/races in coping with 

anthropogenic changes to their natural environment (Lichatowich et al. 1995). 

For example, in tributaries flowing through the shrub and shrub-steppe 

region of the Columbia River Basin, habitat degradation has been a major cause 
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of the loss of summer migrating juvenile chinook and the consequent decline of 

spring and summer chinook salmon (Independent Scientific Group, 1997). 

Local chinook populations most prone to extinction and 
probably most variable in abundance may have been 
those inhabiting smaller streams in arid terrain. In periods 
of drought, salmon populations inhabiting these streams may 
have had difficulty in persisting. Chinook populations intermediate 
in size and sensitivity to extinction may have occupied streams 
in regions with higher precipitation and streams draining 
mountainous terrain whose headwaters are in high elevation 
areas. In these streams, both flows and temperature may be more 
suitable for juvenile rearing. 

Omernik (1995) defines ecoregions as regions that are homogenous with 

respect to "ecological systems involving interrelationships among organisms and 

their environment." Omernik (1995) works with a group from the Environmental 

Protection Agency (EPA) to define, characterize, and map ecoregions of the 

Pacific Northwest. Some of the frameworks used to designate ecoregions are 

natural vegetation, physiography, climate, and soils. Ecoregions are recognized 

at various scales. More detailed ecoregions (finer scales) are helpful at local 

levels. 

Remote sensing data are helpful in defining ecological regions. "Some of 

the most important sources of information are the "mental maps" of ecosystem 

patterns held by scientists and resource managers who have studied the area 

(Omernik, 1995)." Usually, sets of reference sites are selected for each region 

and subregion to get a sense of realistic, rather than "pristine" conditions 

regarding aquatic ecosystems. It is unrealistic to think one can find undisturbed 

areas since humans have helped shape the landscape for thousands of years. 

Omernik (1995) argues that the "watershed approach" does not 

necessarily provide a spatial context within which we can better understand and 

manage ecosystems. Watershed studies "should be done within a natural 
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ecoregional framework that subsumes patterns in the combination of 

geographical characteristics (e.g., soils, geology, physiography, vegetation, and 

land use) associated with regional differences in ecosystems (Omernik, 1995)." 

Omernik's approach is based on patterns of terrestrial characteristics. 

Small-scale maps of factors that cause regional variations or integrate factors in 

ecosystems are gathered. The second step is to analyze these maps and 

tabulate the spatial homogeneity in soils, land use, vegetation, and land surface 

form of regions. "Ecoregions should be large enough to contain entire 

topographic watersheds of at least 200 square miles, but not so large as to 

encompass contrasting relatively homogenous regions that, themselves, contain 

entire watersheds of at least 200 square miles (Omernik, 1995)." Delineating 

ecoregion boundaries and defining the most typical portions of each ecoregion 

are steps that follow. The multi-region patterns are color-coded at the final step 

of ecoregion delineation. 

Another approach to ecoregion is by Bailey (1995). He differentiates 

ecoregions according to a hierarchical scheme modified from Crowley (1967), 

using climate and vegetation as indicators of regional differences. Three levels 

of hierarchy are presented. The broadest levels are designated "domain" and 

"division" which are based on the large ecological climate zones. "Climate is 

emphasized at the broadest levels because of its overriding effect on the 

composition and productivity of ecosystems from region to region (Bailey, 

1995)." 

Each division is subdivided into provinces on the basis of features of 

vegetation. The "Cascade Mixed Forest Province", in the Pacific Northwest, is 

an example of a "Mountain Province" in the "Marine Division" of the "Humid 

Temperate Domain". The "California Coastal Steppe Province" is in the 

"Mediterranean Division" of the "Humid and Temperate Domain". Strong annual 
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cycles of temperature and precipitation and pronounced seasons are 

characteristics of the Humid and Temperate Domain. Some Pacific Northwest 

salmon watersheds are found in the Dry Domain where annual losses of water 

through evaporation exceed annual water gains from precipitation. "Due to the 

resulting water deficiency , no permanent streams originate in dry climate zones 

(Bailey, 1995)." The Middle Rocky Mountain Province occurs in the Temperate 

Steppe Division of the Dry Domain. 

Questions 

In order to choose the most appropriate approach for studying 

ecoregional differences on the status of salmon stocks, I needed to answer two 

questions: 

1) Do the two sources of ecoregion data correlate with each other? 

2) Which source of ecoregion data is better for looking at salmon? 

Results 

I addressed the first question by coding the watersheds into 15 

ecoregions using Omernik's levels II, Ill, and IV maps (Thiele et al., 1995). I 

coded the same watersheds into 9 ecoregions using Bailey's map (Bailey, 1994). 

These ecoregions are listed in Appendix B. Cross-tabulations and correlations 

between these two approaches to ecoregions suggested that both designations 

are strongly associated (tau-c = 0.8, P< 0.001). This result suggests that 

watersheds of the Pacific Northwest are coded similarly by Omernik (1995) and 

by Bailey (1995). 
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The next step was to decide which ecoregion classification was most 

useful for studying salmon. Omernik's (EPA) levels III and IV maps have more 

detailed information, and also conform better with the salmon management 

regions classification than Bailey's maps. In fact, the National Marine Fisheries 

Service used EPA's (Omernik, 1995) delineation of ecoregions when presenting 

the status review of coho, steelhead, and chinook from Oregon, Idaho, 

Washington, and California (Weitkamp et al., 1995; Busby et al., 1996; and 

Myers et al, 1998). When deciding on the designations of Evolutionary 

Significant Units (ESU's), ecoregional features of salmon's habitat are 

considered in addition to salmon life history variations. Based on these reasons, 

EPA's designation of ecoregions were chosen to classify salmon watersheds in 

this study. 

After deciding that the EPA ecoregions are more easily interpretable in 

terms of habitat characteristics for salmon, the next step was to determine 

ecoregion types that were more common than others, and combine similar 

ecoregions in order to have a smaller number of ecoregions for adequate 

sample sizes to analyze. 

Because some watersheds are found within a couple of ecoregions, I 

reclassified those watersheds in the ecoregion in which they were mainly 

located. Therefore, in order for a watershed to be classified in an ecoregion it 

needed to be at least 70% in that ecoregion. This excluded 37 watersheds for 

being located in 2 or more ecoregions and not mainly in one. 

Six major ecoregions were coded from 1 to 6, based on their level of 

human modification as the results of cross-tabulation between these regions and 

the anthropogenic variables used in this study suggested. In order to mimic the 

coding of anthropogenic and biological data, 1 stands for healthier (less 

modified by humans) ecoregions and 6 stands for least healthy (more modified 
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by humans) ecoregions. The hypothesis is that "ecoregions less modified by 

humans and with ecoregional characteristics that are more favorable to salmon 

would be positively associated with healthier salmon." 

Therefore, the coding for ecoregions was: 

1 = Coast (Coast Range) 

2 = Cascades (Cascades + Eastern Cascades + Northern Cascades) 

3 = Klamath 

4 = Valley (Willamette Valley + Puget Lowland) 

5 = Basin (Columbia Plateau + Snake basin + Blue Mountains + Northern 

Rockies) 

6 = California (Southern California Plains and Hills + Central California 

Valley) 

Sixty-one watersheds are located mainly in the Coast Range ecoregion. 

The Cascade ecoregion includes the Cascades, Eastern Cascades, and 

Northern Cascades, and it is comprised of 24 watersheds. The Klamath Region 

has 8 salmon watersheds. One ecoregion designated 'Valley" combines the 

Willamette Valley and Puget Lowland with a total of 24 watersheds. Another 

ecoregion is a combination of the Blue Mountains, the Columbia Plateau, the 

Snake River Basin/High Desert, and the Northern Rockies with 33 watersheds. 

The California ecoregion is a combination of the Southern California Plains and 

Hills and Central California Valley with 15 watersheds. 

Salmon Management Regions 

A map adapted from Busby et al. (1996) illustrates nine salmon 

management regions (Figure IV.1). South of Horse Mountain on the California 
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coast are fisheries that depend primarily on Sacramento River hatchery stocks. 

From Horse Mountain to Humbug Mountain on the Southern Oregon coast is the 

Klamath Management Zone, where fisheries are managed to improve Klamath 

River runs and the obligations to tribal fisheries. The Central Oregon coast from 

Humbug Mountain to Cape Falcon is mainly an area where coho and chinook 

populations returning to rivers in the Coast Range. From Cape Falcon to the 

strait of Juan de Fuca, salmon are managed with special focus on the three 

regions of the Columbia Basin: Lower Columbia below Bonneville Dam, the 

Upper Columbia, and the Snake River. The Washington (Northern) coast region 

lies west from the Coast Range while Puget Sound is in Northern Washington 

(Figure IV.1). 

Salmon management in the Pacific Northwest takes a regional focus. 

Although I am not including fishing as an anthropogenic variable, I wanted to 

explore whether there are differences in the status of salmon stocks depending 

on the way they are regionally distributed according to the Pacific Fishery 

Management Council (PFMC, 1992 ) because the PFMC defines fisheries 

regions according to the major salmon producing rivers. These salmon 

management regions are almost identical to the historical geographic ranges of 

proposed Evolutionarily Significant Units (ESU's) for West Coast steelhead 

(Busby et al, 1996). The coastal salmon management regions are very similar to 

the ESU's for coho (Weitkamp et al., 1995) and fall chinook (Myers et al., 1998) 

presented in the status reviews reports of those species in response to petitions 

for listings of salmon stocks on the Endangered Species List. Therefore, 

understanding the relationship of these salmon management regions and the 

status of salmon stocks is important, since it also deals with the current debate 

of designations stock boundaries for salmon, discussed in Chapter II. 
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I : Northern Coast 
II : Central Coast 
III : Puget Sound 
IV : Lower Columbia 
V : Klamath 
VI : Upper Columbia 
VII : California Coast 
VIII: Sacramento 
IX: Snake 

Figure IV.1 : The nine salmon management regions of the Pacific Northwest, 
coded in ascending order from least amount of human development (I) to most 
(IX). Map adapted from Busby et al. (1996). 
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The PFMC identifies 9 salmon management regions: Sacramento, 

Klamath, Central Oregon Coast, Northern Washington Coast, California Coast, 

Lower Columbia, Upper Columbia, Snake, and Puget Sound regions. I first 

performed cross-tabulation of these regions and the anthropogenic variables to 

determine where most negative human impacts occur. 

The anthropogenic activities associated with salmon populations vary by 

region. For example, the Sacramento, Lower Columbia, California Coast, and 

Puget Sound regions are more urbanized and have extensive impacts from 

human use of land and resources. The highest agricultural land concentration 

occurs on the California Coast and Sacramento regions. The Klamath, Upper 

Columbia, Northern Coast and Puget Sound regions have the greatest 

concentration of American Indian populations who depend on salmon for their 

subsistence and cultural needs. Salmon populations in these areas are 

managed to provide the equal share that treaty tribes have allocated to them. 

For the Klamath, a special management zone exits. The greatest concentration 

of dams is in the Upper Columbia, Lower Columbia, Snake, Sacramento, and 

Klamath regions. Oregon and Washington coastal streams have no major dams 

in them. Watershed councils are present in over half of the watersheds, but 

mainly in the Klamath, Oregon (Central) Coast, and California Coast. For the 

Columbia, the Northwest Power Planning Council oversees the largest 

ecosystem management plan in the world to mitigate for habitat loss due to 

dams. The few wilderness areas occur mainly in the Sacramento, Snake, and 

Puget Sound regions. 

I coded these salmon management regions according to where I 

concluded the most modifications have occurred of the river system. This is an 

ordinal scale from 1 to 9 to parallel the scale of anthropogenic and salmon data. 
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The most modified river systems received the higher scores. For example, the 

Snake management region is probably in the most modified of all because it is 

blocked by dams and has the most reduced water flows for irrigation, navigation, 

and municipal use. Therefore, the Snake region was given the highest code: 9. 

The resulting coding is as follows: 

1 - Northern Coast (North of Cape Falcon, Washington coast) 

2 Central Coast (Oregon coast) 

3 - Puget Sound 

4 - Lower Columbia 

5 Klamath 

6 - Upper Columbia 

7 California Coast 

8 Sacramento 

9 Snake 

Questions 

1) Are salmon management regions correlated to ecoregions? 

2) Are salmon management regions associated with the status of salmon? 

3) Are ecoregional differences associated with the status of salmon? 

4) Which salmon species/races are more strongly associated with 

ecoregional differences and/or salmon fishery regional differences? Why? 
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Results 

Cross tabulations of the two regional measures (9 salmon management 

regions and 6 EPA ecoregions) resulted in significant correlation (Kendall's tau-c 

= 0.6, p < 0.0001). The Coast ecoregion corresponds to the Oregon Coast and 

the Northern Coast salmon management regions (Table IV.1 ). A few of the 

watersheds in the Coast ecoregion fall in the Lower Columbia, Klamath and 

California Coast salmon management regions. The Cascade ecoregion 

coincides mostly with the Upper Columbia and Klamath salmon management 

regions. Other salmon management regions with very few watersheds in the 

Cascade ecoregion are the Puget Sound, Oregon Coast, Lower Columbia, and 

Sacramento. The Klamath ecoregion occurs entirely in the Klamath fishery 

region with the exception of one watershed classified in the Klamath ecoregion 

and the Sacramento PFMC regions. The Valley ecoregion is mostly Puget 

Sound and the Lower Columbia salmon management regions. The Basin 

ecoregion encompasses the Snake and the Upper Columbia salmon 

management regions. The California ecoregion encompasses the Sacramento 

and the California Coast salmon management regions. 

Although the Cascade ecoregion has habitat characteristics that are 

favorable to salmon, such as high precipitation throughout the year, it had seven 

extinct stocks of summer chinook, and seven extinct stocks of spring chinook, so 

the average status of these salmon is very unhealthy (Table IV.2). Climate, 

vegetation, and topography might be favorable to salmon, but the high 

concentration of dams in this ecoregion degrade its habitat and hurt the survival 

of salmon. 

Ecoregional differences exist in explaining the status of salmon stocks. It 

is difficult to determine, however, whether climate and soil characteristics 

preceded the human impacts in determining which stocks are healthier in which 
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Table IV.1: Comparison of ecoregion and salmon management region 
classifications of Pacific Northwest watersheds show that the two classifications 
are significantly correlated. Numbers in cells are watersheds occurring the 
salmon management regions and ecoregions. Numbers in parentheses are the 
codes given to each salmon management region and ecoregion based on their 
level of human development. 

ECOREGION Coast Cascades Klamath Valley Basin California 

PFMC region (1) (2) (3) (4) (5) (6) 

Northern Coast (1) 20 

Central Coast (2) 31 2 

Puget Sound (3) 2 20 

Lower Columbia (4) 3 2 4 

Klamath (5) 5 6 7 

Upper Columbia (6) 11 12 

California Coast (7) 2 4 

Sacramento (8) 1 1 11 

Snake (9) 21 

Table IV.2: Status of salmon stocks of the 5 species/races of salmon and of the 
average watershed status in each of the ecoregions. The least modified 
ecoregion (Coast) has the healthiest stocks. The most modified ecoregions 
(California and Basin) have the least healthy stocks. The numbers are an 
arithmetic average of the status of stocks in each of the ecoregions. Numbers in 
parentheses represent the number of stocks in each of the ecoregions. Note: 
1=most healthy stock through 5 = extinct stock. 

Ecoregion Fall Spring Summer Winter Coho Average 

chinook chinook chinook steelhead 

Coast 2.4 (42) 3.3 (6) 2.7 (3) 2.2 (35) 3.3 (27) 2.8 (61) 

Cascades 4.2 (10) 4.3 (12) 4.7 (9) 3 (10) 4.7 (6) 4.1 (24) 

Klamath 3 (5) 3.7 (3) 5 (1) 2.5 (4) 3.8 (4) 3.6 (8) 

Valley 4 (5) 4.3 (12) 3.8 (5) 2.5 (18) 4 (5) 3.4 (24) 

Basin 5 (8) 4.4 (29) 4.6 (20) 4.7 (10) 5 (8) 4.5 (33) 

California 3 (1) 4.3 (10) 5 (3) 4 (5) 5 (1) 4.3 (15) 
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ecoregions. The Independent Scientific Group (1997) has suggested that the 

interaction of both ecoregiona! and human variables has caused the decline of 

chinook salmon in arid areas of the Columbia River Basin. 

On average, most of the healthy salmonids are in the Coast and Valley 

ecoregions (Table IV.2). In fact, all species/races of salmon are healthier in the 

Coast ecoregion; although, there are many coho stocks at moderate and high 

risk of extinction on the Oregon Coast. Coho are the most opportunistic of all 

species/races of salmon (See chapter II), taking advantage of the good habitat 

conditions available to them. The Coast ecoregion is characterized by clear, 

high gradient perennial streams and densely forested areas [but note that 

logging in the area has modified much of the landscape (Frissell, 1992)]. The 

presence of favorable climate, soils, vegetation and topography in the Coast 

Range coupled with the absence of dams in this area make it favorable to 

salmon. 

On the same lines, the Basin ecoregion has the most number of extinct 

stocks as well as the least healthy average status of stocks for most 

species/races of salmon. For example, all nine extinct stocks of winter 

steelhead and most extinct coho stocks are in the Basin ecoregion. Spring 

chinook were also the least healthy in the Basin ecoregion (Table IV.2). The 

vegetation in this ecoregion is sagebrush and grasslands with some coniferous 

stands in the Northern Rockies and Blue Mountains. The dry climate helps to 

increase the evapotranspiration of streams. In addition to the unfavorable 

climate and vegetation for salmon habitat, human modification such as timber 

harvest, agriculture, and livestock grazing have degraded the riparian habitat 

and sometimes eliminated the riparian vegetation (please refer to Chapter III). 

The strong association between salmon management regions and the 

status of salmonids is evident when accounting for all species/races in the 
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watershed. In the least modified salmon management regions there are 

healthier salmon stocks. On average, the healthiest salmon stocks are present 

on the Northern Coast, Central Coast, and Puget Sound salmon management 

regions (Table IV.3). Winter steelhead are healthier in the Northern Coast, 

Puget Sound, and Central Coast salmon management regions, which occur in 

the Coast, Cascade, and Valley ecoregions. Examples of healthy stocks of 

winter steelhead are the ones at Sauk River and Snohomish River in Puget 

Sound, and Calawah, Hoh and Queets Rivers on the Washington Coast. Fall 

chinook are also healthier in the least modified salmon management regions and 

ecoregions. The healthiest fall chinook stocks are on the Central and Northern 

Coasts. Examples of healthy fall chinook stocks are in the Nestucca, Trask, and 

Tillamook rivers on the Oregon Coast. 

Most extinct stocks of coho are found in the Upper Columbia and Snake 

salmon management regions. The only coho stock with abundance greater than 

67% (healthiest category) is found in the Northern Coast salmon management 

region, in the Bogachiel River, Washington. Because of the lack of healthy 

spring and summer chinook stocks, the poor status of these two chinook races 

was widespread across salmon management regions and ecoregions. Summer 

chinook are extinct from the most modified salmon management regions (the 

Sacramento, the Snake, the Upper Columbia and the Klamath) up to a less 

modified region: one extinct stock of summer chinook in the Nisqually River in 

the Puget Sound region (Table IV.3). The poor status of spring chinook is even 

more evenly distributed among developed and less modified regions. Although 

there are more unhealthy stocks of spring chinook in the more modified areas 

such as the Sacramento, the Snake and the Upper Columbia, there are also 

unhealthy and extinct stocks in the Puget Sound region. 
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Conclusions 

PFMC salmon management areas combine ecological and social 

characteristics fairly well. Although I do not include ocean harvest variables in 

this study, PFMC management regions are based on salmon producing regions, 

which are characterized on ecoregional, biological, and socio-economic 

differences. Based on the results of this study, these areas match well with an 

approach to watershed management as related to salmon. Also, ecoregional 

differences combined with anthropogenic impacts to these ecoregions are 

strongly associated with the status of salmon stocks in Pacific Northwest 

watersheds (Tables IV.2 and IV.3). 

The results of this chapter indicate that the Coast and the Columbia Basin 

are very different in terms of ecoregional and anthropogenic characteristics 

relative to salmon. These two regions are the focus of current policy questions 

relative to salmon. The Coast region is focus of the recent initiative to protect 

coastal coho. The "Coastal Salmon Restoration Initiative", is an effort to avoid 

listing of declining fish stocks and to form the basis of a recovery plan for these 

stocks in Oregon. Fish and wildlife, water resources, and environmental quality 

agencies are three of the nine state agencies involved in this initiative (Coastal 

Salmon Restoration Initiative, 1997). Although this region has few dams, 

logging, urbanization, and agriculture are some of the activities that can be 

detrimental to the health of salmon watersheds. 

In the Columbia Basin region, several human activities are detrimental to 

the health of salmonids spawning in and passing through the region, including 

the great number of dams that block many watersheds. The Northwest Power 

Planning Council was created in 1986 through an effort of Congress to deal with 
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Table IV.3: Status of salmon stocks of the 5 species/races of salmon and of the 
average watershed status in each of the salmon management regions. The 
least modified region (Northern Coast) has the healthiest stocks. The most 
modified ecoregion (Snake) has the least healthy stocks. The numbers are an 
arithmetic average of the status of stocks in each of the ecoregions. Numbers in 
parentheses represent the number of stocks in each of the ecoregions. Note: 
1=most healthy stock through 5 = extinct stock. 

Salmon Fall Spring Summer Winter Coho Average 

management chinook chinook chinook steelhead 

region 

Northern Coast 2.3 (12) 3.0(2) 2.0 (1) 1.6 (16) 2.5 (8) 2.3 (20) 

Central Coast 1.2 (23) 3.3 (6) 3.0 (2) 2.6 (16) 3.4(18) 2.7 (34) 

Puget Sound 3.7 (4) 4.1 (13) 3.8 (5) 2.2 (18) 4.0 (4) 3.2 (25) 

Lower Columbia 3.7 (6) 4.0 (3) 0 stocks 3.3 (11) 4.0(4) 3.7 (13) 

Klamath 3.9 (18) 4.2 (9) 5.0 (4) 2.3 (7) 4.0 (7) 3.9 (23) 

Upper Columbia 4.2 (11) 4.3 (17) 4.7(9) 4.3 (7) 4.9 (9) 4.4 (26) 

California Coast 4.0 (2) 0 stocks 0 stocks 3.8 (10) 5.0 (1) 4.1 (12) 

Sacramento 3.0 (2) 4.3(23) 5.0 (6) 4.0 (2) 0 stocks 4.2 (24) 

Snake 5.0 (2) 4.3(21) 4.3 (17) 4.7 (9) 5.0 (5) 4.5 (25) 

fish and wildlife issues and mitigate for losses due to hydroelectric dams in the 

Basin. 

Therefore, for further analyses between anthropogenic activities in the 

watershed and the status of salmon stocks, I created two separate data bases in 

addition to the region-wide one with 202 watersheds. The Coast and Columbia 

Basin data sets were arrived at from a combined ecoregion and salmon 

management region approach. The Coast region data base includes 81 salmon 

watersheds: Washington Coast from Pysht River (South) to Naselle River 

(North), Oregon coast from Winchuck River (South) to Necanicum River (North), 

and California Coast from Malibu Creek (South) to Smith River (North) (Figure 

IV.2). This ecoregion includes the Pacific Coast Range and coastal valleys. It is 
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characterized by clear, high gradient perennial streams, with high runoff per unit 

area, maritime weather, and low to high mountains. The soils are sandstone, 

siltstone, and basalt rocks sources characteristic of high rainfall areas. The 

predominant land use is forestry due to densely forested areas of Douglas-fir, 

western hemlock, Sitka spruce, and western red-cedar [Bailey (1995) and 

Omernik (1995)]. 

The Columbia Basin includes 60 watersheds of the Lower and Upper 

Columbia River and the Snake River excluding the Willamette River Mainstem 

and tributaries (Figure IV.3). This ecoregion is a combination of 4 ecoregion 

types: Northern Rockies, Blue Mountains, Columbia Basin, and Snake River 

Basin. Because this region consists of basin and range topography, the 

elevation varies. Several mountain ranges separated by fault valleys and basins 

constitute the higher elevation zone of this ecoregion. Douglas-fir, grand-fir, and 

ponderosa pine are used for timber production, grazing, wildlife habitat, and 

recreation. The ecoregion is also characterized by perennial streams in the 

lower elevations. Most of the streams originating in the mountain ranges 

become intermittent or ephemeral when they enter the vast basin area. This is 

due to irrigation, seepage, and evaporation. The dominant vegetation is 

sagebrush/wheat grass steppe. Most of this ecoregion is used as rangeland 

with some large streams being irrigated for pasture and agriculture. Water 

withdrawal for agriculture evapotranspiration and low annual precipitation cause 

many streams to dry up during summer months. Livestock grazing affects water 

quality through habitat degradation. Much of the mainstem Columbia and Lower 

Snake Rivers, as well as lower reaches of tributary rivers like the Deschutes and 

the John Day are partially or completely constrained by ancient lava flows, and 

flood plains are less well developed. "All of the Columbia Gorge is constrained 

and now impounded (Independent Scientific Group, 1997)." Extensive flood 
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Figure IV.2: Coastal watersheds of the Pacific Northwest including Washington, 
Oregon, and California. Map adapted from Myers et al. (1998). 
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and tributaries). Map adapted from Myers et al. (1998). 
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plains provide critical habitats for salmon and are much less available within the 

constrained channels of many of the canyon reaches. 

In the remaining chapters, three separate analyses are presented. The 

region-wide analyses are used to generalize the results of the Pacific Northwest 

data and present a region-wide perspective of watershed variables and the 

status of salmon in the Pacific Northwest. The Coast region as a relatively 

healthy salmonid area with specific ecoregional and human impacts compared to 

the Columbia Basin, which is an unhealthy salmonid area. Ecoregional and 

anthropogenic variables illustrate regional and landscape differences associated 

with the status of salmon in watersheds. 

The Coast and Basin ecoregions and salmon management regions have 

many contrasting differences in climate, vegetation, soils, and consequent 

human activities associated with them. These differences make them 

particularly interesting to study salmon and compare the status of salmonids in 

these two ecoregions/salmon management regions. The following chapters will 

discuss these differences in more detail. 
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CHAPTER V PRINCIPAL COMPONENTS OF ANTHROPOGENIC
 
VARIABLES
 

This chapter addresses the question of whether there is any clustering of 

anthropogenic variables in Pacific Northwest watersheds. 

Can the anthropogenic variables be grouped into a smaller set? Are 

watersheds with low human population found in forested areas? Are watershed 

councils formed in low populated areas? Are hatcheries present in watersheds 

where there is tribal land? Are dams found mostly in forested areas away from 

urban development? Are there regional differences in the way anthropogenic 

variables cluster? 

These questions are addressed by Principal Components Analyses (PCA) 

using three data sets: the region-wide, the Coast, and the Columbia Basin. I 

describe the PCA method and the principal components of anthropogenic 

variables for the 3 regions. More statistical analyses are presented in Chapter VI 

utilizing the factors presented in this chapter. 

Reducing the Set of Anthropogenic Variables 

Factor analysis was the technique used to answer the questions relative 

to grouping the anthropogenic variables into smaller sets. Factor analysis 

determines the minimum number of independent coordinate axes necessary to 

reproduce the variation of vectors in the space. Factors are empirical concepts 

that have a data-reduction capability for 1) exploratory uses the exploration 

and detection of patterning of variables with a view to the discovery of new 

concepts and a possible reduction of data; 2) for confirmation uses the testing 

of hypotheses about the structuring of variables in terms of the expected number 
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of significant factors and factor loading; and 3) measuring device uses - the 

construction of indices to be used as new variables in later analysis (Nie et al., 

1975). 

"Given an array of correlation coefficients for a set of variables, factor-

analytic techniques enable us to see whether some underlying pattern of 

relationships exists such that the data may be 'rearranged' or 'reduced' to a 

smaller set of factors or components that [may] be taken as source variables 

accounting for the observed interrelations in the data (Nie et al., 1975)." 

There are three stages in the factor analysis: 1) preparation of the 

correlation matrix; 2) extraction of the initial factors the exploration of possible 

data reduction; and 3) the rotation to a terminal solution the search for simple 

and interpretable factors. 

Principal components analysis is one type of factor analysis, which 

transforms a given set of variables into a new set of composite variables or 

principal components that are orthogonal (uncorrelated) to each other. While 

classical factor analysis is based on the assumption that the observed 

correlations are mainly the results of some underlying regularity in the data, 

principal component analysis makes no particular assumption about the 

underlying structure of the data. When you explore data reduction by 

constructing a set of new variables, which may be defined as exact mathematical 

transformations of the original data, you are dealing with principal components 

analysis (PCA). 

In factor analysis, there are many statistically equivalent ways to defining 

the underlying dimensions of the same set of data. The question is, what would 

be the best linear combination of variables (one that accounts for more of the 
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variance in the data as a whole); the answer to this question differs depending 

on the method chosen for the factor analysis. 

The first principal components, therefore, may be viewed as the single 

best summary of linear relationships exhibited in the data, given the method of 

analysis. The second component is defined as the linear combination of 

variables that accounts for the most residual variance after the effect of the first 

component is removed from the data. Subsequent components are defined 

similarly until all the variance in the data is exhausted. 

The principal component model is: 

Zi = ail F1 + aj2F2 ainFn 

Where: 

Z : stands for a variable 

n : is the number of observed variables 

F: are "n" new uncorrelated components each of which is in turn defined 

as a linear combination of the n original variables 

a: regression weights 

Loading is a weight for each factor dimension measuring the variance 

contribution the factor makes to the data vector (Rummel, 1970). When a 

variable loads significantly on one factor (each coefficient is much greater than 

others) the factorial complexity of this variable is 1. The importance of a given 

factor for a given variable can be exactly expressed in terms of the variance in 

the variable that can be accounted for by the factor. 
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The correlation between two variables is the sum of the coefficients 

(factors) multiplied. The proportion of total variance accounted for by a given 

factor is the eigenvalue divided by the number of variables. 

Five different factoring methods are available: (1) principal factoring 

without iteration, (2) principal factoring with iterations, (3) Rao's canonical 

factoring, (4) alpha factoring, and (5) image factoring. A rotated factor matrix 

consists of rotating the factor-axis around the origin until they are aligned with 

the variable-vectors in some specified fashion. Four alternative rotational 

methods may be applied to the various factoring solutions, three being 

orthogonal and one oblique. The orthogonal rotation moves the whole factor 

structure around the origin until the best fit is obtained. Oblique rotation 

individually rotates the factors until each factor delineates a distinct variable 

cluster. 

The total variance of a variable accounted for by the combination of all 

common factors is usually referred to as the communality of the variable. By 

subtracting the communality from 1 the uniqueness of a variable is determined. 

This indicates to what degree a variable is unrelated to the others, that is, the 

degree to which the variance, of a variable cannot be derived from the common 

factors. 

According to'Rexstad et al. (1988), some limitations of PCA have to do 

with the fact that PCA may identify components on which variables are highly 

loaded that, in reality, are not correlated amongst themselves. The authors 

collected observations on biotic and abiotic variables that were entirely 

independent of each other (for example, students' grades and meat prices). 

Surprisingly, PCA explained 69% of the variance in the original data due to 

chance correlation among the variables (Rexstad et al., 1988). 
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In the case of this study, however, as presented later in the results 

section of this chapter, the variables highly loaded on the same factor give a 

meaning to the factor understood in terms of watershed variables in relationship 

to salmon. I also chose a p-value of <0.01 to avoid committing the type I error 

referred to by Rexstad et al. (1988). 

A more important limitation of PCA, in my opinion, is that there is no exact 

best solution of factors. Depending on the alternative steps taken during the 

analyses, very different factors could result. 

Analyses and Results 

I chose Principal Component Analysis, with listwise deletion of cases with 

missing values and oblique rotation. I chose PCA because the new variables 

(factors) are exact mathematical transformations of the original data. Also, the 

principal components are uncorrelated to each other, and no assumption about 

the underlying structure of the variables is required (Nie et al. 1975). Therefore, 

I concluded that PCA was the most appropriate factoring method for these data. 

Listwise deletion causes cases containing missing data to be deleted listwise. In 

general, listwise deletion has the effect of reducing the number of cases upon 

which the coefficients are computed. I tried using pairwise deletion of missing 

data with factor analyses, but it did not work. 

I used PCA with iteration because this method employs an iteration 

procedure for improving the estimates of communality, and I wanted the 

variables represented by each factor to have as much in common as possible. 

chose rotated factors because this method simplifies the factor structure, 

specifying the patterning of variables (Nie et al., 1975). I used the oblique 

rotation technique because the user can control the degree of correlations 

I 
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between factors, which gives the best definition sought of the uncorrelated and 

correlated factors. Orthogonal factors are mathematically simpler to handle, but 

assume uncorrelated factors. Therefore, oblique rotation is more realistic 

because "theoretically important underlying dimensions [which is the case of 

most anthropogenic variables in this study] are not assumed to be unrelated to 

each other (Nie et al., 1975)." 

The cut off value for including a principal component was the requirement 

that the eigenvalue had to be equal to or greater than 1. That means that the 

factor accounts for as much variance in the data as would 1 variable, on average 

(Kachigan, 1982). Factors with eigenvalues less than 1 would account for less 

variance than a typical variable, so they were not considered in the analyses, 

since the reason I performed PCA was for data reduction. 

The pattern matrix was examined to determine the highest correlations of 

variables with each factor. The pattern matrix more clearly defines the grouping 

or clustering of variables than the structure matrix. The coefficients of the 

pattern matrix table represent regression weights. Tables V.1 through V.3 

identify the factors for the three regions: 1) Region-wide (all 202 watersheds), 2) 

Coast (81 watersheds) and 3) Columbia Basin (60 watersheds). Naming the 

factors was arbitrary based on what variables each factor loads on the most. I 

only displayed the variables with loading equal or greater than 0.5 because 

variables that loaded less than 0.5 on a certain factor were usually loaded on 

several factors and did not contribute to any of the factors in a substantial 

manner. 

Region-wide: Using all the 202 watersheds, PCA extracted 5 factors after 

oblique rotation of the 13 anthropogenic variables, converging in 21 iterations. 

A total of 73% of the variance in the data were explained by the first 5 principal 

components (factors) (Table V.1). 
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Five factors explained most of the variation in the region-wide data. The 

urbanization factor loaded heavily on subdivision, population, and less on forest. 

I named this factor urbanization despite the fact that forest also loaded in it, 

because, as mentioned before, total forest does not account for the amount of 

logging done to the watershed. The forest factor loaded negatively on USFS 

areas, wilderness and wild and scenic rivers, and positively on non-USFS areas, 

which includes BLM, USFWS, National Park Service, State, and 

private forest lands. The dams factor loaded on number of dams, dam status, 

and agriculture. The Indian tribes factor loaded positively on Indian tribes and 

negatively on hatcheries. This means that Indian tribal lands are located in 

watersheds where hatcheries are not present. The fifth factor loaded only on 

watershed organizations (Table V.1). 

Coast Region: Because of the lack of dams on the Coast region, there 

was no variance on the variables related to dams; therefore, I excluded dams 

from the analyses. Factor analyses extracted 3 factors after the oblique rotation 

of 11 variables, converging in 7 iterations. A total of 57% of the variance in the 

data was explained by the first 3 principal components (Table V.2). 

For the Coast region, the "forest" factor explained most of the variation, 

loading positively on USFS areas, wilderness, and wild and scenic rivers and 

negatively on non-USFS areas. The "land use" factor for the coast had positive 

loading on population, subdivision, agriculture and total forest. Surprisingly, 

total amount of forest and human population load on the same factor both 

region-wide and on the Coast Region. The "hatcheries" factor loaded on 

hatcheries, Indian tribes and watershed organizations. Indian tribes had a 

negative loading on this factor meaning that hatcheries tend not to be found in 

watersheds within Indian tribal land. 
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Table V.1: Principal components of the anthropogenic variables for the 202 
watersheds region-wide. The factor name is based on the variables that have 
the highest factor loading in that factor. The urbanization factor explains 26% of 
the variance of the data, which is also determined by the high 3.4 eigenvalue. 

Factor Eigenvalue Variables	 % Factor Factor
 

variance loading name
 

1	 3.4 subdivision 1.0 "urbanization" 

population 0.9 

total forest 26% 0.5 

2	 2.4 USFS area -0.9 "forest"
 

wilderness -0.8
 

non-USFS area 18% 0.7
 

3	 1.4 number of dams 0.9 "dams"
 

dam status 11% 0.5
 

agriculture 0.5
 

4	 1.2 Indian tribes 0.8 "Indian tribes" 

hatcheries 9% -0.6 

4	 1.0 watershed 8% 0.8 "watershed
 

organizations organization"
 

Columbia Basin: Using the data from the Columbia Basin watersheds, 

five factors were extracted from the 13 anthropogenic variables after oblique 

rotation, converging in 28 iterations. A total of 75% of the variance in the data 

was explained by 5 principal components (Table V.3). 

Variation in the Columbia Basin data was mostly explained by the "land 

use" factor (loaded by mostly forest and agriculture) and the "dams" factor; 

together they contributed to 41% of the variation in the data. Subdivision and 

population loaded negatively in the "urbanization" factor. The fourth factor 

loaded strongly on wilderness and wild and scenic rivers. "Hatcheries" was the 

fifth factor loading negatively on hatcheries and positively on Indian tribes (Table 

V.3). 
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Table V.2: Principal components of the anthropogenic variables for the 81 
Coastal watersheds. The factor name is based on the variables that have the 
highest factor loading in that factor. The forest factor explains 30% of the 
variance of the data, which is also determined by the high 3.3 eigenvalue. 

Factor Eigenvalue Anthropogenic % variance Factor Factor 

variables loading name 

1 3.3 USFS area 0.9 "forest" 

wilderness 30% 0.9 

private forest -0.9 

wild and scenic river 0.7 

2 2.7 population 0.9 "land use" 

subdivision 25% 0.8 

agriculture 0.8 

total forest 0.7 

3 1.3 hatcheries 0.7 "hatcheries" 

Indian tribes 12% -0.7 

watershed organization 0.6 

The factors of all three data sets are very similar. Regional differences 

are mainly determined by the absence of dams in the Coast region. Factor 

scores were used in correlation, multiple regression analyses against the status 

of the different species/races of salmonids. The results are presented in 

Chapter VI. 
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Table V.3: Principal components of the anthropogenic variables for the 60 
watersheds in the Columbia Basin. The factor name is based on the variables 
that have the highest factor loading in that factor. The land-use factor explains 
24% of the variance of the data, which is also determined by the high 3.2 
eigenvalue. 

Factor Eigenvalue	 Anthropogenic % Factor Factor
 

variables variance loading name
 

1	 3.2 total forest 24% 0.9 "land use"
 

agriculture 0.7
 

USFS area 0.6
 

watershed organization -0.6
 

2	 2.2 number of dams 17% -0.8 "dams"
 

non-USFS area -0.8
 

3	 1.7 subdivision 13% -1.0 "urbanization" 

population -0.9 

4	 1.4 wild and scenic rivers 11% 0.8 "wilderness" 

wilderness 0.8 

5	 1.3 hatcheries 10% -0.9 "hatcheries" 

Indian tribes 0.7 
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CHAPTER VI ANTHROPOGENIC ACTIVITIES AND THE STATUS OF
 

SALMON STOCKS, ANALYSES AND RESULTS
 

In this chapter, I address the main goal of this study which is to 

understand the status of salmon stocks by looking at anthropogenic activities in 

watersheds where these salmon spawn. Some of the questions addressed in 

this chapter include: What are the anthropogenic variables and factors that are 

most strongly associated with the status of salmon stocks? What species/races 

of salmon that are most strongly associated with anthropogenic activities? Can 

various salmon life history patterns help interpret some of the results? Can 

regional differences help interpret some of the results? Does it matter that 

watersheds are of differing sizes? 

I first present the statistical techniques used to answer the main questions 

of this chapter and the objectives of this study. I grouped the results by species 

because it became clear that most anthropogenic activities are associated 

differently with coho, spring, fall, and summer chinook, and winter steelhead. 

also decided to present all the statistical procedures used to address the 

questions of this study in charts for each of the species/races of salmon. I also 

address regional differences for the region as a whole, the Coast, and Columbia 

Basin. 

I 
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Analyses 

Characteristics of the Data 

There are three levels of measurement in the data that I used in this 

study: nominal, ordinal, and interval (ratio). "Nominal measurement is 

qualitative; since it involves naming things and putting them into mutually 

exclusive and exhaustive categories (Bernard, 1989)." No assumption of 

ordering or distances between categories is made. The nominal variables in this 

study are also dichotomous variables because they only have two values (for 

example: presence or absence of hatcheries in watersheds). 

A categorical variable is referred to as "ordinal" when there is clear 

ordering of categories, but the absolute distances among them are unknown 

(Agresti, 1984). Like nominal variables, ordinal are exhaustive and mutually 

exclusive, but they also can be rank ordered. What ordinal variables do not tell 

us is "how much" more. "The distances between the values of the variable have 

no meaning (Bernard, 1989)." For example, we do not know the exact distance 

between 1 and 2 when referring to the amount of USFS area in a watershed. 

Interval variables have all the properties of nominal and ordinal variables. 

The distances between the attributes are meaningful. Interval variables that 

have a zero-point are called ratio variables (for example: number of dams below 

the watershed). 

Ordinal and interval variables are "quantitative in the sense that each 

level on its scale can be compared in terms of whether it corresponds to a 

greater or smaller magnitude of a certain characteristic than another level. Such 
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variables are of a very different nature than qualitative variables which are 

measured on a nominal scale (Agresti, 1984)." 

This study is based mostly on ordinal categorical variables. The data on 

the status of salmonids are ordinal because there is clear ordering of the 

categories: "1" means a healthier stock than "2", and so on. While technically 

ordinal, the biological data also approximates intervals of abundance levels, 

such as 1= >67% abundance, to extinct, 5,= 0 abundance, for the variable 

indicating the status of stocks in watersheds (Chapter II). 

The anthropogenic variables were coded to parallel the codes of the 

biological data (status of stocks). One refers to the most or least amount of that 

variable in the watershed depending on whether the variable is referred to in the 

literature as being favorable or detrimental to salmon (Please refer to chapter 

III). Although they were coded to approximate the intervals, the absolute 

distances between 1 and 2 for the anthropogenic data are not known; therefore, 

they are ordinal and not interval. The exception is the variable accounting for 

the number of dams below the watershed, which is on an interval scale. Two of 

the anthropogenic variables, watershed organizations and hatcheries, are 

considered nominal variables because they are coded in terms of their absence 

or presence in the watershed, and not in an ordering fashion. Table VI.1 

presents the variables, level of measurement, and coding scheme for most 

variables used in this study. 

One of the reasons for choosing to violate the normal distribution 

assumption of parametric statistics is because my data is an approximation of an 

interval scale. For example, the wilderness variable was coded: 
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Table VI. 1: Level of measurement and coding range of the variables used in the 
statistical analyses. The biological data (status of salmon stocks) are ordinal 
and so are most anthropogenic variables. The coding range depends on the 
hypothesis tested for each variable (whether the anthropogenic activity is 
hypothesized to favor or hinder salmon survival). Please refer to chapters II and 
III for detailed information on coding methods. 

Variable name Level of Coding range 
measurement 

Summer chinook ordinal 1 (healthy) - 5 (extinct) 

Spring chinook ordinal 1 (healthy) - 5 (extinct) 

Fall chinook ordinal 1 (healthy) - 5 (extinct) 

Coho ordinal 1 (healthy) - 5 (extinct) 

Winter steelhead ordinal 1 (healthy) - 5 (extinct) 

Average status ordinal 1 (healthy) - 5 (extinct) 

Total forest ordinal 1 (all) - 5 (none) 

USFS area ordinal 1 (all) - 5 (none) 

Non-USFS area ordinal 1 (all) - 5 (none) 

Wilderness ordinal 1 (all) - 5 (none) 

Wild and scenic river ordinal 1 (all) - 5 (none) 

Indian Tribe ordinal 1 (all) - 5 (none) 

Agriculture ordinal 1 (none) - 5 (all) 

Population ordinal 1 (none) - 5 (all) 

Subdivision ordinal 1 (none) - 5 (all) 

Dam status ordinal 1 (none) - 5 (all) 

Number of dams interval (ratio) 0 - 13 

Hatcheries nominal 1 (absent) and 5 (present) 

Watershed organization nominal 1 (present) and 5 (absent) 

1= all (or nearly all) the watershed is wilderness
 

2= between half and all of the watershed is wilderness
 

3= about half of the watershed is wilderness
 

4= between half and none of watershed is wilderness
 

5= no (or nearly no) wilderness in the watershed
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Second, most of the ordinal variables in this study have 5 categories, and 

"for the purpose of statistical analysis, ordinal scales with five or more rank can 

be treated as if they were interval level variables (Bernard, 1989)." Third, 

published research in social sciences has used parametric statistics for non-

parametric data. In fact, according to Steel (1998, personal communication), 

80% of social studies use parametric statistics for categorical data. Based on 

the above reasons, I believe that the use of parametric statistics to check and 

complement the results of nonparametric statistics in this study is appropriate. 

Nonparametric means that no assumptions are made about the 

distribution of cases on the variables. The non-parametric association method 

chosen was Kendall's tau. Logistic regression can also be used with categorical 

variables. I applied it to differentiate healthy and unhealthy stocks of salmon 

using anthropogenic variables and factors as dependent variables. 

Other methods used for interval data were chosen to complement and 

check the results from Kendall's tau correlation. Factor analysis was done with 

the anthropogenic variables to determine how the anthropogenic activity 

variables grouped and to simplify further statistical analyses. Because salmon 

watersheds are of varying sizes, I employed partial correlation using watershed 

size as a control variable to determine whether some of the high correlations 

between anthropogenic variables and status of salmon were independent of 

watershed size. Multivariate statistics were performed with the knowledge that 

"the procedures are appropriate to many nonnormal distributions, but their 

adequacy may be open to question (Anderson, 1971)." Discriminant analysis 

was done to determine variables or factors that discriminate between healthy 

and unhealthy stocks. Multiple linear and logistic regression were done to 

determine the combination of variables or factors that best explain the status of 

salmonids in the watershed. 
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The Windows version of Statistical Package for the Social Sciences was 

used for all analyses. The response variable was the qualitative measure of the 

status of salmon populations for each watershed in California, Oregon, Idaho, 

and Washington. I developed a database with the watershed as the unit of 

analysis followed by the species of salmon and various anthropogenic variables, 

salmon management regions and ecoregions coded for each watershed. 

Missing Data 

Some could argue that because the watersheds were not randomly 

chosen, no inference should be made to other watersheds beyond this study. 

However, the watersheds in this study are a complete sample of all stocks of 

salmon reported by Huntington et al. (1994) and Nehlsen et al. (1991) for the 5 

species/races chosen; therefore, they are a representative sample of salmon 

watersheds in the Pacific Northwest as far as the available data. 

Nine of the very small watersheds could not be found in some of the maps 

used to classify the anthropogenic variables. The missing cases were deleted 

pairwise with most of the statistical analyses; that is, a case is deleted from a 

computation of a given coefficient when either of the variables involved in that 

coefficient is missing. That case will, however, be included in the computation of 

all coefficients for which there is complete information. Pairwise deletion has the 

advantage of utilizing as much of the data as possible in the computation of 

each coefficient. It has the disadvantage, however, of (under some 

circumstances) producing coefficients which are based on a different number of 

cases and perhaps on even quite different subpopulations of the file (Nie et al., 

1975). 
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For discriminant analyses, the pairwise deletion was not an option using 

the SPSS; for PCA, I tried using pairwise deletion, but it did not work. Therefore, 

these two methods were used with a listwise deletion of missing data; that is, if a 

watershed is not classified with all the variables needed for the analyses, it is not 

included in the analyses. 

Significance Level 

"Significance" tests whether or not any value of statistical relationships is 

the result of a sampling error or reflects a real covariation in the larger 

population. Because of the relatively large sample size (202 watersheds region-

wide), I decided to use a high significance level for correlations (p <0.001) based 

on the knowledge that very weak associations have a strong likelihood of being 

selected with large samples (Agresti, 1984). The usual p-value of <0.05 proved 

to correspond to very low correlations on the order of 0.1. 

For Kendall's tau and partial correlations, I reported the results of 

correlations with p-values equal or less than 0.001. For multivariate analyses, I 

included coefficients with p-values of 0.01 or less because most of the 

relationships that I found interesting to report would be left out at the 0.001 

significance level. 

I recognize that I am sacrificing statistical power in favor of a very low 

probability of incorrectly rejecting the null hypothesis. A type I error occurs when 

there is inference that a relationship exists when it really does not. A type II 

error occurs when there is inference that a relationship does not exist when it 

really does (Bernard, 1989). For example, only when the probability of 

incorrectly rejecting the null hypothesis "that there is no relationship between the 

amount of dams below the watershed where salmon spawn and the status of 
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salmon in that watershed" is less than 0.001 do I consider that correlation 

"significant". What I am sacrificing are possible important relationships that are 

unrecognized because of lack of power in the analyses (Dizon, et al., 1995). 

What are the costs associated with a type II error in the case of this study? For 

example, what if I fail to recognize that the number of dams below the watershed 

where salmon spawn is highly associated with the poor status of salmon stocks 

when, in fact, there is such an association. If a political decision to allow the 

construction of more dams in salmon watersheds (based on the results of my 

study) causes the extirpation of many salmon stocks, the costs of this type II 

error in my study are extremely difficult to bear. Therefore, I caution the reader 

to attend to my choice of the high probability of committing a type II error. 

However, because this is a general study of many watersheds and of many 

salmon stocks, I decided to discuss the most significant relationships and leave 

others to be explored perhaps by more detailed studies. 

As it happens, however, as the reader will note in the results section of 

this chapter, most anthropogenic variables and factors in the watershed where 

salmon spawn are significantly associated with the status of salmon stocks, 

despite the fact that I used a very high significance level. 

Association and Not Causation 

One variable causes another if four conditions are met (Hirschi and 

Selvin, 1972, cited by Bernard, 1989). 

1) First the two variables must be associated with one another. 

2) Second, the association must not be spurious (that is when the scores on 

two variables are caused by a third one). 
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3) Third, the presumed causal variables must always precede the other in 

time. 

4) And finally, a mechanism must be available that explains how an 

independent variable causes a dependent variable; that is, there must be a 

theory. 

Because I cannot satisfy conditions 2 (because I did not include all 

possible watershed variables) and 3 (because I did not do a temporal study), 

although correlations are found to be high and significant, I cannot interpret the 

relationship as causal. When I refer to the explanatory power of an independent 

variable in relationship with the status of salmon, I mean that that variable 

"explains" part of the variance inherited in the dependent variable. At no time do 

I try to infer a causal relationship. 

Life History Differences 

What is the relative status of the species/races of salmon? How does 

stock status correlate with anthropogenic variables and factors? What is the 

status of winter steelhead relative to the other species/races of salmon in the 

different salmon management regions? 

Frequency distributions of the biological and anthropogenic data were 

done for descriptive purposes. Contingency tables or cross tabulations display 

the frequencies of observations occurring at the various combinations of levels 

of the variables. They were used to describe the proportion of salmon stocks 

and their relative status present in different salmon management regions and 

ecoregions. Also, the proportion of USFS area, human population and other 

anthropogenic variables found in the different salmon regions and ecoregions 
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was done through cross tabulations. Cross tabulations were used for descriptive 

purposes to help illustrate and interpret results from other statistical methods. 

To address the objectives of how salmon and anthropogenic variables 

(and/or factors) were related, correlation analysis was necessary. Because most 

of the data are ordinal, Kendall rank-order correlation coefficients are the most 

appropriate correlation measures. Kendall's tau measures the association 

between two ordinal-level variables. 'The Kendall's tau coefficient is a relative 

measure of the discrepancy between the actual observed order of the 

independent variables and these two orders that would result from perfect 

association (Gibbons, 1976)". Tau-b is the most appropriate with square tables 

(equal numbers of rows and columns), and tau-c is used for rectangular tables 

(Nie et al., 1975). 

Spearman's R and Kendall's tau are two similar correlation measures for 

categorical data. Tau should be used when a fairly large number of cases are 

classified into a relatively small number of categories (such is the case with 

study: 202 watersheds and 5 categories for most variables), while Spearman's R 

may be used when the ratio of cases to categories is smaller. In samples of 

moderate size, a p-value based on tau is more reliable than one based on R 

(Gibbons, 1976). In addition, Kendall's tau is a conservative statistic that does 

not inflate relationships between variables by ignoring data (Bernard, 1989). 

I performed Kendall's tau correlation using anthropogenic variables 

against the status of stocks of each of the species of salmonids. I also used the 

factor scores obtained from the PCA analyses for each of the regions (Please 

refer to Chapter V) to correlate against the status stocks of each of the species 

of salmonids. The results are presented later in this chapter. 



130 

Controlling for Watershed Size 

Depending on the detail of the information about the status of salmon 

stocks, the watersheds used to classify the stocks vary from very small creeks to 

large basins. Therefore, it was necessary to determine whether anthropogenic 

variables and factors were significant in explaining the status of salmon stocks 

independent of watershed size. 

The statistical approach that I used to control for watershed size was 

partial correlation with pairwise deletion of missing data. "Partial correlation 

provides the researcher with a single measure of association describing the 

relationship between 2 variables while adjusting for the effects of one or more 

additional variables (Nie et al., 1975)." In partial correlation, the effect of the 

control variable is assumed to be linear throughout its range. The new or 

adjusted independent variable is constructed by taking the difference between 

the actual value of the original independent variable (for each observation) and 

its value as predicted by the control variable. This new variable is, by definition, 

uncorrelated with each and/or all control variables, which have been entered. 

The same procedure is then repeated for the dependent variable (Bernard, 

1989). 

The variable named "watershed size" was coded similarly to the 

anthropogenic variables in the watershed from 1 through 5 for watershed size: 1 

being very small creeks such as Fifteen Mile Creek in the Columbia Basin and 5 

being large watersheds such as the Lower Columbia Basin. I also used the 

factor scores obtained from the PCA analyses for each of the regions (refer to 

Chapter V) to correlate against the status stocks of each of the species of 

salmonids controlling for watershed size. The results are presented later in this 

chapter. 
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Combination of Anthropogenic Activities 

What combination of anthropogenic variables and factors best explains 

the status of salmon stocks? I chose to use multiple linear regression and 

logistic regression to address this question. 

Regression describes the mean of the distribution of a response variable 

(Y) for particular values of explanatory variables (X1 and X2, say). In the case of 

this study, the mean distribution of the categorical information about the status of 

salmon was described by the categorical information about the anthropogenic 

variables or factors in the watershed. In multiple regression there is a single 

response variable and multiple explanatory variables. The term linear means 

that the regression is linear in parameters. The following is a multiple linear 

regression model (for 2 explanatory variables): 

Mean {Yi X1, X2} = 110f0- (X1 .X2) + 1 1f1 (x1,x2) 12f2(x1,x2) 

Where the fi(X1,X2)s are known functions of the explanatory variables. 

The fl's are unknown model parameters, referred to as regression coefficients. 

The regression coefficients are interpreted as effects of the explanatory 

variables on the mean of the response when the other explanatory variables are 

also in the model. The effect of an explanatory variable is the change in the 

mean response that is associated with a one-unit increase in that variable while 

holding all other explanatory variables fixed. 

The anthropogenic variables were listed as explanatory variables for the 

response variables representing the status of the stocks of each of the 5 salmon 

species/races and also for the average status of salmonids. I repeated the 

procedure using factor scores obtained from the PCA analysis (please refer to 

Chapter V) in the place of anthropogenic variables. 
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A full model of all anthropogenic and factors possibly explaining the 

status of salmon was compared with reduced models. A p-value of less than 

0.01 for the coefficients of explanatory variables was chosen as the cut-off value 

to enter those variables/factors into the final model. I chose the stepwise 

forward inclusion method using F-statistic as the model selection criterion. A 

model with the largest F-value was chosen if the model had a p-value for F less 

than 0.01. The p-value in this case is the proportion of values from an F 

distribution that exceed the F-statistic (Ramsey and Schafer, 1997). I also 

looked at the change in R, based on the R-squared statistic, that is the 

percentage of the total response variation explained by the explanatory 

variable(s). If a change in R was less than .05 (arbitrary number), with the 

inclusion of a variable, I chose to include the more reduced, simpler model, 

because it explained almost the same variation in the data with less variables. 

also examined plots of residuals against the predicted Y values to determine 

whether patterns in the residuals would suggest the need to transform 

independent or dependent variables (for example, log transformations). 

One disadvantage of using multiple linear regression with the 

anthropogenic variables is the multicolinearity in watershed data. 

Multicolinearity refers to the situation in which some or all of the independent 

variables are very highly interrelated. This is the case with the presence of 

USFS areas, total forest, wilderness, and non-USFS areas. I tried to deal with 

multicolinearity by using the factor scores in the place of variables; however, the 

principal components (determined by oblique rotation) are not entirely 

independent, as previously discussed in Chapter V. 

I 
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Healthy versus Unhealthy Salmon Stocks 

What anthropogenic activities in the watershed explain the difference 

between healthy salmon stocks and unhealthy ones? The discriminant analysis 

statistically distinguishes between two or more groups of cases. The logistic 

regression can describe binary response (healthy/unhealthy stocks) in terms of 

explanatory variables. They were both used to help distinguish between 

watersheds with healthy stocks of salmon versus the ones with unhealthy stocks 

based on the anthropogenic variables and factors at stake. 

Discriminant Analysis: The mathematical objective of discriminant 

analysis is to weigh and linearly combine the discriminating variables in some 

fashion so that the groups are forced to be as statistically distinct as possible. 

The canonical correlation is a measure of the association between the single 

discriminant function and the set of variables, which define the group 

membership. Each coefficient represents the relative contribution of its 

associated variable to that function, much as in multiple regression or factor 

analysis. The unstandardized coefficients are used to obtain a discriminant 

score for the function by multiplying each coefficient by the respective variable 

value and summing the products plus a constant (Nie et al., 1975). 

The eigenvalue is a measure of the relative importance of the function. 

The sum of the eigenvalues is a measure of the total variance existing in the 

discriminating variables. Wilk's lambda is an inverse measure of the 

discriminating power in the original variables, which has not yet been removed 

by the discriminant functions. The larger the lambda, the less information 

remains to be explained. One can empirically measure the success of the 

discrimination by observing the proportion of correct classifications (Nie et al, 

1975). 
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I divided the 5 categories representing the status of salmon stocks 

(please refer to Chapter II) into 2 groups: categories 1, and 2 were combined 

into the "healthy" group of salmonids, and categories 3, 4 and 5 were combined 

into the "unhealthy" group of salmonids. I used the same criteria as Huntington 

et al. (1994) when classifying stocks into the healthy category. Their "minimum 

standard for classifying a particular stock as healthy was that the stock be at 

least 10% as abundant as would be expected in the absence of anthropogenic 

impacts, [would be] abundant relative to current habitat capacity, [would] not [be] 

recently declining in abundance, and [would] not [be] previously identified as 

being at substantial risk of extinction (Huntington et al., 1994)." The categories 

1 and 2 meet the 10% cut off standard (please refer to Chapter II). 

The dependent variables were the status of stocks from each of the 5 

species/races of salmonids as well as the average status of salmonids. The 

independent variables were the anthropogenic variables or the factors derived 

from these variables. 

The forward stepwise variable selection had: the maximum number of 

steps set as 10, the maximum tolerance level set at 0.001, the maximum F to 

enter set at 3.8440, the maximum F to remove is 2.7100, and the maximum 

significance of Wilk's lambda set at 1.000. The canonical discriminant function 

was set with the maximum number of function at 1, the minimum cumulative 

percent of variance at 100.00, and p-value for entry set at 0.01. I chose 

stepwise and not a direct method because the independent variables are 

selected for entry into the analysis on the basis of their discriminating power. 

chose Wilk's lamda method because it maximizes the F-ratio, which was also the 

criterion chosen for the regression methods I used. 

I performed discriminant analyses using anthropogenic variables to 

discriminate between watersheds with healthy or unhealthy salmonids for each 

I 
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of the species/races of salmon and for the watershed average. I also used the 

factor scores obtained from the PCA analyses for each of the regions (refer to 

Chapter V) to discriminate between watersheds with healthy or unhealthy 

salmonids depending on the species of salmon. The results are presented later 

in this chapter. 

Discriminant analysis accepts categorical measures of the dependent 

variables but it assumes that all independent variables are measured as interval 

scales and have linear additive effects with respect to the dependent variable. 

Because most of the independent variables in this study are not measured in an 

interval scale, I decided to also use logistic regression to check the results of the 

other statistical tools already used. Logistic regression is preferable to 

discriminant analysis solutions when the explanatory variables are categorical 

(Ramsey and Schafer, 1997). Logistic regression is nearly as efficient as the 

standard tools when the explanatory variables do have normal distributions. 

Logistic Regression: Logistic regression analysis is useful for describing 

a binary response variable (healthy/ unhealthy stocks of salmon) in terms of 

explanatory variables. The mean of a binary response is a probability, so the 

logistic regression model describes a probability as a function of explanatory 

variables (Ramsey and Schafer, 1997). 

One of the differences between multiple linear regression and logistic 

regression is that the latter is "nonlinear since the mean of the binary responses 

is not linear in Bs; but is a special kind of nonlinear model called a generalized 

linear model in which some function of Mean {y1x} is linear in the as. In this 

case, this link function, which links the mean to an expression that is linear in the 

Rs, is the logit (Ramsey and Schafer, 1997 ): 

Mean {yl xl, x2,x3} = z; logit (z) = flo + 111x1 + 112x2 + 113 x3 
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"Although the statistical theory and computation are different for 

generalized linear models, the right hand side of the logistic regression model is 

used and interpreted in much the same way as in linear regression (Ramsey and 

Schafer, 1997)." The coefficient of one explanatory variable describes the 

change in the population log odds per unit change in that explanatory variable 

for fixed values of all other explanatory variables. 

I used logistic regression only to verify and compare the results found by 

other statistical analyses. This tool was included after all other analyses had 

been performed to verify whether other relationships would appear as a result of 

a tool that allows for the inclusion of categorical explanatory variables. I also 

tried to include interaction terms of important explanatory variables when the 

final model included more than one variable or factor. I limited my interpretation 

of the results by looking at the most significant variables/factors (p-value < 0.01) 

included in the logistic model for that species/races of salmon in one of the three 

regions. 

The disadvantage of doing the discriminant analysis and logistic 

regression is that I forced two or more levels of health into one group and lost 

some of the detailed information. In some cases, such as coho salmon in the 

Columbia Basin, where there were no healthy stocks; I could not perform either 

discriminant or logistic regression. However, discriminant analyses and logistic 

regression results were interpreted in conjunction with the results of other 

statistical methods. Therefore, several statistical tools were used when 

interpreting the results of the relationship between salmon and anthropogenic 

activities in the watershed. 

I only divided the 5 categories of the status of salmon into 2 groups 

because, according to Nie et al. (1975), when more than 2 groups exist, 

discriminant analysis becomes more difficult to understand at the intuitive level. 
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In addition, dividing the categories into more than two groups would result in 

many empty cells because of the small number of stocks of certain species/races 

of salmon. Also, logistic regression only accepts binary response variables. 

Presentation of Results 

Tables for each species/races of salmon illustrate the results of Kendall's 

tau, partial correlation, multiple linear regression, logistic regression, and 

discriminant analyses. Each of the statistical methods was performed for each 

of the species/race separately in three different regions: region-wide, Coast, and 

Columbia Basin. The variables and factors that are most significantly correlated 

or that presented the highest coefficients with the status of salmon stocks are 

shown in Tables VI.4-9. In the results section for each of the species/races of 

salmon I discuss the tables in detail. 

Results 

Different species/races of salmon have different life history patterns. The 

statuses of fall, spring, and summer chinook, winter steelhead, and coho are 

compared. On average, salmonids have an unhealthy status (Table VI.2). On 

average, 50% of the salmonid watersheds have stocks with moderate and high 

risk of extinction, and 20% of those watersheds have extinct salmon stocks. 

Only 5% of the watersheds region-wide have healthy (>67% abundance) 

salmonids (Table VI.3). Region-wide, winter steelhead is the healthiest of the 

species/races of the salmon studied, followed by fall chinook, coho, spring 

chinook, and summer chinook as the least healthy salmonids. Out of the 96 
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Table VI.2: Average status of salmon species/races and watershed average for 
the region-wide, Coast, and Columbia Basin. The numbers can vary from 1 
(healthiest; > 67% abundance) to 5 (extinct). Note that all Columbia Basin 
stocks are, on average, at moderate risk of extinction or worse, while Coastal 
stocks are healthier, independent of the species/race. Number of stocks is 
indicated in parentheses. 

Species/races Region-wide Coast Columbia 

winter steelhead 2.9 (96) 2.7 (48) 4.0 (24) 

fall chinook 3.1 (80) 2.4 (48) 4.1 (17) 

coho 3.9 (56) 3.3 (32) 4.8 (16) 

spring chinook 4.2 (94) 3.5 (12) 4.4 (40) 

summer chinook 4.4 (44) 3.3 (3) 4.5 (26) 

watershed average 3.6 (202) 3.0 (80) 4.3 (60) 

Table VI.3: Proportion of species/races of salmonids and watershed average in 
the categories representing their stock status for the region-wide data (202 
watersheds). Note that there are no summer nor spring chinook stocks at the 
healthy-level I category. Note that all species/races of salmon have some or 
several extinct stocks. 

Stock status WIST FACH COHO SPCH SUCH Ave 

(96) (80) (56) (94) (44) (202) 

% % ok % % 

healthy-level 1 >67% 10 11 2 0 0 5 

healthy 10-67% 34 34 16 5 5 17 

special concern 21 6 4 6 7 15 

moderate and high risk 24 30 52 53 34 44 

extinct 10 19 27 35 55 20 

stocks of winter steelhead listed by Nehlsen et al. (1991) and Huntington et al. 

(1994), 10% are extinct while 55% of the 44 stocks of summer chinook are 

extinct (Table Vl.3). Columbia Basin stocks are in the worst shape independent 
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of species (Table VI.2). Coastal salmon stocks are in better shape, especially 

fall chinook and winter steelhead (Table VI.2). 

Summer Chinook 

Compared to the other species/races of salmon studied, summer chinook 

have the worst average status region-wide (Table VI.2). None of the summer 

chinook stocks are more than 67% abundant when compared to pre-European 

settlement. Only 5% of summer chinook stocks are considered minimally 

healthy (category "2"). Most of them (54%) are extinct (Table VI.3). 

Region-wide, the most significant variables related to summers are dam 

status and hatcheries (Table VI.4). Healthy summers are discriminated from 

unhealthy summers by the number of dams below the watershed where they 

spawn, subdivision development, USFS area, and watershed organizations. 

The "dams" factor is the only significant factor for the summer chinook multiple 

linear regression model region-wide (Table VI.4). 

The negative correlation between hatcheries (1= no hatchery in the 

watershed, 5 = at least one hatchery is present in the watershed) and summer 

chinook suggests that hatcheries occur where summer chinook are healthier 

(Table VI.4). One could interpret this result as indicative of a positive impact of 

hatcheries on stocks of wild salmon. I think, however, that because summer 

chinook salmon are in such poor condition, the very few places where they are 

more abundant are where there are mixed stocks of hatchery and summer 

chinook. It is important to recall that potential interbreeding with nonnative fish 

did not disqualify a stock from the list of Nehlsen et al. (1991) because 

substantial native characteristics may remain. In addition, hatcheries are placed 

near watersheds where wild salmon are likely to return; therefore, if the stock is 
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Table VI. 4: Anthropogenic variables and factors (using factor scores from PCA, 
please refer to Chapter V) associated with the status of summer chinook (p 
0.001 for correlations and p 0.01 for regressions). The analyses are done for 
region-wide, Coast, and Columbia Basin separately. In parenthesis are the 
correlations or standardized coefficients. Included are percent of grouped cases 
correctly classified for discriminant analyses and logistic regression, Wilk's 
lambda, and R2 for multiple linear regression. 

Region Statistical Anthropogenic	 Factors 
procedure variables
 

Region Kendall's dam status (0.5) "dams" (0.5)
 
wide (44 stocks) correlation hatchery (-0.5)
 

partial correlation	 hatchery (-0.5) "dams" (0.5) 
dam status (0.3) 
watershed organization (0.3) 

discriminant	 number of dams no significant factor 
subdivision 
USFS area 
watershed organization 

(Wilk's lamda = -0.5) 
(Correctly classified = 95%) 

logistic regression no significant variable no significant factor 
multiple linear dam status (0.5) "dams" (0.4) 
regression hatchery (-0.5) 

(Constant = 4.3)	 (Constant = 4.4) 
(R2 = 0.5) (R2 =0.3)
 

Coast (3 stocks) Too few data points to allow meaningful statistical analyses
 
Columbia Kendall's no significant variable "land use" (0.5)
 
(26 stocks) correlation
 

partial correlation number of dams (0.7) no significant factor 
watershed organization (0.5) 

discriminant total forest "dams" 
population "hatcheries" 

(Wilk's lambda = 0.7) (Wilk's lambda = 0.70) 
(Correctly classified = 88%) (Correctly classified = 

100%) 
logistic regression no significant variable no significant factor 
multiple linear no significant variable no significant factor 
regression 
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already extinct it is not likely that the hatchery will be placed there, although 

hatchery stocks could be outplanted to other watersheds. The only two healthy 

stocks of summer chinook are in the Soleduck River (Washington Coast) and the 

mainstem Skagit River (Puget Sound), and in both rivers there are hatcheries 

that breed and rear summer chinook (Washington Department of Fisheries 

1993). On the other hand, the San Joaquin, Stanislaus, and Tuolumme Rivers 

in California all have extinct summer chinook stocks and no hatcheries. 

Region-wide and in the Columbia Basin, watershed organizations are 

significant in explaining the status of summer chinook (Table VI.4). Watershed 

organizations are present where summer chinook are healthier. From this result, 

one cannot conclude that a watershed organization has restored the health of 

that watershed and, consequently, the health of that specific summer chinook 

stock, since most watershed organizations are relatively recent. 

Summer chinook are the only species/race of salmon studied whose 

status can be partly explained by the amount of subdivision development in the 

watershed (Table VI.4). Region-wide, discriminant analysis results suggest that 

more subdivision development, in conjunction with more dams below the 

watershed, less USFS area, and less watershed organizations in the watershed 

where summer chinook spawn explain the unhealthy status of summer chinook. 

These four variables correctly classified 95% of the summer chinook stocks 

region-wide into the'healthy/unhealthy groups (Table VI.4). Most salmon 

watersheds have little or no subdivision development. The salmon management 

areas with more subdivision development are in the California coast, 

Sacramento, the Lower Columbia, and Puget Sound. There are no summer 

chinook stocks listed in the Sacramento area, either because they never 

occurred there or possibly because they have been extinct for a long time due to 

urbanization (subdivision development). Most (80%) of summers on the 
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California Coast are extinct, while 80% of the Lower Columbia stocks of summer 

chinook are either at moderate to high risk of extinction or are already extinct. 

On the Coast, the very few (3) stocks of coastal summer chinook 

prevented meaningful statistical analyses and results. Also, compared to 

Columbia Basin and region-wide salmon, coastal stocks are healthier, so there 

is less discrepancy in the health of salmonids on the coast. Therefore, the gap 

between healthy and unhealthy stocks is not as detectable, which means lower 

correlations. Some speculate that the reason for healthier coastal stocks is the 

lack of major dams on coastal salmon watersheds (Huntington et al., 1995). 

Results from most statistical analyses in the Columbia Basin and region-wide 

suggest that dams are the major factor explaining the health of salmonids 

(Tables VI.4-9). 

In the Columbia Basin, number of dams and watershed organizations are 

strongly associated with the status of summer chinook, controlling for watershed 

size (partial correlation) (Table VI.4). Unhealthy summer chinook occur in areas 

with more dams below the watershed and where watershed organizations are 

not present. 

The land use factor (mostly loaded by total forest and agriculture; see 

Table V.3) is associated with healthier summer chinook. Also, more total forest 

and less human population in a watershed discriminate between healthy and 

unhealthy summer chinook in the Columbia Basin. The factors representing 

"dams" and "hatcheries" also discriminate between healthy and unhealthy 

summers. 

Region-wide and in the Columbia Basin, watershed organizations are 

significant in explaining the status of summer chinook (Table VI.4). Watershed 

organizations are present where summer chinook are healthier. From this result, 
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however, one cannot conclude that a watershed organization has restored the 

health of that watershed and, consequently, the health of that specific summer 

chinook stock, since most watershed organizations are relatively recent. 

Spring Chinook 

Spring chinook is the second least healthy salmon after summer chinook. 

Out of the 94 stocks of spring chinook listed region-wide, 53% are at moderate 

and high risk of extinction, and 35% are extinct (Table VI.3). The 12 stocks of 

coastal spring chinook are in better shape than the 40 stocks in the Columbia 

Basin (Table VI.2). 

Region-wide, spring chinook are associated with the dam status of the 

watershed, the number of dams below the watershed, Indian tribes, non-USFS 

areas, and USFS areas (Table VI.5). Wild and scenic rivers discriminate healthy 

from unhealthy spring chinook. The factors for forest and dams also 

discriminate healthy from unhealthy spring chinook region-wide. Dams, Indian 

tribes, and USFS areas are associated with less healthy spring chinook. 

Spring chinook stocks, region-wide, have a strong negative association 

with Indian tribes, leading us to conclude that these races of chinook are 

healthier where Indian tribes are not present. One possible explanation for the 

negative relationship between Indian tribes and spring chinook is the location of 

tribal land, where the environment for salmon has been severely degraded by 

non-Indian economic development, especially by dams and irrigation 

withdrawals. Examples of these are the Yakama Indian Nation around the 

Yakima River, Columbia Basin, and the Nez Perce Indian tribe around the North 

Forth Clearwater River in the Snake where dams block both watersheds. 

Another possible explanation for the rejection of my hypothesis that the greater 
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Table VI.5: Anthropogenic variables and factors (using factor scores obtained 
from PCA, please refer to Chapter V) associated with the status of spring 
chinook (p ... 0.001 for correlations and p s 0.01 for regressions). The analyses 
are done for region-wide, Coast and the Columbia Basin separately. In 
parenthesis are the correlations or standardized coefficients. Included are 
percent of grouped cases correctly classified for discriminant analysis and 
logistic regression, Wilk's lambda for discriminant analyses, and R2 for multiple 
linear regression. 
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Table VI.5 

Region 

Region 
wide 
(94 stocks) 

Coast 
(12 stocks) 

Columbia 
(40 stocks) 

Statistical 
procedure 
Kendall's 
correlation 

partial correlation 

discriminant 

logistic regression 

multiple linear 
regression 

Kendall's 
correlation 
partial correlation 
discriminant 

logistic regression 
multiple linear 
regression 
Kendall's 
correlation 
partial correlation 
discriminant 

logistic regression 
multiple linear 
regression 

Anthropogenic
 
variables
 
dam status (0.5)
 
number of dams (0.4)
 
Indian tribe (-0.4)
 
non-USFS area (0.3)
 
number of dams (0.4)
 
USFS area (-0.3)
 
wild and scenic river
 
number of dams
 

(Wilk's lambda = 0.8)
 
(Correctly classified = 83%)
 
number of dams (0.3)
 
Wild and scenic river (0.8)
 

(Constant = -1.8)
 
(Correctly classified = 86%)
 
number of dams (0.4)
 
wild and scenic river (0.4)
 
dam status (0.2)
 

(Constant = 3.8)
 
(R2 = 0.4)
 
no significant variable
 

no significant variable
 
wild and scenic river
 

(MIk's lambda = 0.9)
 
(Correctly classified =80%)
 
no significant variable
 
no significant variable
 

dam status (0.6) 

no significant variable 
watershed organization 
wild and scenic river 

( Wilk's lambda = 0.7) 
(Correctly classified = 82%) 
no significant variable 
dam status = 0.4 
wild and scenic river = 0.4 
number of dams = 0.3 

(Constant = 2.5) 
(R2 = 0.6) 

Factors 

"dams" (0.4) 
"Indian tribes" (-0.3) 

"dams" (0.5) 
"Indian tribes" (-0.4) 

"Indian tribes" 

(Wilk's lamda = .9) 
(Correctly classified = 52%) 

no significant factor 

"dams" (0.4) 
"Indian tribes" (-0.3) 

(Constant = 4.1) 
(R2 =0.3) 

no significant factor 

no significant factor 
no significant factor 

no significant factor 
no significant factor 

"wilderness" (0.5) 
"hatchery" (-0.4) 
no significant factor 
"wilderness" 

(Wilk's lambda = 0.7) 
(Correctly classified = 81%) 

no significant factor 
"wilderness" (0.5) 
"urbanization" (0.4) 
"land use" (0.3) 

(Constant =4.3) 
(R2 =0.5) 
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the amount of Indian tribal land in a watershed, the healthier the salmon stocks, 

is that, contrary to what I assumed, Indian tribes may also act upon their 

environment in a detrimental fashion. Examples are their reliance on hatchery 

production of salmon for their subsistence and cultural needs, logging of salmon 

watersheds, and the construction of gambling resorts on Indian tribal land. 

The more the watershed is in USFS area and less in non-USFS area the 

less healthy spring chinook are in the Pacific Northwest region-wide (Table 

VI.5). This result rejects my hypothesis that the management of non-USFS 

areas (BLM, USFWS, National Park Service, state, and private forests) is more 

detrimental to the health of the environment than if the land is managed by the 

United States Forest Service. However, because I do not quantify the amount of 

forest actually left in the watershed after logging occurs, this result could be 

misleading. Also, because I did not differentiate between BLM, USFWS, 

National Park Service, state, and private lands, and these lands are managed 

quite differently and could have a very different impact on salmon, the variable 

"non-USFS area" is not self-explanatory. I derived this variables from the "total 

forest" and the USFS area variable (Chapter III) to determine how Forest Service 

land is associated with the status of salmon in comparison with non-USFS area. 

Logging activity on federal lands increased significantly in the 1960s and 

early 1970s (Siuslaw National Forest, 1994). Details about logging activity done 

in each watershed would help clarify the impacts. Different logging practices 

result in different damage to the riparian ecosystem. In addition, the location of 

USFS areas, usually high in watersheds and above dams, is a contributing factor 

to the poor status of salmon stocks. 

Debris torrents are more prevalent in clear-cut areas than in areas that 

are not logged (Siuslaw National Forest, 1994). The detail required for a better 
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evaluation of the impacts of logging on salmonids is better done in experimental 

studies rather than in a large statistical study such as this one. 

On the Coast, watersheds with a greater portion designated as wild and 

scenic discriminate healthy from unhealthy spring chinook (Table VI.5). Wild 

and scenic rivers are a significant variable associated with the status of spring 

chinook in all the three regions studied. 

Region-wide, dams and wild and scenic rivers have an overwhelming 

power in explaining the status of spring chinook in the multiple linear regression 

and logistic regression models (Table VI.5). More wild and scenic rivers and 

less dams below the watershed where spring chinook spawn also discriminate 

between healthy and unhealthy stocks. 

In the Columbia Basin, spring chinook are healthier where there are 

wilderness areas, absence of hatcheries, fewer dams, watershed organizations 

and more wild and scenic rivers. 

Coho 

Most coho stocks (52%) are considered "at moderate to high risk of 

extinction" and 27% are extinct (Table VI.3). In the Columbia Basin, coho 

salmon are the least healthy of all salmonids studied, with no healthy stocks and 

81% of them already extinct (Table VI.2). 

Coho have life history characteristics that offer both advantages and 

disadvantages. They are the most opportunistic of all species/races of salmon, 

taking advantage of the protection of deeper pools to avoid predation and having 

the least particular choice of spawning area. Their spawning migration is longer 
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than that of fall chinook and winter steelhead, lasting usually 3 months or more; 

therefore, they are more susceptible to the harsh fresh water environment. 

Perhaps the fact that coho depend on deep pools for survival, and the Columbia 

Basin is almost entirely impounded by dams, can explain the extremely poor 

health of coho stocks in the Basin (please refer to Chapter II). 

Region-wide, coho are healthier where there are less dams below the 

watershed where they spawn, less agriculture, more total forest, more non-USFS 

areas, less human population, and no watershed organizations. Less human 

population and no watershed organizations in the watershed discriminate 

healthy coho from unhealthy coho region-wide (Table VI.6). Except for coho and 

winter steelhead, human population was not a significant variable explaining the 

status of salmonids. A reason for this lack of association could be that many 

stocks of salmon are overlooked in urban areas or were already extinct before 

scientists started looking for them (Nehlsen et al, 1991). As the results for coho 

suggest, urban development and consequent increase of human population 

around salmon watersheds can have detrimental effects on salmon through 

permanent removal of riparian zones, channelization of streams, and pollution 

(please refer to Chapter III). 

Agricultural development, population growth, and absence of wilderness 

areas in coho watersheds seem to be key variables influencing the poor status 

of coho in the Coltimbia Basin, as suggested by multiple linear regression 

results (Table VI.6). Agriculture and urban development destroy riparian zones. 

The consequences are increased water temperatures and less structural 

diversity in the stream, leaving the area without the necessary large woody 

debris to allow the formation of pools, which are important features for juvenile 

salmon rearing. Agricultural and urban areas are, therefore, very unfavorable to 

juvenile coho which can no longer find the pools to avoid predation. Coho also 
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Table VI.6: Anthropogenic variables and factors (using factor scores obtained 
from PCA, please refer to Chapter V), associated with the status of coho salmon 
(p __ 0.001 for correlations and p 0.01 for regressions). The analyses are done 
for region-wide, Coast, and Columbia Basin separately. In parenthesis are the 
correlations or standardized coefficients. Included are percent of grouped cases 
correctly classified for discriminant analyses and logistic regression, Wilk's 
lambda for discriminant analysis, and R2 for multiple linear regression. 
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Table VI.6 

Region 

Region 
wide 
( 56 stocks) 

Coast 
(32 stocks) 

Columbia 
(16 stocks) 

Statistical 
procedure 
Kendall's 
correlation 

partial correlation 

discriminant 

logistic regression 

multiple linear 
regression 

Kendall's 
correlation 
partial correlation 
discriminant 

logistic regression 

multiple linear 
regression 

Kendall's 
correlation 
partial correlation 
discriminant 
logistic regression 
multiple linear 
regression 

Anthropogenic
 
variables
 
number of dams (0.7)
 
agriculture (0.4)
 
total forest (0.4)
 
non-USFS area (0.4)
 
number of dams (0.5)
 
watershed organization (-0.2)
 
watershed organization
 
population
 
number of dams
 

(Wilk's lambda = 0.7)
 
(Correctly classified = 77%)
 
watershed organization (-0.5)
 

(Constant = 2.7)
 
(Correctly classified = 79%)
 
number of dams (0.6)
 
watershed organization (-0.4)
 

(Constant = 4.0)
 
(R2 =0.2)
 
no significant variable
 

no significant variable
 
watershed organization
 
forest
 

(VVilk's lambda = 0.5 ) 
(Correctly classified = 84%) 
watershed organization (-1.0) 

(Constant = 3.1)
 
(Correctly classified = 87%)
 
wilderness (1.0)
 
watershed organization (-0.4)
 

(Constant = 4.3) 
(R2=0.3) 
no significant variable 

no significant variable 
no healthy coho 
no healthy coho 
number of dams (0.7) 

(Constant = 4.3) 
(R2 = 0.5) 

Factors 

"dams" (0.6) 

"dams" (0.5) 

"dams" 

(Mikis lambda = 0.9) 
(Correctly classified = 52%) 
no significant factor 

no significant 
factor 

no significant 
factor 
no significant factor 
no significant 
factor 

no significant factor 

no significant factor 

"dams" (-0.5) 

no significant factor 
no healthy coho 
no healthy coho 
no significant 
factor 
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start their upstream migration when there is increased river flow, which can be 

modified by urban and agricultural development in the watershed. Watershed 

organizations are formed where coho are least healthy as suggested by the 

results of discriminant analyses region-wide and on the Coast (Table VI.6). 

Over half (52%) of PNW watersheds in 1995 had a watershed council. They are 

more common in the Coast region than in the Columbia Basin, which can explain 

the relationship between this human organization and coastal coho. 

The oldest watershed councils in the Pacific Northwest were formed in 

1974 (For the Sake of the Salmon, 1995b), and most were formed in the 90s in 

response to increasing concern about watershed health (For the Sake of the 

Salmon, 1995b). Because watershed organizations are formed in response to 

the poor condition of watersheds, it is understandable that salmon, being an 

indicator of the health of a watershed, are worse off where there are watershed 

organizations. I hypothesized that watershed organizations would be associated 

with healthier salmon. But I realize that it is unrealistic to expect that these 

relatively new human organizations would have been able to positively influence 

the health of salmon in such a short time to make a statistical difference. 

Several case studies of watershed organizations and health measures of the 

watersheds taken over time would probably better address this question. 

Forest variables are significantly associated with healthier coho region-

wide and on the Coast. This significant correlation could stem from the fact that 

coho spend a longer time rearing in fresh water compared to most of the other 

species/races of salmon (up to 15 months rearing in fresh water compared to 

days to a few months for fall chinook, about 1 year for summer and spring 

chinook, and 1 to 4 years for winter steelhead) and makes the presence and 

amount of forests a very important factor contributing to the success of coho 

stocks. On the same note, the fact that coho spawn in small coastal streams, or 

small tributaries of large rivers, and these areas are usually targeted for logging 



152 

activities because of the presence of large forested areas, can explain the 

significant correlation between total amount of forest, non-USFS areas, and 

coho. 

Over 30% of coastal coho are considered healthy. The total amounts of 

forest and watershed organizations discriminate healthy coastal coho from 

unhealthy (Table VI.6). Wilderness and watershed organizations are significant 

variables in the multiple linear regression model for coho salmon, but together 

with other less significant anthropogenic variables they only explain 30% of the 

variation in the data about the status of coastal coho. 

Because there are no healthy (categories 1 and 2) stocks of coho in the 

Columbia Basin, I could not perform logistic or discriminant analysis. The only 

significant variable and factor associated with Columbia River coho stocks is the 

number of dams below the watershed where salmon spawn and the "dams" 

factor. 

Fall Chinook 

Fall chinook are the healthiest coastal salmon and the second healthiest 

region-wide (Table VI.2). The fact that fall chinook generally spend less time in 

fresh water than summer and spring chinook serves as a double advantage; they 

spend more time in the ocean feeding and do not have to endure the osmotically 

rigorous fresh water environment, which is also negatively impacted by humans. 

Fall chinook also have shorter dispersal in their ocean life, remaining in coastal 

waters where ocean cycles and fisheries can affect their abundance. Their 

upriver migration is shorter, and the time of return to fresh water is more 
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Table VI.7: Anthropogenic variables and factors (using factor scores obtained 
from PCA refer to Chapter V) associated with the status of fall chinook (p 5_ 0.001 
for correlations and p 5 0.01 for regressions). The analyses are done for region-
wide, Coast, and Columbia Basin separately. In parenthesis are the correlations 
or standardized coefficients. Included are percent of grouped cases correctly 
classified for discriminant analyses and logistic regression, Wilk's lamda for 
discriminant analyses, and R2 for multiple linear regression. 

Region Statistical Anthropogenic factors 
procedure variables 

Region Kendall's number of dams (0.5) "forest" (0.2) 
wide correlation dam status (0.4) "dams" (0.2) 
(80 stocks) non-USFS area (0.3) 

partial correlation number of dams (0.4) "dams" (0.3) 
dam status (0.2) "Indian tribes" (-0.2) 

discriminant dam status "dams" 
non-USFS area "forest" 

(Wilk's lambda = 0.8) (Wilk's lambda = 0.8) 
(Correctly classified = 63%) (Correctly classified = 67%) 

logistic regression total forest (0.8) "dams" (1.2) 
USFS area (-0.8) "forest" (1.0) 
number of dams (0.5) 

(Constant = 0.6) 
(Constant = 1.0) (Correctly classified = 69%) 
(Correctly classified = 71%) 

multiple linear number of dams (0.5) "dams" (0.5) 
regression "forest" (0.3) 

(Constant = 2.7) (Constant = 3.3) 
(R2 = 0.3) (R2 = 0.3) 

Coast Kendall's no significant variable no significant factor 
(48 stocks) correlation 

partial correlation no significant variable no significant factor 
discriminant USFS area "forest" 

(Wi/ks' lambda = 0.9) (Wilk's lambda =0.9) 
(Correctly classified = 72%) (Correctly classified = 76%) 

logistic regression no significant variable no significant factor 
multiple linear no significant variable no significant factor 
regression 

Columbia Kendall's no significant variable "dams" (-0.5) 
(17 stocks) correlation 

partial correlation no significant variable no significant factor 
discriminant no significant variable no significant factor 
logistic regression no significant variable no significant factor 
multiple linear no significant variable no significant factor 
regression 
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favorable (fall) than the low water levels during spring and summer. This result, 

therefore, supports the hypothesis that salmon with shorter fresh water existence 

are healthier. 

The two variables related to dams in the watershed are associated with 

less healthy fall chinook region-wide, while non-USFS areas explain the 

presence of healthier fall chinook (Table VI.7). Healthy fall chinook are 

discriminated from unhealthy fall chinook by fewer dams and more non-USFS 

areas in the watersheds where they spawn. The result of discriminant analyses 

using the forest and dams factors also confirmed this finding. The logistic 

regression model included total forest, USFS area and number of dams and 

correctly classifies 71% of fall chinook stocks region-wide. The "dams" and 

"forest" factors are included in the logistic regression model, confirming this 

result. 

Because of the fact that fall chinook usually spawn in large mainstem 

rivers which are lower in the watershed than where coho, spring, and summer 

chinook spawn, I hypothesized that fall chinook would be less strongly 

associated with the variable indicating the number of dams below the watershed. 

Fall chinook in the Columbia Basin, for example, migrate as subyearlings and 

"are less dependent on flow and water velocities a physical aid to migration than 

yearling [spring chinook] ( Independent Scientific Group, 1997)." This was not 

the case, as results suggest (Tables VI.4-7). Compared to most other 

species/races of salmon studied fall chinook have similar correlation with dams 

region-wide and in the Columbia Basin. 

On the Coast, more USFS area discriminates unhealthy fall chinook from 

healthy fall chinook (Table VI.7). The "forest" factor also discriminates between 

healthy and unhealthy fall chinook. As it occurs with coho and summer chinook, 

watersheds that are located in USFS areas also have unhealthy fall chinook. 
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This could be due to heavy logging of USFS area lands. Because 'the peak 

summer temperatures that once occurred prior to arrival of fall migrants, now 

occur during the fall runs (Independent Scientific Group, 1997)," I hypothesized 

that variables affecting water temperatures would be associated with the status 

of fall chinook. For example, forest variables would be positively correlated with 

the status of fall chinook; that is, the greater the amount of forests and 

wilderness in the watershed the healthier fall chinook would be. Surprisingly, 

with the exception of the strong correlation with the "dams" factor, no other 

variables or factors explain the status of fall chinook in the Columbia Basin. In 

fact, the Columbia Basin Handford Reach fall chinook stock is healthy. 

"Because the Handford reach is undammed, the pattern of juvenile fall chinook 

salmon distribution may approximate the historical condition (Independent 

Scientific Group, 1997)." 

Winter Steelhead 

Winter steelhead have the greatest number of significant associations with 

anthropogenic variables and factors region-wide (Table VI.8). The fact that 

steelhead is the only species, of the ones studied, that spawns more than once 

makes steelhead very susceptible to anthropogenic impacts in the watershed. 

Also, winter steelhead are not commercially caught, thus their survival could be 

more dependent on their freshwater existence than the other species/races of 

salmon studied. Nonetheless, winter steelhead are the healthiest of the 

salmonids studied region-wide (Tables VI.1 and VI.2). 

Region-wide, winter steelhead are positively associated with variables and 

factors for dams, agriculture, and Indian tribes, and negatively associated with 

hatcheries (Table VI.8). Hatcheries are present where winter steelhead are 
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Table VI.8: Anthropogenic variables and factors (using factor scores obtained 
from PCA refer to Chapter V) associated with the status of winter steelhead (p 
0.001 for correlations and p 5_ 0.01 for regressions). The analyses are done for 
Region-wide, Coast, and Columbia Basin separately. In parenthesis are the 
correlations or standardized coefficients. Included are percent of grouped cases 
correctly classified for discriminant analyses and logistic regression, Wilk's 
lambda for discriminant analysis, and R2 for multiple linear regression. 
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Table VI.8 

Region 

Region 
wide 
(96 stocks) 

Coast 
(48 stocks) 

Columbia 
(24 stocks) 

Statistical Anthropogenic 
procedure variables 
Kendall's number of dams (0.5) 
correlation dam status (0.4) 

hatcheries (-0.4) 
agriculture (0.3) 
Indian tribes (0.3) 

partial correlation number of dams (0.6) 

discriminant number of dams 
hatcheries 
dam status 

(Wilk's lambda = 0.5) 
(Correctly classified = 82%) 

logistic regression	 Indian tribes (2.0) 
population (1.2) 
number of dams (0.6) 
(Constant = -13.5) 
(Correctly classified = 86%) 

multiple linear	 dam status (0.7) 
regression	 Indian tribes (0.4) 

population (0.4) 
(Constant = -0.8) 
(R2 = 0.2) 

Kendall's hatcheries (-0.5) 
correlation wilderness (0.4) 

population (0.4) 
partial correlation no significant variable 
discriminant no significant variable 
logistic regression no significant variable 
multiple linear no significant variable 
regression 

Kendall's number of dams (0.8) 
correlation non-USFS area (0.6) 
partial correlation dam status (0.5) 
discriminant non-USFS area 

(Wilk's lambda = 0.5) 
(Correctly classified = 90%) 

logistic regression no significant variable 

multiple linear	 number of dams (0.7) 
regression	 dam status (0.6) 

Indian tribe (0.4) 
watershed organization (-0.4) 
(Constant = 0.6 ) 
(R2= 0.99) 

Factors 

"dams" (0.3)
 
"Indian tribes" (0.2)
 

"dams" (0.6)
 
"Indian tribes" (0.4)
 
"dams"
 
"forest"
 

(Wilk's lambda = 0.6) 
(Correctly classified = 85%) 

"dams" (1.6) 

(Constant = -1.2)
 
(Correctly classified = 86%)
 

"dams" (0.7) 
"Indian tribes" (0.4) 

(Constant = 2.9) 
(R2= 0.6) 
"hatcheries" (-0.5) 

no significant factor 
no significant factor 
no significant factor 
"hatcheries" (-0.4) 
(Constant = 2.3) 
(R2 = 0.4) 
"dams" (-0.6) 

"dams" (-0.8)
 
"dams"
 
(Wilks' lambda = 0.5)
 
(Correctly classified = 80%)
 
"dams" (-2.2)
 
(Constant = 2.3)
 
(Correctly classified = 80%)
 
"dams" (-0.7)
 

(Constant = 4.2) 
(R2 =0.6) 
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in better shape as suggested by correlation and discriminant analyses results 

region-wide. The presence of hatcheries is also a significant variable and factor 

explaining the healthier status of coastal steelhead in the multiple linear 

regression model. Although winter steelhead stocks are on average healthier 

than summer chinook stocks, they follow the same pattern of summer chinook in 

that winter steelhead are healthier where there is a hatchery. For example, in 

the Bogachiel River there is a hatchery facility which breeds and rears winter 

steelhead, and this stock is reported as "Healthy-Level I" by Huntington et al. 

(1994). Stocks of winter steelhead in the Powder River and the Boise River are 

extinct, and there are no hatcheries in these two rivers (but they are also blocked 

to upstream migration by the Hells Canyon Dam). 

However, when taking into account the variable "probability of 

introgression with hatchery fish" (please refer to Hatcheries, Chapter III), results 

show that winter steelhead are the least healthy where they have a high 

probability of introgression with hatchery fish (tau c = 0.4, p <0.0001). Hatchery 

reared steelhead are supplied to several rivers in the Pacific Northwest in order 

to mitigate the loss of steelhead caused by dams and water diversion. Because 

of mixed wild/hatchery winter steelhead stocks, the reported status of winter 

steelhead does not reflect the actual condition of wild stocks. Consequently, the 

results of this study mask the negative impacts of winter steelhead hatcheries on 

wild steelhead and other wild salmonids. Steelhead planted at the wrong time or 

at the wrong size tend to stay in the stream longer than usual and are more 

competitive with wild fish. There has been evidence of heavy predation by 

hatchery-raised steelhead smolts on chinook salmon fry (Noble, 1981). 

Indian tribes are significant variables explaining the status of winter 

steelhead region-wide and in the Columbia Basin (Table VI.8). Winter steelhead 

are healthier in watersheds located on Indian tribal land, supporting my 

hypothesis. American Indians have philosophical and cultural needs compatible 
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with the health of their ecosystem, and, therefore, the health of salmon. 

However, as discussed earlier, Indian tribes promote the use of hatcheries to 

supplement the production of wild salmon. I hypothesized that hatcheries are 

associated with unhealthy salmon stocks because of their potential negative 

impact on wild salmon. Of these two conflicting hypotheses, one is based on 

evidence (hatcheries) and the other is based on belief (Indian tribes). The 

association between winter steelhead and the ratio of Indian tribal land in a 

watershed is opposite from the one between spring chinook and Indian tribal 

land. Therefore, I cannot conclude that my hypothesis was supported. 

Most (77%) salmon watersheds in the Pacific Northwest are not located 

on tribal land. Only 2% of the watersheds have an Indian tribe that 

encompasses the entire watershed. One example is the Quinault Tribe of the 

Moclips River on the Washington Coast, where winter steelhead are healthy. 

The Sacramento and the Lower Columbia regions have no Indian tribes in their 

watersheds, where most winter steelhead stocks are unhealthy. 

Agriculture is significantly associated with winter steelhead region-wide 

(Table VI.8). The more agricultural development in the watershed, the less 

healthy the stock of winter steelhead. The two other species/races of salmon 

associated with agriculture are coho and spring chinook. 

On the Coast, hatcheries, wilderness, and human population are 

significant variables associated with winter steelhead (Table VI.8). The 

significance of hatcheries was already discussed above. Watersheds with more 

wildernesses and less population also have healthier winter steelhead. Coastal 

winter steelhead stocks are healthier than the ones in the Columbia Basin (Table 

VI.1). The lack of dams, combined with low population centers, and some 

wilderness areas on coastal salmon watersheds contribute to the relatively 

healthy status of coastal winter steelhead. 
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Winter steelhead have a strong correlation with both measures indicating 

the influence of dams in the watershed (Table VI.8). Region-wide and in the 

Columbia Basin, the greater the number of dams below the watershed where 

steelhead spawn, and the more that watershed is dammed, the less healthy the 

stock. In fact, winter steelhead present the strongest correlation with the number 

of dams of all species/races of salmon in the Columbia Basin. This 0.8 

correlation is the strongest correlation found between salmonids and most other 

anthropogenic variables. Winter steelhead have the most variable time spent in 

fresh water (from 1 to 4 years). Because winter steelhead spawn more than 

once, the number of dams below the watershed where they spawn could 

potentially determine the success of the species/race. 

More non-USFS area discriminates between healthy and unhealthy winter 

steelhead in the Columbia Basin, while the "dams" factor (which is also highly 

loaded with non-USFS area) discriminates between unhealthy and healthy winter 

steelhead (Table VI.8). 

The multiple linear regression model, including Indian tribes, watershed 

organizations, number of dams, and dam status explains 100% of the variance in 

the winter steelhead data for the Columbia Basin region. The logistic regression 

model classified 80% of the stocks with the "dams" factor. 

Average Status of Salmonids in the Watershed 

The average status of salmonids in the Pacific Northwest is mostly at risk 

of extinction (43%) or already extinct (20%) (Table VI.3). Almost half (49%) of 

salmonid stocks are listed in very small basins such as the coastal basins. 

Larger basins and watersheds have less healthy stocks. 
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The number of salmon stocks is relatively evenly distributed across 

salmon management regions, but their relative average status is not. The 

healthiest average stocks of salmon (44%) are located mostly on the Central 

Coast. Healthy stocks also occur in the Northern Coast and Puget Sound 

regions. Extinct stocks are present mostly in the Upper Columbia and Snake 

River regions, some in the Sacramento and Klamath regions, and one on the 

California Coast. 

Region-wide, watersheds with healthy averages for the status of salmon 

are discriminated from the ones with an unhealthy average status by having 

fewer watershed organizations, more non-USFS area and fewer dams below 

them (Table VI.9). When averaging the status of all salmonids in each 

watershed, the resulting variable is highly associated with dams (Table VI.9). 

The more dams below the watershed and/or more of the watershed is dammed, 

the worse the status of the salmonids in that watershed region-wide and in the 

Columbia Basin. In the Columbia Basin, the number of dams is a significant 

variable in 4 of the 5 statistical methods used with the exception of logistic 

regression. Total forest is also a significant variable associated with healthier 

average status of salmonids in the Basin. 

Although only 25% of PNW watersheds are dammed, other anthropogenic 

impacts are less related to salmonids than dams. Many studies have suggested 

the negative impact of dams on salmon abundance (National Research Council, 

1996; Independent Scientific Group, 1997), and this study confirms this general 

knowledge. 

Ecoregional differences exist, since coastal watersheds have little or no 

influence of dams, while many (22%) of Columbia Basin watersheds are 

completely blocked by dams. All species/races of salmonids are healthier in the 

Coast region when compared region-wide and to the Columbia region. The 
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Table VI.9: Anthropogenic variables and factors (using factor scores obtained 
from PCA refer to Chapter V) associated with the average status of salmonids in 
the watershed (p __ 0.001 for correlations and p 0.01 for regressions). The 
analyses are done for region-wide, Coast, and Columbia Basin separately. In 
parenthesis are the correlations or standardized coefficients. Included are 
percent of grouped cases correctly classified for discriminant analysis and 
logistic regression, Wilk's lambda for discriminant analysis, and R2 for multiple 
linear regression. 
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Table VI.9 

Region Statistical 
procedure 

Region Kendall's 
wide correlation 

partial correlation 

discriminant 

logistic regression 

multiple linear 
regression 

Coast	 Kendall's 
correlation 
partial correlation 
discriminant 

logistic regression 

multiple linear 
regression 

Columbia	 Kendall's 
correlation 

partial correlation 

discriminant 

logistic regression 
multiple linear 
regression 

Anthropogenic
 
variables
 
number of dams (0.5)
 
dam status (0.3)
 
number of dams (0.5)
 
non-USFS area (0.3)
 
dam status (0.3)
 
watershed organization
 
number of dams
 
non-USFS area
 

(Wilk's lambda = 0.8)
 
(Correctly classified = 73%)
 
population (0.6)
 
number of dams (0.5)
 

(Constant =
 
(Correctly classified = 78%)
 
number of dams (0.5)
 
total forest (0.3)
 
(constant =2.7)
 
(R2 = 0.7)
 

watershed organization (-0.3)
 

no significant variable
 
watershed organizations
 

(IMIk's lambda = 0.7) 
(Correctly classified = 75%) 
watershed organization (-0.6) 
(Constant = 1.9) 
(Correctly classified = 76%) 
watershed organization (-0.3) 
subdivision (0.3) 
(Constant = 3.4) 
(R2 =0.2) 
total forest (0.5) 
number of dams (0.5) 
dam status (0.4) 
number of dams (0.5) 
total forest (0.4) 
number of dams 
(Wilk's lambda = 0.9) 
(Correctly classified =65%) 
no significant variable 
number of dams (0.5) 
forest (0.3) 
(Constant = 2.7) 
(R2 = 0.7) 

Factors 

"dams" (0.4) 

"dams" (0.4) 

"forest" 
"dams" 

(VVilk's lambda = 0.8) 
(Correctly classified = 70%) 

"dams" (1.0) 
"forest" (0.6) 

(constant = 1.4) 
(Correctly classified=76%) 
"dams" (0.5) 

(constant = 3.6)
 
(R2= 0.3)
 
no significant factor
 

no significant factor
 
"forest"
 
"hatcheries"
 
(Wilk's lambda = )
 
(Correctly classified =67%)
 
"forest" (-0.8)
 
(Constant = .22)
 
(Correctly classified =60%)
 
"forest" (-0.3)
 

(Constant = 2.8) 
(R2 =0.1) 
"dams" (-0.4) 

"dams" (-0.6) 

"dams"
 
(Wilk's lambda = 0.9)
 
(Correctly classified = 80%)
 
no significant factor
 
"dams" (-0.6)
 

(Constant = 4.2)
 
(R2= 0.4)
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Columbia Basin's stocks all average moderate to high risk of extinction, with 

coho having the worst average status. 

Other variables associated with the average status of salmonids include 

non-USFS area, human population, watershed organizations, and total forest 

region-wide. On the coast, the presence of watershed organizations is 

associated with less healthy salmonids. More forest and hatcheries discriminate 

healthy salmon from unhealthy ones (Table VI.9). 
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CHAPTER VII: SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
 

Results of this study show that the anthropogenic variables chosen for this 

study are strongly associated with the status of salmon stocks in Pacific 

Northwest watersheds. Some anthropogenic activities are associated with 

certain species/races of salmon more than others. Dams are the only 

anthropogenic activities that are associated with unhealthy salmon region-wide 

and in the Columbia Basin independent of the species/race. In this chapter, I list 

the conclusions, summarizing results and discussing possible recommendations 

for reversing the present trend of decline of salmon populations. 

1) Of the anthropogenic variables studied, dams are significantly 

associated with the status of all species/races of salmon, region-wide and 

in the Columbia Basin. 

Despite the low number of watersheds that are heavily dammed region-

wide, dams have the highest and most consistent association (similar 

associations with all the statistical tools used) with the status of all species/races 

of salmon when compared to the other anthropogenic variables studied. Dams 

have the greatest impact in the Columbia Basin where 22% of the watersheds 

are completely blocked by dams. Examples of watersheds that typify the results 

are the following: nearly all dammed watersheds on the Washington side of 

Columbia Basin, such as the Spokane River and the San Poil River; watersheds 

in the Snake Basin, such as the Payette River (ID) and the Malheur River (OR); 

a few watersheds in the Sacramento River basin and the California Coast; and 

some watersheds in the Klamath River Basin have extinct stocks of spring and 

summer chinook. Conversely, healthy stocks are present in watersheds with 

little or no influence of dams. Examples are the Hanford Reach fall chinook 

stocks in Washington; the Smith, Tahkenitch, and Siltcoos coho stocks in the 
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Oregon Coast; and the Soleduck, Bogachiel, Calawah, Hoh, Weets, and 

Clearwater River winter steelhead stocks on the Washington Coast. 

The results of multivariate analyses are generally consistent with 

correlations found between all species/races of salmon and dams. Dams are the 

only anthropogenic variables that were consistently highly associated with all 

species/races of salmon region-wide and in the Columbia Basin. The other 

variables are much more dependent on the species/races studied. 

I hypothesized that species/races that spawn more upstream and have to 

overcome more dams in their upstream migration have a greater association with 

the variable that measures the actual amount of dams the watershed is below. 

also hypothesized that species with a longer fresh water existence to be more 

strongly associated with watershed variables (including dams). For example, 

spring and summer chinook should have the highest association with both 

variables related to dams since they generally spawn upstream from where fall 

chinook spawn, and they also have a longer fresh water existence (Chapter II). 

These hypotheses are not confirmed for the region-wide data, but in the 

Columbia Basin, spring and summer chinook have similar significant 

associations with dams (Table VI.4 and VI.5), while fall chinook only present 

significant correlations using Kendall's tau procedure with the "dams" factor 

(Table VI.6). When looking at the results for the statistical analyses performed 

for all species/races of salmon, winter steelhead and coho have the strongest 

associations with the variable measuring the number of dams below the 

watershed. Winter steelhead is the only species of salmon of the ones studied 

that spawns more than once, thus, having to pass through dams more times 

than other species. Coho salmon's river entry timing is mostly influenced by river 

flow (Weitkamp et al., 1995). Dams have altered river flow very drastically 

(Chapter II); therefore, the high association between the health of coho stocks 

and the number of dams below the watershed where they spawn is 

I 
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understandable. From the results at hand, I conclude tht when analyzing the 

association between dams and the different species/races of salmon one must 

not use length of fresh water existence as the only determinant life history 

variable. A combination of life history characteristics, including ecoregional 

variations of life history traits, should be taken into account. By generalizing the 

life history patterns of the species/races of salmon studied, I lost some of the 

important detailed information. 

On average, the variable "number of dams below the watershed" is more 

strongly associated with salmon than "the qualitative estimate of how much a 

watershed is blocked by a dam" (Tables VI.4-9). This result suggests that it is 

difficult to determine the influence of dams just looking at the specific watershed 

at hand. Most species/races of salmon have to go through many watersheds 

before getting to their spawning grounds. Therefore, understanding some of the 

impacts of anthropogenic activities in the salmon migration corridors requires 

looking at broad landscape patterns of their environment. It would have been 

interesting to have a measure of how much the anthropogenic activities influence 

neighboring watersheds, in addition to looking at the watershed where a specific 

stock spawns. However, that measure would have been very difficult to obtain 

considering the amount of watersheds and the complexity of the anthropogenic 

variables addressed in this study. 

Although the results of this study show that dams are the anthropogenic 

variable that is most strongly associated with the status of salmon independent 

of species or race, they are not the only variable associated with less healthy 

salmon. Continued attention must be given to improving the survival of salmon 

past dams and to improve the quality of habitat in dammed watersheds. 

However, "the narrow focus of the region on this single source of ecosystem 

alteration has hampered salmon restoration (Independent Scientific Group, 

1997)." Coastal watersheds are not dammed, and salmon stocks are also 
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declining and have gone extinct on the coast and are largely associated with 

other anthropogenic activities discussed herein. 

This study does not address mitigation strategies for the destruction of 

habitat by dams, but Stanford et al. (1995) provide a general protocol for 

restoration of regulated rivers that should be viewed as the interaction of natural 

and cultural systems. Through maximizing dam passage, practicing adaptive 

ecosystem management, reconstituting seasonal temperature patterns, and 

restoring peak flows needed to reconnect vital habitats for salmon, the authors 

argue that it is possible to recover a large portion of the lost capacity of the river 

for a lower cost than expected to sustain native biodiversity. 

In my opinion, the following quote summarizes the overwhelming impact 

that dams have on salmon when compared to other anthropogenic and natural 

variables affecting the status of salmon stocks. "The lack of healthy stocks in 

Idaho is particularly troubling. One of the authors (Huntington) has spent 

considerable time examining anadromous fish habitat throughout the survey area 

and has concluded that much of the best remaining habitat is in Idaho. Above 

eight hydroelectric dams, even Idaho stocks with some of the best habitat 

available appear to be in decline (Huntington et al., 1994)." 

2) The status of salmonids differs in the three regions studied. Also, 

the anthropogenic variables/factors are associated with salmon differently 

in these regions. 

On the Coast, salmon are less strongly associated with most 

anthropogenic variables when compared to Columbia Basin salmon or salmon 

region-wide. The models that explain most of the variation in salmon data, for 

example, were for winter steelhead and for the average status of salmonids 
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(Tables VI.8 and VI.9). Coastal stocks are also healthier than Columbia Basin 

stocks and stocks region-wide (Tables VI.1-9). 

Reminder: I hypothesized positive associations between all anthropogenic 

variables and the status of salmon stocks because of the way I coded the 

variables based on literature review: 1= the amount of the variable that is 

referred to as being most favorable to salmon; through 5 = the amount of the 

variable that is referred to as being least favorable to salmon. 

On the Coast, with the absence of dams, land use factors, hatcheries and 

watershed organizations are significant in explaining the status of salmonids. 

For example, healthy fall chinook are discriminated from unhealthy ones by the 

USFS area variable and the forest factor (Table VI.7). A greater amount of total 

forest and the presence of watershed organizations in the watershed where coho 

spawn discriminate healthy coastal coho from unhealthy ones (Table VI.6). More 

hatcheries, more wilderness, and less human population in the watershed where 

winter steelhead spawn are strongly associated with healthier winter steelhead 

(Table VI.7). Forest, hatcheries, and watershed organizations help explain the 

average status of salmonids in the watershed (Table VI.9). 

Perhaps I would have been able to find more significant associations 

between the coastal status of salmon stocks and anthropogenic activities in 

coastal watersheds if I only had included Washington and Oregon coastal 

stocks, which are more similar in terms of ecoregional and anthropogenic 

variables than are California coastal stocks. The latter stocks are influenced by 

a drier climate and a more urbanized and agricultural ecoregion. 

In the Columbia Basin, dams are the most significant factor and variable 

explaining the status of salmonids in combination with other anthropogenic 

variables and factors. Number of dams, watershed organizations, land use 
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variables and factors, and hatcheries were associated with the status of summer 

chinook (VI.4). Dam status, wilderness and hatcheries factors, watershed 

organizations, wild and scenic rivers helped explain the status of spring chinook 

(Table VI.5). Dams are the only significant variable/factor associated with the 

extremely poor status of Columbia River coho salmon. The "dams" factor 

(loaded negatively on dams) is negatively associated with the status of fall 

chinook; where dams are absent, fall chinook are healthier in the Columbia Basin 

(Table VI.7). This result is illustrated by the healthy stock of fall chinook in the 

Hanford Reach, which is the only undammed area on the Columbia. The 

undammed Handford Reach is referred to as a possible core healthy fall chinook 

population in the Columbia River Basin. The other healthy fall chinook stock is in 

the Lewis River, which is above no dams on the Columbia. Many variables and 

factors are significant in explaining the status of winter steelhead, such as 

number of dams and dam status, non-USFS area, Indian tribes, and watershed 

organizations (Table VI.8). The average status of salmonids in the Columbia 

Basin is highly associated with dams variables and factors and also with forest 

variables (Table VI.9). 

Region-wide, all salmonids studied have an unhealthy average status. 

Winter steelhead and fall chinook are in relatively better shape. The number of 

dams below the watershed where salmon spawn is the most significant variable 

explaining the status of salmon region-wide. 

3) Different species/races of salmon are associated differently with 

anthropogenic variables and factors region-wide. 

The status of summer chinook is mainly associated with dams and 

hatcheries. Dams are found where summer are less healthy while hatcheries 

are found where summers are healthier. The result for dams is as I 

hypothesized, but not the result for hatcheries. One possible explanation for the 
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fact that wild summer chinook "appear" healthier (more abundant) where there 

are hatcheries could stem from the fact that total escapement (one of the 

components used to determine the status of stocks) is divided in two 

components. According to Myers et al. (1998), "Hatchery produced fish are 

reared as juveniles in a hatchery but return as adults to spawn naturally; and 

natural fish are progeny of naturally spawning fish. This approach does not 

distinguish natural fish of hatchery heritage from those of strictly native, natural 

origin." Because there was only one stock of summer chinook reported by 

Nehlsen et al. (1991) as having a high probability of introgression with hatchery 

fish, I could not address this variable to clarify the results between the presence 

of hatcheries in the watershed where summer chinook spawn and the status of 

chinook salmon. It would have been interesting to know whether the 23 extinct 

stocks of summer chinook declined in association with introgression with 

hatchery fish. However, this information is not available. 

The poor status of spring chinook is also associated with more dams. 

Wild and scenic rivers are highly associated with healthier spring chinook. The 

results from most statistical analyses between wild and scenic rivers and spring 

chinook confirm the fact that "many of the streams supporting spring chinook 

originate in wilderness areas (Independent Scientific Group, 1997)." The fact 

that very few wilderness areas and rivers are designated as wild and scenic in 

the Pacific Northwest (7% of the 202 watersheds region-wide), freshwater habitat 

is not favorable for spring chinook, could partly explain their relatively poor status 

when compared to most other species/races of salmon. 

Unhealthy coho salmon are associated with dams, agriculture, and human 

population. Healthier coho are present in forested areas. The location of coho 

stocks, mainly on the Coast, Puget Sound and lower Columbia Rivers, where 

urbanization, agricultural, and forest-related activities are prevalent in 

combination with their relatively long fresh water existence (about 18 months) 



172 

can explain the fact that the land use variable in combination with dams is highly 

associated with coho. 

Fall chinook are the healthiest salmonid on the Coast and the second 

healthiest region-wide. Perhaps the fact that fall chinook present the ocean-type 

life history patterns with shorter migrations and less time exposed to human 

impacts in the watershed could partly explain this result. Unhealthy fall chinook 

are present in watersheds more influenced by dams. Also, the greater the 

amount of forest land in a watershed, less amount of USFS area, the healthier 

the fall chinook are. 

Winter steelhead are the healthiest of the species/races of salmonids 

studied region-wide. Their life history varies more than that of any anadromous 

salmonid regarding the time spent at sea, the time spent in fresh water, and the 

times of emigration and immigration from and to fresh water. This variability may 

have served as an advantage in spreading the risk of mortality across habitats 

and during different times of the year, diminishing the potential for extinction. 

Steelhead are a fast migratory species and could be aided by appropriate 

river flow to support constant flushing behavior (Independent Scientific Group, 

1997). Therefore, it is understandable that winter steelhead had the highest 

correlation with the number of dams below the watershed where they spawn 

(Tables VI.4 through VI.8). Transportation projects in the Columbia River Basin 

suggest that steelhead appear to have the best relative survival under 

transportation past dams (Independent Scientific Group, 1997). However, the 

effect of transportation on returning steelhead back to their native stream to 

spawn is unknown. 

4) More forest land, wilderness areas, and less Forest Service land in a 

watershed are associated with healthier salmon. Also, the greater the 
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amount of agricultural and urban land in the watershed, the least healthy 

the salmon stocks. However, more detailed information is needed to 

understand the impact of land use variables on salmon. 

I hypothesized that forest variables would be positively associated with 

the status of salmon stocks, meaning that the greater the amount of forest land 

the healthier the salmon. This hypothesis is in general supported for wilderness, 

wild and scenic rivers, total forest, and non-USFS areas for some of the 

species/races of salmon. But it is not supported for the variable indicating the 

amount of Forest Service area in a watershed. I also hypothesized that 

wilderness areas and wild and scenic rivers would have healthier salmon than 

other forest areas because wilderness areas are protected from logging and 

other anthropogenic impacts. 

The variable for USFS area is negatively correlated with spring chinook 

region-wide controlling for watershed size (Table VI.5). It was also a significant 

variable discriminating unhealthy coastal fall chinook from healthy stocks (using 

discriminant and logistic regression) region-wide and on the Coast (Table VI.7). 

Summer chinook region-wide presented similar results to fall chinook region-

wide. However, simple correlation analyses showed no relationship between 

Forest Service area and salmon in any of the 3 regions. Perhaps the reason for 

the rejection of the hypothesis that the greater the amount of Forest Service land 

in a watershed, the healthier the salmon stock, stems from the lack of 

information on the quality of forest lands. Much of the forests in federal lands 

have been logged and severely degraded. A watershed could be entirely 

located in federal land and receive a score of 1 for this variable and still have 

very little intact forest left. Also, some of USFS forests are located high in the 

watershed, above many dams. 
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The variable named non-US Forest Service land includes BLM, USFWS, 

National Park Service, state, and private lands. This variable is positively 

associated with all species/races of salmon with the exception of summer 

chinook, which showed no relationship with non-USFS areas. 

The fact that I used the watershed where salmon spawn as the unit of 

analysis without taking into account neighboring watersheds within a drainage 

basin or subbasin might have contributed to the lack of relationship found 

between some of the land use variables and salmon. A more detailed study of 

land use impact on streams showed that "heavily logged basins appeared to 

have about one-third less area in pools than streams draining basins dominated 

by mature and old-growth forest (Frissell, 1992)." Results from the same study 

showed that pool depth also decreased with logging. This impact of logging on 

stream pools could have severe consequences to salmon, particularly chinook 

and coho, as they use pools as a preferred rearing habitat, in comparison with 

juvenile steelhead that prefer riffles. "In steep, montaine watersheds, 

perturbations in headwater areas are often transmitted downstream, causing off-

site, time-lagged impacts than can greatly exceed in magnitude and persistence 

the short-term, on-site effects of human activity (Frissell, 1992)." 

The results of this study confirm the hypothesis that agriculture and 

urbanization in salmon watersheds are associated with less healthy salmon 

stocks for coho, winter steelhead, and summer chinook. One of the reasons for 

the lack of association between these variables and spring and fall chinook 

could be that the watersheds in this study are mostly in forested areas away 

from human population centers and agricultural development. More than half of 

the watersheds (72%) have little or no agriculture associated with them. 

Agriculture is more heavily concentrated on the California Coast, the Upper and 

Lower Columbia, Sacramento, and the Snake Basin. 



175 

Most salmon watersheds are located in low populated areas with low 

subdivision development. Nevertheless, the impacts of urbanization on salmon 

watersheds are visible and most time irreversible (see Chapter III). The two 

measures of urbanization presented high association summer chinook region-

wide, coho region-wide and in the Columbia, coastal winter steelhead, which are 

in worse condition where there is more human population development. 

Because biologists are not likely to look for salmon in watersheds that have 

been modified by urbanization for a long time, the number of extinctions of 

salmon in urbanized watersheds could be underestimated (Nehlsen et al, 1991). 

Bottom et al. (1997) with a GIS approach to understanding the vast 

ecosystem of Pacific salmon throughout the North Pacific Rim found that the 

poor status of salmon is directly related to the "latitudinal gradient of human 

development such as the urbanization of land and the presence of dams." 

On the other hand, Botkin et al. (1995) found no significant statistical 

correlation between the agricultural area and the area occupied by stocks in the 

past that are now extinct. The fact that agriculture occupies a small percentage 

of their study area could explain the lack of statistical correlation with the status 

of salmon stocks. They found the same lack of statistical correlation for urban 

areas. 

5) Hatcheries are present where salmon stocks are healthier. However, 

when stocks of salmon have a high probability of introgression with 

hatchery fish, they are the least healthy. 

Contrary to what I hypothesized, hatcheries are present in watersheds 

where summer chinook and winter steelhead are healthier. The negative 

associations found between these species/races of salmon and hatcheries on 

the surface, seem to contradict the suggestions of Nehlsen et al. (1991) and 
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Huntington et al (1994) who used probability of introgression with hatchery stock 

as one of the measures to classify unhealthy stocks. However, because of 

outplanting of salmon to neighboring, and sometimes, distant watersheds, it is 

difficult to determine the interaction and consequent impact of hatchery fish on 

wild salmon (Weitkamp, 1995). 

Out of the 214 Pacific salmon stocks identified by Nehlsen et al. (1991), 

about half (104) have a high probability of introgression with hatchery stocks. 

On the other hand, most (101) of the 121 healthy stocks classified by Huntington 

et al. (1994) have either had no fish cultural activities in their home watershed or 

are thought to have been exposed to little risk of reduced productivity or 

adaptive potential due to stock transfers or direct interaction with hatchery fish. 

Coho and fall chinook show relatively low correlations with hatcheries in 

all three regions. The lack of detailed information on the characteristics of the 

hatchery practices could partly explain this result. Another explanation is that 

some of the stocks reported by Nehlsen et al. (1991) and Huntington et al. 

(1994) could have been listed as wild when in fact they were mixed hatchery-

wild stocks. For example, about 70% of coho populations in Washington coastal 

streams were reported to be of hatchery origin by the Washington Department of 

Fisheries in 1993 (National Research Council, 1996). 

Although this study found no relationship between coho and the presence 

of hatcheries, when I analyzed the relationship between the status of coastal 

coho and the variable indicating the high probability of introgression with 

hatchery fish (refer to Chapter III) there is a overwhelming evidence that the two 

variables are positively correlated (tau-c = 0.8 p < 0.0001), which suggests that 

coastal coho are the least healthy where they have a high probability of 

introgression with hatchery fish. A report from the Independent Scientific Group 

(1997) states that the hatchery program for coho contributed to the depletion of 
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coho populations in tributaries below the Bonneville Dam through several factors 

such as: overharvest of mixed wild-hatchery stocks, exceeding habitat carrying 

capacity because of hatchery fish, planting hatchery fry larger than wild fry in the 

streams, and inter-hatchery transfers. "At present production of coho salmon is 

almost entirely from artificial propagation [for the Columbia River] (Independent 

Scientific Group, 1997)." It is interesting to note that coho are also the least 

healthy of the salmonids in the Columbia Basin, and, unfortunately, it is difficult 

to determine the role of hatcheries in explaining the status of wild stocks 

because of lack of monitoring and a systematic artificial propagation approach 

throughout the Basin. Busby et al. (1996) state that there is lack of information 

of whether natural production is sufficient to maintain the population without the 

continued infusion of hatchery fish, because of the lack of information on the 

relative production and interactions between hatchery and wild fish. 

Results show that winter steelhead are healthier where hatcheries are 

present (Table VI.8). However, when taking into account the variable that 

reflects the probability of introgression between wild and hatchery fish, coastal 

winter steelhead that have a high probability of introgression are also 

significantly less healthy than the ones that do not (Kendall's tau c = 0.3, p < 

0.001). Steelhead populations have been crossbred and transferred extensively 

throughout the streams in the Pacific Northwest. It is difficult to distinguish the 

wild steelhead stocks from the mixed hatchery-wild stocks. Hatcheries are 

generally placed where wild salmon are relatively healthy, but the extent to 

which hatchery and wild fish interbreed is not always known. 

Experimental and theoretical studies have shown negative or no 

contribution of the hatcheries in increasing the production of wild stocks (Noble, 

1991). Some of salmon stock declines have, until recently, been marked by 

wide natural fluctuations in run sizes (Washington Department of Fisheries, 
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1993) and increases in the production of hatchery-origin fish (Nickelson et al. 

1986, Nehlsen et al. 1991; Hilborn 1992). 

Botkin et al. (1995) found that hatchery releases accounted for only a 

small fraction of the variation in returns of adult spring chinook in the Rogue 

River. They suggest that hatchery releases may not be an effective means to 

increase the number of adults returning to the river. They also speculate that 

regulating water flows may be more effective than operating hatcheries to 

increase adult fish returns. 

"Extinction of native stocks are difficult to document scientifically because 

massive releases of artificially produced salmon obscure the presence of natural 

production by native fish (Nawa, 1995)." This statement, in my view, has at least 

two implications: 1) the number of extinct salmon stocks could be 

underestimated due to the overwhelming abundance of hatchery salmon 

masking the lack of native salmon; 2) in addition to all other negative impacts of 

hatcheries on wild salmon (discussed in Chapter III), hatcheries can mask the 

actual decline of wild salmon and prevent listings from being proposed and 

accepted in the ESA in time for the protection of wild salmon to take place. 

Lichatowich (1994) argues that our vision is focused on "hatcheries and 

escapements while important contributions to productivity such as life history 

diversity and habitat connectivity [are left unrecognized]." 

Results of this study suggest that some species/races of salmon are in 

better shape where hatcheries are placed; however, how much of these stocks 

are actually wild is not known. I conclude that there is a need for an adaptive 

approach to the management of hatcheries. Outplanting smolts without a 

monitoring program leads to conflicting conclusions on the effects and 

effectiveness (if any) of artificial propagation. 



179 

Our challenge is to learn from our experiences and try to manage our 

resources and their ecosystems in a wise manner. Wild salmonid stocks are 

important to the support of their ecosystem functions and to ensure the 

maintenance of genetic diversity. 

6) The results for the two human organization variables are 

inconclusive because they show opposite associations between these 

variables and different species/races of salmon. 

Indian Tribes: I hypothesized that the greater the amount of Indian tribal 

land in a watershed, the healthier the salmon stocks. The only species/race for 

which this hypothesis is confirmed was winter steelhead region-wide and in the 

Columbia Basin (Table VI.8). However, Indian tribes are negatively associated 

with fall and spring chinook region-wide (Tables VI.5 and VI.7), meaning that 

these chinook are least healthy in watersheds within Indian tribal land 

boundaries. 

Perhaps, the location of Indian tribes, where the environment for salmon 

has been severely degraded by non-Indian economic development, such as 

dams and irrigation withdrawals, is part of the reason for this unexpected result. 

On the other hand, Native Americans have changed the way they deal with 

salmon and their environment compared to pre-European times. For example, 

they currently rely on hatchery production of salmon and support many hatchery 

programs (Columbia River Inter-Tribal Fish Commission, 1996 and 1997). 

I conclude that looking at the relationship between the amount of Indian 

tribal land in the watershed and the status of salmon stocks is not very 

meaningful given many confounding variables which affect the status of salmon 

more than Indian tribes do (such as dams, for example). Perhaps a better way 

to understand how Native Americans impact the status of salmon stocks would 
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be to conduct a temporal study of salmon watersheds which are monitored and 

managed with the cooperation of Indian tribes. 

Watershed Organizations: I hypothesized that the presence of 

watershed organizations in watersheds would be associated with healthier 

salmon in that watershed. This hypothesis is confirmed for summer chinook 

region-wide and in the Columbia Basin (Table VI.4), but it is rejected for coho 

(Table VI.6), winter steelhead (Table VI.8), and the average status of salmonids 

(Table VI.9). 

Out of the four variables used to classify watershed councils (Chapter III) 

2 of them could not be determined for all the 141 watersheds where there is a 

watershed council. The reason for that is that half of the watershed councils to 

which a survey form was sent by the group "For sake of the Salmon" did not 

respond; therefore, the information about whether there is a paid coordinator or 

not and how many watershed councils there are in the watershed could not be 

determined for all of them. The variables indicating "whether the council has 

returned the surveys sent by "For the Sake of the Salmon" and the number of 

watershed organizations in a watershed were not correlated with any salmon 

species/races. 

Out of the 80 watershed councils for which I had information on whether 

there is a paid coordinator or not, 46% of them had a full-time paid coordinator. 

The presence of paid coordinators in watershed organizations was positively 

correlated with the status of winter steelhead (tau-c= 0.7, 22 cases, p 0.001), 

which suggests that where there are paid coordinators the salmon are healthier. 

However, because there are such few cases (22) of coastal winter steelhead for 

which there is information about the situation of paid coordinators in the 

watershed organizations, a more detailed study is recommended in order to 

draw any conclusions from this association. 
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Watershed councils are not unique to the Pacific Northwest. In 1994, 

Trout Unlimited initiated a watershed conservation project on the BeaMov trout 

fishery in New York State's Catskills Mountains. They concluded the 

"importance of using an integrated approach to watershed conservation, where 

both scientific and socio-economic information are used to formulate 

management strategies (American Sportfishing Association, 1996)." 

Given that contradicting results are found in both measures of human 

organizations (Indian tribes and watershed organizations) and given the fact that 

other anthropogenic variables are more significantly associated with salmon, I 

recommend more detailed, temporal studies of the effectiveness of these human 

organizations in promoting the health of the watershed. The presence of paid 

coordinators in watershed councils, for example, is associated with healthier 

stocks of winter steelhead. This result supports the idea that increasing the 

funding basis for these councils could lead to improvement of their effectiveness 

in watershed restoration (Oregon Plan, 1997). 

7) Methodological conclusions 

7a) Statistical methods using both variables and factors showed 

consistent results. 

Factor scores obtained from the principal components analysis are very 

helpful in confirming the results from analyses between anthropogenic variables 

and the status of salmon stocks. Generally, independent of whether 

anthropogenic variables or factor scores representing these variables are used, 

the results are the same. For example, the factor dams are consistently 

significantly associated with most species/races of salmon region-wide and in 

the Columbia Basin and so are the two variables related to dams. On the Coast, 

forest, land use, and hatcheries factors and variables are more significant. 
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7b) The results of this study are limited by several factors related 

to the methodology and the complex and subjective nature of the data 

used. 

I recognize the limits of this study based on the broad and complex nature 

of the data and the subjectivity in methods of collecting it. The anthropogenic 

data were gathered as to parallel the way the existing biological data was arrived 

at. Sometimes, conclusions were based on incomplete data, and in the case of 

the biological data, sometimes unsystematically acquired. However, for the 

purpose of generalizing associations between status of salmon stocks and the 

anthropogenic variables and factors in the watershed, these incomplete and 

subjective types of data provided significant results. 

Another consideration one must take when interpreting these data (or any 

other data) are the temporal factors. Some of the stocks considered "at special 

concern" in the few years prior to the report's publication in 1991 might, in the 

present, have moved up to a higher risk of extinction. Also, some stocks that 

were already extinct in the past might not have been taken into account by 

Nehlsen et al. (1991); therefore, I might not have a complete list of extinct 

stocks. The temporal factor also applies to the anthropogenic variables. 

Also, some of the impacts from anthropogenic activities are more 

localized, such as in the upper Yakima River, when grazing and fire are major 

impacts on salmon habitat, while the lower reaches of mid-Columbia subbasins 

where irrigation withdrawals, grazing and timber harvest have caused 

considerable habitat degradation (Lichatowich, 1994). Because most statistical 

analyses require large number of cases to generalize a common problem, I 

sacrificed detail for generalization for this is the purpose of my study: a 

comprehensive general picture of salmon and related anthropogenic activities in 

the watersheds where they spawn. 
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The lack of a comprehensive picture of the status of salmon stocks is 

perhaps one of the most difficult problems one must deal with when trying to 

solve the salmon/human problem. "Unfortunately, the picture may never be fully 

in focus, as small populations overlooked in the past may continue to be 

overlooked and disappear unrecognized (Nehlsen et al., 1991)." 

8) The anthropogenic activities chosen for this study are strongly 

associated with the status of salmon stocks in watersheds where these 

stocks spawn, suggesting that the fresh water existence of salmon is of 

much importance in relationship to the status of stocks. 

Most anthropogenic variables in the watershed are significantly 

associated with the status of salmon. However, as stated in the previous 

chapter, associations between anthropogenic variables in the watershed and the 

status of salmonids should not be interpreted as causal relationships. 

Nevertheless, results are consistent with other studies of salmon population 

status that strongly implicate habitat degradation as a major factor contributing 

to population decline (Nehlsen et al., 1991, National Research Council,1996, 

Lichatowich et al., 1995, Botkin et al. (1995), Frissell, 1992). 

Lichatowich (1994) stated that large-scale climate changes probably 

influenced salmon production in freshwater and marine environments during 

1900-1940. When presenting statistics about salmon production in the Pacific 

Northwest, the author attributes the interaction of human and environmental 

factors in the past 100 years as the cause for the increase in the depth of the 

troughs and the depression of the height of the peaks in the salmon production 

cycle. More specifically he stated that decadal fluctuations in the catch of coho 

salmon correspond to indices of climate in the Columbia River Basin. Although I 

do not confront the statement that ocean variables are important in determining 

the status of salmon populations, I believe that the results of this study suggest 
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that the fresh water anthropogenic variables are significantly associated with the 

health of salmon despite the lack of information on the variables affecting the 

ocean phase of their life history. In fact, some multivariate models explain a 

high percentage of the variance of the data on the status of salmon stocks. An 

example is the model for winter steelhead in the Columbia Basin, where number 

of dams, dam status, Indian tribe, and watershed organizations are associated 

with 99% of the status of winter steelhead stocks ( R2= 0.99, Table VI.8). 

"In general natural disturbances appear to have much less adverse effect 

on native fishes than do human disturbances (Independent and Scientific Group, 

1997)." Nevertheless, they are important in determining the status of salmon 

stocks. Lichatowich (1993), in a report about ocean carrying capacity of Snake 

River salmon, states that salmon seem to be responding to shifts in productivity 

in the coastal upwelling zone. When studying the cumulative effects of land use 

on salmon habitat in southwest Oregon coastal streams, Frissell (1992) 

suggests that human impact in a drainage basin should be viewed as the 

complex response of the interaction of human and natural perturbations in the 

ecosystem. 

Habitat damage and overfishing have been suggested as the primary 

factors affecting the eight Oregon Coast fall chinook populations in Nehlsen et 

al.'s (1991) list. "Oregon coastal coho stocks are threatened primarily by 

overharvest, habitat damage, and interactions with hatchery fish (Nehlsen et al. 

1991)." Also, the poor status of all Puget Sound spring chinook populations has 

been partly attributed to overfishing (James, 1980; Hiss, 1987). Because I have 

not included fishing as a watershed variable, I cannot address the particular 

case of overfishing. However, as stated above, freshwater anthropogenic 

variables have very significant associations with the status of salmon stocks. If I 

had information on natural environmental factors and fishing affecting each 

salmon stock, I perhaps could explain more of the variability in the data about 
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the status of salmon stocks, especially for coastal stocks which are said to be 

more influenced by ocean environmental factors (Nehlsen et al., 1991). 

Despite the fact that I did not include natural environmental and ocean 

harvest variables in this study, I was able to find significant associations 

between the status of salmon and anthropogenic variables in the watershed. 

This suggests that the freshwater phase of salmon life history is of much 

importance in determining the success of the species and local breeding 

populations. I believe, in addition, based on the review of studies which suggest 

the importance of interaction of natural and human induced factors in the 

environment (Lichatowich, 1994; Frissell, 1992; Independent Scientific Group, 

1997), that natural resources managers need to take natural environmental 

factors into account and manage the anthropogenic factors well, understanding 

that their interaction is of major importance to the well being of the ecosystem. 

This research can be used as a reference point for more detailed studies 

and used as a guideline of where to invest research money and effort. It is a 

complete coverage of Pacific Northwest salmon watersheds for the 5 

species/races studied and describes most of the anthropogenic variables 

believed to affect salmon. There has not been a similar endeavor so far. 
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Appendix A: Letter sent to Mark Committee members with the list of salmon 
hatcheries (Please refer to Chapter III). 

Karina Lorenz Mrakovcich 
Department of Fisheries and Wildlife 
Oregon State University 
Corvallis, OR 97333 

Corvallis, October 16, 1996. 

Mr. Mark Committee Member, 

I am a Ph.D. student in the Department of Fisheries and Wildlife of Oregon State 
University. I am developing a study of salmon and anthropogenic factors 
affecting watershed in the Pacific Northwest. I received the report from Mr. J. 
Kenneth Johnson with Pacific states Marine Fisheries Commission which lists 
the hatcheries involved in Coded Wire Tagging. From that list I developed my 
list of hatcheries in the watersheds I have information on stocks of salmon. 

I am including my list of watersheds and hatcheries. The last column refers to 
the hatcheries. The code "1" means that the is no hatchery in that watershed, 
and the code "5" means that there is at least one hatchery in that watersheds. 
would like for you to check the list in the region that you have responsibility for 
and indicate whether you feel that the hatchery coded should be changed. Also, 
if you know what species of salmon are released by that hatchery, please 
indicate next to that hatchery coding. 

Your help is crucial to this study. You may contact me at the address above if 
you have any questions concerning this research. I am including a self-
addressed stamped envelope for your reply. 

Sincerely, 

Karina Lorenz Mrakovcich 

I 
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Appendix B: List of ecoregions used in this study. (Please refer to Chapter IV). 

Ecoregion types described by Omernik (1995): 

Coast Range 
Willamette Valley 
Cascades 
Eastern Cascades Slopes 
Klamath Mountains 
Southern and Central California Plains and Hills 
Southern California Mountains 
Northern Cascades 
Puget Lowland 
Columbia Plateau 
Blue Mountains 
Northern Rockies 
Snake River Basin High Desert 
Central California Valley 
Sierra Nevada 

Ecoregion types described by Bailey (1995): 

Cascade Mixed Forest Coniferous Forest Alpine Meadow Province 
Pacific Lowland Mixed Forest Province 
Sierran Steppe - Mixed Forest - Coniferous Forest 
California Coastal Chaparral Forest and Shrub Province 
California Dry Steppe Province 
California Coastal Steppe - Mixed Forest, and Redwood Forest 
Middle Rocky Mountain Steppe - Coniferous Forest Alpine Meadow Province 
Northern Rocky Mountain Forest-Steppe Coniferous Forest Alpine Meadow 
Province 
Intermountain Semi-Desert Province 




