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Note to Readers

Change in Pacific Northwest Coastal Ecosystems is a product of the Pacific Northwest Coastal
Ecosystems Regional Study (PNCERS), a NOAA Coastal Ocean Program study begun in 1996.
This document presents the results of a workshop conducted during August, 1996, to better
define a research agenda to study the combined effects of natural variability and anthropogenic
change in Pacific Northwest coastal ecosystems. It contains five complementary syntheses written
for the workshop on the topics of human intervention in coastal ecosystems (Chapter 2), the
socioeconomic causes and consequences of coastal ecosystems change (Chapter 3), variability and
stability of climatic/oceanic regimes (Chapter 4), variability of marine ecosystems (Chapter 5), and
variability of riverine and estuarine ecosystems (Chapter 6). It also contains the critical responses
and research ideas of the peers who attended the workshop (Chapter 7).

The Coastal Ocean Program (COP) provides a focal point through which NOAA, together with
other organizations with responsibilities for the coastal environment and its resources, can make
significant strides toward finding solutions to critical problems. By working together toward
these solutions, we can ensure the sustainability of these coastal resources and allow for
compatible economic development that will enhance the well-being of the Nation now and in
future generatibns. The goals of the program parallel those of the NOAA Strategic Plan.

A specific objective of the COP is to provide the highest quality scientific information to coastal
managers in time for critical decision making and in formats useful for these decisions. To help
achieve this, the COP inaugurated a program of developing documents that would synthesize
information on issues that were of high priority to coastal managers. As a contribution to the
Decision Analysis Series, this report provides a critical synthesis and foundation for new research
and assessment in the Pacific Northwest. A list of available documents in the Decision Analyses
Series can be found on the inside back cover.

As with all of its products, the COP is very interested in ascertaining the utility of the Decision
Analysis Series, particularly in regard to its application to the management decision process.
Therefore, we encourage you to write, fax, call, or E-mail us with your comments. Please be
assured that we will appreciate these comments, either positive or negative, and that they will help
us direct our future efforts. Our address and telephone and fax numbers are on the inside front
cover. My Internet address is DON.SCAVIA@NOAA.GOV.

e A

onald Scavia
Director
NOAA Coastal Ocean Program
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EXECUTIVE SUMMARY

BACKGROUND

Over the past one hundred and fifty years, the landscape and ecosystems of the Pacific Northwest
coastal region, already subject to many variable natural forces, have been profoundly affected by
human activities. In virtually every coastal watershed from the Strait of Juan de Fuca to Cape
Mendocino, settlement, exploitation and development of resouices have altered natural
ecosystems. Vast, complex forests that once covered the region have been largely replaced by
tree plantations or converted to non-forest conditions. Narrow coastal valleys, once filled with
wetlands and braided streams that tempered storm runoff and provided salmon habitat, were
drained, filled, or have otherwise been altered to create land for agriculture and other uses.
Tideflats and saltmarshes in both large and small estuaries were filled for industrial, commercial,
and other urban uses. Many estuaries, including that of the Columbia River, have been channeled,
deepened, and jettied to provide for safe, reliable navigation. The prodigious rainfall in the
region, once buffered by dense vegetation and complex river and stream habitat, now surges
down sifiplified stream channels laden with increased burdens of sediment and debris. Although
these and many other changes have occurred incrementally over time and in widely separated
areas, their sum can now be seen to have significantly affected the natural productivity of the
region and, as a consequence, changed the economic structure of its human communities.

This activity has taken place in a region already shaped by many interacting and dynamic natural
forces. Large-scale ocean circulation patterns, which vary over long time periods, determine the
strength and location of currents along the coast, and thus affect conditions in the nearshore
ocean and estuaries throughout the region. Periodic seasonal differences in the weather and
ocean act on shorter time scales; winters are typically wet with storms from the southwest while
summers tend to be dry with winds from the northwest. Some phenomena are episodic, such as
El Nifio events, which alter weather, marine habitats, and the distribution and survival of marine
organisms. Other oceanic and atmospheric changes operate more slowly; over time scales of
decades, centuries, and longer. Episodic geologic events also punctuate the region, such as
volcanic eruptions that discharge widespread blankets of ash, frequent minor earthquakes, and
major subduction zone earthquakes each 300 to 500 years that release accumulated tectonic
strain, dropping stretches of ocean shoreline, inundating estuaries and coastal valleys, and
triggering landslides that reshape stream profiles. While these many natural processes have
altered, sometimes dramatically, the Pacific Northwest coastal region, these same processes have
formed productive marine and coastal ecosystems, and many of the species in these systems have
adapted to the variable environmental conditions of the region to ensure their long-term survival.

XXi
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EXECUTIVE SUMMARY

The combination of these many natural
processes has resulted in highly productive
marine and coastal ecosystems that are
adapted to the widely variable conditions of
the region.

The economy and culture of the Pacific
Northwest coastal region continue to depend
to a large degree upon natural resources. As
the landscape and coastal resources continue
to be developed and, in some cases, depleted,
the economic and social systems that depend
on a stable, predictable set of environmental
conditions to provide goods and services are
increasingly vulnérable - to environmental
change, whether natural, human-caused, or
both. Changes in environmental conditions
and consequent disruptions of ecosystem
functions trigger reactions in political, social,
and economic systems that can consume
immense amounts of social, political, and
economic capital. The decline of coastal
salmon stocks, for instance, has resulted in a
significant effort by the Oregon and
Washington state governors and agencies,
Federal agencies, and local communities to
find “the cause”, and “restore” these stocks in
coastal streams. Developing and carrying out
resource management programs that are
ecosystem-sensitive and have public support

requires that scientists and managers work together to significantly improve understanding of the
function and variability of coastal ecosystems, the effects of management practices, and the
economic and social, as well as ecological, consequences of change.

PNCERS PROGRAM AND CONTENTS OF THIS REPORT

The Pacific Northwest Coastal Ecosystems Regional Study (PNCERS) is a multiyear, regional
initiative of the Oregon Coastal Management Program, Washington Sea Grant Program, and
National Marine Fisheries Service Northwest Fisheries Science Center. It is supported by the
NOAA Coastal Ocean Program. The goals of PNCERS are: 1) to improve the understanding of
the relative impacts of natural variability and anthropogenic stressors on coastal ecosystems that
support Pacific salmon; and 2) to translate that understanding into improved management of
resources and activities that affect coastal ecosystems.
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The scope of the PNCERS program is broad, ECOSYSTEM

as shown by the conceptual model below. The pemmmnenas MODEL  |[-----------s
program recognizes that because Pacific il e
salmon stocks use all parts of the coastal + Qeeanio processes e
ecosystem at some point in their lives, they ¢ Terrestrial effects ' oontamination,
appear to be susceptible to a combination of : / :

natural and human-caused ecosystem change.

While the goals of this program are broadly : FOOSYSTEM PROCESSES .
conceived, PNCERS considers salmon to be . '
an integrator and indicator of coastal
ecosystem health. In understanding the
relationship between ecosystem change and ENVIRONMENTAL MANAGEMENT/
salmon survival, PNCERS also intends to PUBLIC POLICY
provide a better understanding of how
ecosystem change affects many other i
resources of social, economic, and ecological A A
importance to the Pacific Northwest. ; ECONOMIC/SOCIAL VALUES
Additionally, PNCERS seeks to understand : Ec,nomkﬁ;m sn:hm,,m
how information on natural variability, human arker ovces _ :

. bt ECONOMICAND |......... -
stressors, and broad-scale indicators of change SOCIAL MODEL

and/or ecosystem integrity can best be

integrated and effectively translated for use by

managers and policy makers. Ultimately, PNCERS intends that this new understanding will
provide a basis for more appropriate and effective management of human activities for the
sustainable use of coastal resources.

This report contains seven chapters, each with a list of references, and a glossary of terms. Five
of the chapters (Chaps. 2-6) were originally developed as “theme” papers for a 1996 workshop
sponsored by PNCERS to summarize present scientific understanding and identify key research
issues as a prelude to developing a multiyear research plan. Chapter 1 is an introduction.
Chapters 2 and 3 describe the effects of human intervention in the coastal environment and the
resulting socioeconomic changes. Chapters 4, 5, and 6 provide a conceptual framework for
describing, assessing and synthesizing the present understanding of the physical and biological
parts of Pacific Northwest coastal ecosystems and, in particular, how salmon populations relate to
these various parts. Chapter 7 is a summary of the 1996 workshop.

HUMAN INTERVENTION IN PACIFIC NORTHWEST COASTAL
ECOSYSTEMS

Chapter 2 highlights major issues related to the effects of human habitation of the landscape and
ecosystems of the Pacific Northwest coastal region, with emphasis on the factors that affect
salmon use. The major intervention activities have been fishery harvest and enhancement
(hatcheries), forest resource harvest and associated activities, agricultural land conversion and
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practices, the construction and operation of dams, and urban development. Cumulatively, human
intervention has resulted in significant physical, hydrological, chemical, and biological
modifications of the coastal environment, including the estuarine and riverine ecosystems that
support salmon. »

Physical modifications include the outright loss of habitat in forests, streamside riparian areas,
freshwater wetlands, and estuaries, as a result of forest practices and by dredging, filling and
diking for agriculture and urban growth. They also include subtle physical modifications such as
the filling of deep pools with sediment or the scouring of stream beds, which reduce the
composition and diversity of in-stream habitat or structure. Among other effects of these physical
changes are degraded or insufficient in-stream habitat, removal of riverine and estuarine habitat
from the ecosystem, and changes in sediment transport and deposition in coastal streams. The
hydrologic regimes (streamflow patterns) of many watersheds have been modified by human
activities. Logging of forests and conversion of lands to agriculture, residential and other uses has
reduced or eliminated water-retentive vegetation throughout many watersheds. Urbanization, has
reduced the number of absorbent wetlands and has increased hard-surfaced areas. Dams and
water diversion structures have reduced flow, dampened streamflow cycles, blocked fish passage,
and have caused indirect impacts, such as increased temperatures and nitrogen supersaturation.

Chemical modification of coastal waters has resulted principally from watershed activities that
have increased the drainage of non-point and point-source pollutants into coastal freshwater,
estuarine, and marine systems. The pollutants reaching coastal water bodies are largely pesticides,
herbicides, and nutrients from fertilizers, animal wastes and failing septic systems, with varying
amounts of other toxic industrial compounds, heavy metals, other synthetic chemicals and
petroleum and its byproducts. These inputs of chemical contaminants have affected both water
and sediment quality and have been shown to adversely affect aquatic organisms. Impacts on
biota are primarily found in regions of urban development or industrialization. In the case of
salmon, direct effects from chemical contaminants are difficult to assess; however, recent evidence
suggests that growth and survival of juvenile salmon can be decreased by exposure to toxic
chemicals. Contaminants are only one source of stress to aquatic species, and it is important to
note that they can act in concert with one another or interact with other stressors, such as
parasites, to increase the level of stress, and thereby increase the likelihood of toxicity.

Biological modifications of coastal ecosystems have been both direct and indirect. Fish harvest
has directly modified fish abundance and distribution. Other actions, such as removal or
destruction of habitat, introduction of exotic or non-native species, and changes in predator or
prey species, have affected populations indirectly. The introduction of artificially propagated
salmon from hatcheries has had significant effects on the genetic diversity and survival of wild fish
stocks, and the harvest and removal of returning fish have changed nutrient cycling in coastal
streams. The combination of direct and indirect biological modifications has impaired the capacity
of aquatic ecosystems to support salmon and other species, and has resulted in the loss of
particular salmon stocks and their associated genetic traits, thereby reducing genetic diversity
among salmon populations.

Two broad questions about human intervention require research before they can be adequately
addressed: 1) how has human intervention affected coastal ecosystems that support salmon (and
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other aquatic resources) in relation to natural large-scale variability?; and 2) how can the effects
of human activities on aquatic resources be mitigated in order to restore salmon populations?
Currently, scientists have little understanding of how to separate.and assess the effects of
individual factors from the cumulative effects of many human-caused stressors that affect coastal
ecosystems, especially in the context of natural large-scale variability. A variety of stressors have
clearly had major effects on salmon, but many questions remain as to the effects of specific
stressors in any particular watershed. The highly variable nature of ecosystem conditions over
different time scales and in different areas has caused ecosystem managers and restoration
scientists in the region to seek flexible, appropriate management measures and feasible, useful
restoration activities. Adaptive management is a valuable approach because it uses the
accumulation of credible information gained through monitoring of management actions to
support ongoing management decisions, including restoration projects.

SOCIOECONOMIC CAUSES AND CONSEQUENCES OF COASTAL
ECOSYSTEMS CHANGE

Chapter 3 examines the social and economic aspects of ecosystem change in the Pacific
Northwest coastal region. The social and economic systems of the region, with local variations,
have been shaped by two major sets of factors. One is the set of local natural resources (i.e.,
ecosystem goods, services, and amenities) that have been exploited to provide economic value to
individuals and, collectively, communities. The ecosystems that produce these resources are
subject to variability due to natural forces. The other set of factors includes external, large-scale
economic and social changes, such as world trade flows and rates of immigration/emigration,
which are themselves also subject to a variety of other external forces.

Within the socioeconomic systems of communities, people acquire and transform ecosystem
resources, usually characteristic of the region (e.g., trees), with labor, energy, and technology to
produce goods (e.g., lumber) and services (e.g., construction). People also take advantage of
coastal ecosystem amenities for recreation and aesthetic enjoyment, and they utilize ecosystem
services for waste disposal, clean air and water, etc. The process of using these resources,
transforming materials, and distributing them is subject to the constraints of economics (markets,
competition, etc.) and government (regulations, rules, commitments, etc.). When these activities
affect the basic production or availability of resources from these coastal ecosystems (depletion,
change in size or content) and feedback from the systems affects society (scarcity or inferior
quality of materials, etc.), changes in human well-being are perceived and reflected in a variety of
quantitative and qualitative ways, collectively called socioeconomic consequences. These
consequences push the social system to adapt (for example, to the lack of availability of salmon).

There are three basic approaches to studying the process of socioeconomic response and change:
1) a legal/institutional approach; 2) a sociological approach; and 3) an economics approach.
While the issues and phenomena studied by these three overlap considerably, each focuses on
particular aspects of the social system, uses specific assumptions and models, and addresses
unique dimensions of experience. Hence, each approach results in measures for different variables
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and emphasizes different issues and problems. Common property resources management and
natural resource accounting are two integrative approaches.

The legal/institutional approach focuses on the processes and the hierarchy of laws and authorities
that influence coastal resource policy. Such techniques as “institutional mapping” provide a
means of identifying and assessing existing laws, governmental organizations, authorities, and
their geographic extent in relation to managing a particular ecosystem. Then, duplication,
conflicts and gaps may be identified, as has recently been done with watershed planning in Puget
Sound. Political science models are used to describe and understand the dynamic process of
organizational change and collective learning. Of particular interest is the “advocacy coalition
framework” that characterizes the various beliefs held by organized policy coalitions. Recent
legal/institutional changes affecting coastal ecosystems include changes in private property and
Native American treaty rights, and the emergence of collaborative models such as the National
Estuary Program, watershed planning and ecosystem management (e g., the President’s
Ecosystem Management Task Force). -

Sociological research relevant to the interactions between natural processes and human activities
has found that: 1) social and biogeochemical systems are seen as two parts of one larger system;
2) either the human system or the natural system can be taken as the dependent variable; and 3)
there is an extensive body of knowledge regarding social consequences of interactions with
natural systems. Social Impact Assessment (SIA) is often employed to determine impacts on
individuals (health and safety, attitudes, economic prosperity), on organizations (profitability,
membership levels, conflicts), or on communities (structure and capacity to provide services,
economic impacts). The Forest Ecosystem Management Assessment Team (FEMAT) recently
undertook a major SIA in the region that included work on the California, Oregon and
Washington coasts.

Economic studies typically examine the material side of human activities, using theories of market
equilibrium, “externality”, and government regulation to explain and predict the economic
consequences of resource scarcity. Pertinent economic study models include structural
‘descriptions of coastal economies (e.g., economic impact or market equilibrium models) and
economic evaluations of ecosystem services and functions (e.g., recreational demand models,
contingent valuation of existence values for public goods). For specific economic changes
triggered by policy initiatives or by exogenous shifts in climate, benefit-cost studies can help to
assess net benefits. Because measurable economic variables are frequently limited, a quantitative
cost-benefit analysis is often supplemented by descriptive accounts of environmental effects and
other social effects. Some recent progress has been made in estimating the recreational resource
value and the existence value of salmon in the Pacific Northwest.

VARIABILITY AND STABILITY OF CLIMATIC AND OCEANIC REGIMES IN
THE PACIFIC NORTHWEST

In Chapter 4, the complex interactions of the atmospheric and oceanic systems that affect the
Pacific Northwest coastal region are examined. An analysis of scales is used to separate the
actions and relationships of phenomena that operate over differing lengths of time and areas of
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various sizes, to identify the causes and effects unique to particular scales, and also to identify
appropriate space and time scales as they relate to management activities. The principal time
(temporal) scales for considering the dynamics of the atmospheric and oceanic systems are: the
millennial (thousands of years; including Ice Age/Holocene warming, deep ocean basin mixing,
etc.); century (hundreds of years; including sea level rise, Little Ice Age events, major tectonic
events, etc.); decadal (tens of years; including apparent shifts in ocean background state, etc.);
quasi-quintennial (3 to 7 years, including El Nifio events, etc.); inferannual (year-to-year;
including variations in air temperature, spring transition timing, etc.); and annual (seasonal and
shorter events; including tides, upwelling, summer/winter changes, etc.).

The major climatic/oceanic signal on the quasi-quintennial-scale is the ENSO (El Nifio-Southern
Oscillation) phenomenon, which has apparently occurred for at least 5.5 million years. In the
atmosphere, El Nifio is characterized by a change in the organization of high and low air-pressure
cells across the equatorial Pacific that drive the Westerly Winds. These winds push tropical
waters westward, creating a large pool of warm water with an elevated sea surface. When the
arrangement of atmospheric cells shifts, winds relax, warm waters flow eastward along the
equator to the Americas, and then flow north and south along the coasts. An opposite phase,
dubbed La Nifia, results in the colder than normal conditions along the coasts of the Americas.
During an El Nifio, teleconnections in the atmosphere shift the location and intensity of the storm-
generating Aleutian Low, which changes the track of the jet stream, thereby altering the landfall
of storm tracks over the West Coast. Retrospective studies have shown that typical El Nifio
conditions result in warmer and drier weather than usual during Pacific Northwest winters, though
the strong 1982-83 El Nifio did not follow this pattern. In the Pacific Northwest ocean, an El
Nifio is typified by high sea surface temperatures due to a change in normal wind patterns that
normally generate a supply of cold, upwelled water, as well as due to the arrival of the warm
water from the tropics. It is not clear at this time whether the El Nifio phase is becoming more
frequent and/or more intense, but the La Nifia phase has occurred less frequently than usual for
the past 20 years.

A major climatic/oceanic signal on the decadal scale, termed appropriately, the Pacific Decadal
Oscillation (PDO), has also been identified. The background state of the Pacific Ocean appears to
oscillate between two atmospheric flow-regimes that relate to the strength and location of the
Aleutian Low. A so-called West Coast flow-regime results from a deeper and east-shifted
Aleutian Low that shifts storm tracks northward and results in cooler and wetter weather in the
Pacific Northwest. A so-called Alaskan flow-regime, generated by a westward shift and
weakening of the Aleutian Low, results in a shift of storm tracks southward, and warmer and drier
weather in the Pacific Northwest. In the ocean, the PDO is characterized by a shift in the
* bifurcation point of the Sub-arctic Current as it approaches the continent. The point moves
northwards, as do storm tracks, during the West Coast flow- regime and southwards, as do storm
tracks, during an Alaskan flow-regime. This point of bifurcation strongly influences
oceanographic habitat characteristics of the ocean off the Pacific Northwest. The last clear PDO
shift was to an Alaska flow-regime coincident with a 1976-77 El Nifio event.

By contrast, variability on the millennial scale, century scale (particularly with respect to the past
1000 years), and on the daily scale have received less research attention. Significant research
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needs abound, from the potentially long-lasting effects of severe storm events on a daily-scale to
the possibility of human-influenced global climate warming on the century scale. There are also
many questions about linkages between the atmosphere and ocean both within the regions
affecting the Pacific Northwest, especially about the relationships between basin-wide functions,
effects on coastal upwelling, and enhancement of El Nifio effects in the coastal ocean by later
atmospheric effects.

VARIABILITY OF PACIFIC NORTHWEST MARINE ECOSYSTEMS AND
RELATION TO SALMON PRODUCTION

Chapter 5 evaluates the influence of variability on the capacity of ocean habitat to support Pacific
salmon. Two sets of factors are proposed to measure the capacity of the ocean to produce
salmon. The first set involves the ocean environment and the influence of such variations as the
primary biological productivity of coastal waters (which is determined by many interacting
environmental conditions), the distribution and abundance of marine species (including predators
and prey), and physical processes such as ocean currents and upwelling that may directly influence
salmon mortality in the ocean. The second set involves the timing and distribution patterns of life-
histories in various salmon populations. Salmon have developed life-history strategies that
respond to the unique mix of environmental characteristic and variability of different geographic
locales. For salmon to survive in the ocean, they must first survive the riverine and estuarine
environment. Selective forces in rivers and estuaries determine the range of sizes, physiological
condition, and time of ocean entry of the population of migrants leaving each river system (see
Chapter 6).

Several important geographically-related oceanic conditions influence salmon populations,
including north-south gradients in the strength of coastal upwelling, the availability of protected
inlet or estuarine habitat, the relative influence of the Columbia River plume, and the patterns of
distribution for northern and southern species. Certain geographic “discontinuities” in the
physical environment may have an important influence on salmon production and life-histories and
the distribution of other shallow water marine organisms. Such discontinuities include differences
in regional precipitation and streamflow patterns, as well as variations in winds, upwelling
intensity, and currents, between areas to the north of and areas to the south of Cape Blanco on
the southern Oregon coast. The ocean migration patterns of coastal chinook salmon do, in fact,
show a discontinuity at Cape Blanco: stocks north of Elk River (on the south flank of the cape)
appear to rear in waters to the north while stocks from streams to the south generally rear to the
south.

The physical processes that influence salmon production may be conceptualized as a nested
hierarchy. Localized, seasonal upwelling events (including effects of the Columbia River Plume)
and advective processes (California Current) along the entire regional coast are embedded within
a larger global system that regulates winds and currents over various time and spatial scales (see
Chapter 4). Although survival of juvenile salmon has been correlated with wind-driven upwelling,
the correlation has shifted from positive to negative, apparently in concert with the present
Alaskan flow-phase of the Pacific Decadal Oscillation. Research has recently shown that
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interannual variations in the productivity of the California Current system are 1) correlated with
variations in the strength of the current and flow of nutrients from the Sub-Arctic Current, 2) may
be a controlling factor in pelagic production, and 3) may influence the size and distribution of prey
species important to salmon. El Nifio events, which connect the upwelling systems, thermal
- structure, and biotic assemblages of the California Current to the equatorial Pacific Ocean,
directly affect the mortality of salmon in the Pacific Northwest. Fluctuations among chinook and
coho stocks from the Pacific Northwest appear to be out of phase with cycles of abundance
among stocks of pink, sockeye, and chum salmon in the Gulf of Alaska. These patterns illustrate
that the Pacific Ocean and atmosphere are not in a steady-state condition but continuously
respond to changes in the global heat budget and thus continually shift the conditions that affect
biological increase and decline around the Pacific Ocean Basin ecosystem.

Because ocean conditions vary from year to year or decade to decade (e.g., timing of the spring
transition, onset of upwelling, presence of predators or prey, etc.), slightly different migration
times in various locations along the coast may be advantageous or disadvantageous to salmon
stocks and thus affect ocean survival. The total productive capacity of salmon in the ocean
environment is therefore influenced by the diverse array of populations and life-histories within
species that allows them to adapt to changing conditions throughout the entire system. A
“member/vagrant” hypothesis proposed by Sinclair, 1988, explains abundance, variability,
geographic structure, and richness of populations. In this hypothesis, the role of “spatial”
processes (i.e., physical processes such as ocean currents) in the recruitment of marine species is
fundamental, particularly during the earliest and most vulnerable stages of the life-history when
the direct physical or temporal displacement of individuals from a critical sequence of habitats can
result in mortality. A second major factor in the recruitment or loss of individuals is the role of
“energetics” related to predation, competition, or disease. The role of mortality due to spatial
displacement during the marine life-history of salmon has received little research, but may be
particularly relevant in the physically-controlled California Current System.

VARIABILITY OF ESTUARINE AND RIVERINE ECOSYSTEM
PRODUCTIVITY FOR SUPPORTING PACIFIC SALMON

Chapter 6 discusses the variability of the estuarine and riverine components of coastal ecosystems
in response to variable natural conditions and to human-induced changes. An overarching
hypothesis is that Pacific salmon species have evolved diverse life-histories to take advantage of
the varying environmental conditions resulting from conditions in the atmosphere and ocean and
that vary over numerous temporal and spatial scales (see also Chapters 4 and 5). The life-history
patterns of five species of Pacific salmon can be characterized in eight “stanzas”: 1) incubation
and emergence; 2) freshwater residence; 3) downstream migration, 4) freshwater-estuary
transition; 5) estuarine residence; 6) estuary-ocean transitions; 7) ocean residence; and 8) return
migration to spawn. Within each stanza there is considerable potential for variability and thus
complexity among different stocks.

A large number of factors influences Pacific Northwest estuaries. Regional estuaries exhibit a
wide variety of structural characteristics and sizes, including fjords, drowned river valleys, and
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bar-built lagoons. Fluvial drainages vary from only 10 to 100 km? for many coastal estuaries of
Oregon, up to 100,000 to 1,000,000 km? for Puget Sound and the Columbia River. Circulation
patterns in estuaries vary extensively as a function of river flow volume and seasonal cycles, tidal
range, and the depth and shape of the estuarine basin. Typically, more than 40% of total estuarine
surface area is intertidal; intertidal habitats are usually colonized by emergent marsh vegetation
along the brackish salinity regimes and tidal shrub-scrub swamps and forest in_tidal/freshwater
reaches. Estuarine production in the Pacific Northwest is extremely pulsed, depending on the
season and the flow of energy within the system. Estuarine food webs are based predominately
on detritus, and the composition of organic matter contributing to the estuarine detritus pool may
vary significantly - depending upon regional location, extent and type of watershed, climate,
geology, oceanic energy regimes, and human effects. The quality, rather than quantity, of organic
matter reaching estuaries appears to be important, implying that particular sources of organic
matter are important. The differential pulses of organic matter and distribution of the material
across estuarine habitats may account for differences in trophic support of salmon and other
secondary consumers.

The hydrologic regime and vegetation patterns of river drainages in the Pacific Northwest result
from two major factors: 1) geologic and geomorphic conditions, including topographic features,
such as mountain ranges, elevation, topographic relief, stream gradient and length, and soils; and
2) marine influences, which drive seasonal precipitation loads and moderate temperatures. Flow
patterns in coastal rivers reflect major seasonal differences in the regional climate. During fall and
winter high precipitation is delivered by numerous storm fronts; during summer, there is low
precipitation and few storms. Different river drainages can be affected by different flood-
producing mechanisms, including rainfall-induced, rain-on-snow runoff, snowmelt-induced, or
combinations of the three. Nutrient cycling dynamics of freshwater ecosystems can be important
in salmonid production. The availability of nitrogen (N) and phosphorus (P) limits the biological
productivity of most rivers and streams in the Pacific Northwest coastal region. Historically, the
timing of the supply of nutrients in riverine systems could have been closely coupled to the return
~and decay of spawned-out carcasses of salmon, transported upstream and then releasing
significant amounts of nutrients into the riverine ecosystem.

Most estuarine and riverine ecosystems in the Pacific Northwest have experienced major changes
over the past 150 years (see Chapter 2). Excessive sedimentation, channel erosion, removal of
large woody debris, and lower streamflows have reduced the complexity of channels, eliminated
pools and habitat for refuge, and altered temperature regimes. Many of these human-caused
changes have occurred at frequencies and magnitudes that transcend natural disturbances.
Degraded salmon habitat in many stream systems, coupled with high rates of exploitation, has
contributed to the depletion or extinction of a number of Pacific salmon populations in the region.
Salmon have adapted to a wide range of low-frequency, large-magnitude, and large spatial-scale
natural phenomena and possess traits that enable individual fish to respond rapidly to
environmental conditions. Present day extinctions of many salmon populations may be
attributable to short-term temporal and spatial variations in environmental conditions that are
outside the ranges of conditions that have promoted optimum traits for survival.
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PNCERS WORKSHOP

Chapter 7 reports the results of the PNCERS workshop held on August 13 and 14, 1996, with 85
participants (see Appendix A), in Troutdale, Oregon. The goals of the workshop were to bring
together and synthesize available information for the PNCERS Program Management Team to
further define the conceptual model and develop a research program. The workshop was
supported by five theme papers prepared in advance that summarized available information and
understanding of the theme topics, refined the PNCERS model where possible, and identified
areas or topics of needed research (i.e., Chapters 2-6 of this report). These papers were
circulated to participants in advance. A dozen peers were identified and invited in each theme
group to discuss and review the theme papers, add to the theme-specific research questions and,
in cross-cutting focus groups, discuss linkages between the theme areas. Additional research
questions and interdisciplinary issues identified at the workshop are reported in the chapter.



CHAPTER 1

INTRODUCTION

BACKGROUND

Pacific Northwest coastal ecosystems are part of a dynamic natural system that is widely variable
across a range of time and spatial scales. Numerous atmospheric, oceanic, hydrologic, and
ecological processes intersect in the region at the eastern edge of the Pacific Ocean basin where
the eastward-flowing Sub-Arctic Current encounters the North American continent and bifurcates
to form two components, the northward-flowing Alaska Current and the southward-flowing
California Current. The California Current System, an eastern boundary current, is a complex
transition zone between water masses in the larger Pacific Ocean basin and freshwater discharged
from coastal watersheds. The Pacific Northwest Coastal Ecosystems Regional Study (PNCERS)
area (Figure 1.1), generally between Vancouver Island and Cape Mendocino, is a zoogeographic
transition between the Aleutian biological province to the north and the Californian to the south.

Several important factors that influence productivity within this region are north-south gradients
in the strength of coastal upwelling, the relative influence of the Columbia River Plume, the
availability of estuarine habitat, and patterns of distribution of northern and southern species.
Other factors include the north-south location of the point of bifurcation of the Alaska and
California currents, which varies over several time scales, and distinct seasonal differences
between winter and summer current regimes. Characterization of the ocean surface reveals rich,
highly dynamic flow structures along the coast such as eddies, jets, and filaments superimposed on
the generally slow, southward flow of the California Current. Conditions and processes are
occasionally transformed by events of high impact such as El Nifio-Southern Oscillation (ENSO)
events and apparent regime shifts linked to basin-wide and global processes.

Habitat conditions and ecosystem relationships are many and complex throughout the region. The
interaction of highly variable atmospheric, oceanic, and biologic processes results in continually
shifting water-column habitat nearshore and over the shelf.  Differences in shoreline
geomorphology create a variety of habitat conditions. Rocky shores and associated reefs occur
along the Olympic Peninsula, southern Oregon, and northern California coasts. Numerous small
estuaries south of the large Columbia River estuary contrast with two large estuaries to the north
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INTRODUCTION

in Washington and with Humboldt Bay near
Cape Mendocino. Other key features are the
Columbia and Fraser Rivers, and the Straits of
Juan de Fuca and Georgia. The
topographically rugged continental slope,
dissected by canyons, and. offshore reef
complexes on the shelf, create a variety of
benthic habitats.

Together, these variable and interacting
processes, features, and habitats form the basis
of highly productive marine and coastal
ecosystems that support numerous species of
seabirds, marine mammals, and a wide variety
of commercially and recreationally important
fish stocks. Most species of marine fish and
shellfish appear to be relatively healthy despite
significant  declines in  Pacific  salmon
populations and indications of possible declines
in some populations of rockfish. -

Although coastal ecosystems are linked to and
influenced by variable processes that operate at
basin and global scales, coastal natural
resources have traditionally been viewed, used,
or managed as individual elements in the
landscape and as separate activities within the
economy of the community. Over the past
century, much of the coastal environment,
particularly watersheds and estuaries, has been
affected by human activities such as logging,
road-building,  mining, fishery  harvest,
damming,  dredging, water  diversion,
conversion of coastal wetlands and estuarine
areas for agricultural and urban uses, discharge
or runoff of a variety of pollutants, and
introduction of non-indigenous species. These
activities have significantly altered or stressed
many ecosystem functions throughout the

region. The effects of altered or stressed ecosystem functions can result in adverse economic as
well as ecological consequences. For instance, the loss of Pacific salmon fisheries has significantly
affected the economy and social structure of Pacific Northwest coastal communities and has
resulted in increased catch effort on other marine fish species.
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Policy and management related to coastal resources have not always given adequate consideration
for the ecosystem context of the resources, the variability of natural systems, or the cumulative
effects of resource use and human perturbations over time. Today, increasing demands for
coastal resources and the compromised nature of coastal ecosystems require that management and
use of resources be far more responsive to the limits and conditions of the ecosystems than ever
before. In turn, developing and carrying out management programs that are more ecosystem-
sensitive will require better understanding of coastal ecosystem function and variability, the effects
of management practices on the ecosystem, and the economic and social consequences of natural
-ecosystem variability and degradation by human activities.

THE PNCERS PROGRAM APPROACH

The goals of PNCERS are: 1) to improve the understanding of the relative impacts of natural
variability and anthropogenic stressors on coastal ecosystems that support Pacific salmon; and 2)
to translate that understanding into improved management of resources and activities that affect
coastal ecosystems. The scope of the program is broad. It takes an ecosystem approach to both
natural processes and human impacts over the Pacific Northwest region in order to understand:
how these natural processes operate at different time scales and affect the major coastal
ecosystem components of oceanic, estuarine, and riverine environment; how human activities have
affected ecosystem processes and; how natural or human-induced change affects social and
economic systems. The program recognizes that salmon are found at some point in their life-cycle
in all parts of the coastal ecosystem and appear to be susceptible to both natural and human-
caused ecosystem change. Thus, while the research goals of this program are broadly conceived,
PNCERS considers salmon to be an integrator and indicator of ecosystem health. In
understanding the relationship between ecosystem change and salmon survival, PNCERS will also
provide a better understanding of how ecosystem change affects many other resources of social,
" economic, and ecological importance to the Pacific Northwest. Additionally, PNCERS seeks to
understand how information on natural variability, human stressors, and broad-scale indicators of
change and/or ecosystem integrity can best be integrated and effectively translated for use by
managers and policy makers. Ultimately, PNCERS intends that this new understanding will
provide a basis for more appropriate and effective management of human activities and coastal
resources.

The PNCERS conceptual model (Figure 1.2) recognizes the central role of effective
environmental management and sound public policy in conserving the region’s coastal resources
and sustaining a healthy coastal economy. The model depicts the relationship of ecosystem
processes, variability, and stressors with the economic and social values of coastal communities.
The model thus establishes a framework for acquiring, utilizing, and assessing information to
improve management and policy. From knowledge about the condition of living marine resources
(as they are affected by ecosystem processes) and the values that the public holds, public policy is
derived and environmental management programs developed that can accommodate the variability
inherent in the environment and manage for resilience and sustainability of resources in the Pacific
Northwest.
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PURPOSE AND CONTENTS OF

ECOSYSTEM THIS REPORT
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science plan and serve as a stand-alone
reference.  During early 1996, theme-
oriented synthesis papers (i.e., Chapters 2-6)
were commissioned in five topics:

1. The Variability and Stability of

ENVIRONMENTAL MANAGEMENT/

PUBLIC POLICY Climatic/Oceanic Regimes in the
Northeast Pacific Ocean;
__________________________________ 2. The Variability of Marine
Ecosystems and Relation to
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~ ™~ :
; Feonopic Impacts Social impacts + 3. The Variability of Estuarine and
:‘{V{a_'"fe_t to:'c-ef ECONOMICAND |......... E Riverine ECOSYStem PI'OdUCtiVity;
SOCIAL MODEL . :
—_— 4. Human Intervention in the
Coastal Ecosystem; and
Figure 1.2. PNCERS conceptual model. 5. The Socioeconomic Causes and
Consequences of Ecosystem
Change.

Thus, the syntheses (i.e., Chapters 2-6) were intended as a complementary set of syntheses for
change in the coastal ecosystems in the Pacific Northwest, as they relate to the habitats of Pacific
salmon. While much of the content in the syntheses is specific to the Pacific Northwest region,
the general approach and analysis of factors involved should be of interest and value to those in
other regions. Chapter 7 reports the results of the workshop held during August, 1996, to
critique and discuss the synthesis drafts. The goal of that chapter is to capture and report the
ideas discussed during the workshop sessions. There is no chapter on management and policy in
this document: the PNCERS program hopes to deal with this component of the conceptual model
in future efforts and documents. Because of the interdisciplinary and technical nature of the
synthesis papers and the goal of the Decision Analysis Series to reach a wide readership, a fairly
extensive glossary and list of acronyms are also included.



CHAPTER 2

HUMAN INTERVENTION IN PACIFIC
NORTHWEST COASTAL ECOSYSTEMS

By
Ronald M. Thom and Amy B. Borde

Battelle Marine Sciences Laboratory
1529 West Sequim Bay Road
Sequim, Washington USA

INTRODUCTION

This chapter highlights some of the major issues related to human intervention in coastal
ecosystems in the Pacific Northwest. The review focuses on coastal portions of Washington,
Oregon, and northern California, including estuaries, the near coastal ocean, and the watersheds.
It is not intended as an exhaustive report on all forms of, or issues associated with, human
intervention. Questions that helped to define the scope of this theme include:

How have riverine, estuarine, and oceanic ecosystems of the Pacific Northwest been
affected by human activities?

Are there interactions among these activities that particularly affect the ecosystem?
Are there particular activities or interactions that have more effect than others?

Are there components of coastal ecosystems that are particularly susceptible to human
intervention?

Are there ways to remediate after human intervention?

Two complex questions within this theme require research before they can be adequately
answered: 1) how does human intervention affect coastal ecosystem support of salmon and other
aquatic resources in view of natural large-scale variability?; and 2) how can effects on aquatic
resources caused by human intervention be mitigated in order to restore salmon populations?
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HISTORY OF HUMAN INTERVENTION IN COASTAL ECOSYSTEMS

People have lived as a part of, and intervened in, the coastal ecosystems of the Pacific Northwest
for many thousands of years. From earliest post-glacial occupation by migrating tribes of Native
American peoples, the natural productivity of the ecosystems of this region provided food, fiber,
medicine, and shelter. Salmon, especially, were central to the diet and way of life of Native
American peoples in most coastal areas, as well as the vast Columbia River basin, but many other
plants, animals, fish, and shellfish were important on a seasonal or local basis. While Native
peoples actively intervened in natural processes through such activities as setting fires to control
brush and building in-stream weirs to trap and harvest fish, the effects of human intervention were
relatively limited because of the low population, limited technology, and a cultural view that
included people within the natural realm rather than outside.

The influx of Euro-American settlers to the region was initially attracted by the so-called “bounty”
of the natural environment, such as the abundance of beaver and other fur-bearing animals, fish,
forests, water, the deep soils, and the mild climate. By the mid-nineteenth century, significant
numbers of people were migrating into the region and creating significant changes in the patterns,
practices, and intensity of human intervention in coastal ecosystems. The enterprise of Euro-
American culture brought the clearing of forests for lumber and agricultural use, diking and
draining of wetlands, mining of hillsides and streambeds, road-building, and increased fishing
pressure. Salmon and other species began to be affected by these changes. As early as 1894,
Evermann (1895) documented declines in salmon populations in the Columbia Basin system. The
first hatchery on the Columbia was opened by cannery owners in 1878, a strong, early indication
of a declining natural resource. The subsequent plight of salmon in the Pacific Northwest has
been well documented (e.g., Meggs 1991; Cone 1995; Petersen 1995).

Major events in human interactions with Pacific Northwest coastal ecosystems are summarized in
Table 2.1. The major types of events documented include fishery harvest, forest resource harvest,
construction of dams, and population increases in urban areas that result in increased sources and
volumes of pollutants and loss of habitat.

Human activities in the region have significantly altered, and continue to alter, coastal ecosystems
despite the fact that salmon fisheries and forest harvest pressure have been reduced in recent years
due to declines or depletion of resources. For example, continued pressure for fishery and forest
products has spurred aquaculture and new forestry practices to meet the demand, and
construction of major dams has ceased, but new dams are proposed for small streams to supply
hydroelectric power to small communities.

IMPACTS OF HUMAN INTERVENTION ON SALMON IN COASTAL
ECOSYSTEMS

The various kinds of human intervention in the watersheds, estuaries and shorelands of the Pacific
Northwest coastal zone have resulted in physical, chemical, hydrological, and biological
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Table 2.1. Chronology of major events in the coastal zone resulting in possible
impacts to Pacific salmon.

1793
1805
1808
1825
1855

1858
1864
1866
1872
1878
1883

1885

1894
1899

1890

1900
1913

- 1938
1941

1974

1983
1985

1988
1991

1994

Alexander Mackenzie explores the Fraser River.

Lewis and Clark explore the Snake and Columbia Rivers.

Simon Fraser explores the Fraser River.

Hudson Bay Company establishes Fort Vancouver, anchoring the fur trade in the Pacific Northwest.

Treaties between the U.S. government and several Northwest Indian tribes are signed relegating them to
reservations. Rights to hunt and fish in Tribal traditional places is reserved.

Gold rush moves through the Columbia and Fraser River valleys.

The first salmon cannery in North America is established on the Sacramento River.
The first salmon cannery is established on the Columbia River.

The first salmon hatchery in the northwest is established on McLond River.
Salmon hatchery is established on the Columbia River by cannery owners.

The lower Columbia commercial fishery captures 43 million pounds of chinook, the largest catch ever
recorded.

US Department of Agriculture surveys coastal areas suitable for wetland reclamation (i.e., agricultural
development).

Decrease in salmon catch in the Columbia prompts an investigation by the U.S. Fish Commission.

The number of fishwheels increases to 76 in the Columbia and traps increase to 121 in the Straits of Juan
de Fuca and Puget Sound.

Population of Tacoma is 50,000, up from 3300 in 1880. Between 1880 and 1940, 1900 acres of vegetated
wetlands were filled in the Commencement Bay area.

Weyerhaeuser Company purchases 900,000 acres of timberland in the Pacific Northwest.

Hell’s Gate blockade, a landslide prompted by road construction, ended the cannery boom on the Fraser
River. The previous sockeye run is estimated to have exceeded 30 million fish.

Bonneville Dam is constructed 140 miles upriver from the mouth of the Columbia.

Weyerhaeuser Company established the nation’s first tree farm in southwestern Washington.
550-foot Grand Coulee Dam is completed on the Columbia blocking 1100 miles of salmon habitat.

The Boldt Decision is passed in Washington allotting to native fishing tribes 50% of the salmon catch
destined for the tribes’ traditional fishing places. Oregon passed a similar ruling in 1969.

El Nifio blamed as the cause of low returns of adult coho salmon to Northwest coastal rivers.

Pacific Salmon Treaty ratified between the US and Canada laying out management allocation and
conservation guidelines.

Snake River coho salmon become extinct.

American Fisheries Society reports that 214 salmon stocks in the West face extinction.
Snake River sockeye salmon listed as an endangered species.

Columbia River closed to commercial salmon fishing by non-Indians.

Snake River chinook salmon listed as an endangered species.
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Figure 2.1. Potential stressors in the coastal ecosystems of the Pacific Northwest and
associated potential ecological, economic and social impacts.

modifications to coastal ecosystems. Human activities and their effects are often interrelated in
complex ways and the cumulative effects of various activities and ecosystem modifications can
have equally complex and far-reaching biological results. Figure 2.1 shows the types of
modifications that have occurred and the connections between modifications and biological
effects, as well as social and economic impacts. This section summarizes what is presently known
about the magnitude and distribution of various modifications as well as the linkages between
each of them and salmon habitat or production.

Physical Modifications of Coastal Ecosystems

Physical modifications of coastal ecosystems range in scale from obvious habitat losses in coastal
forests, wetlands, and estuaries, to subtle changes in such physical parameters as stream diversity
or stream complexity. The principal drivers of these modifications are population growth, with
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resulting urban, suburban, and rural development, and direct economic exploitation of natural
resources through such activities as damming streams for hydroelectric power generation and
irrigation, logging forests for timber value, cultivating land for agriculture use, and building roads.
Among the cumulative effects of these modifications are degraded in-stream habitat conditions,
loss or degradation of estuarine habitat, and changes in near-shore sediment transport along the
coast. The impacts of forestry practices on stream ecosystems and salmonids are.described in the
editorial works of Meehan (1991) and Salo and Cundy (1987). The Federal Forest Ecosystem
Management Assessment Team (FEMAT) also examined the impacts of forestry management
practices on aquatic ecosystems and discussed possible management alternatives to reduce
impacts (FEMAT 1993).

Many human activities in coastal watersheds, such as road-building, excavation for construction,
agricultural practices, and forest practices, can result in significant loads of sediments in streams
and adversely affect in-stream habitat used by salmonids for spawning and rearing. Sediments can
cover spawning gravel, suffocate fish eggs, and reduce winter survival of juvenile salmon by filling
crevices in the substrate used for refuge from severe cold (FEMAT 1993; Hillman et al. 1987).
Fine sediment also fills deep pools, which retain colder water that is important to summer
salmonid rearing, and reduces the production of macroinvertebrates that provide critical food
sources to salmon (Hillman et al. 1987). Additionally, increased suspended sediment can result in
disruptions in social and feeding behaviors of salmon (FEMAT 1993). ’

Botkin et al. (1995) estimated that the quality of the riparian area adjacent to a stream is the most
important habitat characteristic for providing the requirements for salmon production. The
overstory trees in the riparian area shade streams during the summer months and help keep water
temperatures low enough for young salmonids during periods of low water flow. Riparian areas
are important as sources of allocthonous energy (i.e., outside food sources) for in-stream habitats.
Insects and other invertebrates, plant material, and even mammal carcasses fall into the stream
and contribute potential food energy. The roots of trees and brush of the riparian area help to
stabilize the stream channel and filter water draining to the stream. But as stream channels change
over time, trees in the riparian area also topple into or across the stream and thus become an
essential component of in-stream habitat known as large woody debris.

For many years, large woody debris was considered as unwanted “debris” and was removed after
logging to “clean up” a stream (Bryant 1983). However, large woody debris is now understood
to provide critical cover to young fish from predation, create hydraulic diversity through riffles,
pools, and falls, and support numerous prey species of insects and other invertebrates. Big trees,
especially conifers such as western hemlock, cedar, and Douglas fir, provide in-stream habitat
benefits over a longer period of time than do smaller-diameter trees or deciduous trees such as red
alder and big-leaf maple. Because of timber harvest and associated activities, riparian areas in the
Coast Range (outside Federally-designated wilderness areas) are now nearly all populated by red
alder or big-leaf maple, with very few trees greater than 10 inches in diameter within 100-200 feet
of the stream (FEMAT 1993). This suggests that there will likely be a long-term deficiency of
large woody debris and a related deficiency in in-stream habitat quality.

Complex in-stream habitats are important to salmon survival, however many human activities
have reduced this complexity. Splash dams were especially effective in scouring away much of
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the in-stream structure and habitat areas. These dams were temporary log and rock structures
that impounded a stream while logs were deposited in the dammed pool. The structures were
then destroyed so that logs would be discharged downstream with the resultant flood waters.
This practice simplified the physical structure of many coastal streams and changed the frequency
and distribution of in-stream habitats through scouring of gravels, loss of large woody debris, and
filling of pools (Sedell et al. 1991). In addition, the diversity and frequency of in-stream habitats
were lost because dams and other watershed diversions decreased the range and variety of
hydraulic conditions that maintained complexity (Reeves and Sedell 1992). Table 2.2 shows an
example of the reduction in pool frequency, probably caused by increased sedimentation, splash
dams, log drives, and reduced large woody debris.

The removal of gravel from coastal streams for construction and aggregate materials is the center
of some controversy regarding the effect on fish. There has been little or no research done on the
linkage between this practice and salmon productivity. However, recently, gravel removal was
identified by the Oregon Department of Fish and Wildlife as a significant ongoing adverse impact
for fish habitat in the Willamette River (Botkin et al. 1995).

Salmon habitat is also lost through obstructions that simply block access by fish to streams that
would otherwise support salmonid production. Obstructions can range in scale from a small road
culvert that is disconnected from the stream bed, and thus unavailable to fish passage, to a 550-
foot dam, such as the Grand Coulee Dam on main-stem Columbia River. In either case, the
habitat beyond the obstruction is useless to the salmon stranded below, if they are unable to reach
their final destination. The Grand Coulee Dam blocked and eliminated 1100 miles of salmon
habitat from the Columbia River system (Table 2.1). Tide gates on tidally-influenced streams
flowing into estuaries also prevent returning migrating salmonids from reaching freshwater.

Watershed analysis, a process of determining the health and problem areas of a watershed, is a
useful tool for determining the amount of large woody debris in a stream, the health of the
riparian corridor, the kind and extent of obstructions to upstream migrating salmon, the pool-to-
riffle ratio, the sources and contribution of erosion, the water quality, the amount of water
withdrawal, and various other natural inputs (Furniss and McCammon 1994; Washington Forest
Practice Board 1994).

Physical modification within and adjacent to estuaries and tidally-influenced coastal streams also
has had a deleterious effect on coastal ecosystems that support salmon. Dredging projects,
intended to establish or maintain navigation channels, have altered estuarine hydrology, and the
sediment removed by dredging was often used to fill estuarine areas and adjacent wetlands, thus
removing these areas from natural productivity. In other instances, estuarine and adjacent tidal
marshes or freshwater wetlands have been diked and filled for land-uses (Seliskar and Gallagher
1991) thus reducing overall estuarine volume and reducing the ratio of tidal flushing. Table 2.3
shows the loss of saltmarsh habitat in the major estuaries of the Pacific Northwest. Jetties, built at
the mouths of estuaries to stabilize the channel to the sea, have interrupted the long-shore ocean
transport of sediments and resulted in an inflow of marine sediments into the estuary (Burch and
Sherwood 1992). Other effects from these projects include changes in nearshore marine habitats
(Thom 1981; Thom and Shreffler 1994), and temporary increases of sediment in the water column
(Kehoe 1982).
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Table 2.2. An example of changes in the frequency of large, deep pools between
1935 and 1992 in streams on national forest land in coastal Washington and
Oregon (FEMAT 1993). )

1935-1945 1987-1992

Location Miles Number Number per  Number Number Percent
surveyed mile per mile change

Coastal

Washington - g4 ¢ 283 333 58 0.68 -79.5%

Coastal

Oregon 259 182 7.03 30 1.16 -83.5%

Another of the most detrimental of these physical modifications to salmon populations is the loss
of wetlands in stream corridors and around estuaries. These habitats provide important rearing
areas for juvenile salmon. Protection and food are provided by these systems, allowing the
juveniles to mature before entering the open ocean. As far back as the mid-1880s, surveys were
underway to locate and evaluate tidal marshes to be diked for agricultural land development
(Nesbit 1885). Since the mid-1800s, major areas of tidal wetlands have been diked and drained
for agriculture. In addition, coastal habitat areas have been filled for port development. The total -
losses of tidal marshes and associated habitats are as high as 99% in urban bays such as
Commencement and Elliott bays, in Puget Sound. Whereas filling has been common near major
urban centers, tidal marshes in rural areas in Oregon and Washington have been extensively diked.
Most of the filling took place during the period of rapid development shortly after World War 11
(Boule’ et al. 1983; Thom and Hallum 1991).

Hydrological Modifications of Coastal Ecosystems

Hydrological modification are changes in the natural flow of water through watershed streams to
the sea. The kind and intensity of modifications vary widely among streams and can include
decreases in total volume, reduction of seasonal peak flows (such as late spring snowmelt),
decrease in daily flow, increases in flows during some seasons (such as winter outflows from the
Columbia River) increases in water temperature, and earlier and greater peak flows. In general,
these hydrological modifications stem from logging practices, urbanization, dams, and water
diversion for agricultural and municipal use.
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Table 2.3. Estimated loss of tidal marsh and saltmarsh habitat in specific regions
of the Pacific Northwest.

Region Lost Cause ~ Source
(hectares)
Commencement Bay 769 Dredging, filling, and Boule’ et al. 1983
development
Snohomish Estuary 3642 Diking, log raft storage |Boule’ et al. 1983; Congleton and
. Smith 1976
Skagit River Delta 324 Diking Nesbit 1885; Congleton and Smith
) 1976
Fraser River Estuary 1,800 Diking Levings and Thom 1994
Grays Harbor 625 Diking and dredge Proctor et al. 1980
disposal
Willapa Bay 2,500 Diking and dredge Hedgpeth and Obrebski 1981
disposal
Columbia River 300 Dredge disposal Proctor et al. 1980
Estuary '
Coos Bay 831 Diking and dredge Proctor et al. 1980
disposal
Tillamook Bay (90%) |Diking and dredge TBNEP 1995
disposal
Humboldt Bay 2,750  |Diking Proctor et al. 1980

Forestry practices can affect the hydrology of a stream or a watershed in many ways. Networks
of roads that cut across hillsides interrupt the dispersed, slow flow of surface-flowing water and
shunt it to ditches and culverts where it discharges rapidly into streams, often with additional
sediment derived from the cut-slope of the road or ditch. Where clearcuts have occurred,
relatively bare ground lies exposed to rain and snow, instead of dense, complex surfaces of leaves
and boughs that once slowed the fall of rain or snow to the ground and allowed slow absorption
by forest soils. In early years of regrowth, precipitation accumulates on the ground faster than it
can be absorbed by the soil, which, in many cases, has been disturbed by logging activity, and
flows rapidly downhill into the stream network. Snow, once shaded by a forest canopy that
prevented melting well into the spring, now melts quickly in the sun and rain, and discharges
water earlier in the season altering the flow of water into the soil and water-table.
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Dams on streams affect salmonids, both upstream migration of spawning adults and the
downstream migration of juveniles in several ways. Table 2.4 shows the downward trend in adult
returns compared with the construction of hydroelectric dams on the Columbia/Snake system.
Maximum spawning discharge and preferred rearing discharge flows are required for optimum
spawning and rearing (Hiss 1993). Additional stresses to juveniles caused by hydrological
modifications are impaired out-migration due to dam turbines (Mighetto and Ebel 1994), reduced
flows carrying the young fish too slowly, concentration at dams making the juveniles easy prey
(Shively et al. 1996), gas-bubble disease from high dissolved nitrogen concentrations
(supersaturation) in water passing through high spillways (Mighetto and Ebel 1994), and
inadvertent inclusion in irrigation diversions (Williams and Tuttle 1992).

Besides the direct obstacles that impoundments create, water diversion can also pose a serious
problem to migrating adults. Withdrawals for irrigation, municipal water, industry, and recreation
can lead to significant loss of in-stream flows, particularly in summer when demand for water is
high and stream flow is naturally low. Specific in-stream baseflows "are required to ensure that
salmon can reach their upstream destination (Hiss 1993).

Chemical Modifications of Coastal Ecosystems

Chemical contamination of waters in the coastal zone comes from many sources. Some are so-
called point-sources, such as industrial or municipal discharges of waste or effluent. Other
sources, which are difficult to pinpoint because they occur widely throughout watersheds as a
consequence of land-uses, are termed non-point sources. These include urban area stormwater
drainage from parking lots, streets, and roads, which carry oils, greases, and chemicals, and runoff
from industrial sites that can contain heavy metals and toxic chemicals. More dispersed runoff
from agricultural and forestry operations, which occupy wide areas in much of the coastal region,
can carry sediments, pesticides, herbicides, fertilizers, and other synthetic chemicals into water
bodies (PSWQA 1994).

The direct effects on salmonids from chemical contamination are difficult to assess. However,
three studies conducted in the Duwamish watershed near Seattle, Washington, demonstrated that
juvenile chinook salmon bioaccumulate substantial amounts of toxic chemicals (McCain et al.
1990), and that this exposure was sufficient to elicit biochemical responses, immune system
alterations, and impaired growth relative to juveniles from hatcheries and non-urban areas
(Casillas et al. 1995; Figure 2.2). Another study in the Chehalis watershed in Washington
concluded that effluent from two pulp mills in the estuary, dredging of the inner harbor, and high
parasite loadings were working in concert to cause exceptionally high mortalities in coho salmon
(Schroder and Fresh 1992).

Copping and Bryant (1993) discussed the extent of chemical contamination in the Pacific
Northwest Region. Most tested areas are in Puget Sound and the Columbia River, with virtually
no data available for the open coast. In the lower Columbia River, concentrations of aluminum,
cadmium, copper, iron, lead, and zinc exceed water quality criteria in the water column. The
pesticide DDT and its derivatives (DDE and DDD) were detected in 98.6% of the samples, and
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Table 2.4 Trends in returns of upper river spring and summer chinook salmon in
the” Snake and Columbia Rivers and hydroelectric dam construction (from
Williams and Tuttle 1992). '

Four-Year Number of Dam (Year Constructed;
Average Adults (1000s) Head in meters)
pre-1950 ND Rock Island (1933; 12.1)
Bonneville (1938; 14.8)
Grand Coulee (1941, 85.8)
1950-53 299 McNary (1953; 26.1)
1954-57 401 Chief Joseph (1955; 43.8)
The Dalles (1957; 21.5)
1958-61 316 Brownlee (1958; 68.0)
Priest Rapids (1959; 21.0)
Ice Harbor (1961; 30.3)
Oxbow (1961; 35.5)
Rocky Reach (1961; 28.2)
1962-65 270 Wanapum (1963; 24.2)
1966-69 266 Hells Canyon (1967, 66.7)
Wells (1967; 21.8)
John Day (1968; 31.8)
Lower Monumental
(1969; 30.3)
1970-73 286 Little Goose (1970; 30.3)
1974-77 152 Lower Granite (1975; 30.3)
1978-81 112
1982-85 98
1986-89 139

ND No data.
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Figure 2.2. Data on (a) percentage survival over a 40-day period in 1990 and a 90-day
period in 1991 of juvenile salmon collected from the Nisqually River and the Duwamish
Waterway; and (b) percentage growth (length) of juvenile salmon from Nisqually River
and the Duwamish Waterway relative to growth of salmon from the respective
hatcheries for a 30-day period in 1989 and 1990 and a 90-day period in 1991. Asterisk
indicates a significant reduction in survival or growth; numbers over bars are fish
sample sizes. Source: Johnson et al. (1994), adapted from Casillas et al. (19933, b)
and Varanasi et al. (1993).
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polychlorinated biphenyls (PCBs), formerly widely used in industrial applications, were detected
in samples throughout the study area at levels that may affect fish and related wildlife (Copping
and Bryant 1993).

Biological Modification of Coastal Ecosystems

In addition to indirect effects on the biota of coastal ecosystems through changes in hydrology,
stream structure, or water quality, humans have also directly affected the biological composition
and relationships of coastal ecosystems. This form of direct intervention is most manifest in the
harvesting of fish for commercial or recreational purposes, however the actual contribution of
overfishing to declines or loss in salmon populations is difficult to separate from other impacts.
Nehlisen et al. (1991) attempted to assess the condition and status (high risk, moderate, etc.) of
214 stocks in Washington, Idaho, Oregon, and California and the factors contributing to their
status (Summary, Table 2.5). Although their information was not complete, a general estimate
was made of the contributions of various activities to the status of stocks. Overfishing was
considered a factor in the decline of 51 stocks at high risk, 52 at moderate risk, and 13 of special
concern, or a total of more than 50% of the stocks examined. The contributing factors are
considered to be current problems, not necessarily the historical cause of decline.

Maintaining otherwise declining salmon stocks through hatcheries has been a popular form of
mitigation since the first hatcheries were developed in the Columbia River system in the late 1800s
(Table 2.1). Hatcheries are now widespread in many river systems throughout the Pacific
Northwest. In the 1970s, concerns were raised about the relationship of genetic differences
between wild salmon and hatchery stocks and the reduced reproductive success in hatchery stocks
(Goodman 1990) (see also Chapters 5 and 6 of this document for discussions of the importance of
genetic diversity to survival of salmonid stocks). Several studies have confirmed these possible
threats and their effects on wild salmonid stocks (Chilcote et al. 1986; Fleming and Gross 1993).
Although these effects are complex, it appears that there are three main consequences: 1)
reduced genetic diversity and the lack of natural selection in hatchery fish, 2) increased
competition between wild stocks and the frequently higher numbers of hatchery released stocks;
and 3) overfishing of mixed (hatchery and wild) stocks resulting in decimation of the wild stocks.
Recently, the importance of wild stocks has been realized, and measures are being taken to
develop enhancement techniques that mimic the natural processes of selection and reproduction
(WDFW 1995). The effect of the negative interactions with hatchery fish is included in the “biotic
interaction” category of Table 2.5, along with the introduction of exotic species, hybridization,
competition, and predation.

The differences between the geographic scale of salmon life-histories and the geographic scale of
management regimes contribute to overfishing and inappropriate management of salmon fisheries.
All species of Pacific salmonids cross several political boundaries during their lives and thus swim
through areas managed with different philosophies, goals, and techniques. In addition, Canadians
and Americans have a long history of conflict over the right to catch fish that may have spawned
in the other’s country (Jensen 1986). Moreover, Native American coastal tribes in Washington
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Table 2.5. Number of stocks affected by various factors contributing to the
scarcity or decline of anadromous salmonid populations from California, Oregon,
Idaho, and Washington (from Nehlsen et al. 1991). ’

Present factors contributing to the scarcity or decline

Habitat Biotic
Status Loss Overfishing Disease Interactions

High risk 95 51 0 41
Moderate risk 53 52 0 34
Special concern 41 13 0 - . 36
Listed as threatened
or endangered 1 -- - 1
Total 190 116 0 112

NOTE: Total number of stocks examined is 214. More than one factor may contribute to the
status of a stock. '

and Oregon have claimed the right to 50% of the catch from their usual and customary fishing
grounds, thus complicating management and harvest allocations.

Two other factors contribute to the complication of fisheries management and consequent
overfishing. One is the economic push for each fisher to get the largest possible catch from each
returning run which requires fisheries managers to determine the levels of catch that satisfy the
economic and political demands for fish while still allowing continued escapement of sufficient
stock to ensure reproductive success. Harvests in the commercial and sport salmon fisheries from
1972 to 1994 are shown in Tables 2.6-2.8.

The second factor is that different populations of salmonids are mixed together in their ocean
feeding grounds. Because the so-called sustainable level of fish harvest varies among species and
populations within a species, regulation of harvest of a single population is extremely difficult.
Fisheries managed to allow higher catch of the more productive population would likely overfish
the less productive one (Schmitt et al. 1994; see also Chapter 5). This issue is further complicated
by the previously discussed interception issues between the US and Canada.
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Table 2.6. Pacific Coast commercial troll coho salmon landings in millions of
pounds round weight (Pacific States Marine Fisheries Commission 1994).

British

Year *Alaska Columbia Washington Oregon California  Total

1970 2.2 6.1 8.7 1.5 35.8
71 3.1 214 79 10.1 3.7 46.2
72 5.7 15.9 39 5.6 1.2 323
73 45 16.2 4.3 5.9 23 332
74 6.7 15.6 6.4 8.3 43 413
75 1.5 95 5.1 4.7 1.3 22.1
76 43 153 72 10.4 33 40.5
77 49 14.4 43 3 -0.2 26.8
78 8 14.9 32 32 1.5 30.8
79 7.1 17.7 42 53 1.2 355
1980 5 153 23 2.5 03 254
81 6.7 12.2 2 38 0.5 252
82 10.2 15.8 2.2 3.1 0.6 31.9
83 8.5 18.9 03 1.3 0.3 293
84 10.4 19.2 03 0.1 04 30.5
85 13.2 14.8 0.6 0.6 0.1 293
86 17.3 23.1 0.7 22 0.8 44.1
87 7.7 15.5 0.7 2.2 0.3 26.4
88 44 13.3 03 38 0.4 222
89 10.4 15.1 0.7 2.3 03 - 2838
1990 i3.8 19.5 1 0.7 04 354
91 12.5 19.1 1.1 1.6 0.5 347
92 15.5 13.8 1 0.2 0 30.5
93 15.3 8 04 0 0 23.6
10-yr 12 16.1 0.7 1.4 03 30.6
Mean

1994** 273 11.7 0 0 0 389

173

* Troll caught salmon are landed dressed. Round weights are projected.

** All data are preliminary.
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Table 2.7. Pacific Coast commercial troll chinook salmon landings in millions of
pounds round weight (Pacific States Marine Fisheries Commission 1994).

British
Year  *Alaska Columbia Washington Oregon California Total

1970 5.1 9.9 2.5 1.9 6.1 25.5
71 49 15.2 3.1 1.2 5.7 30.1
72 33 14.1 2.6 1.5 6.2 27.7
73 50 12.7 3.8 4 8.7 34.2
74 5.1 13.5 43 2.6 5.8 31.3
75 4.4 12.6 3.3 3 6.6 29.9
76 35 13.8 4.4 2.2 5.7 296
77 4.7 12.1 3.3 4 6.6 30.7
78 6.8 13.2 2.4 2.2 6.0 30.6
79 6.0 11.1 2.0 3.0 7.9 30.0
1980 55 11.6 1.9 25 6.4 27.9
81 4.7 99 1.4 1.8 6.8 24.6
82 45 11.9 1.9 2.7 8.5 29.5
83 43 95 0.8 0.8 2.4 17.8
84 4.4 11.1 0.2 0.6 2.3 18.7
85 4 93 0.6 2.3 5.2 21.4
86 47 8.6 0.7 3.9 7.6 255
87 53 10.2 1.1 6 95 32.1
88 43 11.3 1.5 5 16.5 38.6
89 52 8.6 1.2 4.1 6.2 25.3
1990 5.6 9.2 0.6 2.5 47 22.6
91 52 8.3 0.8 0.8 3.7 18.8
92 33 - 10.1 1 1.2 1.9 17.5
93 4.4 8.7 0.6 0.9 2.9 17.5
10-year 4.6 9.5 0.8 2.7 6.1 238
Mean

1994** 3.4 5.6 0.1 03 3.3 12.6

* Troll caught salmon are landed dressed. Round weights are projected.

** All data are preliminary.
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Exotic Species Introductions

The presence of number of non-native or exotic species in coastal ecosystems in the Pacific
Northwest, principally in estuaries and streams, is a factor of unknown dimensions. Several plant
species have been introduced into aquatic systems occupied by salmon. These species have
grown to occupy large areas. Reed canarygrass (Phalaris arundinacea) is largely confined to
freshwater marshes and riparian zones along rivers. Japanese eelgrass (Zostera japonica)
occupies formerly unvegetated mudflats and sandflats in estuaries at elevations immediately above
the native eelgrass. A brown seaweed (Sargassum muticum) that grows on rocky substrates in
estuaries within the low intertidal to shallow subtidal zone has been shown to outcompete native
bull kelp (Nereocystis luetkeana) in some areas (Thom and Hallum 1991). Cordgrass (Spartina
spp.) has spread from a small area to massive areas in Willapa Bay and Puget Sound (Simenstad
and Thom 1995). Cordgrass has also been noted in small patches in other coastal areas in the
Pacific Northwest (Mumford et al. 1990).

Some species have been purposely introduced, such as the Pacific oyster (Crassostrea gigas),
introduced early in this century and since cultured widely in the region’s estuaries, and the
American shad, an anadromous fish species introduced in the Columbia River where it appears to
be thriving in impounded water behind dams. Many other introductions are inadvertent; growing
evidence shows that ballast water from ships calling at ports in the Northwest has been the source
of numerous introductions of toxic or harmful phytoplankton species (Janet Kelley pers. comm.).
There is speculation that the diatom that causes domoic acid toxicity in razor clams was
introduced via ballast water.

Effects on the aquatic ecosystems by exotic species have received only marginal attention. Studies
in the seagrass system in Padilla Bay indicated that the Japanese eelgrass is an important
component of the food web; it is directly eaten by dabbling ducks as well as grazing invertebrates,
and forms habitat for juvenile salmon prey resources (Simenstad et al. 1988, Thom 1995).
Ongoing research in Willapa Bay by a University of Washington team (Charles Simenstad,
principal investigator) is examining the role of the indigenous smooth cordgrass (Spartina
alterniflora) in the ecology of that system.

Interactions and Cumulative Impacts of Modifications

Teasing apart and understanding the interactions and cumulative effects of various modifications
is difficult, time-consuming, and, at this point, inexact. Botkin et al. (1995) identified the leading
causes of changes in salmon abundance and distribution in western Oregon and northern
California (Tables 2.9 and 2.10). Causes (i.e., human activities) were separated into three
categories: major factors, potentially important factors, and minor factors. Components or
specific effects of each factor were also identified. Among the major factors, agriculture, forestry,
and urbanization have the greatest number of components affecting salmon, almost all of which
are categorized as indirect effects (that is, they decrease the quality of the ecosystem conditions
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Table 2.9. Components of factors that have caused changes in salmon
“abundance and distribution in western Oregon and Northern California (Botkin et
al. 1995). '

M

Loss of riparian vegetation and functions
Pesticide exposure

Industrial poliutants exposure
Increased sediment delivery to streams
Stream channelization

Habitat destruction

Loss of woody debris and channel form
Filling of side channels

Reduced freshwater flow

Exposure to abnormal temperatures
Habitat area loss

Lack of barriers over diversion canals
Reduced upwelling

Altered ocean currents and flow
Decreased food abundance

Reduced escapement

Reduced smoilt releases

Barriers to fish passage

Loss of genetic integrity and diversity
Competition between hatchery and wild fish
Forest fragmentation

Estuary degradation

<CH®rLIOTWOzZIOCUART—"TQTEWEOHOOW>

? Letter codes are used in Table 2.10.

for the population), except fish harvest, which has a direct effect on fish abundance and
distribution. The major components can affect salmon at all life stages.

When viewed within a particular river system, the cumulative or interactive effects of one or more
major factors on fish are clearly shown. For example, systems that have been 1) heavily logged,
2) undergone urbanization, and 3) have high degree of hydrological modifications would be
expected to have major losses of salmon. This is particularly true in areas such as
Commencement Bay in Tacoma, Washington. The relative degree of impact from each factor
also varies among systems in the Pacific Northwest. Nehlsen et al. (1991) concluded that multiple
stressors were active in reducing salmonid populations in the region (Table 2.5). Habitat loss was
most frequently cited.
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Table 2.10. Leading causes of changes in salmonid abundance in western
Oregon and northern California (Botkin et al. 1995).

Major Factors Components of I'Tactors *
Agriculture A B DEFHILJRUYV
Dams LK R '
Drought LJ
Fish Harvest P, S
Forestry A B DFGIJUV
Urbanization A CEFGHILIJLK UV

Potentially Important Factors

Gravel Harvest F

Irrigation LL

Legal Bycatch and Noncatch Mortality P, S

Hatchery Fish Interference S, T

Unfavorable Ocean Condition M, N O,P

Unregulated Harvest P, S
Minor Factors

Bird Predation Q

Marine Mammal Predation P,Q

* Components of factors are from Table 2.9.

Ecosystem Components Most Susceptible to Human Intervention

The coastal ecosystems most susceptible to human intervention have historically been those with
resources of economic value (e.g., forest products), that are amenable to transportation (e.g.,
deep estuaries), or that permit economical food production (i.e., agriculture). Where two or more
of these conditions exist, human intervention has typically been greatest, such as in Puget Sound,
the lower Willamette Valley, Grays Harbor, and Coos Bay. After so many years of such
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widespread and pervasive alteration, ecosystems that have already suffered the greatest losses are
presently most susceptible to further or continued human intervention. Where salmon populations
are near extinction, small changes in ecosystem conditions, whether human-caused or from natural
forces, may result in permanent loss of salmon from the system. '

Likewise, within a system that has been especially altered, specific areas may be more susceptible
to intervention than others. For example, critical remnants of salmon spawning habitat may be
within a forested area of high commercial value. If these remaining areas are damaged, the
salmon run may cease to exist or be so reduced that it has little resilience in the face of natural
climatic variations.

INTERACTION BETWEEN NATURAL VARIABILITY AND HUMAN
INTERVENTION

Natural variability in ecosystems is largely a function of climate variability. Changes in
temperature, precipitation, and irradiance are major controllers of hydrology, erosion, and
sedimentation, as well as of the growth and reproduction of plants and animals. As these factors
vary, so do the components of the ecosystem affecting aquatic resources. For example, years
with higher than normal temperatures and low precipitation can result in droughts. Droughts can
affect spawning habitats in streams that during periods of average rainfall contain marginal
quantities of water capable of supporting a spawning population.

Human intervention can exacerbate the effects of short-term climatic variations as well as effects
of longer-term shifts in climate. For example, human development patterns have fragmented
suitable habitats and created barriers (e.g., highways or farm fields) to dispersal (Orians 1993).
Hence, species are not as free as they once were to shift geographically to more suitable areas of
- habitation in response to climate changes. Extinctions caused by climatic changes are likely to
increase due to such habitat alteration and isolation in the landscape (Orians 1993).

Retrospective Analysis of Climate Variability and Human Activity

Retrospective analysis is an important technique for understanding natural variability and the
history of resource use and development in coastal ecosystems. Existing literature and statistical
analysis can be used to correlate such factors as salmon production, climatic and geologic
variability, and human activities in certain areas of interest. To date, little has been done to link
these areas of research. One study on the Coquille River estuary on the Oregon coast used
archaeological data to try to determine possible links between the process of tectonic uplift and
catastrophic subsidence and effects on biological resources (Hall 1996). Another study examined
the effects of sea level rise on intertidal salt marshes in the Pacific Northwest by examining
sediment cores to determine the sediment accretion rates that resulted from known historical
events (Thom 1992).

More recent historical analysis can help to link the advent and use of certain technologies to
physically modify the landscape with changes in distribution and abundance of natural resources
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and the composition and function of coastal ecosystems. The Coquille estuary study, as well as
other historical and archaeological studies along the coast, was able to link such human activities
as jetty-building, stream-channeling, land-use changes, exotic plant introductions, and sea
mammal hunting with changes in natural resource availability (Hall 1996). Although the Coquille
study did not focus specifically on changes in salmon populations, an analysis of this type would
certainly be feasible.

While retrospective studies can reveal historical patterns of change, they can be especially useful if
compared against more contemporary data about ecosystem conditions. Such contemporary data
“about certain baseline conditions can be useful in identifying emerging problems and
distinguishing natural from human-caused change. For instance, the Washington Department of
Ecology’s Puget Sound Ambient Monitoring Program (PSAMP) monitors numerous marine
stations within Puget Sound to establish baseline water quality data (Newton et al. 1995a) and
includes focused projects of 6 months to 3 years with increased resolution of data to assess the
existence or extent of problems. One such project in Hood Canal indicated reduced dissolved
oxygen in 1994-1995, as compared with historical data (Newton et al. 1995b). Such findings are
the basis for intensified data collection and analysis to determine the causes and find possible
solutions.

Impacts of Climate Variability on Coastal Ecosystems

Understanding the effects of climatic variability on aquatic and coastal resources is a major focus
of research globally (e.g., Ballentine and Stakhiv 1991; Pernetta and Milliman 1995; National
Science and Technology Council 1996). At least two studies have indicated a strong linkage
between climate variability and salmon survival (Neitzel et al. 1991; Francis and Sibley 1991).

Two programs in the Pacific Northwest that relate to the PNCERS mission are planning to
address the issue of climate variability and effects on fisheries resources. One, the Joint Institute
for the Study of Atmosphere and Oceans (JISAO), has initiated a program to assess the dynamics
and effects of climate variability and policy response for the Pacific Northwest, with an emphasis
on the changes in the regional climate due to greenhouse forcing (Miles 1995). The second
program is the US Global Ocean Ecosystems Dynamics (GLOBEC) study (Hollowed 1996) that
will examine oceanic processes and the effects on oceanic species, such as salmon and crab, in the
northeast Pacific Ocean. This program has specifically centered on climate change and the
“carrying capacity” of the North Pacific Ocean.

Evidence indicates that decadal shifts occur in the climate of the Pacific Northwest and that a
warming trend currently exists (Tangborn et al. 1991). The change in geographic distribution of
various Pacific fish species in response to warm periods have long been known (e.g., Radovich
1961). Climatic warming, and consequent changes in ocean conditions, has been linked to
changes in the rocky intertidal fauna in California (Barry et al. 1995) and the decline of
zooplankton biomass in the California Current (Roemmich and McGowan 1995). Modeling of
the effects of climate-induced changes on spring chinook salmon in the Yakima River system
suggests that slight warming could result in conditions that severely diminish that population
(Chatters et al. 1991).
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Sea-surface temperature and salinity data collected in Puget Sound by the Washington PSAMP
(discussed above) were assessed in relation to El Nifio-Southern Oscillation (ENSO) events to
determine the effects of climatic forcing on Puget Sound waters (Newton 1995). That assessment
concluded that climatic conditions noticeably affect both sea-surface temperature and salinity; sea-
surface temperature appears to co-vary with air temperature, and salinity co-varies with river
flows which, in turn, may be affected by ENSO events (e.g. decreased rainfall).

Sea level rise, which can result from climate change, can affect salmonid populations by
destroying feeding and rearing areas in tidal portions of riverine systems. Although there have
been very limited investigations, loss of tidal marshes would be predicted as a consequence of sea-
level rise due to major climatic warming (Thom 1992).

Changes in the concentrations of atmospheric gases due to human-caused loading could also
affect coastal ecosystems. One study has investigated the effects of increased CO, concentration
on two coastal aquatic plant species, eelgrass (Zosfera marina) and bull kelp (Nereocystis
luetkeana), that create important habitat for numerous estuarine or nearshore fisheries (Thom
1996). The study showed that plant production increased with lower increases in CO;
concentration (2.5 times), and was variable at higher levels of CO, enrichment (5 times).

RESTORATION OF COASTAL ECOSYSTEMS FOR SALMON

Although humans have historically intervened in and adversely affected coastal ecosystems in
many ways, humans also purposefully intervene in order to protect and restore habitat or resource
functions. As the decline of salmon populations has been increasingly linked to isolated, degraded
or destroyed habitat, many citizen groups and government agencies have begun programs to try to
restore habitat and rebuild populations of coastal salmon. The process of mitigating human-
caused effects on salmon is complex. Research is beginning to determine the steps and
considerations for successful restoration efforts. The FEMAT (1993) report identifies habitat
management strategies to minimize further damage to salmon populations and provides guidance
on the restoration of salmon habitat. In addition, the Washington Department of Fish and Wildlife
(WDFW) has developed a wild salmon policy that provides a comprehensive plan for restoring
salmon populations (WDFW 1995). A new report (Thom and Wellman 1997) provides guidance
to the US Army Corps of Engineers on monitoring the performance of restored aquatic
ecosystems. '

Restoration Goals

Restoration begins with the creation of a visual image in the minds of people (Thom and Wellman
1997) which, stated formally, is the goal that provides the direction for the restoration effort or
program. Goals and related subgoals or objectives are most useful when converted into
conditions that can be evaluated with appropriate measurements (Thom and Wellman 1997) to
assess restoration success. Monitoring programs should therefore be developed during the
planning phase of any restoration effort so that unrealistic goals can be modified into more
realistic or measurable goals.
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Conceptual and Numerical Models

Specific restorative actions require an unambiguous understanding of cause and effect, and
proven restoration technologies. These can be accomplished through focused research,
conceptual model development, and design, assessment, and reporting of the performance of
restoration projects. A conceptual model allows the restoration project to identify: 1) direct and
indirect connections among the physical, chemical, and biological components of the ecosystem;
and 2) principal components upon which to focus restoration and monitoring efforts (Thom and
Wellman 1997).

A conceptual model for habitat restoration typically follows the general form:

Controlling Factors — Habitat Structure — Habitat Function.

Restoration Activities - -

A wide range of specific restoration activities has been tried in the Pacific Northwest. Restoration
has been directed at improving migration, reproduction, rearing, and riparian habitats (Adams and
Whyte 1990; Koski 1992; Reeves et al. 1991). Adams and Whyte (1990), Reeves et al. (1991),
and Koski (1992) summarized the primary restoration actions used in streams affected by logging
activities. Williams and Tuttle (1992) summarized activities for restoring salmonids affected by
dams in the Columbia River system. Simenstad and Thom (1992) provide alternatives for
restoring estuarine habitat used by salmon. The use of hatcheries and harvest management for
maintaining and restoring salmon has been reviewed by the WDFW (1995) in their wild salmon
policy report. '

Restoration activities have included: simply allowing natural recovery, removal of barriers;
improving and replacing culverts; cleaning stream gravel, constructing spawning and egg-
incubation channels; building or placing in-stream structures; and planting trees to restore riparian
habitat and function. The restoration of Columbia River habitat has focused on improving
conditions for the passage of salmon through dams during both upstream and downstream
migrations (Williams and Tuttle 1992). Estuarine restoration has centered on constructing
shallow-water juvenile feeding and rearing habitat. Such habitat projects have been successful in
increasing food resources and residence time for juveniles in estuaries :

Assessing Performance

Reeves et al. (1991) concluded that the “future success of habitat restoration will depend on the
ability and willingness of current practitioners to continually update their methods and to
incorporate new information as it becomes available.” Research is also needed to quantify the
fitness of salmon and ultimate increase in population size and viability in response to restoration
programs. Research is needed to determine the time required for various restoration strategies
and technologies to achieve full function and whether the function is maintained.
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Only one study (Levings and MacDonald 1991) has attempted to experimentally release juvenile
salmonids in various locations in a restored estuary and then recapture these salmon as returning
adults. This study showed that restoration of estuarine habitats was effective and can enhance
salmonid survival to adulthood and the return of the fish to the stream of origin. These types of
studies provide credibility to potentially expensive restoration projects; however, post-restoration
monitoring studies are still very rare.

Adaptive Management of Restored Systems

Because scientifically-derived information and understanding of ecosystems is often incomplete,
the principles of adaptive management must be incorporated into administration of restoration
project (e.g., Boesch et al. 1994). Walters (1986) outlined three ways to structure adaptive
management: 1) evolutionary or “trial and error”; 2) passive adaptive; and 3) active adaptive. In
the evolutionary method, early choices are made in a haphazard manner and later choices are
made from a subset of choices that may give more desirable results (Walters and Holling 1990).
The passive adaptive method uses the best available information to select a single response model
through which decisions are made. Finally, active adaptive management involves manipulations
carried out to evaluate which model is best for enhancing the performance of the system. This
latter method may provide the most meaningful information to help make decisions that will
assure the ultimate success of the project and provide meaningful data that will help in the design

Although there is wide interest and impetus (NRC 1992; Kentula et al. 1992; Thom and Wellman
1997), implementation of adaptive management has not been accomplished on a systematic basis.
This may be a key research area for PNCERS in the Pacific Northwest. Thom (1997) has
designed a system-development matrix for use in systematic planning of adaptive management of
restoration projects in coastal areas. The matrix can be used to assist planners and managers in
determining when adjustments in their system may be needed.

SUMMARY AND PRELIMINARY RESEARCH QUESTIONS

Human intervention in coastal ecosystems is widespread and significant. Yet, there is very little
understanding of how to quantitatively partition the cumulative effects of many different stressors
on the ecosystems that support salmon. Previous reports have concluded that major impacts to
salmon have been from a variety of sources, but questions remain as to specific impacts in any
particular watershed. A lack of long-term monitoring adds to the uncertainties regarding impacts
to salmon populations. Susceptibility to human intervention varies among systems, and varies
within each ecosystem. As compared with relatively pristine areas, salmon populations in highly
damaged systems may be more vulnerable to additional insults or natural variations in climate.

Although more must be done to understand the effects of human intervention on coastal
ecosystems, restoration of these systems is long overdue. The PNCERS program should consider
a strong program to enhance the capabilities of users and managers to successfully restore salmon
and other coastal aquatic resources in the region. Restoration planning and implementation of
restoration programs could benefit from research in specific areas under PNCERS.
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Areas for potential research under the PNCERS program might be directed at the following seven
major topics:

1. retrospective analysis to correlate salmon production, climatic and geologic Varxablhty,
and human-induced stressors;

2. development of methods to assess cumulative effects of multiple stressors on coastal
ecosystems (i.e., natural variability, climatic variability, human intervention);

3. assessment of the ecological role and development of methods for the control of
undesirable introduced species;

4. further refinement of GIS technologies coupled with numerical models for assessing
damaged areas and for planning restoration actions;

5. identification of the vulnerability of ecosystems and components of ecosystems to
natural variability; - B}

6. quantification of the ecological and resource response to restoration activities,
cost/benefit analysis of various restoration strategies, and examination of restoration case
studies; and

7. development of a systematic, highly objective, adaptive management system.
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INTRODUCTION

This review investigates the methodologies available to the Pacific Northwest Coastal Ecosystems
Regional Study (PNCERS) program to: 1) determine the linkages between social and economic
causes and consequences, both direct and indirect, of ecosystem changes in coastal areas; and 2)
the linkages between ecosystem change and responses by institutions and organizations, and
formal decision processes that may or may not appropriately interpret these changes and initiate
planning to improve the pattern of ecosystem changes.

Consideration of socioeconomic consequences focuses on a limited number of economic and
social components related to coastal ecosystem variables. These include salmon fishing and
related recreation, shellfish culture, coastal tourism/recreation, the forest products industry,
agriculture, land-use practices and regulation, and coastal land-use (harbors, beaches, wetlands).

Concept of Intefacting Social and Biogeochemical Systems

A simple schematic diagram (Figure 3.1) conceptualizes the key linkages among and between
components of the biogeochemical system (the natural-resource, ecosystem-related realm) and the
social (human-centered) system. There are three main areas in the diagram, each with related
elements. This chapter is concerned mainly with the social side (the right-hand side) of the
diagram which is therefore more fully elaborated than is the biogeochemical system (the left-hand
side), which is elaborated in other chapters in this document. The center of the diagram refers to
the ways that people affect the biogeochemical system and the ways that the biogeochemical
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Figure 3.1. Schematic model of ecosystem interactions.

system serves and influences people. This diagram should also be compared to the overall
PNCERS conceptual model presented in Chapter 1.

On the left hand side, elements of the biogeochemical system are driven by exogenous variables
such as climate change, ocean regime shifts, and slow geologic processes (see Chapters 4, 5, and
6). Human activities have also caused changes in the structure and functioning of some
components of coastal ecosystems (see also Chapters 2, 5, and 6). Biogeochemical system
response to human activity results in a dynamic process of change in availability of goods and
services (e.g., fish harvests, water supply, and raw timber) and in the state of the biogeochemical
system as perceived by people. Some biogeochemical conditions may have direct socioeconomic
consequences, for example, the scenic or aesthetic character of ecosystem components is of direct
value to people. So, in combination, human-mediated and exogenous driving forces cause the
ecosystem to change in character and function over time, and these changes in turn provoke
responses in the social system.
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In the upper center box, human-mediated influences on the ecosystem include the flows of
materials from humans to the environment (e.g., pollutants, solid waste, etc.) and actions that
directly change the ecosystem (e.g., harvesting fish, dredging harbors, damming rivers, mining
gold, clearing land, planting crops, etc.). In the lower center box are the economic outputs that
contribute to human welfare (e.g., fish, timber, metallic ores, agricultural crops, scientific
information, etc.). In addition to material flows, the natural environment produces amenities that
are important to humans such as recreation, aesthetic experiences, clean air, and spiritual renewal.
The conceptual framework is structured to indicate the flow of materials and actions from society
to the ecosystem and of the flow of goods, services, and amenities flowing from the ecosystem to
society.

On the right side are the major elements of the social system that affect or interact with the coastal
ecosystem. The process of transforming materials and distributing them through the society is
largely the subject of economics, and the roles of markets, competition and governments are
predominant. At any given time, the structure and behavior of the eConomy is constrained and
guided by social conventions and norms, formal governmental regulations, legal rules, traditions,
habits, and ethical commitments. As social activity affects the biogeochemical system and then
receives feedback as a consequence of changed conditions, changes in human well-being, both
real and perceived, are reflected in a variety of quantitative and qualitative ways, collectively
called socioeconomic consequences. These consequences are summarized as economic impacts,
-social impacts, and demographic change.

Adaptation, personal as well as social, occurs as a result of conflicts between people or between
expectations and realization that generate dissatisfaction. Some adaptations are simply individual
coping actions, some involve organized local efforts to plan better, some involve state and Federal
agencies, and others are litigation or legislative action. The institutions through which public
action occurs are numerous, overlapping, and inconsistent. Hence, the decision processes that
ultimately shape the rules, conventions, and technologies that guide social activity are difficult to
characterize. Also, the ways in which rules and conventions actually modify human behavior are
often complex. Finally, the social system is driven by such exogenous variables as broad
demographic changes (including population growth and immigration), technological shifts, and
world trade paiterns.' Coastal communities have little control over these trends, but are strongly
affected by them.

As a result of the feedback loops described here, the social system is constantly adapting as
people perceive and react to the consequences (both positive and negative) of changes in the
goods, services, and amenities flowing from the ecosystem. The chain of action from perception
of consequences to altered use of ecosystem resources is long, complicated, and multistaged. It
involves both informal and formal organizational efforts to redirect human activities in ways that
reflect the present understandings of causes and consequences of human use of the ecosystem.

! Many of these "exogenous” forces in coastal systems would be endogenous at larger geographic and longer time scales (e.g.,
State or national policy).
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Connecting Science to the Policy Process

A basic premise of PNCERS is that improved understanding of coastal ecosystems, processes,
and variability will enable the public, resource-users, policy-makers, and managers to maximize
benefits to society while minimizing costs to the ecosystem (Bailey 1995). The socioeconomic
causes and consequences of ecosystem change may be better accounted for as economic and
social changes and conceptualization of the institutional/organizational processes are more clearly
understood.

Because humans and their activities are components of the ecosystem (Fig. 3.1), studies of coastal
ecosystems must address not only biogeochemical relationships, but also the social processes that
ultimately cause anthropogenic effects in the environment and the socioeconomic consequences of
these effects. This can best be accomplished if social science and policy studies are conducted in
tandem with natural science investigations. The information generated from policy studies can
then be incorporated into the broader conceptual model of interactions among economic and
policy decisions and the ecosystem functions. The complementary nature of these efforts will also
be important to identifying key scientific questions and refining management strategies.

SOCIOECONOMIC RESEARCH APPROACHES

There are three prevailing approaches or research domains to understanding social system
structure, how it adapts or changes over time, and how this process of adaptation may
incorporate concerns related to the social-biogeochemical system linkages. These three are: 1)
legal or institutional analysis; 2) social studies; and 3) economic studies. All of these focus on an
understanding of the existing system (through description, measurement, and investigation of
causal links) as well as identifying infentional actions that could alter the social system's
relationship to the biogeochemical system. The pursuit of understanding is the province of
science; the choice of social response to that understanding necessarily involves ethics,
institutions, and politics as well as'science.

Legal/lnsﬁtutional Approach

DOMAIN OF STUDY

Several kinds of organizational actors can be described: public agencies with land-management,
regulatory or educational missions; private non-profit organizations representing a spectrum of
perspectives on the role of human actions in coastal ecosystems; private for-profit organizations,
representing tourism, fisheries, agriculture (including forestry and aquaculture), transportation,
and other sectors; and informal citizens’ groups and individuals. These classes of social entities
differ in their goals and motives, sources of authority, geographic and other constraints on their
_scope of action, organizational structure (bureaucracy), and the types of collective action in which
they engage (e.g., “resource management” vs. “resource use”).
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The amount of research on the various roles of these organizations in coastal regions, in general,
and in the study area, in particular, varies widely. The legal basis for the action of public entities
is well understood, but the roles of private organizations and individuals is less well documented,
and informal interactions across the entire public-private continuum have been infrequently
studied.

APPROACHES

- Several methods, descriptive as well as theoretical, have been used to study the organizations,
legal institutions, and decision processes that influence collective, (i.e., public) action in coastal
environments. The most widely-adopted study approach has been a process of identifying
“stakeholders” whose input is sought in a formal planning process (e.g., various state or Federal
agencies, local watershed councils or working groups, port districts, local governments, citizen
organizations, businesses, property owners or leaseholders, etc.). ~ An iterative process of
professional judgment and public input is often used to identify gaps, overlaps, differences, and
commonalities among these various stakeholders. A fairly large body of “gray” literature exists
that explores reports this method of “stakeholder” participation in environmental impact, natural
resource damage assessment, and planning studies conducted in coastal regions.

A more analytical approach, “institutional mapping,” has been used to systematically describe the
formal institutional framework for coastal management (Sorensen et al. 1984) and for watershed
planning (Fischer 1994; Fischer et al. 1994). In this two-step approach, a comprehensive survey
is first conducted of various programs, implementing agencies, and sources of legal authority in
the policy arena in which elements of coastal ecosystems are managed (Table 3.1, Fischer et al.
1994). The geographic scope, problems addressed, actions taken (or authorized), and the legal
foundation are summarized. Second, jurisdictional constraints, gaps, overlaps, and conflicts are
identified by inspecting legal documents and interviewing agency personnel (Table 3.2, Fischer et
al. 1994).

Institutional mapping has been used to compare regional planning programs (Fischer 1994). Using
GIS to map the geographic extent of jurisdiction for various programs helped identify institutional
constraints that could potentially affect restoration activities at various habitat sites. Table 3.2
illustrates some of the constraints on planning in a fragmented jurisdictional framework. Indicated
are the problem types, an example of each problem type, the legislation behind each of these
examples and a brief description of the constraint.

A third approach, the study of “advocacy coalition frameworks” goes beyond institutional
mapping to investigate decision processes within “issue networks” and other informal associations
of persons (Lee and Miles 1992). It is in these coalitions and networks that change in the
behavior and policies of formal organizations may originate. “Advocacy coalition frameworks”
depicted in Figure 3.2 (Sabatier 1988; Sabatier and Jenkins-Smith 1993; Mazmanian and Sabatier
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Table 3.2. lllustrative jurisdictional constraints in the state of Washington.

Problem type Example Constraint Legislation Problem
Description
Overlap Watershed Action Plans WAC 400-12 and | Two plans
and Basin Plans RCW 36.70.330, | address similar
36.70.340, issues
36.70.350
Regulatory §404 wetland mitigation | §404 CWA, §10 | weak and
Inadequacies RHA incomplete
regulation
Legal Issues Shoreline Management SMA = | Property rights
Regulatory Master Program; Growth GMA e).(el.nption _
Programs Management diminishes public
trust goal
Constitutional | Dolanv. Tigard | Takings Clause of | Interferes with
Rights . the 5th state and local
L . South |
ucas v. South Carolina Amendment efforts to plan for
citizen’s best
interests
Goal Conflicts Tribal Fisheries and US v. Washington | Conflicting
Growth Management Act | (384 F Supp. 212) | interests interfere
and ESHB 2929 | with project goals
Agency Coordination | Elliott Bay/Duwamish NRDA Time consuming
Restoration Program ;333?2;113
Insufficient Kitsap County Shoreline | SMA lack of
Information Base Management comprehensive
shoreline
inventory
Insufficient Funding Tribes Federal Treaties | unable achieve

restoration goals
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1980), have been used to analyze “policy subsystems” organized around particular issues in the
Pacific Northwest (e.g., wetlands, Martz 1993; sediment contamination, Lind 1994).

The advocacy coalition framework is designed to test a set of hypotheses (Lee and Miles 1992;
Martz 1993) about the probability that organizational learning, that is, changes in belief systems,
(Table 3.3) will take place. In such studies, a preliminary model of the basic advocacy coalition
structure is constructed. Advocacy coalitions within a policy subsystem may cross formal
institutional boundaries (Table 3.4), providing a mechanism for incorporating the roles of private
institutions and individuals and informal interactions into a model of decision-making.

RELATIVELY STABLE
EXTERNAL PARAMETERS: POLICY SUBSYSTEM
) . Coalition A: Policy Brokers Coalition B:

1. Basic attributes of the a) Policy beliefs a) Policy beliefs

problemarea (good). b) Resources, b) Resources
2. Basic distribution of

natural resources.

Strat f A
3. Fundamental socio-cultural to aechie‘\)/ e Sn'ategy-o
. Constraints k to achieve

values and social structure. Policy goals. olic Is

4. Basic constitution. and policy goals.
Resources . g
of Decisions
Subsystem by Sovereigns
[LESS STABLE EXTERNAL
PARAMETERS: Actors
Agency Resources and
1. Changes in socio-economic General Policy Orientation
conditions. 1"
b. Changes in systemic Policy Outputs  ___
governing coalition.
3. Policy decisions and | P 01iy Inputs
impacts from other
subsystems.

Figure 3.2. Model of policy evaluation with competing advocacy coalitions (adapted
from Sabatier 1987).
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Table 3.3. Classes of belief systems (Sabatier 1987; Martz 1993).

Type of Beliefs Description

Likelihood of Change

(Learning)
Deep (normative)  Fundamental normative and ontological axioms Low
core beliefs ~ defining the personal philosophy of an actor
Policy core beliefs Fundamental policy positions that define the Intermediate
) strategies that will satisfy the deep core beliefs
Secondary beliefs  Instrumental strategies to implement the policy High

core positions in the policy arena of concern

Table 3.4. Two identified advocacy coalitions in the wetland policy subsystem.

Preservation Coalition

“Wise Use” Coalition

most regulators

most academics

most agency technical staff
most agency researchers
many consultants

some CongréSsional representatives
environmentalists

some farmers
hunters/fishers

some private landowners
some journalists

President Clinton?

general public?

some regulators

some academics

some agency technical staff
many consultants

some Congressional representatives
developers
farmers/ranchers/loggers
many private landowners
property rights advocates
some journalists

Presidents Reagan & Bush
general public
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Sociological Approach

The role of social systems in natural processes and landscape change has been the subject of study
for more than 60 years (Lee 1992). Studies concentrating on the interaction between social
systems and biogeochemical systems are characterized by three distinguishing factors (Burch and
Deluca 1984; Lee 1992):

e a holistic perspective regarding the interaction between humans and the environment, -
that sees these two systems as two parts of one larger system;

o flexible approaches to study, using either the human system or the natural system as
the dependent variable; and

e over sixty years of accumulation of an extensive body of knowledge regarding societal
consequences of interactions with natural systems. .

Burch and DeLuca (1984) characterized the social dimension of natural resource issues as the
interaction of the resource flow (including the flow of energy, materials, and information), the
distribution of the resources (as a result of social order), and the demand for those resources (as a
result of social cycles such as life cycles and work/non-work cycles). Figure 3.3 shows a
conceptual diagram of the interaction of these elements.

HUMAN ECOSYSTEM
Perturbations In
Resource Flows: | 37
- Energy \ Alterations lgad to: l
. Materials Succession Changes in Social
Nutrients : Displacement Cycles:
Information Differentiation Work/nonwork
’ : Life Cycles
Myth
e eeree———————— e zaeaaaoeeeaeanene] Exchange
! |Perturbations In
i [Social Order
Hierarchy ..
N Territory &
' Socll\lainns HUMAN SOCIAL SYSTEM

Figure 3.3. The interaction of the human ecosystem and the human social system
(Burch and DelLuca 1984).
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Burch and DeLuca suggest that the nature and types of resources, social cycles, and social order
should be considered in impact analysis. The four resources in Fig. 3.3 (energy, materials,
nutrients and information) are examples of resources that are distributed in some way to the
human social system. The “Alterations” box shows how a particular action or policy, resulting
from perturbations in resource flows or perturbations in social order, can alter the existing social
system. Changes of this type may lead to succession, for example, cultural alterations from old
land-use patterns to new land-use-patterns. The resulting new procedures, occupations, persons
and industries will displace existing procedures, occupations, persons and industries. Finally,
these changes will result in differentiation in social roles and values that lead to changes in such
social cycles as changes in work/nonwork cycles, life cycles, myth cycles (the pattern of
persistence and replacement of myths), and exchange cycles (mechanisms of exchange that link
social and political groups such as families, political constituencies or corporations). Changes in
social cycles can indirectly cause further perturbations in social order that affect, and are affected
by, perturbations in resource flows (Burch and DeLuca 1984).

SOCIAL IMPACT ASSESSMENT

Since the early 1970s the interaction of human activity and natural systems has been studied
through a social science methodology called Social Impact Assessment (SIA; Gale 1987). SIA is
generally used to aid decision-making by measuring the range of results from alternative proposed
actions (Burch and DeLuca 1984) and is often required as part of an Environmental Impact
Statement under the Federal National Environmental Policy Act (NEPA). Although most SIAs to
date have been anticipatory (used to predict response to changes), the method can be used to
determine impacts after the fact (Burmingham 1995). SIA can be employed to measure the
potential or resulting effects of a particular policy or event on individuals (e.g., on economic
welfare, transportation, leisure, public participation, health and safety, attitude, etc.), on
organizations (e.g., on profitability, changes in employment levels, etc.), or on communities (e.g.,
on the effect on the capacity of the community to provide a high quality of life; Finsterbusch and
Wolf 1981). -

The three objectives of SIA are to determine: 1) what social effects are to be measured; 2) how
these effects should be measured; and 3) how the measured effects are to be evaluated
(Finsterbusch and Wolf 1981). Burch and DeLuca (1984) have identified seven theoretical
approaches to SIA methodology, as it is applied to natural resource policies (Table 3.5). Although
this list is by no means exhaustive, it provides an excellent example of the extent and variety of
SIA approaches. These theoretical approaches may use a variety of evaluative methods including
such techniques as weighting schemes, discrete dimension evaluation, objective or subjective
metrics, or utilizing informal political inputs such as public choice (Finsterbusch and Wolf 1981).-

There are several important reoccurring themes in the SIA literature that have direct applicability
to coastal issues. Among these themes are the interaction between community and ecosystem
stability, the idea of social carrying capacity, and analysis of issues of biogeochemical and social
temporal and spatial scales.
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Table 3.5. Theoretical approaches for assessing social impact (adapted from
Burch and DelLuca 1984).

Possible Applications

Approach Unit of Analysis Data Source
Time Budget Individual Diaries/Logs Determining individual demand/
response to variation in resource
Family Life Individual/ Census/ Determining effectiveness of
Cycle Households Interviews community environmental
programs
Adoption of Individual/ Interviews/ Determining constraints on or
ideas/practices Household/Firm Records opportunities for introducing new
resource policies or techniques
Community Neighborhood/ Interviews/Documents Determining collective response to
Town Observation/Records variation in resource use
Regional Region Documents/ Determining efficiency and equity
Census factors in inter-regional exchange of
resource costs and benefits
Social Survey Demographic Interviews/ Determining categories of
Categories Questionnaires population samples who are most/
least susceptible to variations in
resource use
Social Indicators Political Subdivisions/ Records/Documents/ Detexmihing distribution effect of
Nation-state Census variation in national resource

budget: monitoring effects of policy

Community Stability. Ecological and community stability are often measured when determining
the effect of écosystem change on social systems (or vice versa). The definition of community
stability varies throughout the literature (not unlike the definition of ecological stability), but it is
generally agreed to be either the preservation of the status quo, or the ability of a community to
react to change (i.e., the existence of a diversity of functions that facilitates adaptation to change;
Schallau 1987; Burch and DeLuca 1984). The US Forest Service guidelines define community
stability as "the rate of change with which people can cope without exceeding their ability to deal
with it” (Schallau 1987). '

Measurements of community stability often center on economic factors, but may also include
measures such as social conflict, population change, environmental perceptions, or structural
change (Burch and DeLuca 1984). Community stability can be affected by the nature of the
ecosystem (see the below discussion on scale), and ecosystem change can directly impact the
~ stability of a community, hence, it is often useful to study the two simultaneously. Community
stability is an especially important part of the sociological analysis of coastal communities because
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of changing demographics and the shift of coastal economics from traditional resource-extractive
industries, such as fishing, to newer non-extractive resource-based industries, such as tourism.

Social Carrying Capacity. For the past 30 or so years, social scientists have grappled with the
idea of a social carrying capacity as a parallel to the concept of ecological carrying capacity
(Graefe et al. 1984). Social carrying capacity has traditionally been applied to recreational
experiences, and is generally defined as the level of sustained recreational use déemed acceptable
by some predetermined criteria, taking into account both the quality of the resource and the
quality of the experience for the user (Shelby and Heberlein 1984). It is generally agreed that
there is no one level of carrying capacity, as the level of acceptable impact will vary among
experiences and uses (including location, time, type of activity, previous experience, etc.; Graefe
et al. 1984).

Despite the variation and elusiveness of the concept, social or recreational carrying capacity is a
useful construct for managers. In fact, several Federal agencies, such as the National Park
Service, US Forest Service, US Forest Service, and US Fish and Wildlife Service require
determination of social carrying capacity when evaluating the effects of some program actions
(Moore and Brickler 1987). Recreational carrying capacity can be used to determine social
thresholds for many types of activities including beach-going, boating and canoeing, and sport
fishing. A methodology for management to achieve sustainability of resources and quality of
recreational experiences may be quite useful to managers of high use coastal areas.

Scale. Although not consistently investigated, examination of scale issues, both temporal and
spatial, can greatly increase the understanding of a given complex biological and social problem.

For example, ecological studies show that populations of organisms with short generation times
are more susceptible to environmental variation than organisms with longer generation times (Lee
et al. 1990). These populations are considered relatively unstable because they are more
dependent on environmental influences and reproductive rates than on influences such as
interspecies interactions.

Analogies have been drawn between ecological communities and the social communities of
natural resource “boom” towns (Lee et al. 1990). The relatively short length of job opportunities
is influenced by the longer time scale of environmental conditions of the resource, and these types
of communities are considered unstable (see above). Interactions between people become more
complex and more important for community stability than the condition of the environmental
resource when the job opportunities are extended and ties are formed to people and place (Lee et
al. 1990). These patterns have been most frequently observed in timber dependent towns, where
the social patterns of "boom and bust" are correlated with changes in the nature of the resource
(Lee et al. 1990). However, the nature of some coastal communities dependent on unique and
perhaps finite resources (such as extractive recreational activities) may display similar types of
patterns.
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The Economics Approach

Economics typically focuses on the material side of human welfare and activities. Economic
research is concerned with describing, understanding, and predicting the structure of economies,
prices and economic production levels; the material welfare attained under various circumstances;
and the effectiveness of collective rules to modify voluntary contracting in markets. Description
involves selecting pertinent variables, and defining, measuring, and summarizing them in ways that
provide meaning and substance to people. Common descriptive variables include personal
incomes, production levels, price levels, trade flows, magnitude of recreational use, and funding
levels for public goods and services.

Understanding and predicting the structure and process of economies require a causal model
relating economic variables to exogenous influences and policy changes. As in ecology, such
models reveal complex and sometimes obscure linkages among variables. For a study of coastal
ecosystem change, the pertinent models should focus on causal linkages between ecosystem
states, resource-extraction rates, and policy efforts with the aim of predicting economic
consequences of changes in the rules governing private markets and collective institutions. The
simplest models are linear models of economic structure (such as input-output models) that
typically focus on regional economic "impacts" such as aggregate and sectoral shifts in
production, income, and employment. More complex and data-demanding models of markets
focus on the inter-sectoral shifts in resources, incomes, and employment caused by relative price
changes, shifts in resource availability, shifts in demand, and environmental regulations.

Economic evaluation necessarily relies on a specific ethical stance, typically utilitarian or
contractarian ethics. Because there is no generally accepted ethical system, different economists
reach different conclusions. The most broadly used method, benefit-cost analysis, focuses on the
aggregate net economic benefits of a particular policy or exogenous change. The aggregate
benefit is defined with respect to the existing distribution of incomes and is typically insensitive to
the distribution of incremental benefits among various people, communities, or interest groups.
Because it ignores important economic equity issues, benefit-cost analysis is a partial and
incomplete summarization of economic consequences for decision makers. In practice, net
benefits are combined with numerous other data summaries by policy analysts. For example, the
Water Resources Council's "Principles and Guidelines" (1983) for project evaluation calls for
evaluation in four "accounts:" 1) national economic benefits; 2) environmental quality; 3) regional
economic development; and 4) other social effects.

ECONOMIC DESCRIPTION

Descriptive Statistics. Routine economic variables are used to describe and analyze the structure
and processes of the economy, including market value of production (price and quantity) by
industrial category, payments to labor, shipments of goods, income levels and distribution of
income across functional and statistical categories, employment levels by industrial classification,
unemployment rates, etc. Standard Industrial Classification (SIC) is used in the United States to
provide a common set of categories for reporting of production, sales, prices, employment, and
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payments. The main sources of these data are the US Census Bureau's reports (both the
population census and the census of manufacturers), and the US Bureau of Economic Research.
Detailed information on agriculture comes from the US Department of Agriculture, Economic
Research Service; information on the forest products industry is published by the US Forest
Service; and information regarding fisheries is from the US Department of Commerce, National
Marine Fisheries Service, and from the Oregon and Washington Departments of Fish and Wildlife.

To supplement the volumes of routine data, large amounts of economic descriptive information
are generated periodically by special surveys of specific areas or issues. For example, economics
surveys frequently focus on the structure of production costs in a particular industry. Fishing
costs have been surveyed and documented for salmon fishing in Oregon. Another example would
be surveys of public values for non-market goods, such as recreational fishing and the existence of
salmon populations in specific rivers. The US Fish and Wildlife Service (1988) funds a National
Survey of Fishing and Hunting that estimates the magnitude of outdoor recreational activities,
expenditures, and fish and game harvests. Some of these applications are reviewed below in the
section on Causal Models.

Input-Output Tables. Input-output tables provide a more detailed picture of the economy than do
the simple economic aggregate variables. An input-output table (called by its creator W.
Leontieff a "Tableau Economique") describes a static flow of outputs from each sector of the
economy through other sectors (where used as inputs), to final outputs of goods and services. It
also quantifies the payments from firms in each sector to households (wages, salaries, rents,
interest payments, and profits), and payments among sectors of the economy (the inter-industry
transactions). For example, an input-output model of Tillamook County, Oregon, will show the
market value of sales of goods from fishing, agriculture, manufacturing, tourist services,
wholesale and retail trade, and government agencies. It will also show the degree to which those
goods are sold locally or exported; and it will show the degree to which each purchase category is
based on imports to the county. For each sector of the economy, the input-output model will
show how much of the total expenditures in sector “i” goes to sector “j,” and how much to
households. For example, the fishing industry buys inputs from fuel suppliers, boat repair yards,
insurance companies, etc., and pays wages, salaries, and other labor payments. It sells its output
to retail firms- wholesalers and brokers, and food processing firms. Quantification of the
transactions flows in a regional economy in an input-output table, combined with appropriate
assumptions and motivation, support the analysis of economic effects of sectoral changes on the
regional economy.

CAUSAL MODELS

Economic Impact Analysis. Economic impact analysis predicts gross changes in incomes, market
value of goods and services, and employment levels in a regional economy resulting from policy
choices, such as the expansion of a local seaport, relocation of a major employer, an influx of
tourists and visitors seeking outdoor recreation, increased social costs of water treatment or
storm surge protection due to coastal pollution or sediment regimes, or declining production in a
natural resource-based industry. Popular methods of economic impact assessment typically rely
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on simplified linear models of the economy that assume constant prices and constant costs per
unit of output. With this simplified model, a rise or fall in any economic sector generates a
proportional change in that sector's purchases from other sectors, a proportional change in
employment and household earnings from that sector, and a secondary proportional change in
regional incomes and employment affecting the whole economy. By accepting the simplification
of linearity, these models make possible a simultaneous examination of dozens of overlapping and
competing economic activities. More sophisticated versions incorporate trade and product flows
between regions in order to trace the indirect effects of economic changes in one region on those
of a distant region.

While input-output models are developed at the national scale, much economic impact analysis
focuses on smaller economic regions. For example, income and employment effects of forest
management options have been evaluated for rural logging communities or counties. Three kinds
of economic impact are often estimated using regional economic models: 1) direct (or primary)
effects; 2) indirect (or secondary) effects; and 3) induced effects. Direct effects are the increases
in the value of final goods and services (or of income) in the sectors directly affected. Indirect
effects are the increases in the value of final goods produced (or income) in sectors linked through
purchases or sales to the directly affected sector. Induced effects are the broad effects on the
local economy due to increased incomes and spending by households directly and indirectly
affected. By the usual conventions of income and product accounting, the value of goods and
services equals the local income generated (e.g., wages, salaries, rents, interest payments, and
profits) plus cost of inputs purchased from elsewhere. Thus, the regional income impact will
always be a fraction of the regional sales generated.

Davis and Radtke (1994) estimate that net incomes for Columbia River gill net fishermen equal 36
to 55% of gross revenues. Hence, an increase of $100 in fish sales could generate a direct local
income impact of between $36 and $55. The remaining 64 to 45% percent of gross sales revenue
represents purchases of fuel, gear, insurance, etc. To the extent these inputs to the fishery are
produced in the local economy, there will be some indirect income impact as well. Indirect effects
occur through "forward linkages" (firms that purchase from the directly affected sector) and
through "backward linkages" (firms that sell inputs to the directly affected sector). To continue
the commercial fishing example, if 10% of fishing expense is for services produced locally (gear
and vessel repair), the indirect income impact will consist of increased income in these related
economic sectors. So, if service sectors generate $0.60 of direct local income (via wage payment)
per dollar of sales, each $100 dollar of fishery output generates an indirect income impact of:
[10% X $100 X (74% to 45%)] = $7.40 to $4.50. The indirect effect described here is a
"backward linkage." A forward linkage occurs, for example, when an increase in salmon harvest
results in expanded fish processing or retailing in the region. The increased incomes in those
"forward linked" sectors would be another form of indirect income impact of fishing harvesting.
The full indirect income impact is the sum of such indirect effects across all economic sectors that
supply goods and services to the fishery. The induced income impact occurs as the households
experiencing greater incomes (direct and indirect) increase their spending on a wide array of
consumer goods. This induced effect is spread across many sectors of the economy.
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Market Models. In contrast to impact analyses based upon input-output models, an analysis of
market models will focus on changes in prices due to shifts in supply and demand curves. The
simplest market models examine one market (good or service) at a time, using the assumption that
other markets are unaffected. For example, a decline in fish harvest due to a fish population
decline will constitute a lefiward (i.e., downward; see Fig. 3.4) shift in the supply curve of fish,
and, assuming the fish market clears at a price that equates quantity supplied with quantity
demanded, this will cause an increase in the price of fish. In reality, the reduced fish supply and
increased price causes a shift of consumer expenditures to other food products (e.g., poultry),
which would be depicted as a rightward shift (upward) in demand for these other products.
Depending upon the slopes of the supply curves for these other products, their prices would rise
as well. The degree to which supply shortages in one sector transmit through the markets to
affect prices in other sectors depends critically on the shapes of demand and supply curves in
linked markets. Hence, research on market-demand systems tends to focus on the functional
relationships between quantity demanded and own price, income, and prices of substitute
commodities. Research on supply curves tends to focus on factors that influence the costs of
production and the pricing behavior of firms. In a full-blown multimarket model, one could trace
out the sequence of linked changes in prices and quantities across markets due to a particular
initial shift in policy, resource availability, population growth, or technological change.

Dynamic Models Linking Market Economics to Natural Resources. A third type of economic
model pertinent to understanding coastal ecosystems is the mode] that explicitly includes the
dynamics of natural systems. For example, bioeconomic models of fishing often append an
industry cost and consumer demand analysis to a fish population model. Similar economic models
of forestry combine tree-stand dynamics models and market value models to show how harvest
timing affects timber revenues. As the simpler single-species or single use economic models were
developed, it became clear that more complex models were needed to deal with the real world
complexities of multispecies harvesting (in both fisheries and forestry), and to properly account
for the numerous competing uses of the resources (recreation, aesthetic appreciation, as well as
consumption). Some explicit models have been developed to incorporate non-harvest uses in
forestry and to explore the implications of competing recreational and commercial harvest in
fisheries. Yet a greater level of generality may be needed in order to capture the economic
aspects of linked effects due to the transformation of coastal ecosystems by expanding human
populations and economies.

ECONOMIC EVALUATION OF ECOSYSTEM SERVICES AND CHANGES

Alterations of coastal ecosystems can have a variety of effects on economic values. Three
conceptual categories of economic value are: 1) the value of using products supplied in markets
(like meals in seafood restaurants) made from ecosystem components; 2) the value of using the
ecosystem directly for recreation and aesthetic enjoyment; and 3) non-use value, the value of
simply knowing that features of the environment exist (existence value) or are being preserved for
future generations (bequest value). There has been a huge volume of research in this area during
the past two decades. Much of the accepted practice is summarized by Freeman (1993) and
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Braden and Kolstad (1991). Economic values arise in all three categories in Pacific Northwest
coastal ecosystems.

Indirect use-values flow also from coastal ecosystems through such activities as commercial
fisheries, forestry, agriculture, and land development. These values are generally estimated using
market equilibrium models. Environmental degradation affects both the production of economic
goods (reduction in fish catch) and perceptions of quality or safety in consumption of economic
goods (seafood wholesomeness and recreational fishing success). In this circumstance, both
supply and demand for ecosystem-related goods are affected. A theoretical discussion of
economic values associated with complex changes of this sort has been summarized by McConnell
and Strand (1989) for the case of commercial fishing.

The resulting economic valuation data can be helpful in three ways: 1) the estimated total
economic value places the subject ecosystem into perspective alongside other environmental and
capital assets; 2) the estimated values of recreation, commercial fishing, and existence reflect
relative economic values of various components of the ecosystem; and 3) detailed analysis of the
economic valuation data can reveal incremental values associated with various ecosystem
changes. The analysis of incremental values shows how agency decisions can affect the economic
value of the ecosystem, and this is usefil information, for example, for screening alternative
projects when agency budgets for marine ecosystem management are limited.

Benefits and Costs. The first step in evaluating the “benefits” and “costs” of ecosystem changes is
to determine how goods and services are affected. The second is to assign an economic value to
the change in goods and services, most often based upon the consumer's "willingness to pay"
(WTP) for an increase or decrease in goods. For marketed goods, we normally assume that the
existing price equals the marginal value or WTP for an additional unit of the good.

Figure 3.4 depicts the downward sloping-market demand curve, and two upward sloping market
supply curves. The total WTP for the entire quantity supplied equals the area under the demand
curve. At a uniform market price, the total sales value equals price times quantity (P1xQ;). The
net WTP or "consumer surplus” is the total WTP minus actual payments. If the price offered by
suppliers at a given quantity equals marginal cost of producing and selling the good in question,
the upward slope of the supply curve implies increasing marginal costs. Consequently the area
under the supply curve at any given quantity is a measure of the total cost of producing that
quantity.

The producer surplus is the area over the supply curve and below the price; for quantity Q1 in
Fig. 3.4 this producer surplus value equals the area of the triangle DBP1. In practice, the
producer surplus is reflected in profits to business enterprises and rents earned by owners of land
or other scarce natural resources (e.g., water, forests, minerals). For direct uses of the ecosystem
that are not sold in markets (e.g., shoreline recreation, beautiful sunsets, clean water for
swimming and fishing), the value to the public may be estimated using surveys to obtain price-like
information. In outdoor recreation economics, for example, a variety of techniques (travel cost
demand estimation, contingent behavior or value survey) is used to estimate the demand for
recreational sites or conditions. These methods have been used extensively to determine fishing
and other recreation values in the Pacific Northwest. When a specific estimate of WTP for
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Figure 3.4. A simple market supply and demand diagram (see text).

recreation days or visits is available for a site, this value is used to evaluate a decline or increase in
recreation caused by a salmon conservation measure. When studies have not been completed for
the species, river, beach, or coastal port in question, estimated values for similar recreational sites
are often used as proxies. This necessarily involves some subjective choice and results in some
error.

The non-use values of coastal ecosystems (such as the value knowing that salmon continue to
migrate up coastal rivers) can be measured by the amounts people are willing to pay to preserve
them. This value is variously named "existence" value, "non-use" value, or "passive use" value.
Measurement of existence value is a growing field of application for environmental economists,
and there are still major controversies over technique and the meaning of the measurements.
Because little existence value information is available concerning most coastal resources, the
incremental existence values associated with ecosystem changes are difficult to assess without the
mounting of a specific study.

Complicated ecosystem changes and human policy responses will increase supplies of some goods
and services while decreasing the amounts of others. For example, changes in forest harvest
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practices to protect riparian habitats may reduce annual timber harvest while improving long-run
anadromous and resident fish populations, improving water quality, reducing peak runoff
volumes, and improving recreational quality. Where several consequences are linked by the
ecosystem functions or are connected due to constraints on resource management policies, the
economic effects are always a combination of costs and benefits. Evaluation and selection of
management actions that achieve maximum net economic benefits is one way of balancing these
competing ends. But, as already noted, the benefits and costs are frequently distributed unfairly
through the population of regional residents. For example, unemployed timber industry workers
may suffer, while commercial and recreational fishing industry workers prosper. Even if the net
benefits of a fish enhancement program are positive (i.e., the fishing industry gains more than the
timber industry loses), the public decision to help one group at the expense of another is not
strictly supported by the ethical stance of economics. Only programs that help some people,
while harming no one, meet the strict standards of the economic welfare test.

Distinction Between Effects and Net Benefits. A simple example helps to -explain the difference
between net economic benefits and effects. Suppose a coastal salmon stock declines precipitously
and the management authorities close the fishery. Commercial landings of that fish will decline,
resulting in reduced direct sales and incomes in the fish harvesting and processing sectors.
Reduced tourism and angling activity will cause additional reduced sales of goods and services
(e.g., motels, restaurants, gas stations, bait shops) in the coastal community. This will cause
lower incomes, employment, and total economic output in the affected community. The
economic impact in the community would be measured as the loss in regional sales, personal
income, or employment.

The change in net economic value due to the salmon stock decline would be measured as the loss
in net commercial and recreational values, as measured by the consumer surplus and producer
surplus concepts. The economic value of salmon fishing (depicted as the consumer surplus under
a recreational fishing demand curve) represents the amount the recreationists would be willing to
pay for fishing. Even though other species (e.g., rockfish, albacore tuna) may be available,
recreational fishermen would be willing to pay some amount to have salmon to catch. This value
is lost when salmon are removed from the suite of available fishing options. The lost value would
be counted as an economic cost in a benefit/cost analysis. From the perspective of a community
dependent upon expenditures by recreational fishers, the lost economic value of recreation may be
of little interest; however, the negative regional economic impact would be of great concern. The
prosperity and stability of a coastal community may be adversely affected by a loss of recreational
business. However, the recreational participants are likely to shift their expenditures to other
locations, species, or alternative outdoor activities (like freshwater fishing or hiking). These shifts
in activity and expenditures will cause offsetting positive economic effects, some in the original
locations and some in new locations.

There is no necessary linkage between regional effects and net national benefits. For example,
negative economic effects in a town distressed by reduced US Forest Service timber sales will be
balanced to a large extent by expansion in other logging communities or in communities
producing substitute building materials. One community's secondary negative impact is linked to
another community's positive secondary impact. The "other community" is likely to be a
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geographically dispersed and diffuse group of people, while the losers are often concentrated in
the specific community. It would be deceptive to focus only on the negative effects where the
natural ecosystem is protected, while ignoring the linked positive secondary effects elsewhere.
Such a practice would systematically overstate the net economic costs of ecosystem protection.
Still, a real reduction in timber output would result in real reduction in national net benefits
generated in the forest sector. But the accurate measure of that net cost would be the reduction
in consumer and producer surplus aggregated across all the regional economies affected.

INTEGRATIVE STUDY APPROACHES

As research on human management of real ecosystems has progressed, integrative approaches
have been developed that use insights and knowledge from several social science disciplines or
that combine social and natural science. Two of these are represented by the burgeoning
literature on management of common property resources and natural re€source accounting.

Common Property Management and Co-management. The classic literature on management of
common-pool resources focuses on two options: privatizing resource rights and regulation
through formal government institutions. The economic theory of common property resources, as
initiated by H. Scott Gordon (1954) and elaborated via the use of game theory (Dasgupta and
Heal, 1979), emphasizes the difficulty of achieving an efficient natural resource conservation
regime when numerous parties use a depletable resource. Each individual’s incentive to conserve
the resource is diluted by inability to control resource use by others, which can lead the collection
of resource users to overexploit and deplete the common resource. This problem was labeled the
“tragedy of the commons” by Garrett Hardin. Since this “tragedy” is cast as a necessary outcome
of uncontrolled access to common pool resources, those seeking institutional solutions have
focused on either: (1) eliminating the common pool characteristic (e.g., by privatizing the
resources); or (2) placing external controls on the resources users (e.g., giving authority to a
governmental agency to control resource use).

Both of these solutions raise other problems. Privatization requires that control of the resource
be granted to individuals as “property rights” or “usufructuary rights“ and that standard legal
processes be used to defend those rights. As many natural resources (such as salmon) are fluid
and cross geographical boundaries, a private owner might need to control an enormous area in
order to gains the benefits of privatization. This could lead to excessive market power or political
control. Regardless of market power issues, the private owner would be expected to attend only
to those aspects of the common resource that generate benefits for her. She would likely ignore
other ecological linkages that generate no private benefits. Salmon predators, like bald eagles,
and salmon competitors, like resident trout populations, might fare poorly at the hands of a
private salmon owner. Hence, placing ecosystem resources in the hands of private owners could
lead to what economists call “market failure”: an improper balancing of marketable and non-
marketable service from multidimensional ecosystem resources.

Government agencies may also be unable to effectively manage a complex of ecosystem
resources. While an agency could be given broad authority to optimize ecosystem outputs and
functions (salmon, trout, eagles, assimilation of pollutants, etc.), bureaucratic organizations tend
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to strive for internal objectives that often differ from broader social objectives. Increasing
budgets and larger workforces tend to be signals of success in government organizations.
Further, government agencies survive at the pleasure of political processes that have relatively
short time horizons, in contrast to the long-term processes that govern ecosystems. Agency
stewards of ecosystems may be compelled to satisfy relatively short-term demands for economic
benefits rather than longer term conservation objectives. Hence, some analysts are concerned that
placing important natural resources and ecosystems in the hands of politically-driven
bureaucracies can lead to "government failure" (Anderson 1983).

Contemporary literature on common property governance and co-management departs from the
classic approach. The key is to view the problem as one of reconciling individual incentives to
conserve resources and to control externalities with collective and long-term conservation
objectives. - The new approach seeks solutions that involve collective commitment to ecosystem
management objectives without formal approval and enforcement by "outside" forces. As
developed by Ostrom (1990), the theory has been expanded to examine conditions under which
individuals will voluntarily conform to collective rules of resource use and monitoring systems
that lead to sanctions for noncompliance. Besides expanding the theory of collective action,
empirical research in this field has broadened our understanding of the prevalence of self-
organized and self-governing common pool resource regimes. The numerous successful and
unsuccessful examples of self-governance in Ostrom's (1990) book suggest the following criteria
for determining the applicability of self-governance:

1) Most ecosystem users share a common judgement that they will be harmed if they do
not accept some rules;

2) Most users will be affected in similar ways by the new collective rules;

3) Most users highly value the continuation of the common pool resources in the
ecosystem (i.e. have long time horizons); :

4) Ecosystem users face relatively low costs of information and enforcement;

5) Most users share generalized norms of reciprocity and trust that can be used as initial
social capital; and

6) The group of users is relatively small and stable.

Where these criteria are not met, simple institutional changes may help to satisfy them. For
example, a fishing fleet meeting all criteria but (6), might be able to develop self-governance
under a license limitation system. In other cases, it is clear that one or more of these requirements
will not be met without more formal organization or external enforcement. Hence, these
conditions can be used to screen specific common pool resource regimes for specific
shortcomings in collective decision-making. The result is a better organized and structured
concept of what is needed to resolve problems of resource conservation.

A companion development in the natural resources management field is "co-management": a
form of resource governance involving negotiated agreements and other legal or informal
arrangements between resource-using communities and various levels of government. The
discussion of fishery co-management emphasizes the need for fishery managers to include local



SOCIOECONOMICS 81

communities and groups of fishermen in the management process in a meaningful way (Rettig et
al. 1989); sharing of information, objectives, authority and responsibility are all part of the co-
management regime. The co-management systems incorporate both community-level and broader
governmental authorities to assure acceptance and compliance by local fishers in the management
regime. Pinkerton (1989) collected a series of papers that relates the experiences of numerous
fishing communities with co-management. These focus on agreements between centralized
government authorities and Native American tribes and villages on the Pacific coast of North
America. Most of the examples concern salmon fishing, but marine mammal management and
lobster fishery management in Nova Scotia are also included.

Co-management themes have been extended and elaborated in a recent report by Pinkerton and
Weinstein (1995) and in two collections of papers edited by Hanna and Munasinghe (1995a,
1995b). The expansion of these themes examines the nature of social institutions that shape the
use of environmental resources. As applied to problems of the developing world, this work
attempts to supplement development efforts focused on investment projects by improving the
institutional framework within which resources are used. Pinkerton and Weinstein describe
Japanese inshore fisherman co-operative associations, Peruvian fishing villages on Lake Titicaca, a
watershed working group in Queensland, Australia, Korean seaweed fisheries, and several
community level organizations focused on watershed management for fisheries conservation.

Hanna and Munasinghe spread a broader net to include air pollution control systems in the United
States, enforcement of nitrogen fertilizer regulations in Sweden, using incentives to preserve
biodiversity in India, and problems of deforestation in Nepal Himalaya. ‘Lessons from this field of
study should be applicable to coastal ecosystem management in the Pacific Northwest, particularly
in areas with networks of small fishing communities. In particular the assessment of watershed
councils, that are increasing in number in the Pacific Northwest, would benefit from these insights.

Natural Resource Accounting (Natural Capital). Because economic production often transforms
natural materials into final products or capital equipment (e.g., buildings, machines, tools),
ecological economists claim that ecosystem services and natural materials are complements to
human skills and capital equipment. This is in contrast to the view that technology, capital, and
skill are substitutes for natural resources. The "substitutes" view allows for the possibility that
economic growth could continue through technological innovation and use of more capital as
natural resources are depleted. The ecological economics view is that opportunities to substitute
manufactured capital for natural resources are very limited, and that further growth (or even
maintenance of current economic output) requires careful conservation of the natural features that
make economic production possible. "Natural capital" was coined to represent the value of
ecosystem functions and natural materials needed to support economic production.

Accounting for the value of manufactured (man-made) capital in business and in the national
accounts helps economists and policy-makers to note whether the stock of capital is rising or
falling. But no such accounting is normally done for natural capital. According to Costanza and
Daly (1992) "natural capital produces a significant portion of the real goods and services of the -
ecological economic system, so failure to adequately account for it leads to major misperceptions
about how well the economy is doing." A number of economists have tackled the problems of
accounting for natural capital, and the United Nations Environmental Program and World Bank
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convened an international symposium on the subject (El Serafy 1989, Ahmad et al. 1989).
Attempts to value the natural capital of wetlands (Costanza et al. 1989) show that the concept is
feasible.

I

Applying these accounting concepts to coastal ecosystems would involve measuring contributions
of various ecosystem features and functions to the economic system. Natural capital would
include values of fish stocks, freshwater supplies, pollutant assimilation capacity, riparian and in-
stream habitats, etc. Each capital item represents the accumulated future value of ecosystem
goods, services, and amenities; hence, these represent an extension of conventional economic
valuation of market goods and services to non-market ecosystem goods and services.
Implementation of this research agenda would be taxing, because the ecosystem involves complex
interactions that obscure the individual contributions of various components to human economic
welfare. Thus, the unit values of natural capital stocks would be difficult to measure. This
difficulty may explain the absence of a single quantified measure of natural capital in a recent
compendium of papers on the topic (Jansson et al. 1994). - -

Natural capital accounting for coastal ecosystems could contribute to a more reasonable and
equitable balancing of current versus future benefits, because depletion of natural capital would
signal - declining potential economic welfare for future generations. The new accounting
conventions cannot resolve the problem of choosing a proper level of preservation and a
reasonable mix of natural assets. Because not all natural capital can be preserved, an important
aspect of sustainability policy involves choice about what to preserve and what to sacrifice. These
choices may be better informed in the presence of comprehensive natural resource accounting.

STATUS OF RESEARCH ON OREGON/WASHINGTON COASTAL
ECOSYSTEMS AND COMMUNITIES

Legal/Institutional Research

Two aspects of the jurisdictional framework affecting coastal ecosystems are important. The first
is a set of changes occurring in the decision process that alters the criteria for decision-making.
These changes have occurred recently and are subject to much debate and research. Often they
conflict with each other. For example, the increased power of Native Americans over coastal
resources conflicts with the increased deference to private property rights, especially when
shellfish resources are at stake. These changes have altered how we think about public resources
and environmental management (Ehrlich and Daly 1993).

The second aspect affects the process of decision-making. The large number of agencies with
power over coastal resources and environments has led to pressure for reform. The goals of
reform are to simplify the process, to eliminate redundancies and conflicts in rules, and to
introduce a more holistic perspective. Further, the desire for holism has led to planning processes
involving a wide range of users. This is done to create ground rules for change and predictability
in decisions (Brower and Carol 1987).
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CHANGES IN CRITERIA FOR DECISION-MAKING

Private Property Rights. One of the most difficult aspects of crafting large-scale environmental
regulations is coordinating actions across public and private property boundaries. Private
property owners may be seen as obstacles to successful management, or they may be tools to
create efficient ecosystem protection. Understanding more about how programs have dealt with
private property issues is critical to planning any ecosystem level management program. It is
important to consider a broad spectrum of property rights, from access rights based on customary
use to rights of lessees of tidal lands to rights secured by treaties. This section focuses on recent
court decisions interpreting rights of private land owners in coastal areas; common property
issues, the public trust doctrine and tribal rights are covered later in this paper.

In the past ten years, the courts have made significant changes in the laws constraining how public
agencies can regulate private lands. Many of these decisions have found in favor of property
owners, and governments that draft planning regulations must now navigate through a complex
web of legal decisions. For example, the relationship between the regulatory requirement and the
goal of the statute must be very close (the “nexus” rule). The regulation may not deprive owners
of all beneficial use, otherwise compensation must be paid.

The recent Supreme Court decision in Lucas v. South Carolina Coastal Council (1992) generated
several in depth articles reviewing the issue of “takings” (Babcock 1995). In Lucas, the US
Supreme Court found that South Carolina’s Beachfront Management Act deprived the plaintiff of
the economic value of his land, that this constituted a “taking” of his land, and thus the state was
obliged to compensate him. In light of this decision, state and local land-use regulators reviewed
their statutes and regulations and acted more conservatively to avoid payments. The Lucas
decision also provided ammunition for property rights activists, as seen in 1995 when the
Washington legislature passed Initiative 164. That initiative, which was subsequently repealed by
Referendum 48, would have required the state to compensate owners for any decrease in property
value caused by a state regulation. Property rights bills have emerged in many states and will
likely continue to be proposed in future years.

Wetland Mitigation and Habitat Restoration. Coastal ecosystems depend on functioning wetlands
for a wide range of .environmental benefits. For close to two decades environmental agencies
have sought "mitigation" for unavoidable effects on wetlands with the goal of no net loss to the
resource. This has been an elusive goal for a variety of technological and administrative reasons.
For example, the piecemeal legal framework that covers wetlands focuses on a project-by-project
evaluation, and agency resources are not available to define and monitor mitigation requirements
adequately. As a result far more wetlands are lost than are replaced through mitigation.
Additionally, the coordination of regulatory actions is time consuming and sometimes impossible
(Strand 1993).

Much of the existing research on wetlands restoration has focused on the physical aspects of
creating wetlands, with any institutional analysis being secondary. Nationally, Kusler and Kentula
(1990) and Thayer (1992) provide case studies of restoration in a variety of ecosystems. Several
of these case studies discuss the regulatory framework that facilitated restoration efforts. The US
Army Corps of Engineers (1994) published an annotated bibliography examining the tradeoffs
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required for successful environmental projects, including wetlands. And a 1992 workshop (Martz
et al. 1994) held in Seattle, examined wetland restoration in sites across the country, with a
substantial body of work from Washington and Oregon. ,

The Pacific Northwest region also figures prominently in the emerging literature on mitigation
banking. Washington and Oregon have recently tried to integrate wetlands mitigation and
restoration into planning processes through mitigation banking. Federal and state agencies in
Washington have entered into a Memorandum of Agreement for wetland mitigation banking when
Washington Department of Transportation projects are proposed (Hershman and Green 1995).
Oregon authorizes wetland conservation plans which include mitigation banks (ORS.196.668 -
692). Programs designed to look at wetlands on a statewide or watershed scale also offer the
possibility of long range urban planning; by identifying wetlands before areas are slated for
development, a county could conceivably avoid effects and/or offset unavoidable effects by setting
aside some portion of the area as a “wetland mitigation bank” (Environmental Law Institute
1993). This has implications for integrating growth management with environmental regulations,
although Thomas and Perkins (1995) argue that, in Washington, wetlands may fall though the
cracks of the broad EPA and state Growth Management Act (GMA) regulations.

Habitat restoration is a requirement of the Federal Endangered Species Act. Habitat
Conservation Plans (HCPs) must be prepared to protect and restore the ecosystem supporting an
endangered or threatened species. A major HCP was prepared for the endangered salmon in the
Columbia River system (National Marine Fisheries Service 1995). Similar steps would be needed
should additional listings of salmon occur in the Pacific Northwest.

Native American Treaty Rights. The legal history of Native American access rights to fish begins
with the original treaties. These treaties have been interpreted in a number of Supreme Court
cases starting with United States v. Winans (1905). The ruling in that case determined that treaty
tribes could not be prevented from harvesting fish from their usual and accustomed fishing
grounds. The Boldt decision (1974) ruled that treaty tribes had the right to fifty percent of all
harvestable fish, not just the fish that arrived at customary fishing sites. Most recently, the
Rafeedie shellfish decision (1994) expanded the definition of “fish” to include shellfish, giving
tribes access to shellfish resources whether in the intertidal (often privately owned) or the subtidal
zone. These decisions have been highly controversial: judges have been threatened and natives
have been fired upon while harvesting fish (Bentley 1992). An unanswered question is whether
the treaty tribes have rights to protect the habitat that supports the fishery. Though not clearly
answered as a matter of law, the tribes have become active participants in the coastal decision
processes that might affect the fish and their habitat.

Growth Management and Coastal Management. Both Oregon and Washington have statewide
land-use/growth management laws as well as coastal management statutes and regulations. In
Oregon the two are closely related since the coastal laws and policies are specific “goals” of the
statewide land-use program. In Washington State the legislature has only recently required a
closer integration between the state's Growth Management Law dating from 1991, and the 25
year-old Shoreline Management Act.
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These land-use laws are important for coastal ecosystem management for two reasons. First, they
try to deal with sprawl through imposition of urban growth boundaries. Land-use can intensify
within the urban growth areas but natural resource protection is mandated outside the urban
areas. The coastal regulations, on the other hand, tend to be based on zoning and performance
standards requiring water-dependent uses, setbacks, vegetated buffers, view corridors, public
access, and other controls to achieve environmental protection and public use. _In theory, these
regulatory mechanisms provide ample authority for controlling development so that coastal
habitat can be protected. Little research has been undertaken to determine the long-term effect of
these programs on habitat. Social scientists have found significant effects on fisheries from
population growth and gentrification (Murdock et al. 1992; Gale 1991). One study in Oregon
found that the growth management controls in a coastal county were not achieving their intended
objective (Moore and Nelson 1993). A study in Washington State found that wetlands were not
well-protected under the Growth Management and Shoreline Management Act (Thomas and
Perkins 1995).

Public Trust Doctrine. The public trust doctrine is a common law rule of law that has received
considerable attention from judges and legal scholars in recent years. It establishes the principle
that owners and managers of tidal and navigable waters, and the lands beneath them, are under a
duty to protect public interests in the use and management of these resources. Courts define these
interests and determine the extent of the obligation to protect. For example, in Washington State,
in the case of Orion Corp. vs. State of Washington, the Court concluded that the owners of the
tidelands never had a right to fill those tidelands for housing development because, under the
public trust doctrine, the state was not legally able to convey that right to private interests: the
right resided in the public. Archer et al. (1994) have done an excellent job summarizing the
development of this field of law for the nation, and Johnson et al. (1992) have summarized the law
in Washington State. New decisions are reached frequently, however, and this area of law should
receive additional research attention.

EMERGENCE OF COLLABORATIVE MODELS FOR PLANNING AND REGULATION

The National Estuary Program (NEP). - The Federal Water Quality Act of 1987 created the NEP -
in order to facilitate collaborative estuary management (EPA 1987, 1989, 1990, 1992).
Administered by the US Environmental Protection Agency (EPA), the NEP provides Federal
funds and technical assistance to estuaries that choose to participate; Puget Sound, the Columbia
River estuary, and Tillamook Bay are all NEP sites. The NEP is one of a few programs
attempting interjurisdictional “ecosystem” scale management (DeMoss 1987), and as such it has
received significant attention from policy analysts (Imperial and Hennessey 1996; Tuohy 1994;
Crum 1992; Hiller 1991; Imperial et al. 1992). Much of this work has focused on developing
evaluative criteria for the NEP, and the majority of the case studies have involved NEP sites on
the Atlantic Coast. Day (1990) and Elder (1989) have compared the management of British
Columbia estuaries with programs in Washington and Oregon. There are no studies specifically
focused on the NEP’s influence on management in the Pacific Northwest.
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Regulatory Negotiation and Mediation. The Federal Negotiated Rulemaking Act of 1990 brought
regulatory negotiation (commonly called “reg neg”) to the Federal government (Lassila 1992).
Through this Act, environmental regulations could be crafted with input from industry and
environmentalists, hopefully ensuring better compliance and more cost-efficient regulations.
Based on the success of “reg neg”, consensus-based or mediated agreements became popular
solutions to contentious debates, particularly those surrounding land-use and environmental
quality (Rowland 1992; Rose-Ackerman 1994). Environmental mediation has become a growing
field, and an increasingly viable option even in situations where alternative dispute resolution is
not mandated. The presence of mediation has changed the quality of environmental debates by
offering an alternative to litigation, however, the trend to mediate may overlook failings in
mediation that make it inappropriate for some situations (Campbell and Floyd 1996). As the
popularity of mediation grows in the Pacific Northwest, it will become more important to
understand the possible implications of mediated settlements over coastal resources.

Special Area Management Plans (SAMP). The SAMP process emerged in the mid-1970s as a
planning tool in the implementation of coastal management programs (Brower and Carol 1987).
SAMP was first used in San Francisco Bay, Grays Harbor, and Coos Bay, as a way to make
coastal planning more specific. It is a collaborative planning process used in a geographically
distinct area such as a bay or estuary, resulting in increased specificity in protecting critical natural
resources and providing for coastal dependent economic development. In the mid-1980s the
Corps of Engineers authorized the SAMP process and linked it closely to the Federal permit
process. A regional "general" permit could be issued as a way to implement a Corps SAMP. This
would greatly expedite the Corps permit process and assure the implementation of the SAMP.
Research into Corps SAMPs is now underway.

Washington and Oregon have been leaders in the use of SAMPs. In Washington State, Grays
Harbor is the "granddaddy” of the SAMPs, finally receiving Federal approval in 1992 after a 17
year development period (Lind and Hershman 1993). In Oregon, many estuary plans are the same
as SAMPs (Dull 1983). This planning tool can be especially useful where there are extensive
wetlands and considerable development pressure. It affords the opportunity to consider tradeoffs
at an estuary (or bay) scale.

Watershed Planning for Pollution Control. In the United States, pollution from point sources has
been rigidly controlled and progress has been made in reducing the quantity of pollutants entering
the water from those sources. However, non-point sources of pollution (i.e., surface water run-
off from streets, farms, forestry operations, etc.) are still a very serious problem. Watershed
management has been introduced as a way to better control non-point sources of pollution. The
goal is to reduce the amount of sediments, chemicals, animal wastes, and other foreign materials
from entering the streams or the bay/estuary by capturing and treating at the source. Additionally,
proper land-use practices in agriculture, forestry and urban development can reduce runoff.
Wetlands, which perform a water storage and filtration function, are critical for a well-functioning
watershed (Clark 1996).

Because watershed management involves land-use practices, there is great societal resistance to a
heavy regulatory approach to resolving the problem. Many people do not want this level of
governmental intrusion into their daily life and work. Agencies have published recommended
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“best management practices” (EPA 1993) and considerable public education has been undertaken
with industries and the general public to reduce sources of non-point pollution. McCreary et al.
(1992) studied the capacity of local governments to implement nonpoint pollution controls in the
San Francisco Bay region, and Hennessey (1994) analyzed the Chesapeake Bay Program's
“adaptive management” strategy for watershed management.  The Bonneville Power
Administration has sponsored a number of watershed plans to protect salmon resources in the
Columbia River system (LSC 1995).

In Washington State, the Puget Sound Water Quality Authority and state Department of Ecology
promote the use of best management practices. However, they have no power to require local
governments to impose strict standards. Considerable energy has been put into watershed action
programs to seek voluntary compliance (Shiginaka 1987).

Ecosystem Management. The ecosystem concept expands watershed-based management by
concentrating on an interconnected set of ecological goals that often cross watershed boundaries.
This new breed of management began as a terrestrial tool. As a result of the Pacific Northwest
Forest Conference (1993), President Clinton created an Ecosystem Management Task Force
(EMTF) to address issues of sustainability and diversity in forest management. The two
watersheds identified for ecosystem management were the Willamette River Basin and the
Washington Coastal Ecoregion. Currently, Federal agencies under the EMTF Memorandum of
Agreement are developing research strategies. There is also a focus on ecosystem management in
Oregon’s Territorial Sea Plan (Oregon Ocean Policy Advisory Council 1994), which proposes
five main ecological goals that management should strive to achieve. From an ecological point of
view, the expanded boundaries of ecosystem management are advantageous since they do not
constrain management plans to the artificial boundaries imposed by humans. However, ecosystem
management may be hampered by disjointed institutional cooperation, precisely because it crosses
these boundaries. Most of these programs are still in their infancy, and thus the evaluative
literature is slim. As ecosystem management plans are implemented it will become possible to
examine their effects on human communities and biological dynamics.

THE ROLES.OF PRIVATE ORGANIZATIONS, NON-GOVERNMENTAL
ORGANIZATIONS (NGOs), AND INDIVIDUALS

Policy-makers are well aware of the impact of public opinion, and of the influence of a concerted
lobbying effort. In recent years, more and more advocacy groups have developed, leading to their
prominence as a major force with which to be dealt in creating and implementing regulations.
These groups, and the actions of their members, can also influence community dynamics by
creating bonds or driving wedges between neighbors. They also articulate values, policy
preferences and alternatives, and likely effects. Thus, the actions of coalitions have important
effects at all levels of government, and may be especially important in small-scale, place-based
management regimes (King et al. 1996).

Little is known about the status of NGOs in the Pacific Northwest. Some work has been done on
the dynamics within and among these groups, primarily using the advocacy coalition or issue
network frameworks (Miller 1989; Martz 1993; Lind 1994; Leschine et al. 1997). The
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interactions of coalitions in areas with a high degree of community based management initiatives,
notably Willapa Bay, have also been examined (Eng 1994, in press; Wing 1996). Few of these
works look at the demographic information and methodology of NGOs. Information is still
scarce surrounding private organizational activities in coastal areas, and in particular, no work has
been done on recreational fishing groups. '

Sociological Research

Social Impact Assessment (SIA) has had little historic application to coastal communities and
processes as compared to those of uplands. One reason is the historic use of SIA in the US
Forest Service versus the relatively new inclusion of social sciences in the National Marine
Fisheries Service (NMFS), an agency that has existed for a short time in comparison to the Forest
Service, and that employs few social scientists (Miller pers. comm.; Gale 1987). Although in the
determinations of “optimum yield” for fisheries, NMFS is charged with the consideration of social
factors, but their inclusion in assessments of fishery management policies has been minimal to date
(Vanderpool 1987, Miller and Gale 1987). SIA is more routinely applied in the NEPA process, in
Environmental Impact Statements. Unfortunately, studies involving coastal issues are difficult to
locate and review. The following section provides a brief description of the methods and sources
of current studies that could be located.

As previously mentioned, SIA is applied more routinely to environmental issues in terrestrial
upland environments, most notably in forested areas. However, some of the Washington and
Oregon coast is forested and studies of these areas may include specific mention of coastal issues.
For example, the Forest Ecosystem Management Assessment Team (FEMAT) recently completed
an extensive ecological, economic, and social assessment of the Pacific Northwest, including
much of the Washington, Oregon, and California coasts. In analyzing several different policy
options, the report measured each option against “community capacity”’, a measure of the
community’s ability to respond and adapt to change. The report concluded, based on a rating by
panelists in the three states, that in general, coastal communities have higher capacities than inland
communities, due in large part to more diverse economies and a more developed tourism industry
(FEMAT 1993).

Visual impact assessment, often used to determine social impact from a proposed policy or action,
measures aspects of scenic beauty, viewer preference, viewer perception, or aesthetic values, and
has been used to determine the effects to coastal recreation and tourism from such activities as oil
and gas development (Kruger et al. 1991). Although data collection for a Pacific Northwest
project was discontinued due to lack of funding, the report does provide an excellent literature
review and extended bibliography on the subject of visual impact assessment. This type of tool
may be used more extensively as the accompanying technology, (i.e., computer-based photo
manipulation) becomes more refined, cheaper, and easier to use.

There may be a source for sociological studies within local or national coastal research centers.
The National Coastal Resources Research and Development Institute (NCRI) funds many projects
directed towards both coastal business/community economic development and coastal tourism
and recreation. NCRI’s mission for funding coastal tourism and recreation projects includes that
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for the development of community-wide capacities to respond to changing social, political, and
environmental conditions.

Last, a source of data for Social Impact Assessment can be found in various demographic and
economic descriptions. For example, Cook and Jordan (1995) compiled social and demographic
characteristics and trends over the past decade for seven county groups in Washington. Social
variables included population change, age structure, living arrangements, education, source of
income and income change, poverty, industrial change, working men and women, commuting, and
housing.  Although these reports do not make any comparisons between ecosystem and
sociological change, they do serve as a useful baseline. Similarly, Davis and Radtke (1994)
contains a description of the demographics and economics of the Oregon Coast, including
description of social characteristics (e.g., well-being, housing, finance, labor force, occupations,
industries, and wealth). Again, these data may provide a useful starting point for analysis of
sociological consequences of ecosystem change. Like the Cook and Jordan (1995) report, Davis
and Radtke do not suggest how these data may be used in a sociological study of consequences of
ecosystem change.

Economics Research

Summary statistics on population, production, and income for Washington State and coastal
counties (Table 3.6) and for Oregon State and coastal counties (Table 3.7) show that the coastal
economy is a relatively small part of the state economy, and that the coastal counties experience
lower incomes per capita, lower rates of population growth, and have relatively small
manufacturing sectors. In addition, transfer payments (e.g., social security payments and
pensions) are a greater proportion of personal incomes on the coast than in the rest of the states.
The income contribution of aggregate industrial sectors (Table 3.6) illustrates the difficulty of
using broad SIC categories to determine coastal county dependence upon specific natural
resource industries (e.g., forestry, fishing, agriculture). Fisheries and forestry are lumped with
agriculture, and some manufacturing income in Clallam and Gray's Harbor counties is likely
earned in sawmills and wood processing. More detailed, disaggregated data are needed to link
the natural resource base to level of economic activity in Washington counties’. Davis and
Radtke (1994) have accomplished the requisite work to show (Table 3.7) the economic
contributions of resource industries in Oregon. Those data indicate that agriculture accounted for
3.4% of coastal county incomes, fisheries for 4.8%, tourism for 7.4%, and the timber industry for
12.3% in the year 1991. In addition to calculating these aggregate contributions, the Davis and
Radtke study provides the results of an input-output type impact assessment. :

Similar, recent economic impact studies of natural resource industries on the Washington coast
have not been found, but various studies provide part of the picture. For example, the ICF
Technology, Inc. study for Washington Department of Community Development (1988) provides
a thorough (if dated) assessment of income contributions and economic effects of commercial and
recreational fishing for salmon and sturgeon in Washington State. Radtke (1984), Carter and

2] thank Miranda Wecker for this point.
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Table 3.8. Economic values for recreational salmon fishing.

Average Net Marginal Net ~ Average Net Marginal Net
Value per Trip Value pertrip  Value per fish  Value of

of doubling caught doubling Runs
salmon runs -~ per fish
Salmon location:
Puget Sound $75.88 $26.89 $51.27 $18.17
Washington-Oregon 89.47 54.31 41.61 25.26
coast
Coastal rivers 58.39 25.55 36.72 17.81
Columbia River Basin 111.46 | 45.07 45768 | 18.47
Steelhead location:
Coastal rivers 59.58 23.21 64.06 24.96
Columbia River Basin $90.08 $37.29 $132.47 $54.84

Source. Table 4 (p.53) D. Olsen et al. (1991).

Radtke (1988), Radtke et al. (1987), and sections of the Pacific Fishery Management Council's
Annual Review of Salmon Fisheries (1995) provide a long series of coastal economic impact
estimates at various degrees of spatial aggregation for salmon fisheries.

Recreational fishing information useful for economic description and evaluation has been collected
in a consistent and comprehensive manner by the NMFS-sponsored Pacific Coast Marine
Recreational Fisheries Statistics Survey (MRFSS). Rowe (1985) used the MRFSS data to
construct a broad travel-cost model of angler demand for marine fishing, including estimates of
WTP values for particular species of fish. Similar demand estimation has been accomplished
using the US Fish and Wildlife Service's National Survey of Fishing and Hunting database (Brown
and Hay 1987). Numerous special surveys have been completed to provide estimates of fishing
trips per angler, catch rates, expenditures, and various other data (Brown et al. 1980; Brown and
Shalloof 1986, and most recently Olsen et al. 1991).

The summary table from Olsen et al. (1991) shows several pertinent facts about salmon and
steelhead recreation in the Pacific Northwest (Table 3.8). First, the economic values per fishing
trip vary significantly among fishing areas, ranging from about $58 to $111. Second, these values
are for fishing, not for fish, per se. The reported average value per fish simply equals the value
per trip divided by the number of fish caught per trip, and this does not represent the amount that
an angler would pay to catch a fish. Further, Olsen et al. (1991) analyzed survey responses to
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estimate the amounts anglers and non-anglers would pay to double the salmon runs (which would
presumably double the fish availability to anglers).

There are few useful references to economic values for other coastal ecosystem goods and
services, such as recreational values for other marine species, beach use values, amenity values for
coastal watershed characteristics, coastal stream hydrologic regimes, etc. A promising study by
Loomis (1988) constructively approaches the evaluation of forest-supported commercial and
recreational fishing values alongside commercial timber industry values. He shows that greater
protection of forest streams for fish habitat would generate more overall value than aggressive
timber harvest strategies. In addition, there are few pertinent studies of the direct costs of
ecosystem protection and recovery strategies or of the opportunity costs inherent in the tradeoffs
between salmon and other uses of the coastal ecosystems. For the Snake River, Huppert and
Fluharty (1995) take a broad approach to opportunity costs of salmon recovery, examining the
effects of hydropower system modification, flow enhancement, and tributary stream protection on
agriculture, electricity, river navigation, flood controls, and public land management. In other
regions of the country there have been in-depth studies of ecosystem costs; for example, Shulyer
(1995) examines the costs of reducing nitrogen inputs to the Chesapeake Basin via nine different
operational methods, and displays the information usefully for a cost-effectiveness analysis.
Similar studies of Pacific Northwest coastal ecosystems may be more difficult due to the
multivariate nature both of the ecosystem functions and the program objectives.

Existence Value for Salmon Recovery®’. The existence value for salmon (also known as non-use
or passive use value, or as intrinsic value) is expressed as a willingness to pay to preserve salmon
even when the payer does directly use salmon (e.g., to catch or eat). Expressing an existence
value is not the same as a expressing a “policy preference” for salmon protection over other river
uses. The policy preference is often equivalent to a willingness for someone else to pay for
salmon preservation. A person holding existence value for salmon is willing give up a quantity of
money or to sacrifice other aspects of personal material welfare. Existence value has been
estimated for some specific salmon stock improvements. For example, the non-use value for a
doubling of the Columbia River salmon runs under the Northwest Power Planning Council's 1987
plan was estimated by Olsen et al. (1991).

Based upon the responses from over 2,000 regional residents, Olsen extrapolates the willing-to-
pay for doubled salmon runs to all Pacific Northwest households®. The residents of the region fall
into three categories: (1) no probability of future use (1,599,360 households); (2) non-users with
some probability of future use (304,640 households); and (3) users of salmon (1,496,000
households). The average non-use values per household for these three categories of households
were $2.21 per month ($26.52 per year), $4.88 per month ($58.56 per year), and $6.18 per
month ($74.16 per year), respectively. Extrapolating from the sample average WTPs to all
households in the region, the total value for doubling the Columbia River basin anadromous fish
runs would be about $170 million. Of this total, the amount attributed to non-users ($42,415,027

3 This section adapted from Huppert and Fluharty. Draft "Economics of Snake River Salmon Recovery: A Report to the
National Marine Fisheries Service". March 1996.

* Also reported in the study were estimates of willingness to accept compensation. We do not report the willingness to accept
compensation numbers here due to the high refusal rate (83 to 85%) for those questions.



74 SOCIOECONOMICS

per year) would clearly be existence value. Some of the remainder is existence value as well.
These non-use values pertain to the Columbia basin as a whole, and are not necessarily
transferable to salmon populations in coastal drainages.

Another piece of information concerning the public's willingness to pay for recovery of Pacific
Northwest salmon runs was provided by the Elway Poll of May, 1994. Elway Research is a
Seattle survey firm that periodically surveys Washington State registered voters across
congressional districts. One of the many questions posed in the poll asked whether respondents
were willing to pay at least $1 per month more in electric bills “if you thought it would help
restore salmon”. A follow-up question asked whether they would pay $5 per month. Responses
are displayed in Table 3.9. As with the Olsen et al. (1991) estimates, these responses do not
pertain specifically to salmon in coastal ecosystems. Elway's survey invited respondents to think
about whatever salmon run was important to them, including coastal rivers, Puget Sound rivers,
Oregon rivers, and Canadian rivers. Further, the Elway survey question does not distinguish
. between use and non-use values. But the Elway study does reaffirm-that most households attach
a value to recovery of salmon that is likely in the neighborhood of $1 - $5 per month ($12 - $60
per year)’. Extrapolating over all 3.4 million households in the region, yields a total value for
“salmon restoration” of between $40.8 million and $204 million per year. By the way the survey
was constructed, many respondents were undoubtedly thinking of Puget Sound and other non-
coastal fish runs; and, of course, it is not correct to extrapolate the Washington State values to
other states.

Table 3.9. Responses to May 1994 Elway Poll.

Category of Response Willing to Pay Willing to Pay
$1/month? $5/month?
No Answer 9% 16%
Yes 73% 39%
 No. 18% | 52%

Loomis (1996) estimated regional and national existence values for restoration of salmon in the
Elwha River. While the Elwha is one small river on the Olympic peninsula, the restoration value
may reflect values held for other coastal salmon-bearing rivers. Two dams have blocked off most
of the historical salmon spawning and rearing habitat in the Elwha. Based upon a carefully crafted
mail survey using the referendum voter format, Loomis sought to estimate the annual willingness
to pay for removing the dams and restoring the salmon runs. For Clallam County, where the

5 If the distribution of value per household is highly skewed towards high values, the average value could easily be much
greater than $60 per household.
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dams are located, Loomis estimates an average WTP of $59 per year per household. Household
values are $73 per year in the rest of Washington State, and $68 per year in the rest of the nation.
These per household values for Elwha River restoration are similar to Olson et al.'s (1991)
estimate of value for the Columbia basin salmon doubling, and similar to the Elway poll's results
for general salmon enhancement. Some analysts suspect that surveys of the sort Loomis used
encourage people to express very general values (e.g., for all salmon) even when the question is
narrow (Elwha salmon).® If so, one could interpret the results as the value for generalized salmon
enhancement and preservation in the Pacific Northwest. More study of these issues is needed in
order to sharpen our understanding of salmon existence values.

While the existence value information available does not directly pertain to the suite of coastal
ecosystems of concern to PNCERS, it suggests that existence values for various salmon stocks
and habitats ‘could be a significant portion of the overall economic value held by residents of the
Pacific Northwest. It is important not to ignore values associated with people's willingness to
sacrifice for the benefit of salmon in addition to their value for harvesting salmon. Further, the
lack of extensive quantitative documentation of these existence values should not be permitted to
imply their unimportance.

Economic Growth and Environmental Protection in the Pacific Northwest. Natural resource
industries like mining, forestry, grazing, fishing, and irrigated farming have been the economic
backbone of rural communities throughout the western United States, and they have accounted
for much of the economic growth supporting regional metropolitan centers. However, in recent
decades personal income growth in the Pacific Northwest has come largely from non resource-
based industries. Rasker (1995) shows that during the period 1969 - 1993 personal income in the
interior Columbia basin grew from $ 29.1 billion to $ 58.2 billion, while income from resource
extraction and agricultural industries grew from $ 5.1 billion to $ 6.5 billion. The resource-based
economy expanded slightly, but shrank as a percentage of the region's income from about 17% to
11.1 %. Whether gauged by personal income or by total employment, the resource industries are
growing little and becoming less significant as a source of economic development in the region.
Some major legal institutions (e.g., the General Mining Law of 1872, the Taylor Grazing Act) and
much of the Federal and State support for economic development and economic stabilization
(e.g., irrigation projects, agricultural price support and land banking programs) continue to
emphasize these industries.

A shift from established interests in mining, grazing, and forest industries to the less land- and
water-intensive high technology and service industries is reflected in growing regional interest in
preservation for amenity and other purposes. This is considered by some a harbinger of the future
of the Pacific Northwest. The increasing reliance of the Pacific Northwest on the new industries
will place greater importance on providing the natural amenities and outdoor recreational
experiences that the increasingly white-collar and urban work force seeks. Forests, riparian areas,
beaches, and coastal wildlife habitats are some of the natural environments that newcomers will
demand be preserved and enhanced. So, the economic transition occurring in the Northwest is
directly connected to political, social, and economic pressure to shift from extraction and use of

6 This is termed a_an "embedding effect” or "whole-part bias" in the contingent valuation literature.
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natural resources to preservation and enhancement of natural environments. The extractive
industries and the communities dependent upon them continue to fear the negative economic
effects of decreased mining, logging, and grazing. As many ex-mining, fishing, and logging towns
convert to tourist, recreational, and high technology economic bases, the weight of economic
concern is tilting toward environmental protection. '

Recent regional economic analyses (Rasker 1995; Niemi et al. 1995) have taken the next logical
step to suggest that continued economic development in the Pacific Northwest depends upon
maintenance of a high-quality natural environment. Rasker (1995) suggests that “local and
regional economic development should emphasize preservation of scenic quality and ecosystem
health.” A recent report signed by 34 Pacific Northwest economists (Anonymous 1995) goes
even further to suggest that the fast growth in the regional economy is due in part to the region's
quality of life and increasing mobility of people and businesses. Niemi, et al. (1995) suggest that
businesses now relocate to regions that have the environmental amenities for which workers are
looking. The “old regional economics” focused on basic industries-like aerospace, agriculture,
manufacturing, and extractive industries that provide an employment base and export products to
drive the development of other economic sectors. The “new regional economics” suggests that
economies develop by attracting firms to workers who choose to live where environmental
amenities are in good shape. The driving force is now choice of living conditions, not
conglomeration around basic industries. While the sharp contrast between these two visions of
economic prosperity may be overblown, protecting the environment, including coastal ecosystems
and salmonid habitats, could be a source of economic prosperity.

Still, it is not clear how specific coastal ecosystem protections (such as salmon habitat restoration
programs) will affect the process of economic growth. No one has demonstrated a strong link
between ecosystem functions and perceptions of “environmental quality” in the Pacific Northwest,
nor is there a strong empirical link between level of economic growth and ecosystem state. While
there must be a connection between coastal ecosystems and perceived environmental quality, it
remains to be seen whether we can draw a credible direct connection between particular
ecosystem characteristics, immigration, and economic development.

Finally, the National Research Council (1995) notes that “growth in human populations and
economic activity - threatens the continued existence of salmon in the Pacific Northwest.”
Expanding housing, shopping malls, and light industrial areas is destructive to riparian habitats,
wetlands, and forests. Hence, if improved salmon populations attract greater economic
development, the economy-environment connection may contain the seeds of its own destruction.
Economic development has many different dimensions. To some residents, the expanding Pacific
Northwest economy is a dis-benefit, to others it is a largely zero-sum game in which some regions
lose jobs and income to other regions, and to yet others it is a source of increased prosperity that
makes environmental protection affordable. The complex connections between environmental
protection, particularly protection of coastal ecosystems containing salmon, and the level of
economic growth and welfare are not fully understood.
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IMPLICATIONS FOR FUTURE RESEARCH

Social science research projects that contribute significantly to the design of policy strategies and
options for managing coastal ecosystems are needed. Overall, the focus must be on research that
either. 1) reveals important underlying relationships crucial to formulating ecosystem
management objectives; 2) predicts socioeconomic consequences that will provoke significant
response (positive or negative) from the public and decision makers; or 3) provides insight into
the working and structuring of organizations and decision processes that deal with coastal
ecosystems. Prediction of socioeconomic consequences is largely a matter of data collection,
model formulation, and integration with ecosystem thinking. It is as yet unproved that an
integrated model, even one that incorporates significant social science component, will possess
enough precision and accuracy to provide useful policy advice. Hence, this project must be
viewed as a research and development process, not as a simply an application of existing
knowledge to engineer a better model and a better system.

Legal and Institutional Research

DEVELOP A BETTER UNDERSTANDING OF THE ROLES OF PRIVATE
ORGANIZATIONS AND NGOs

A wide variety of private organizations influences activities in the coastal zone. These
organizations have agendas that range from very broad conservation goals to single economic
issues. It would be useful to build a database of private organizations, particularly those that
work with salmon issues, and look at their membership and activities. This would provide
information on the evolution and behavior of these organizations, leading to a better
understanding of how policy and private groups work together.

ANALYZE THE INFLUENCE OF INTER-JURISDICTIONAL MANAGEMENT

Much of the research on coastal institutions has sprung from an analysis of a statute and led to a
localized case study. However, there is a growing emphasis on place-based management, which
necessitates starting with a location and then examining the web of institutions that strives to
agree on policy for that area. An important question relates to the authoritativeness of the
agreements reached among these many jurisdictions: “What is needed to make interjurisdictional
management longlasting and enforceable?”

EVALUATE THE EFFECTIVENESS OF MARINE HABITAT MANAGEMENT

The ménagement of nearshore marine habitats is not well developed compared to the management
of public lands, such as forests and parks, fisheries or shorelands. Nearshore habitats play a
critical role in protecting salmonids and broader ecological values. Greater knowledge of the
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strengths and weaknesses of submerged lands management regimes by natural resource and
fisheries/wildlife agencies could identify directions for reforms, if needed.

LOOK AT THE AGGREGATE EFFECTS OF CHANGES IN UPSTREAM WATER USE

Using the model of the Columbia River, a study of the changes in upstream water use could reveal
discrepancies in current management regimes. The regulation of activities upstream cannot often
be coordinated with regulation on the coast, and yet the quality and quantity of river runoff has an
impact on coastal ecological functions. It would be useful to know more about the present state
of river run-off, its amounts and composition, in conjunction with the mechanisms by that it is
regulated. Combining this knowledge with an understanding of coastal regulatory mechanisms
would lead to a more complete picture of where problems exist and where solutions could be
created.

IDENTIFY TRENDS IN DECISION CRITERIA AS “RIGHTS"” AS ARTICULATED BY
THE COURTS

Rights claimed by private property owners, treaty tribes and the general public lead to changes in
the decision process. These can be subtle, such as greater leniency with private parties to avoid
takings claims, or overt, such as the addition of tribes to the management framework. Knowing
more about these trends can better inform the decision process.

ASSESS THE IMPACT OF FURTHER "LISTINGS" ON COASTAL ECOSYSTEMS

Additional listings of salmon under the Endangered Species Act in the near future are a distinct
possibility. This could have important ramifications for protection of coastal habitats in affected
streams. Habitat conservation plans would be needed and these would have substantial impact on
existing management regimes. Lessons learned from the Columbia River recovery efforts could
be assessed to-determine optimal directions in other streams and watersheds.

EXAMINE HOW INSTITUTIONS HANDLE EFFECTS ON ETHNICALLY AND
SOCIOECONOMICALLY VARIED COMMUNITIES

Decisions made about coastal access may affect certain groups disproportionately. As coastal
populations increase and diversify, the issue of inclusiveness will become increasingly important.
Attempts are being made to explicitly include members of affected communities in decision-
making; thus, avoiding charges of “environmental racism” and hopefully increasing regulatory
compliance among community members. Consensus-based regulations and mediation are two of
the main tools, however more may be in use in areas outside the Pacific Northwest. Future
research could include examining the efficacy of these tools and expanding the toolbox by
including procedures developed in other areas.
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Social Research

Sociological research in Pacific Northwest coastal communities could focus on the role of
ecosystem components in the changing communities. Althoughl few studies to date use
sociological methodology to determine the consequences of Pacific Northwest coastal ecosystems
change, the methodologies currently available can be molded to answer these types of questions.
A first-cut analysis could use the descriptive county level data collected and reported by Davis
and Radtke (1994) and Cook and Jordan (1995) in conjunction with data on local ecosystem state
and resource-based industries to seek patterns that could generate hypotheses regarding causal
relationships. Two categories of social characteristics seem pertinent: (1) the paths or
mechanisms by which changing ecosystems affect the stability and health of coastal communities;
and (2) the degree to which coastal communities have adaptive capabilities that encompass the
types of ecosystem changes likely to occur. ‘ '

Economic Research

Existing research on coastal economies focuses heavily on descriptive data and linear models,
possibly because the basic information is available at relatively low cost while research funds are
scarce. This review found adequate research on economic contributions and economic effects of
standard industry sectors in Washington and Oregon. For Oregon, the Davis and Radtke (1994)
study goes further than simple economic description to investigate specific coastal resource-based
sectors. A similar resource-based study for the Washington coast would help to gauge the
importance of ecosystem changes to the local economies. '

For particular resource-based economic sectors, like commercial fishing, forestry, and agriculture,
there appear to be adequate economic data on economic outputs and market values. The review
found less information for the outdoor recreation, tourism, and other non-commodity production
sectors. A fuller investigation of economic structure would explore causal links between resource
use, tourism, recreational visitor rates, and coastal ecosystem features. The objective is to explain
and predict how coastal economies can adapt to changes in the ecosystems and how ecosystem
state affects the economic status of people on the coast. The methods of analysis would range
from multi-market models for coastal economies to dynamic ecological-economic models to
contingent valuation surveys.

The structure of economic values attached to the full range of ecosystem elements has apparently
not been estimated for coastal ecosystems. Economic valuation and assessment is relatively well
developed for outdoor recreational uses of ecosystems, but these values are highly variable
through time and space. Hence, focused study of specific ecosystem uses in the coastal
ecosystem are needed. Opaluch et al. (1995) are beginning to document their extensive research
effort on the multitude of resource and environmental values in the Peconic estuary system on
New York’s Long Island. They are measuring levels of use, attitudes, values, and policy
preferences across a broad range of estuary management issues. Efforts similar to this should be
integrated with broader studies of Pacific Northwest coastal ecosystem functions.
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Economic cost and benefit data need to be developed in conjunction with ecosystem protection
and enhancement strategies. For example, strategies to reduce non-point source pollutants from
urban, agricultural and forest land in coastal ecosystems will entail both direct program costs and
opportunity costs of reduced economic outputs, at least in the short run. Selection from a menu
of possible pollution reduction measures should pay some attention to the economic effects.

Models that explain and predict causal relationships between economic consequences and
ecosystem changes seem to be developed only for narrow purposes, for example, examining the
optimal yield of a commercial fishery, balancing recreational and commercial catch of limited
salmon runs, or developing a multi-purpose forest management plan. We did not investigate the
voluminous literature of forest plans and environmental impact statements for coastal land-use.
There may be more research there, but we suspect that causal models, especially ones that
incorporate social and ecosystem dynamics, are absent. This is an area in which more research
would be appropriate.

SUMMARY OF SOCIOECONOMICS RESEARCH TOPICS

The review of available research on socioeconomic consequences of coastal ecosystem change,
and comparison to the menu of research issues leads us to suggest the following list of research
needs. These issues would be applied specifically to habitat important for salmonids.

Role of Coastal Ecosystems in Society

Study whether demographic trends reflect the "pull" of coastal community jobs and
amenities or the "push" of jobs and amenities elsewhere.

Detailed baseline study of social and economic structures of coastal communities focusing
on the degree of dependence on coastal ecosystem elements, and time and space scales
over which these dependencies are important.

Expanded study of the nature and role of coastal recreation and tourism activities, and
determine how these activities tied to salmon, salmon habitats, and other features of the
coastal ecosystem.

Develop an inventory of public uses, attitudes, and values pertaining to ecosystem services
using focus groups, broad surveys, and other social research methods.

Compile and document the direct, programmatic costs of existing ecosystem protection,
enhancement, and management activities.
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