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PREFACE

This is a summary of the eighth report
published by the Center for the Study of
the Environment (CSE) as part of a study
of salmon of westerm Oregon and narth-
em Califoria conducted by the Centerin
accordance with a contract from Oregon
State University. In 1991, the Oregon Leg-
islature charged the Oregon Board of For-
estry to commission a study to “assign the
relative importance of forest practices” to
the decline in anadromous fish and to
“make recommendations as to how for-
est practices can assist in recovery of
anadromous fish populations.” CSE con-

ducted the study through funds provided

by Oregon Senate Bill 1125 Section 25
(1991); funding was provided by the State
of Oregon, the U.S. Department of Agri-
culture, Forest Service and the U.S. De-
partment of Interior, Bureau of Land Man-
agement; additional funds have been
made available by the state of Califormnia
Department of Forestry and Fire Protec-
tion (CDFFP).

CSE was established in 1992 as a private,
non-profit organization to conduct re-
search directed toward finding construc-
tive solutions to environmental problems.

The Center seeks to provide an objective
basis from which research and education
can be used to determine environmental
policy options and facilitate sound deci-
sion-making.

The first three reports of the study were
published under the title Status and Future
of Anadromous Fish of Western Oregon
and Northem California. They are:

Rationale for a New Approach
(ReportNo.931001)

Related Studies
(ReportNo.931002)

Printed on recycled paper.

Available Data on Fish Populations

(Report No.931003) I PREFACE
Beginning with the fourth report of the
series, the main title became Status and
Future of Salmon of Western Oregon and
Northemn California: The reports under
this title are:

Available Data on Land Use

(Report No. 941001)

. Analysis of Fish Models

(Report No. 941002)

Forecasting Spring Chinook Runs

(ReportNo. 941003)

Management of the Riparian Zone for

the Conservation and Production of

Salmon

(Report No. 941004)

Findings and Options

(ReportNo.951001)

Overview of Findings and Options

(Report No.951002)
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Figure 1: Map of the study area. Study area is the shaded area, shown here for
orientation purposes. The intent of this map is to orient the viewer and
delineate the study area, not to specify watershed boundaries.
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PREFACE
A

STATUS AND FUTURE OF
SALMON OF WESTERN
OREGON AND NORTHERN

CALIFORNIA

The charge of the study was set forthin
Oregon Senate Bill 1125 (1991), which
called for a “scientific inquiry on the state
of knowledge of the anadromous fish runs
in westem Oregon” that would address the
following six charges:

1. “identify leading causes, both on-shore

and off-shore, for anadromous fish popu-

lations declines if that is the case;

2. “assign the relative importance of for-
est practices to these declines, compared
to other leading causes;

3. “identify the relative importance of vari-
ous habitat characteristics in streams in
limiting anadromous fish production;

4, “determine how forest practices have
affected fish production; determine how
forest practices have affected these habi-
tat characteristics and anadromous fish
populations before and since 1972;

5. “identify the extent to which forest prac-
tices are limiting the recovery of depressed
anadromous fish populations; and

6. “make recommendations as to how for-
est practices can assist in recovery of
anadromous fish populations.”

STUDY AREA AND ITS DIvisions
The study area includes westem Oregon
south of the Columbia River and west of
the Cascades, continuing south to include
the Klamath and Trinity watersheds in Cali-
fornia (Figure 1).

From a landscape perspective, a unit of
this study is the watershed of a major river.
A major river is defined as one within the
study area that flows into the ocean, or
the Willamette (which flows into the Co-

lumbia). Because migratory salmon
spend a part of their lives in the ocean,
the study area extends to the relevant
coastal and oceanic waters. From a
population dynamics perspective, a
unit of the study is either a species of
fish or a specific stock of a species,
depending on the goal chosen and the
question asked. A stock is defined as
a population within a species that
spawns in a specified, geographic re-
gion. The study examines the status
of coho salmon (Oncorhynchus
kisutch Walbaum), chinook salmon
(Oncorhynchus tshawytcha
Walbaum), chum salmon
(Oncorhynchus keta Walbaum), steel-
head trout (Oncorhynchus mykiss
Walbuam), and searun cutthroat trout
(Oncorhynchus clarkiRichardson).
Resident steelhead and cutthroat trout
are included in the study. Because all
of these species and their stocks have
recently been placed in the same ge-
nus, we refer to them collectively as
salmon throughout this report.

STRUCTURE OF THE STUDY
This study is composed of the follow-
ing elements:

1. a “Blue-Ribbon Panel” of indepen-
dent experts who oversaw the entire
process and is responsible for the fi-
nal report and recommendations;

2. a project director, Dr. Daniel B.
Botkin, who is responsible for con-
ducting the project;

3. the staff of CSE who gathered,
compiled and assisted in the analysis
of data; and

4, subcontracts awarded to individu-
als and organizations to conduct spe-
cific tasks essential to the project be-
yond the scope of the panel, director
and CSE staff. ’

THE
STUDY



CSE PANEL oF EXPERTS

The CSE Blue Ribbon Panel consists of
scientists who have established national
and intemational reputations, but have not
been involved directly in the environmen-
tal controversies conceming salmon fish-
enes in the Pacific Northwest. These sci-
entists represent a range of disciplines im-
portant to the broad concems of the study.

Dr. Daniel B. Botkin is an ecologist who
has worked on forest ecosystems and on
large-scale assessment of forest condi-
tions, as well as on assessments of endan-
gered species. He is the Director of the Pro-
gram on Global Change, George Mason
University, and President of CSE.

Dr. Kenneth Cummins, whose field is
stream and river ecology, including aquatic
invertebrates and fish populations, holds
a "Distinguished Scientist" position with the
South Florida Water Management District,
Department of Research, West Palm
Beach.

Dr. Thomas Dunne, whose field of geo-
morphology includes the effects of land-
use practices on the shape and form of
streams, is a Professor in the Department
of Geological Sciences, University of
Washington, Seattle.

Dr. Henry Regier, whose fieldis the Great
Lakes as ecosystems and who is experi-
enced in the processes of international
agreements for the conservation and man-
agement of these lakes, is Professor at
the Institute for Environmental Studies,
University of Toronto, Canada.

Dr. Matthew Sobel is an applied math-
ematician who works on stochastic pro-
cesses and risk analysis. He is Dean of
Harriman School for Management and
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Policy, State University of New York, Stony
Brook.

Dr. Lee M. Talbot, whose field is ecology
and environmental affairs and who is a
leader in international conservation, is a
former Director General of the World Con-
servation Union (JUON) and currently se-
nior environmental advisor to the World
Bank, Washington, D.C.

In the process of overseeing the study, the
panel held 10 open public meetings in six
Oregon cities, visited many field sites, met
to discuss the study and to listen to and
interact withmany experts, and determined
a set of policy options. The panel authored
and accepts responsibility for the content
of the final report. There has been no at-
tempt to establish policy, which is a matter
for the legislature and citizens of Oregon.
The goal has been to provide the basis from
which solutions can be found and policies
adopted. The approach emphasized coop-
erative effort of all interested parties in
formualting constructive solutions.

F1ve CRUCIAL ASSUMPTIONS
This study makes five fundamental assump-
tions:

1. Scientific knowledge is a necessary ba-
sis for sound policy for the conservation and
management of wild, living resources.

2. Scientific data, objectively and legiti-
mately analyzed, are preferable to the opin-
ions of scientists, however expert they may
be. ' .
3. The less you know scientifically, the more
careful and protective one must be in tak-
ing actions. When data are entirely lacking
or so sparse as to be prohibitive to valid
scientific analyses, then the expert opin
ions of scientists can be of some value, bt
only if they are dlearty identified as the opi
ion of an expert.
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4. It is not the role of scientists to make
policy, but to provide the background in-
formation and understanding upon which
rational policy can be based. With wild,
living resources, scientists can explain
which policy options are available given
the current understanding of natural eco-
logical systems, what is required to achieve
each option, and what is given up or ex-
changed.

5. The public should be involved in the pro-
cess of policy making.
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OVERVIEW

The issues adressed in this summary are
discussed in more detail later in this report
and greater detail in Status and Future of
Salmon of Western Oregon and Northern
California: Findings and Options. The re-
ports discuss the status of salmon and
salmon habitat at a regional level as re-

quested by Oregon Senate Bill 1125 (1991).
Therefore, the reader will find issues ad-
dressed at a regional scale with less focus
on individual organisms and habitats in
small order watersheds. This summary out-
lines the major findings followed by sug-
gested recommendations, which are
indented below the findings.

® At the beginning of the study, the panel
expected to provide specific sets of options
for the people of Oregon. However, we
found that much of the available data was
not useful for regional scale analyses.
Improve data collection in areas such
as: counts of fish, maps of all land use
conditions, history of logging (geographic
location, methods, size), and number of
fish released by hatcheries.

® |n spite of various forms of cooperation, it
has proven difficult, and in some cases im-
possible, to retrieve data from the govem-
ment agencies.
Data availability should be improved,
and in an electronic format.

® Of the 26 rivers that flow into the Pacific
in the study area, there are statistically valid
counts of retumning adult fish for only two
rivers. These counts are available for ap-
proximately the past 20 to 30 years.
Establish annual counts of returning
salmon according to statistically legiti-
mate methods on all rivers that are to
be managed for wild salmon.

¢ The most widely-used method to estimate
the number of spawning adults, called “the
peak count method,” is statistically unreli-
able and does not correlate with valid counts

on the Rogue and Umpqua.
The peak count method should be dis-
continued and replaced by statistically
valid methods.

® Available data in the study area for
salmon returning to spawn on the Rogue
and Umpqua Rivers show no consistent
pattern in population trends. Total Or-
egon landings of ocean caught coho
from 1893 to 1992 show a significant
downward trend. However, the spawn-
ing river of these fish is unknown.
Historical records, along with ar-
cheological and anthropological re-
search not available for this study,
might provide information about ear-
lier catches of salmon. A study should
be undertaken to determine historic
bench marks against which present
conditions can be evaluated.

® Variability, rather than constancy best
characterizes the year-to-year pattern
in the number of salmon returning to
spawn during the past 50 years.
Salmon management plans should
- recognize that there is natural vari-
ability in salmon populations on top
of and/or in spite of human actions.

® Models have played an important role
in fisheries management, serving as the
basis for setting harvest quotas. How-
ever, models currently in use do not con-
sider environmental change, either natu-
ral or human induced, so they are not
adequate for accurate projections of
populations trends, harvest quotas, or
for estimating the effects of human ac-
tion on salmon.

Develop a set of realistic, pragmatic
models. These are essential to the
conservation and management of
salmon.

® Water flow, especially minimum flow
in November, is strongly correlated with

EXECUTIVE
SUMMARY
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variation in the number of adult spring
chinook returning to the Rogue River.
Variations in water flow, hatchery re-
leases, and ocean-troll catch account

statistically for 80 to 90 percent of the
variation in the number of returning
adults during the past 20 years. Of this
80 to 90 percent, variation in water flow
accounts for the largest share.

Use variation in water flow to fore-
cast adult fish returns to help set har-
vest quotas. Do this in conjunction
with adequate monitoring.

Check for persistent trends in the
deviation of predicted and actual
adult returns.

® Preliminary analyses of available data
on one river suggest that hatcheries
may not be effective in increasing the
return of salmon.

Contingent on the outcome of a
more thorough study, the panel rec-
ommends that salmon hatcheries be
converted from providing fish for sport
and commercial harvest to breeding
threatened or endangered salmon
stocks. The exception would be on riv-
ers selected primarily for the production
of commercial catch, if this tums out to
be cost-effective.

® One common belief is that in presettiement
times, western Oregon was a continuous
cover of ancient forest and that such con-
tinuous cover was animportant factor in high
salmon production. However, Bureau of
Land Management maps show that in 1850,
approximately 40 percent of the forests were
older than 200 years, 62 percent were older
than 100 years, 64.5 percent were older
than 50 years, and 34.5 percent were
mapped as burmed.
Support research to better understand,
at a regional level, the connection be-
tween forests and salmon.

OVERVIEW
—

® Qur study considered correlations between
land conditions and stocks of salmon that are
present, threatened, or locally extinct. Ef-
fects of forest practices vary with species and
their habitats. Correlations show that:

1) the presence of winter and summer steel-
head is correlated positively with some
amount of forest cover greater than 33 per-
cent of the watershed; and local extinction is
most strongly correlated with non-forest land
use, 2) past forest conditions are one of the
factors correlated with local extinction of
steelhead and coho, species that spawn and
breed in the smaller, upper streams in wa-
tersheds. But forest conditions are not
strongly correlated with local extinction of
chum, which spawn and breed in estuaries
and main river stems; and 3) sea-run cut-
throat trout exist where there are sufficient
mixed stands of trees; however, the larger
the area in clearings, grass and shrubs, the
less likely sea-run cutthroat will be present.
In summary, comparison of maps of the sta-
tus of salmon stocks with maps of land con-
ditions indicates some significant correlations
and raises a number of questions about
causes and effects.

Using the maps and statistical analy-
ses provided in the main report, con-
duct field research to explain these
correlations. '

® All species of salmon in the study area,
except for sea-run cutthroat, have un-
dergone a decline in geographic distri-
bution, resulting in a loss of specific
stocks. The area previously occupied by
now-extinct stocks varies widely among spe-
cies, with summer steelhead extinct from 44
percent of its historic range within the study
area, to coho extinct from 4 percent of its
historic range within the study area.

® Major factors known to affect salmon are:
agriculture, dams and other obstructions,
drought, forestry, fish harvest, and urbaniza-

ton.
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Related to agriculture and urbanization;
establish riparian rules and conduct ex-
periments to test their ecological and cost
effectiveness.

Related to forestry; monitor and con-
duct experiments to test the ecological
and cost effectiveness of the new Oregon
Department of Forestry (ODF) Water Pro-
tection Rules (riparian rules).

Reform water rights provisions to pro-
hibit the use of agricuitural diversion dams
that can temporarily block salmon pas-
sage or significantly reduce water flow.

Where possible, use existing dams to

increase water flow, especially during -

summer and early fall low water flows.

Develop new strategies of fish harvest
management that use reliable data to set
catch limits with a goal of sustainability
over the long term.

®. Potentially important factors that af-
fect salmon include gravel harvest, irri-
gation, legal bycatch and noncatch mor-
tality, hatchery fish interference, unfavorable
ocean conditions, and unregulated or illegal
fish harvest.

The importance of these factors

should be investigated further.

® This study confirms the importance
of the protection of riparian zones for
salmon. In many of the forest, agricultural,
and urban areas of westermn Oregon, habitat
characteristics required by salmon have
been severely damaged or completely elimi-
nated.

Establish riparian protection rules for
agricultural and urban areas similar to
those now in use for Oregon forest land.
These should include restoration as well
as maintenance and monitoring.

® Prior to 1980, summer observation during
low flow led to the mistaken conclusion that
debris dams posed a barrier to winter salmon
migration. In addition, because much of the

debris included marketable logs, there was
alarge-scale removal of large woody de-
bris (LWD). This removal policy had major,
long-term destructive effects on salmon
habitat. Areas subjected to LWD removal
are still limiting the quality of salmon habi-
at

Enhance and extend LWD restoration
programs.

A management strategy will be needed
to recreate an adequate loading of LWD
in a time scale relevant to salmon. Be-
fore-and-after monitoring and determina-
tion of cost effectiveness.

# Historical documentation shows major
simplification of stream and floodplain habi-
tats during agricuttural settlement and log-
ging. This simplification resulted in large dif-
ferences in the amount of woody debris,
volume of pools, and gravel stored per unit
length of stream. This also impoverished
thousands of miles of fish habitat.

Reestablish functioning riparian zones
along stream channels through regula-
tion of clearing.

Enhance riparian restoration, espe-
cially where stocks are threatened or
endangered, choosing methods
based on cost effectiveness will also be
needed.

® [t is the opinion of the panel that the pro-
posed federal (FEMAT option 9) riparian
standards and the new ODF Water Protec-
tion Rules willimprove protection of salmon
habitat, if enforced as specified to us. How-
ever ODF rules may not provide sufficient
loading of LWD to the stream channel, es-
pecially in the short term in secondary for-
ests.
Require a monitoring program for the
new ODF Water Protection Rules.
The rules and monitoring program
should also be written in a form which
makes them open to scientific review.

11
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® Attempts to restore salmon in watersheds
where they have become extinct are gen-

erally not successful; apparently, success-
ful migration and adaptation of salmon to
new streams requires more than a single
human lifetime.

Restore riparian zones where threat-
ened and endangered stocks persist in
preference to restoration where stocks
have become extinct.

® To the best of our knowledge, no
studies have been made of how gravel
supply is affected by recent technical
innovations and regulatory measures in
road siting and construction.

Conduct studies to determine how
new regulatory measures may be ef-
fecting gravel supply caused by road
siting and construction.

® The amount of unregulated and ille-
gal ocean catch is generally unknown,

but may be significant.

In cooperation with other states
and nations, seek to determine the
total amount of unregulated and ille-
gal catches.

Include estimates of unregulated and
illegal ocean catch in total mortality as
part of setting annual, legal commercial
and sport harvest quotas.

® At present, bycatch (the inadvertent tak-
ing of salmon while catching other fish) is
monitored for only one fishery in Oregon,
the whiting fishery.

Extend bycatch monitoring to all fish-
eries that might impact salmon and use
the estimated total bycatch as one fac-
tor in setting annual legal harvest quo-
tas.

® Available data show that marine mammals
are a minor factor in saimon mortality.
Remove marine mammals only where
they pose a local problem to a specific
threatened or endangered salmon stock.

OVERVIEW

Remove only after thorough studly has es-
tablished that it is necessary. This should
be done in accordance with the Marine
Mammal Protection Act.

® Upwelling is a vertical ocean current that
brings nutrients crucial to biological produc-
tion to the surface. Some scientists have
found a positive connection between
strength of ocean upwelling and coho pro-
duction. However, statistical analysis of
available data for salmon returns to the
Rogue River show only a nonsignificant cor-
relation with upwelling indices. Data are
available for 20 years, which may be too
short a time to detect cormrelations.
Conduct further investigation of the re-
lationship between ocean upwelling and
the production of salmon species.

® | ong-term variation in ocean currents
may shift conditions that are good for
salmon from north (off Alaska and Brit-
ish Columbia) to south (off Washington,
Oregon and California) and back again.
International agreements on ocean fish-
ing should take potential variations into
account, so that some quid pro quo ar-
rangements are included to provide for
reciprocal terminal fishing variations.

® Present methods for data collection about
river of origin for wild fish caught in the ocean
are inadequate.

Specific actions to improve the collec-
tion of data that should be considered in-
clude: restrict ocean fishing to terminal
fishing; use advanced underwater tech-
niques to monitor passage of fish in (up-
stream) and out (downstream) of estuar-
ies. Consider social and economic costs
in making decisions about which actions
to take.

® Under the Endangered Species Act, there .

are many more management options avail-
able for a stock listed as threatened than for
one listed as endangered. Therefore, for le-

L




OVERVIEW

gal as well as good resource management
reasons, it benefits all involved to prevent
threatened stocks from becoming endan-
gered.

To help prevent threatened stocks
from becoming endangered, the fol-
lowing is recommended: habitat im-
provement for threatened stocks;
controlling catch of these stocks
where possible; and using hatcher-
ies for assistance with threatened
stocks.

® Of the total economic value from
sport fishing on all rivers in the study
area, 62 percent comes from five wa-
tersheds: the Rogue, Tillamook Bay,
Umpgqua, Nestucca, and Nehalem. Add-
ing five more rivers, the Alsea, Elk,
Chetco, Salmon and Siletz, raises the
percentage to 84. Adding the Siuslaw

and Coquille raises the percentage
t090.

Consider, with public input, the possi-
bility of establishing a new category of
“sport-fishing rivers,” where the primary
goal would be to produce fish for recre-
ational fishing.

Consider, with public input, the possi-
bility of delineating certain rivers as ma-
Jor locations for production of salmon for
commercial catch, essentially using
these rivers for mariculture.

If such new categories seem useful,
then the question will be raised of differ-
ential changes in economic value of
land. One solution would be to make use
of the practice of transferable develop-
ment rights, which establishes swapping
rights for land use changes.

® The present state of science does not al-
low us to make precise determinations of
the genetic differences among stocks of
Pacific salmon.
Support research to better define the
genetic makeup and genetic distinctions

within and among all stocks, especially
threatened and endangered ones, to de-
termine viable population levels for
salmon.

® More than 30 government agencies
manage salmon environments in west-
ern Oregon and northern California. The
vast body of scientific data on stream
and river ecosystems clearly indicates
that the watershed is the basic unit of
landscape-stream/river function.
Develop watershed-based manage-
ment, either through establishment
of new watershed-level agencies or
through formal coordination of exist-
ing agencies, as is being attempted
in a few instances now.
Create positions of “river-keeper”
as practiced on the Hudson River. The
Jjob of river-keeper would be to ensure
that policies of many agencies with ju-
risdiction over salmon and their habitat
are in effect and to play a major role in
organizing and implementing monitoring
programs.

® Every policy change creates an experi-
mental situation; we can only learn from
these experiments through measurement.
The need for adequate measurements s a
persistent theme in our report, and a list of
important factors to measure is provided in
Section V.

With every new policy or change in
policy, ensure that before and after mea-
surements are made of responses of
salmon to changes in specific habitat
conditions.

Measurements of particular impor-
tance are: counts of adult fish retumns,
catch, and of smolts retumning to estuar-
ies; periodic remapping of vegetation;
and recording logging permits by geo-
graphic location, date, size and amount
of harvest. R

13
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® Salmon have one of the most complex life
cycles of any vertebrate animal, and some
aspects of their habitats vary in ways that
are not subject to control by people.

A process of risk assessment should
be part of any management scheme and
management decisions should be made
based on the awareness that some fac-
tors are beyond human control.

Management should formulate adap-
tive policies that change with fluctuations
in environmental circumstances and ad-
vances in public and scientific knowl/-
edge.
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Figure 2: Total commercial fandings in millions of pounds of all salmonids on the Columbia River
between 1875and 1990, From 1875 to approximately 1952, the catch oscillated between 50 and 15
million pounds. Between 1952 and 1990 the catch oscillated within the range of 15 and 1 million
pounds. The ocean troll salmon fishery began in 1912 and from then on thls fushery may have
affected the catch on the Columbna Rwer




"OVERVIEW

INTRODUCTION

Much of the lore about salmon and their habi-
tats is based on the history of the Columbia
River and its tributaries, backed up by
records of the landings of salmon on that
river, which have been kept since soon after
the Civil War (Figure 2). In the 1800s people
in the Pacific Northwest boasted of crossing
rivers “on the backs of salmon and never
getting your feet wet.” in 1805 Lewis and
Clark found Indians depending heavily on
salmon for their food, and these explorers
ate salmon soon after they crossed the Con-
tinental Divide ’

Exploitation by people of European descent
beganin eamest soon after the Civil War. As

Figure 2 shows, Columbia River landings
increased rapidly in the late 19th century,
exceeding 40 million pounds for a number
of years and remaining at about 20 million
per year from approximately 1880 to 1950,
after which the landings declined and have
remained léss than 15 million pounds per
year. Records of harvest on the Columbia
show that in the 19th century tons of salmon
were thrown away because canneries were
unable to process such quantities. In the
1990s Columbia River landings amount to
less than half of those a century earlier.

CoMMON BELIEFS ABOUT

SALMON AND THEIR HABITATS

One of the purposes of this study was tolook
at the set of common beliefs that form the
background to the debate about salmon in
the Pacific Northwest. These beliefs include
the ideas that prior to European settlement:
there was a superabundance of salmon;
the forests of western Oregon and
northern California were essentially com-

posed of large, ancient trees; this ex-
tensive old-growth was essential to the
abundance of salmon; the forests and
salmon were pretty much at a steady
state - constant in abundance and dis-
tribution; and native Americans had little
if any effect on the extent and composition
of the forests and the abundance of salmon.

It is also commonly believed that human
actions account for much of the decline of
salmon including: overfishing, poor forest
practices (especially near streams), and
construction of dams (especially on the
Columbia River system). Other commonly
mentioned causes of dedlines in salmonin-
clude: channelization of streams, gravel min-
ing from stream beds, hatcheries (through
various mechanisms including dilution of
genetic characteristics and spread of dis-
eases), predation by birds and marine mam-
mals, road building, and reduction in river
flows as a result of human activities.

The purpose of this study was to move be-
yond commonly held beliefs and answer the
question: What do we actually know about
the regional status of samon and the causes
of change in that status, using existing sci-
entific information and applying objective
analyses? The study also attempted to pro-
vide a synthesis of policy options for con-
structive solutions to the perceived status
of saimon fisheries.

A NEw EcoLoGicAL PARADIGM

There is a major change taking place in the
public’s perception of wild, living resources
and expectations for the management of
these resources by govemment agencies.
In the past, fisheries and forests were viewed
as resources to be managed for the maxi-

DISCUSSION

In the 1800s
people in the
Pacific
Northwest

boasted of
crossing rivers
“on the backs
of salmon and
never getting
your feet wet.”
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mum production of a single commod-
ity. Today, there is widespread public
expectation that these resources be
conserved and managed from a broad
perspective for a number of goals, in-
cluding conservation of biological diver-
sity and recreation.

In recent years a new ecological paradigm
has begun to develop: a paradigm that ac-
cepts change as natural, expected, and nec-
essary to the persistence of many species.
This new ecological view can help us look
at salmon and their habitats in a constant
state of change, usually without long-term
stability and affected by a set of randomly
occurring factors. Variation can occur over
periods shorter than, as long as, and much
longer than one year. The main practical im-
plication of this new view is that manage-
ment must recognize environmental uncer-
tainty as an overriding factor, even to the
extent that there is uncertainty as towhether
we can achieve some specific objectives.

THE LIFE OF A SALMON

To understand what available data tell us
about the causes of changes in saimon
abundance, it is useful to follow salmon
through their life cycle. Salmon have com-
plex lives, moving through and depending

on many kinds of habitats, each withits own

kinds and rates of environmental change.
The life of a salmon begins with its birth in
freshwater streams; there it feeds on aquatic
invertebrates for a period of time referred to
as “rearing”. Next the young salmon swims
down river to the ocean. Rearing and down-
stream migration can occupy a few months
to a year or more. Once in the ocean the
salmon grows and matures, a processes
that may take from one to six years. The
average rearing and time spent in the ocean
vary with species. Finally the mature salmon
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“escapes” from the ocean, swimming
back to its natal stream where it spawns
before dying (Figures 3A and 3B).
Salmon depend heavily on the biological
and physical conditions in their spawn-
ing and migratory streams and must sur-
vive a virtual “mine field” of human and
environmental threats to complete their
life cycles. Their journey, often a thou-
sand miles or more, takes them through ev-
ery type of environment and govemmental
jurisdiction in the study area. To add to this
complexity, each species of salmon uses dif-
ferent parts of river systems and spends dif-
ferent amounts of time in fresh waters and
the ocean. The great complexity of the lives
of salmon, the many habitats they use, and
the different way each species uses these
habitats would suggest that it is unlikely that
the same, single factor will be the cause of

all declines.

APPROACHK&
METHODS

This study was concerned with broad, re-
gional issues, not with specific local details.
It attempted to answer the question: What can
we tell from existing information through ob-
jective, scientific, non-ideological analyses,
about the overall present regional status of
salmon and about the causes of changes in
status? The study also attempted to provide
a synthesis of policy options for constructive
solutions to the decline of salmon fisheries. it
isimportant to emphasize that the study dealt
with existing data, and was not designed to
collect new data or to carry out new research
projects.

The focus of the study was at the regional
level because the charges of the Oregon

Senate Bill 1125 are specified at that level. - -

The study was not designed to deal with as-
pects of other levels, such as the response
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Eggs Hatch
December — April
Year 0

Some Juveniles
Overwinter
Year 0 - |

Figure 3A: Earty Lite of Spring Chinook
Diagram of the life cycle of spring
chinook salmon on the Rogue River
betwsen birth and one year of age. From
December to April the eggs hatch from spawning
gravels. During March and April juveniles migrate
downstream to the estuary. Finally, most smolts enter

the ocean between April and August Some overwinter

In the streams and migrate to the ocean the foliowing year.

Adults Spawn and Die
September — October

Flgure 38: Overview of
8pring Chinook Life Cycle

In Aduli Returns and Spawning
Diagram of the life cycle of spring
chinook on the Rogue River illustrating
the average age structure of aduft returns in a
year. Precocious adults returning in their second
year are called jacks. The majority of the adults return
during their third and fourth years, but a smali portion
return during their fitth and sixth years. Spawning occurs
during September and October after which the adults die.
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of individual fish to changes in environ-
mental conditions, or the dynamics of
small watersheds, although information
from these levels of research are dis-
cussed where pertinent.

CAUSE-AND-EFFECT APPROACH

AND STATISTICAL CORRELATIONS
Given the present state of scientific knowt-
edge, in most cases the best scientists can
dois tolook for statistical correlations. With
existing research, the process is not yet at
the stage where complete cause-and-effect
linkages can be made. If we cannot at
present.provide a complete answer on the
basis of clear cause and effect, then what
canwe do? There is a second approach: to
carry out statistical analyses to determine
what correlations exist between environmen-
tal variables and salmon populations. To
do this, we must have measurements of the
environmental factors that we believe to be
important, ideally, over many watersheds
and long time periods. Next, we need mea-
surements of the salmon for the same area
and same time periods. The best measure-
ments would be of abundance, but even
data on presence versus extinction can be
useful.

This is the approach attempted in this study.
Scientists are less satisfied with correlations
than with cause-and-effect relationships be-
cause the goal of fundamental scientific
study is to understand cause and effect. But
correlations often provide valuable practical
methods for forecasting, and they are use-
ful for conservation and management. In ad-
dition, correlations also suggest which fac-
tors could or could not be important, and
therefore give insight into possible causes.
For this study, the statistical correlation ap-
proach has been limited because the most
basic and important kinds of monitoring of
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environmental conditions and salmon
populations are lacking.

THE EXPERT WITNESS APPROACH

When faced with the absence of suffi-
cient cause-and-effect explanations and
with insufficient data and statistical
analyses, scientists often respond to
questions such as those posed by the
first and second charges of Oregon Sen-
ate Bill 1125 by giving personal opinions
based on their experience as naturalists
and working scientists. They respond as
would an expert witness testifying on a
case which has inadequate scientific in-
formation and analyses, but about which
he has had more experience than the av-
erage person. Sometimes there is no
other choice with major practical ques-
tions. The advice given by a scientist
acting as an expert witness may be le-
gitimate as long as both the scientists
and the audience understand that such
statements are opinion based on experi-

‘ence. Too often, because science tends

to be highly respected in our society, the
distinction is not made between a
scientist’s expert opinion and a
scientist’s report on the results of sci-
entific cause-and-effect studies or the
results of valid statistical analysis. As a
result, opinion is accepted as scientific
conclusion. It has been the attempt of
this study to avoid this confusion. This
study was done to determine what could
be learned with valid methods from avail-
able data. In some cases we have found
that so little appropriate data existed
that the only recourse was for the panel
to serve as expert witnesses and for their
opinions to be stated as such. The ex-
pert witness approach is useful when it
is acknowledged as such, but would be .
counterproductive if mistaken to.repre-
sent the results of specific scientific re-
search and experiments.
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OreN PuBLiCc MEETINGS HAD

Maior EFFECTS ON THE STUDY
Whenever the panel met in Qregon, an
open, public meeting was announced
through a mailing and in newspapers. The
panel held ten open public meetings in six
Oregon cities including several in Portland,
Corvallis, Gold Beach, and Newport. The re-
ports were released in draft form as part of
the open, public process and made avail-
able to the public for comment. The panel
recognized that to submit a draft report is
somewhat unorthodox in that the public is
more accustomed to scientists discussing
matters among themselves and then provid-
ing the public with a final statement of what
should be done. However, the panel found
that the open public meetings provided sig-
nificant contributions to the study.

As an example, when the panel met in Gold
Beach the meeting began with Jim Welter,
an old time fisherman, showing graphs he
had drawn illustrating the relationship be-
tween fish catch and water flow in the Rogue
for the past 30 years. Then a representative
from a fishing guide organization presented
data showing differences between actual
counts and catch of fish and govemment es-
timates of fish abundance. Other groups
addressed the need for better data and un-
derstanding of the complex river systems
and life histories of the fish.

One result of the meeting was that Mr.
Welter's idea was examined. Hehad ob-
served that these relationships might be
used to produce useful forecasts three and
four years in advance of escapements. As
shown in our report Forecasting Spring Chi-
nook Runs (Sobel and Botkin 1994), he was
correct.

AVAILABILITY OF DATA

The panel found that available data are in-
adequate to provide definitive answers to
the questions posed by Oregon Senate Bill
1125. However, the panel also found that
existing data has been under-utilized. In this
report we show how careful analyses of ex-
isting data can provide valuable insights
about salmon and their habitats. At the be-
ginning of the study we expected to be able
to provide rather specific sets of options for
the people of Oregon. Because a bill was
passed that called for a review of the data
concemning the decline of salmon and the
relative effects of forest practices, this sug-
gested that adequate data for such an analy-
sis existed. However, the panel found that
few data of sufficient quality at a regional
scale were available in spite of a history of
salmon data coliection in some cases go-
ing back to the 1930s and in spite of many
scientific research projects conceming the
forests, fisheries, and land use of the Pa-
cific Northwest. Many of these studies con-
ducted during the last 30 years provide valu-
able, legitimate scientific information, but too
often at a local scale, inappropriate for the
questions posed by Oregon Senate Bill
1125.

One example of the lack of adequate data
is that atthough there are counts of saimon
at many locations, of the 26 major rivers that
flow into the ocean within the study area,
there are scientifically valid counts only on
the Rogue and on the Umpqua, and only at
one location for each.

Moreover, in spite of various forms of coop-
eration, it has proven difficult, and in some
cases impossible, to retrieve data from gov-
emment agencies. We estimate that approxi-
mately one-quarter of CSE staff time was
spent in attempts to retrieve data that we
were initially told was available.

L R —

Of the 26 major
rivers that flow
into the ocean
within the study
area, there are
scientifically
valid counts

only on the
Rogue and on
the Umpqua.
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An example of one unsuccessful attempt to
obtain data was our search for the histori-
cal data on the number of smolts released
by hatcheries. These data are important be-
cause they are part of our development of
new methods to forecast retumn of adult fish,
which we were able to do for spring chinook
on the Rogue River. Because of the failure
to obtain the data for coho, it has not
been possible to develop the same fore-
casting tools for that species. This
method is important not only for fore-
casting, but for understanding what is
happening to the various salmon spe-
cies. =

FINDINGS

How does one begin to determine changes
in the status of salmon, causes of those
changes, and forecast possible future abun-
dances of salmon? First, one clarifies the
question. When one asks: Has there been
achange in the status of salmon, one is ac-
tually asking two questions.

The first is: Has there been a change in
overall numbers?

The second is: Has there been a change
in geographic distribution of stocks?

Regarding these questions, we made three
analyses that give new insights with practi-
cal applications: 1) an analysis about the
relationship between yearly variations in
adult fish returns to their spawning river.
Among other finds, this analysis suggests a
new method to forecast salmon retums and
set harvest levels; 2) computer mapping
techniques show changes in the geographic
distribution of stocks of each species; and
3) using these computer mapping tech-
niques, we conducted statistical analy-
ses refating the geographic status of stocks
to land use and land conditions, including
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the amount of forest cover. This section con-
centrates on these analyses; other findings
and results are also given.

To understand the analysis of yearly
variations in adult fish returns, it is help-
ful to begin simply by inspecting graphs
of measurements of salmon that have
been recorded consistently using reliable
methods. There are, unfortunately, few
such records. Beginning in the 1940s,
estimates were made of the number of
fish going over two dams - the Gold Ray
Dam on the Rogue River and the Win-
chester Dam on the Umpqua River - us-
ing direct counts of fish that pass by a view-
ing window on a fish ladder (Figure 4A)

The most striking thing about this graph is
the great variation in the number of adults
that retum to spawn from year to year. Graphs
for other species show similar variation. Vari-
ability rather than constancy or a single, clear
trend best characterizes the numbers of re-
tumning salmon. Statistical analyses confirms
what we see in this graph. First, there is no
trend for spring chinook at Gold Ray Dam on
the Rogue River. Second, there is no consis-
tent trend that applies to all species on both
rivers. On the Rogue River, only fall chinook
and summer steelhead show statistically sig-
nificant trends, which are upward. On the
Umpgua, summer steelhead and fall chinook
show significant downward trend.

VARIABLES RELATED TO FisH

RETURNS ON THE ROGUE RIVER

Regarding the first question above, we ana-
lyzed annual variation in returns of
salmon adults on the Rogue River. This
analysis sought to investigate which vari-
ables explain the year-to-year variation in the
retums of adult salmon on the Rogue River.
Many valuable results were extracted from
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Figure 4B: Total escapement of Spring Chinook and minimum
1 day flow for November at Gold Ray Dam on the Rogue River.
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1 day flow for November at Gold Ray Dam on the Rogue River.
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this analysis.

The number of spring chinook adults re-

turning each year to the Rogue River is.

strongly correlated with water flow
three and four years before (Figure 4A
and 4B). This variation provides a new
method to forecast salmon returns and
help set harvest levels. The method has
several advantages over existing meth-
ods for setting harvest quotas. Since it
can be used three years in advance, it
provides more time for fisherman to plan
their activities than is presentiy possible.
Second, the statistical properties of the
relationships are strong, suggesting the
method may be more reliable.

The number of smolts released by hatcher-
ies three and four years before is also statis-
tically correlated with the number of retum-
ing adults. However, hatchery releases ac-
count for only a small percentage (between
0 and 20) of the variation in aduit fish re-
tums. This suggests that hatcheries have not
been an effective means to reliably increase
the return of adults for sport and commercial
catch.

Ocean troll catches in the same year as adult
retums (but taken a few months before the
fish enter the river) are also statistically cor-
related with the number of retuming spring
chinook.

Taken together, these factors account for
between 80 to 90 percent of the year-to-year
variation in the number of retuming adult
salmon, based on our analyses of existing
data for the last 20 years. Water flow
accounts for most of this variation with
minimum low flow in November being
the most important factor.

More specifically, the environmental condi-
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tions examined for correlations with spring
chinook retums to the Rogue River are: wa-
ter flow variables (with total flow, minimum
yearly flow, and minimum flow in specific
months providing strong relationships); the
number of smolts released by hatcheries
three and four years prior to adult fish re-
tumns; upwelling indices three and four years
prior to adult retums; and ocean troli catch
in the same year as the adult retums upriver.

The major implications of this new analy-
sis are: water flow three and four years
before may provide a powerful method
to forecast adult salmon returns. How-
ever, the generality of this result must
be tested for rivers other than the Rogue
and stocks other than spring chinook.
These analysis must await the availabil-
ity of historic data on hatchery releases.

The strong correlation between spring
chinook returns and water flow does not
mean that this is the only factor affecting the
salmon. Water flow varies daity, monthly, and
yearly. lts effects on salmon retums are more
likely to show up with available data than
ocean conditions or forest conditions, which
change more slowly and require longer
records. The quantitative relationship be-
tween water flow and adult spring chinook
retums can vary with changes in background
conditions imposed by more slowly chang-
ing environmental conditions including ocean
upwellings and forest practices.

GIS ANALYSIS: GEOGRAPHY OF

STOCK STATUS
This analysis sought to determine the
geographic distribution of salmon spe-
cies and how their current status was related
to land conditions.

Using Geographic Information Systems
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(GIS), this analysis examined the geographic
distribution and status of salmon species.
This required obtaining maps of the location
and status of stocks of each salmon spe-
cies in the study area, and a map of land
use and land conditions.

The only large-scale analysis of the sta-
tus of salmon stocks for westem Oregon and
northem California that we found was done
by C. Frissell with support from the Wilder-
ness Society. From their data, we used GIS
to create maps of the status of each spe-
cies of salmon that occurred historically in
the study area, in order to provide data for
statistical analyses and for visual compari-
son.

STATUS OF SALMON STOCKS

Winter steelhead: Winter steelhead are dis-
tributed more broadly and appear to have
been less affected in the Pacific Northwest
than most other salmon populations. Its his-
toric range included nearly 32 million hect-
ares (ha) in the westem Cascades of Wash-
ington and Oregon and extended through-
out coastal California and into Mexico. Cur-
rently, winter steelhead is extinct in 25 per-
cent of its historic range, andin 14 percent
of its historic range of 7 million ha included
in the study area. Throughout much of its
range in the study area, steelhead still oc-
curs, especially in the westem portion. Ex-
tinctions are concentrated in the eastemmost
and southem portions of the study area, to
the east of the Willamette Valley on the west
slope of the Cascades and the westem drain-
age of Crater Lake.

Summer steelhead: Summer steel-
head were once widely distributed in
Washington, Oregon and Idaho and in ba-
sins of coastal streams of northem Califor-
nia. This species is extinct in approximately
35 percent of its historic range of 29 miillion

ha and 41 percent of its 1.7 million ha his-
toric range in the study area. lts status is
primarily threatened or extinct, with only a
small portion not classified as such.

Coho: Coho were once very abundant
throughout an estimated historic range
of 36.5 million ha in the Pacific North-
west, 3.7 million ha of which are found
in the study area. In the study area, coho
is either threatened or extinct through-
out its historic range. Present informa-
tion indicates that coho is now extinct
in about 46 percent of its total range,
and in 3.5 percent of its previous range
in the study area. Coho extinctions
within the study area have occurred pri-
marily in stocks that spawned in inland
areas east of the coastal mountain
range.

Chum: This species was widely distributed
in 7.2 million ha along the Pacific Northwest
coast from Washington to San Francisco
Bay. Data show this species as extinct in
37 percent of its historic range in the Pacific
Northwest and in 34 percent of the 1.3 mil-
lion hain the study area. Within the remain-
der of the study area, chumiis classified as
threatened.

Spring chinook: Of the 32 miillion ha his-
torical range of spring run (includes sum-
mer run) chinook salmon in the Pacific
Northwest, only about 8 percent (2.7 milion
ha) is located in the study area. Spring
chinook is locally extinct in 45 percent of its
historic range in the Pacific Northwest,
and is locally extinct in 24 percent of
its historic range in western Oregon.

Fall chinook: The historic range of fall
chinook encompasses 17 million ha, of
which only 2.8 million ha are in the study
area. This species is extinct in 17.5 percent
of its total range in the Pacific Northwest,

The effects of
water flow on
salmon returns
are more likely
to show up with
available data
than ocean
conditions or
forest
conditions,
which change
more slowly
and require
longer records.
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andin 17 percent of its range in the study
area. It is extinct in the southeastern most
portion of the study area, as are spring
chinook and winter steelhead.

Sea-fun cutthroat trout: Sea-run cutthroat
trout occur along the coast from northemn
California to Washington (10 million ha) and
in 2.6 million ha within the study area. It is
extinctin 5 percent of its historic range. it is
threatened but not extinct everywhere in the
study area. Chum and cutthroat, whose his-
toric distributions are along the coast and
coastal mountains, are either extinct or
threatened everywhere in the study area.

Sockeye: The historic range of sockeye in
the Pacific Northwest is only about 2.8 mil-
lion ha; this is primarily a northem species,
and approximately only 213,000 ha are in
the study area, with all stocks occurring in
the southeastem most portion of the study
area. Sockeye is extinct in nearty 49 percent
of its historic range and in nearly all of its
range within the study area (99.9 percent).
Although most sockeye rear in lakes, some
river-rearing populations existed in habitats
in the study area that were apparently mar-
ginally suitable for them.

The major conclusions of this analysis are:
® Except for sea+un cutthroat, all species of
salmon in the study area have undergone a
decline in geographic distnbution, meaning
that there has been a loss of specific stocks.
® Chum and sea-run cutthroat, distributed
primarily along the coast and in drainages
that begin in the coastal mountains, are con-
sidered everywhere to be threatened or
extinct.

® Coho, which has a wider historic distribu-
tion, but which is also concentrated west of
the Willamette Valley, is also either threat-
ened or extinct in all areas of the study area.
This suggests that there might be factors at
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work to the west of the Willamette Valley that
have negatively affected these species. If
such factors are occurring, it is something
that does not seem to have affected fall
chinook or winter steelhead. This suggests
that the factors affecting changes in the dis-
tribution of salmon vary within species.

® Finally, the maps also suggest that there
are some important factors at work in the
southemn part of the study area, near the Cali-
fornia border. The causes of these pattems
cannot be resolved with existing data; how-
ever, the pattems suggest that valuable in-
sights could be gained from new research
projects that would attempt to ascertain the
causes of the pattemns.

From research conducted during the past
30 years, forest conditions essential to
spawning, rearing, and migration of
salmon are well understood at the local
level of a single stream or small water-
shed. Also well understood are the ef-
fects of altering forest conditions, includ-
ing effects of clearcutting or conversion
of land from forest to agriculture or ur-
ban areas.

Because forest growth and development
takes place over longer time scales than a

“single year, effects of forest growth and de-

velopment are not likely to show up on a year-
to-year time frame. Instead, these set a
baseline condition for potential production
against which water flow exerts an annual
variation. A degradation of forest condi-
tions that affect riparian and stream
habitats would lower salmon potential; res-
toration would increase this potential.
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GIS ANALYSIS: CORRELATIONS
BETWEEN SALMON STATUS AND

LAND USe/CONDITIONS

This analysis sought to determine which land
uses and land conditions are most related
to or explain the current status of salmon
species.

We compared the maps of the geogra-
phy of salmon status with a 1988 map
of land conditions and uses derived from
Landsat satellite remote sensing. We
divided the status of each species into
three categories: “present” (meaning
present but not threatened or endan-
gered, but otherwise making no other
comment about numerical status);
“threatened” (which included the Wilder-
ness Society categories of threatened
and endangered); and “extinct” (mean-
ing present historically but extinct now)
(see Figures 5A-5H, and transparency
in the back cover). There are 14 cat-
egories in the 1988 land condition map,
some of which are forest types which
differ only by the amount of their frag-
mentation: 1) conifer with no fragmen-
tation; 2) conifer with low fragmenta-
tion (0 to 33 percent open areas); 3)
conifer with medium fragmentation (33
percent to 67 percent); 4) conifer with
high fragmentation (greater than 67 per-
cent); 5) mixed conifer and hardwoods
with no fragmentation; 6) mixed conifer
and hardwoods with low fragmentation
(0 to 33 percent open areas); 7) mixed
conifer and hardwoods with medium
fragmentation (33 percent to 67 per-
cent); 8) mixed conifer and hardwoods
with high fragmentation (greater than 67 per-
cent); 9) hardwoods; 10) riparian areas; 11)
clearings; 12) grass/shrub/other; 13) agricul-
ture; and 14) urban. (Note that fragmenta-
tion is defined as the percentage of open

space in forests. The higher the degree of
open space, the higher the percentage of
fragmentation. Documentation for the 1988
land condition map is ambiguous in that the
category “high fragmentation” overlaps with
the category “clearings”.)

Statistical regression equations were
calculated between each salmon stock
status and land conditions. For those
not familiar with statistical methods,
regression analysis essentially deter-
mines the amount of variation in the
dependent variable (stock status) ac-
counted for by each independent vari-
able (land condition/use), and the
amount of variation in the equation as
awhole. Results are presented in Tables
1, 2,and 3.

We chose to consider land conditions
only within a buffer zone around
streams in each river basin. With the
spatial resolution of the vegetation
map, this included all the land condi-
tions within 0.5 km on either side of
each stream. Because of the abundance
of stream channels, this method in-
cluded an average of 80 percent of the
land area within a watershed.

Presence of stocks: Conifer stands withno
fragmentation or medium fragmentation are
strongly correlated with “present” stocks of
spring and fall chinook and winter steelhead.
Clearings, and grass and shrub catego-
ries are negatively correlated with
“present” stocks of chinook and winter
steelhead, but contribute little to the varia-
tion of status. Agriculture is significantly
correlated with the presence of only two of
the salmon groups: fall chinook and winter
steelhead. The latter shows a very weak
correlation, to which little interpretation can

‘beattached.

In watersheds

where spring

and fall

chinook remain

abundant,

chum have

become locally

extinct.
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Table 1. Stock status and land use conditions. Present salmon stocks in retation to land conditions
within a 0.5 km butfer zone along streams. The first column is the salmon species, the second columa
{is the land condition variable included in the equation (only statistically significant land condition

variables are included), the third column is the coetficient, the fourth column is the amount by which

R-squared is increased by adding the variable to the equation that includes the variables listed
above it. All Is the R-squared for the equation which includes all the variables.

SALMON STOCK LAND COEFFICIENT R-SQUARED
CONDITION
VARIABLE

SPRING CHINOOK
Conifer 1.6 0.38
Mixed - Low 1.8 0.13
Grass-Shrub -0.98 0.03
All 242 0.54

FALL CHINOOK
Coniter - Med. 1.5 0.57
Mixed - Low 33 0.12
Clearing 2.7 0.04
Mixed - High 1.7 0.03
Agriculture 0.5 0.03
Al 3.75 0.79

COHO
{No data)

CHUM
(No data)

SOCKEYE
(No data)

S.R. CUTTHROAT
(No data)

SUM. STEELHEAD
Mixed - High 1.9 0.27
Mixed - Medium 2 0.12
All 0.1 0.39

WIN. STEELHEAD
Coniter - Medium 1.5 0.77
Mixed - Low 2.1 0.06
Hardwoods 11.5 0.03
Conifer - Low 2.1 0.02
Grass-Shrub -3.3 0.03
Agriculture -1.05 0.01
Mixed - Medium 2.9 0.01
Al 15.75 0.94
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Table 2. Stock status ang land use conditions. Threatened salmon stocks in relation to land conditions
within a 0.5 km buffer zone along streams. The first column is the salmon species, the second column
is the 1and condition variable inciuded in the equation (only statistically significant land condition

variables are included), the third column is the coefficient, the fourth column is the amount by which
R-squared is Increased by adding the variable to the equation that includes the variables listed

above it. All is the R-squared for the equation which includes all the variables.

SALMON STOCK LAND COEFFICIENT A-SOUARED
CONDITION
VARIABLE
SPRING CHINOOK
Conifer - Low 0.8 0.85
Contfer 1.3 0.1
Conifer - Medium C 0.48 0.03
Hardwood 1.03 0.001
Mixed-Med. ’ 053 0.001
Al 414 0.982
FALL CHINOOK
Contfer 1.2 0.2
Clearing - 2 0.14
f Al 08 0.34
: COHO
! Contfer - Mediym 22 0.66
Mixed - Low 41 0.07
; Mixed - High 33 0.04
Agricutture -09 0.05
Al 8.7 0.82
CHUM
Mixed - Low 43 0.52
SOCKEYE
{No data)
S. R. CUTTHROAT
Mbeed- High 11 0.55
Mixed - Low 49 0.2
Agricutture -04 ) 0.04
Conifer - Low 1.5 0.02
Clearing -34 0.03
A Mixed 22 0.02
: ) Al 3.7 0.85
ﬁ SUM. STEELHEAD
f Conffer - High 0.8 0.24
: WIN. STEELHEAD
Conifer 15 ‘ 0.23
Grass-Shrub 12 0.06
i Al 03 0.29

i
;
L
37
1



28

OVERVIEW

Table 3. Stock status and land use conditions. Extinct satmon stocks in relation to land conditions
within @ 0.5 km butier zone along streams. The first column is the salmon species, the second column
ilsthe land condition variable included in the equation (only statistically signilicant land condition

wariabies are included), the third column is the coefficient, the fourth column is the amount by which

R-squared Is increased by adding the variable fo the equation that includes the variables listed
above it. All is the R-squared for the equation which includes all the variables.

SALMON STOCK LAND COEFFICIENT R-SQUARED
CONDITION
VARIABLE
SPRING CHINOOX
Clearing 6.1 0.47
Mixed - Med. -2.28 0.14
Conifer - Medium .53 0.05
Grass/Shrub 1.13 0.04
Al 4.41 0.7
FALL CHINDOK
Grass/Shrub 2.53 0.63
Mixed - Medium -1.96 0.03
Clearing 242 0.04
Mixed -1 0.03
All 1.99 0.73
COHO
Conifer - Medium 0.53 0.07
Conifer - High 0.31 0.07
Mixed - High -0.61 0.09
Al -0.39 0.23
CHUM
Conifer - Low 0.38 0.15
SOCKEYE
Grass/Shrub 1.14 0.42
S.R. CUTTHROAT
(No extinction)
SUM. STEELHEAD
Hardwoods 9.27 0.34
Grass/Shrub 1.91 0.29
Mixed - High -1.25 0.04
Clearing 2.9 0.04
Mixed -1.57 0.04
All 11.26 0.75
WIN. STEELHEAD
Grass/Shrub 3.34 0.59
Clearing 2.95 0.03
Mixed -1.46 0.03
Al 4.83 0.65
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Local extinction of stocks: Clearings and
grass and shrub categories are statistically
significantly correlated with local extinction
of spring and fall chinook, sockeye, and win-
ter and summer steelhead. In other words,
the amount of land in grass and shrub and
clearings is positively related to the extinc-
tion of those species. In general, forest cover
with any amount of fragmentation is nega-
tively correlated with local extinctions with
the exception of chum whose extinction is
positively correlated with conifer forests with
low fragmentation.

A surprising result is that in watersheds
where spring and fall chinook remain
abundant, chum have become locally
extinct. The primary habitat difference
between these species is that chum
spawn and rear in estuaries and main
river stems, while chinook pass through
these large water bodies to spawn far-

ther upstream, but rear in the same
habitat as chum. This suggests that de-
clines of chum may be related to spawn-
ing rather than rearing. We do not have
quantitative information to give insight
into what this factor might be.

SALMON STOCK STATUS IN
RELATION TO FOREST

. CONDITIONS

Chum spawning seems unrelated to for-
est practices; thus it might be affected
by other practices such as gravel removal,
agricultural pollution, flood control dams,
channel modification of estuaries and main
river stems, and overfishing, but data do not
allow statistical analyses to test for the im-
portance of these factors. Extinction of steel
head and coho, which spawn and rear in
the smaller streams, is statistically (posi-
tively) correlated with forest cover.

This analysis suggests that the relative im-
portance of forest practices on the local ex-
tinction of salmon stocks varies with spe-
cies. For steelhead and coho, forest clear-
ing and the amount of forest cover present
are major factors; for chum, forest conditions
are a minor factor. The results for steelhead,
coho, and chum are consistent with the fact
that they utilize different stream habitats
(portions of rivers).

SALMON STOCK STATUS IN

RELATION TO AGRICULTURE

Agriculture can have a negative effect
on salmon habitat. However, agriculture
occupies a comparatively small area
within 0:5 km of stream channels in the
study area, averaging 8.3 percent. In
contrast, on average, 80 percent of the
basins are covered by some kind of for-
est, including all levels of fragmentation.

For stocks of fall chinook that are
present and not threatened, there is a
statistically-significant but negative cor-
relation between the area of a basin in
agriculture and the area that had salmon
in the past and still has salmon. How-
ever, the area in agriculture explains very
little of the variation in fall chinook sta-
tus. Agriculture is negatively correlated
with “threatened” coho stocks, but ex-
plains very little of the variation. Agri-
culture is positively correlated with the area
of “threatened” cutthroat stocks, again ex-
plaining very little of the variation. There is
no significant correlation between areain
agriculture and the area occupied by stocks
in the past that are now extinct for all spe-
cies. This may result from the small area
that is in agricutture and the small area that
makes up the salmon category present in
the past and extinct now.

In summary, although agricultural practices

The relative

importance of
forest practices

on the local
extinction of

salmon stocks

varies with

species.
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Figure 5A: Winter Steelhead \ Figure 5B: Summer Steelhead
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Figure 5E: Spring Chinook
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Major factors
known to affect
salmon are
agriculture,
dams, drought
fish harvest,
forestry, and

urbanization.
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can have a number of negative effects on
salmon habitat, agriculture occupies a small
percentage of the study area, and present
data at the basin scale show little statistical

correlation with the status of salmon stocks.

SALMON STOCK STATUS IN

RELATION TO URBAN AREAS

In urban areas, as in agricultural areas,
there have been large changes in salmon
habitat: stream channels straightened;
trees removed from the riparian zone;
pollutants of many kinds entering
streams. There may be a significant as-
sociation between population density
and salmon presence and extinction not
seen when looking at urban areas alone.
If urban growth continues, effects may
cover a large enough area to exert some
influence on salmon, but, from the avail-
able data, little effect can be seen in
terms of the whole study area. Urban
areas cover only an average 3.4 per-
cent of the land in Oregon basins in the
study area, and, possibly due to the
small area covered, urban areas do not
appear as a significant variable in the
regression analysis relating land cover
to salmon presence and extinction. One
could find local urban areas where there
is anecdotal evidence of previous presence
of salmon and present extinction, but iook-
ing at land use across basins, urban areas
do not now tum up as a statistically-signifi-
cant variable.

OTHER SIGNIFICANT FINDINGS

® Salmon use many habitats including the
ocean which can vary in ways that can en-
hance or decrease salmon survival. There-
fore, salmon populations are only partially
open to control or influence by people. The
best that can be done is to improve those
habitats over which we have control and en-

OVERVIEW

sure that harvests do not exceed the repro-
ductive capacity of salmon so that human
actions are not the bottleneck that fimits the
abundance of salmon. With this approach,
the best one can expect is an improvement
in the average abundance of salmon and a
reduction or even reversal in the extinction
of stocks.

® Of the 26 rivers that flow into the
Pacific Ocean in western Oregon south
of the Columbia River, there are statisti-
cally valid counts of returning adult fish
for only two rivers. These counts have
been available for approximately the past 50
years.

® Available data in the study area for
the number of adult fish returning to
spawn on the Rogue and Umpgqua Rivers
show no consistent pattern in popula-
tion trends for wild fish (Figures 6A &
6B). Total Oregon landings of ocean caught
coho from 1892 to 1993 show a significant
downward trend (Figure 7). However, the
origin of these fish is unknown. .

® Variability, rather than constancy, best char-
acterizes the year-to-year pattemin the num-
ber of adult fish retuming to rivers to spawn
during the past 50 years (Figure 8).

® Models have played an important role in
fisheries management, serving as the basis
for setting harvest quotas. However, mod-
els currently in use are not adequate for re-
alistic, accurate projections of population
trends, harvest quotas, or for estimating the
effects of human action on fish abundance
because they do not consider long-temm en-
vironmental change directly, either natural or
human induced. '

® Major factors known to affect salmon are:
agriculture, dams and other obstructions,
drought, fish harvest, forestry, and urbaniza-
tion.

® The potential production of salmon in a
stream changes through forest succession
(age). After riparian vegetation is cleared
along a river there is a period of about one
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Figure 6A: The escapement of spring chinook into the Rogue River
in thousands of fish each year between 1975 and 1992. The graph
indicates numbers of hatchery and wild fish, as well as their total.
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Figure 6B: The escapement of Coho into the Rogue River in numbers of fish each
year between 1975 and 1992, Before only wild fish were in the Rogue River.
Dam counts were not separated into wild and hatchery, therefore total indicates
both. Returns to Cole Rivers Hatchery are estimated at the hatchery which is
located above Gold Ray Dam.
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to five years when potential salmon produc-
tion rises (Figure 9). Between about six and
40 years following a clearing, potential fish
production falls to a minimum. After about
40 years, potential fish production reaches

the range found in mature forests. Areas
logged after approximately 1952 but prior
to 1972, when the Oregon Forest Practice
Rules went into effect, would still be in the
stage of lowest potential fish production. Ar-
eas subject to logging prior to 1972 may
still be limiting the recovery of salmon pro-
duction, particularly on private land where
there was less regulation and greater varia-
tion in practice. .

® Prior to 1980, summer observation dur-
ing low flow led to the mistaken conclusion

that debris dams pose a barrier to winter
salmon migration. Thus there was a large-
scale removal of large woody debris (LWD).
This removal policy had major, long-term
destructive effects on salmon rearing habi-

tats. Areas subjected to LWD removal are
still limiting the quality of salmon habitat, a
situation which could persist for 50 to 100
years following the removal of the debris
(Figure 9).

® This study confirms the importance of the
protection of riparian zones along streams
for salmon, whether in agriculture, forestry,
or urban areas (Figures 10 & 11). In many
of the agricultural and urban areas of west-
em Oregon, habitat characteristics required
by salmon have been severely damaged

Weight of Fish in Millions of Pounds

- N W hH " O N O O

| { I 1 1 1

B Mullen 1981
OPFMC 1993
v PFMC 1994

1890 1900 1910 1920 1930

1940 1950 1860 1970 1980 1990
Year
Figure 7: Estimates of commercial ocean troll catch of coho salmon landed in Oregon in

millions of pounds from three sources over the period 1892 to 1993. The three sources - -
of the estimates are Mullen (1981), PFMC (1893), and PFMC (1994). '
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or completely eliminated.

® Historical documentation shows a major
simplification of stream channel and flood-
plain habitats during the period of agricul-
tural settlement and logging in some re-
gions. This simplification resulted in large
differences in the amount of woody debris,
the volume of pools, and the amount of gravel
stored per unit length of stream between

OVERVIEW
.

logged and old-growth forest reaches. The
most important implication in understanding
the role riparian zones play in sustaining fish
habitat is that long-term restoration of fish runs
requires that large fractions of stream chan-
nels in western Oregon must be lined with
vegetation appropriate to saimon habitats.

® Attempts to restore samoninto watersheds
where they have become extinct are gener-

300 ——
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1970 1980 1990
Year

Figure 8: Peak counts (numbers) of chinook salmon on Humbug Creek,
which flows into Nehalem River, between 1950 and 1991.




TABLE 4: Sources of Salmon Harvest

Source of Salmon Harvest Metric Tons Species
Per Year (average) Included

% of Total

Harvest
Commercial Ocean Harvest 2,385 (1952-90) Chinook, Coho 65
Ocean Sport Harvest 827 (1966-90) Chinook, Coho 22
Freshwater Sport Harvest 248 (1969-90) Chinook, Coho 7
Bycatch (legal) 225 (1981-91) Al Salmon 6
Unregulated Ocean Catch (illegal) . All Salmon *
Marine Mammal Predation B All Salmon .
Bird Predation ‘ * All Salmon .

Total of All Mortalities |
(except predation and illegal catch) 3685 100

For each entry, the average total annual harvest is included along with the time period used to make the
calculation. The species column indicates the particular (or all) salmon species which were used in making
the calculation. [ Calculations of annual harvest for each type were made as follows: Commercial ocean:
the average annual harvest for chinook and coho between 1952 and 1990 obtained from Pacific Fisheries
Management Council (PFMC); Ocean Sport: the average annual harvest of chinook and coho between

1966 and 1990 obtained from PFMC; Freshwater sport; the average annual harvest of chinook and

coho between 1969 and 1990 for Oregon coastal rivers obtained from PFMC; Legal bycatch: PFMC
estimates that between 25,000 and 100,000 salmon are bycaught in the Oregon commercial fishery.

Using an average fish weight of 3.6 kg and using the midpoint of their estimate, or 62,500, we

calculate an average annual harvest. Unregulated ocean catch: marine mammals and birds; Data are so
incomplete and statistically and scientifically flawed, as discussed in the text, that no quantitative average
range of values can be calculated at this time, but the impact of each is ciearly minimal. Many studies show
no salmon in the stamach contents of marine mammals and birds that are likely predators. In studies

that show take of salmon by marine mammals and birds are only from short periods during the year

when predation is most likely and/or highest, such as river migrition of salmon co-occurring with nesting
seasons of cormorants and with the appearance gj g]nnlpegs in the Columbia River durihg migration.
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ally not successful; apparently, successful
migration and adaptation of salmon to new
streams require more than a single human
lifetime.

o Abelief exists that in presettiement times, ’

westem Oregon was a continuous cover of
ancient forest and that such continuous
cover was an important factor in high
salmon production. However, Bureau of
Land Management maps show thatin 1850,
approximately 40 percent of the forests
were older than 200 years, 62 percent were
older than 100 years, 64.5 percent were
older than 50 years, and 34.5 percent were
mapped as bumed (Table 5) (Figures 12A-
12D). ‘

® To the best of our knowledge, no studies
have been made of how sediment supply
is affected by recent technical innovations

OVERVIEW

and regulatory measures in road siting and
construction.

¢ The amount of unregulated catch of salmon
on the high seas and illegal ocean catch
within treaty waters is generally unknown,
but may be significant (Table 4).

® At present, bycatch (the inadvertent tak-
ing of salmon in catching other fish) is moni-
tored for only one fishery in Oregon, the whit-
ing fishery.

® Available data show that marine mammals
are at most a minor factor in salmon mortal-
ity (Table 4).

® An upwelling is a vertical ocean current
that brings nutrients crucial to biological pro-
duction to the surface. Scientists have
speculated about connections between the
strength of ocean upwellings and the num-
ber of retuming adult salmon. However, sta-

r High Production (Highly Fragile)

w

>

Fish Productivity —»
>

Desired States
in Fish
} Production

Medium
Production
(Not Fragile)

0 10 20 30 40 5 60 70 80 80 100

| .
Clear Cut Time (years) —»

Figure 9: The level of salmon production in a stream during riparian succession over a 100 year period
following a clear cut to the stream edge. Normal long-term fish production in a mature forest environment

is between A and A1, Desirable preduction levels fall within the range of A and B. The portion of the line
labeled C is the period of low production between 5 and 40 years following clear cut. {from Wilzbach, 1986).
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tistical analysis of available data for
adult fish returns to the Rogue River
show only a very slight correlation with
upwelling indices. Data are available only
for 20 years, which may be too short a
time to detect correlations.

® | ong-term variation in ocean currents may
shift conditions that are good for salmon
from north (off Alaska and British Colum-
bia) to south (off Washington, Oregon and
California) and back again over time.

® The present methods for collection of data
about which river is the site of origin for any
wild fish caught in the ocean are inadequate.
® Under the Endangered Species Act, there
are many more management options avail-
able for a stock listed as threatened than
for one listed as endangered. Therefore,
for legal as well as good resource man-
agement reasons, it benefits the gov-
emment of Oregon and private landown-

ers to prevent threatened stocks from
becoming endangered.

® Salmon have one of the most com-
plex life cycles of any vertebrate ani-
mal, and some aspects of their habi-
tats vary in ways that are not subject
to control by people.

¢ The present state of science does
not allow us to make precise determi-
nations of the genetic differences
among stocks of Pacific salmon.

TABLE 5: Forest History. Forest stand age classes of the Oregon Coast Range

(percentage by age class). Source: Teensma et al.,1991.

Burned [JECR] s0-00 200+
1850 34.50 1.30 22.00 40.00 100.00
1890 © 520 23.70 19.60 19.60 46.30 100.00
1920 6.10 4.40 19.80 19.80 49.90 100.00
1940 7.30 3350 31..90’?"?*"?3-"51"-*'18.-60" " 100.00
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No Riparian Protection

Riparian Protection

Figure 10; Diagrams of the conditions of §treams and riparian zones in
agricuftural areas with and without riparian zone protection.
40 _




OVERVIEW

No Riparian Protection

Figure 11: Diagrams of the conditions of streams and riparian zones in
urban areas with and without riparian zone protection. -
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Figure 12 A-B: Forest stand age classes for the Oregon Coast Range

NOTE: This map was compiled from reconnaissance field notes. It was digitized from hand

interpolated source materials and may differ spatially from digital mapping compiled from
other source data. Prepared by Salem District and Oregon State Office,Bureau of Land
Management, Sept., 1991 from United States Geological Survey data collected in 1850.
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Tillamook
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Figure 12 C-D: Forest stand age classes for the Oregon Coast Range

NOTE: This map was compiled from reconnaissance field notes. It was digitized from hand

interpolated source materials and may differ spatiaily from digital mapping compiled from
other source data. Prepared by Salem District and Oregon State Office,Bureau of Land
Management, Sept., 1991 from United States Geological Survey data collected in 1850.
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Table 6 Leading Causes of Changes in Salmon Abundance and Distribution in Western Oregon
and Northern California. Causes are separated into major factors, potentially important

factors for which insufficient data exists for an appropriate assessment, and minor factors.
Numbers following each factor refer to the components listed at the bottom of the page.

. General Factors

Major Factors
Agriculture 1, 2, 4,5, 6, 8,9, 10, 18, 21, 22
Dams 9, 11, 18
Drought 9, 10

Fish Harvest 16, 19
Forestry 1,2,4,6,7,10,21, 22
Urbanization 1, 3, 5,6, 7, 8,9, 10, 11, 21, 22

- “Polentially Important Factors

Gravel Harvest 6 Hatchery Fish Interference 19, 20

Irrigation 9, 12 Unfavorable Ocean Condition 13, 14, 15, 16

Legal Bycatch and Noncatch Mortality 16, 19 Unregulated Harvest 16, 19

Minor Factors

Bird Predation 17

Marine Mammal Predation 16, 17

Components of Factors

1. Loss of Riparian Vegetation and Functions 12. Lack of Barriers Over Diversion Canals
2. Pesticide Exposure 13. Reduced Upwelling

3. Industrial Pollutants Exposure 14. Altered Ocean Gurrents and Flow

4. Increased Sediment Delivery to Streams 15. Decreased Food Abundance

5. Stream Channelization 16. Reduced Escapement

6. Habitat Destruction 17. Reduced Smolt Releases

7. Loss of Woody Debris and Channel Form 18. Barriers to Fish Passage

8. Filling of Side Channels 19. Loss of Genetic Integrity and Diversity
9. Reduced Fresh Water Flow 20. Competition Between Hatchery and WildFish
10. Exposure to Abnormal Temperatures 21. Forest Fragmentation

11. Habitat Area Loss 22. Estuary Degradation
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CONCLUSIONS OF
THE STUDY

As written, the six charges of the Oregon
Bill 1125 assume a decline in salmon. In
initiating our study, we made no assump-
tions. We sought to leam what the avail-
able data could tell us about changes in
status of salmon.

As explained earlier, a decline in salmon
status may result from two different pro-
cesses: 1) adecrease in geographic dis-
tribution - a loss in specific stocks (whose
likely result would be a decrease in genetic
diversity); and 2) a decline in overall num-
bers (including a decline in total legal
ocean and sport catch).

The two are sometimes treated as if they
were the same, but they are not. For ex-
ample, there could be a loss of many
stocks (local extinction), while other stocks
remain abundant. The extinction of stocks,
which were already at low abundance,
might lead to a negligibly small change in
total numbers, but a large decrease in ge-
netic diversity. The converse could also be
true: there could be a large overall decline
in total numbers, but geographic distribu-
tion and genetic diversity could be main-
tained.

in responding to the charges, it is neces-
sary to clarify which of these two phenom-
ena has occurred, or perhaps that both
have. It is contrary to the goal of this study
to presuppose a decline before examin-
ing the available data. Therefore it is nec-
essary to rephrase the charges, replacing
“decline” with “change in status”.

The following responses by the panel to
the first five charges are based on findings
presented in the final report. Charge 6isa

request for recommendations and our
response to this charge is found at the
beginning of Section V.

CHARGE 1: “Identify leading causes,
both onshore and offshore, for
anadromous fish population de-
clines if that is the case.”
Except for sea-run cutthroat, the geo-
graphic distribution of salmon has de-
creased for all species in the study area.
Some stocks have become locally extinct,
others have so few adults retuming to
spawn as to be considered endangered.
There is no equivalent general trend for
total numbers.

The leading factors for chahges in salmon
populations as well as the components or

-resufts of the factors are listed in Table 6.

Based on available data, it is the opinion
of the panel that agriculture, forestry, ur-
banization, over harvest through legal
catch, impediment construction (dams),
and naturally occurring drought are major
factors in salmon declines. Potentially im-
portant factors for which adequate datais
lacking include unregulated and illegal
salmon harvest, gravel harvest, unfavor-
able ocean conditions, legal bycatch
and non-catch mortality, hatchery fish
interference, and irrigation. Marine
mammal and bird predation are minor fac-
tors (Table 6). :

CHARGE 2: “Assign the relative impor-
tance of forest practices to these de-
clines, compared to other leading
causes.”

The panel believes that over the long term,
forest practices have been a major factor,
along with agricutture, dams, drought, fish
harvest, and urbanization. If the ODF’s
Water Protection Rules (riparian rules) are

Except for

sea-run cut-

throat, the
geographic

distribution of
salmon has

decreased for
all species in

the study
area.
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carried out as written, then it is the
opinion of the panel that the negative
effects of forest practices will decline
in the future. Whether or not these
practices are adequate or optimal for
salmon is not known. Only through
continued monitoring and evaluation
can that determination be made.

Stream and riparian conditions heavily de- -

pendent on forest conditions, set an up-
per boundary to potential salmon produc-
tion. For example, clearcutting to the edge
of a stream reduces potential salmon pro-
duction through such processes as in-
creased erosion, simplification of channel
shape and form, loss of shade, reduction
of woody input, and reduction of supply of
food and nutrients required by salmon.

Because water flow, hatchery releases, and
ocean troll catches account for 80 to 90
percent of the variation in adult spring
chinook returns on the Rogue River dur-
ing the past 20 years, forest practices could
account for only the remaining 10 to 20
percent, or forest practices may influence
or vary in a direct way with water flow or
hatchery releases. If forest practices con-
tribute less than 20 percent to the year-to-
year variation in spring chinook on the
Rogue River, this is a comparatively small
effect. However, effects of forest growth
and development are not likely to show up
on ayear-to-year time frame. Instead, these
effects set a baseline condition for poten-
tial production against which water flow ex-
erts an annual variation. This baseline var-
ies itself over time, but at a slower rate than
water flow. A degradation of forest condi-
tions that affect riparian and stream habi-
tats would lower salmon potential; resto-
ration of these habitats would increase this
potential. It is in this way that forest prac-
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tices are a major factor.

Which of the major factors are limiting
the production of salmon, averaged
over the entire study area at present?
The answer to this is less clear. We do
not know if the actual abundance of
salmon is at present limited by the con-
ditions of all stream and riparian zones
together, or if some other factors, such
as climate, ocean currents, or ocean
fishing, are restricting the number of
returning adults below the potential
level that existing stream and riparian
conditions provide. This uncertainty is
a result of the lack of adequate statis-
tically-reliable data for the number of
returning adults. The period for which
data are available on the Rogue and the
Umpqua is not sufficiently long to reveal ef-
fects of the processes of forest development
and ocean dynamics.

Another complicating factor in determining

. the relative importance of forest practices

is that there was a major change in forest
practices beginning in 1972 with the imple-
mentation of the first Oregon Forest Prac-
tices Rules, but this change was not accom-
panied by adequate measurements to track
before and after effects. Also, because for-
ests change over long time periods, the ef-
fects of the 1972 new forest practices do
not show up in the available data on
salmon.

CHARGE 3 “Identify the relative impor-
tance of various habitat characteristics
in streams in limiting anadromous fish
production.”

To salmon, the most important habitat char-
acteristics in streams are minimum water
flow, food, obstructions to flow that create
debris dams and have other effects on
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stream shape, and gravel necessary for
Spawning.

The riparian zone is the area that lies
along the banks of a running water
system and interacts with it. It influ-
ences the factors cited above by: 1)
providing large woody debris (LWD)
that, along with embedded boulders
and bedrock outcrops, control the
shape and water-flow features of
stream channels and floodplains and cre-
ate complex habitats that benefit salmon;
2) providing leaves that fall from trees and
shrubs’into the stream that stimulate the
production of small invertebrates that are

food for salmon; 3) regulating the amount
of light that reaches the stream, which in
tum determines the kind and amount of al-
gal growth important to the saimon’s food
chain; 4) regulating the movement of dis-
solved nutrients important to overall stream
biological production between the adjacent
land and stream; and 5) maintaining
stream temperatures within salmon toler-
ance limits through shading provided by
streamside trees. (Figure 13A & 13B)

LWD plays a major role in the development
of stream shape and form beneficial to
salmon, including features such as off-
channel rearing backwaters, side channels

RIPARIAN
FUNCTIONS

{IN - STREAM
EFFECTS

Figure 13A: Relationship of riparian zone functions, their effects, and salmon.

HABITAT SALMON

LWD plays a
major role in
the develop-

ment of

stream shape

and form

beneficial to

salmon.
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Figure 13B: Riparian zone conditions and dynamics within three states: mature
forest, removal of vegetation, and recovery. Figure representation not to scale.
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in floodplains, and pools and riffles in small
main-stream channels. LWD provides ob-
structions upstream from which gravel bars
and scoured out pools can form. Both are
necessary physical habitat features for
salmon. In westem Oregon and northem
Califomia, the most important fraction of
woody debris is large decay-resistant co-
nifers.

When streamside vegetation is removed,
the effects on salmon habitat are negative,
except that immediately after clearing,
sunlight reaching the water surface in-
creases, and this results in a short (ap-
proximately zero to five years) rise in the
growth of the kinds of algae that form the
base of animportant food chain for young
salmon and leads to a peak in salmon pro-
duction (Figure 9). This increase in salmon
production is unstable, however, because
of the many negative effects of clearing ri-
parian vegetation, which include: 1) Pro-
duction of other algae, which do not serve
as an appropriate base of the salmon’s
food chain, due to the continued input of
increased light; 2) A dramatic increase in
stream temperatures, depending on water
flow and stream width, after removal of
shade. Elevated temperatures can be a
serious stress on salmon eggs, newly
hatched salmon and salmon fry, especially
during summer periods of low flow; and 3)
A simplification of channe! banks and the
destruction of shelter for rearing and pro-
tection of fish from predators due to re-
moval of streamside vegetation, leading to
awidening of channels that are more prone
to warming by sunlight.

CHARGE 4: “Determine how forest prac-
tices have affected fish production; de-
termine how forest practices have af-
fected these habitat characteristics and
anadromous fish populations before

and since 1972."

In response to this charge we have applied:
1) regression analysis of the presence and
extinction of local stocks in comparison to
land use and land conditions; and 2) an
analysis of trends in the return of adult

salmon before and after 1972.

The regression analysis of salmon stock
status and land use/land conditions does
not indicate that forest practices have been
a factor in the status of all species of
salmon. Maps of the combined presence
and local extinction of chinook and chum
support the suggestion that chum spawn-
ing seems unrelated to forest practices but
might be affected by other practices; pos-
sible causes include gravel removal, agri-
cuttural pollution, flood control dams, chan-
nel modification of estuaries and main river
stems, and overfishing.

Steelhead and coho, which spawn and rear
in the smaller streams, are very much af-
fected by forest cover. This analysis sug-
gests that for these two species, relatively
speaking, forest cover is animportant fac-
tor in past local extinction. For chum, how-
ever, which does not use heavily forested
habitats at present, local extinction appears
weakly correlated with forest cover. Fac-
tors that affect spawning and rearing in
estuaries, main stems of rivers, or the
ocean habitat, seem to be more important
for chum. The resuits for steelhead, coho,
and chum are consistent with the differing
stream habitats these species utilize.

This analysis suggests that the relative im-
portance of forest practices on the local
extinction of salmon stocks varies with spe-
cies. For steelthead and coho, forest clear-
ing and the amount of forest cover present
are major factors; for chum, forest condi-

tions are aminor factor.,

L _____________ e

Steelhead and

coho, which
spawn and
rear in the
smaller
Streams, are
very much
affected by
Jforest cover.
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mented.
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The analysis of trends was applied to
two data sets: counts made at dams
on the Rogue and Umpgqua Rivers; and
counts of spawners on coastal rivers
(peak counts). The analysis of trends
for counts at the two dams examined
trends based on the entire data set
available and also based on data only
from 1972 to 1991. Available data on
adult spring chinook returns to the
Umpqua and Rogue Rivers indicate that
the 1972 establishment of forest prac-
tice rules has had no detectable effect
on the returns of spawning adults
salmon to Oregon coastal rivers (Table 7).
This is of particular interest because the first
Oregon forest practice rules went into ef-
fectin 1972.

The results from analyses of the peak
count data are so mixed that no general
trend can be found except that chinook
trends over the last 40 years tend to be up-
ward, trends for coho tend to be downward,
and there seem to be no trends for chum.
Given the statistical unreliability of the peak
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count method, the panel believes that no
useful conclusion about trends can be ob-
tained from those data.

Failure to find a statistically-significant, over-
allimproving trend since 1972 does not in-
dicate one way or the other if the 1972 for-

est practice rules increased potential
spawning and rearing-capacity of streams
in the study area. In order to discern the
effectiveness of the 1972 forest practice
rules, adequate monitoring for more rivers
over a long time should have been imple-
mented. :

CHARGE 5: “Identify the extent
to which forest practices are lim-
iting the recovery of depressed
anadromous fish populations.”
Much has been learned from research
during the past 30 years at the local level of
a stream or small watershed. This research
makes clear that riparian forests play ama-
jor role in the potential production of salmon,
as discussed in the answer to Charge 2.

Areas logged after approximately 40 years

TABLE 7: Population Trends: Pre and Post 1972 tor Wild and Hatchery Fish

Spring
Chinook

Fall Caoho
Chinook

Dam
Gold Ray - Ly - * ¥
Winchester * (2 L - -
Gold Ray -

Winchester * - -

Total Wild and Hatchery Fish

o] post-'72 [EREY Post-72 [EERE] Post-'72 [IREY Post- 72 [Tae] Post-72 [EEE] Post-72

Sea-run
Cufthroat

Winter
Steelhead

Summer
Steethead

determined using the Daniel's test; see text for further explanation.

Pre and Post 1872 trends in returning adults counted at Gold Ray Dam on the Rogue River and Winchester Dam on the Umpqua
River by species. An up arrow indicates a statistically significant upward trend; a down arrow indicates a statistically
significant downward trend; a dash indicates no significant trend; and a blank indicates no data available. Trends were
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ago and before 1972 are still in the stage
with the lowest potential fish production,
based on Figure 6. It is possible that these
areas could still be limiting the recovery of
salmon.

The routine removal of LWD on a large
scale prior to 1980 had major, long-term
negative effects on rearing habitats for
salmon, and areas subjected to this re-
moval of LWD would still be limiting the
recovery of salmon stocks.

Because appropriate data are lacking on
the history and present status of riparian
zones, the extent to which forest practices
presently limit all depressed stocks
throughout the study region is more diffi-
cult to characterize. The correlations of the
status of salmon stocks with land condi-
tions provide some insight into this ques-
tion. These results suggest that, where for-
est practices have led to the elimination or
serious damage to riparian and stream
habitats, then forest practices would be
important in limiting the recovery of steel-
head, coho, sea-run and resident cut-
throat and chinook, but would be less
so for chum.

Both the proposed FEMAT standards
and new ODF Water Protection Rules,

if implemented as stated and if accom- -

panied by adequate monitoring, will
result in an improvement of the ripar-
ian zone and salmon habitat. In areas
where riparian zones were not previ-
ously logged or negatively affected and
which now receive riparian rules protection,
forest practices will be a lesslimiting factor
than before to salmon populations. The
degree to which they will be less limiting
we do not know. Only through monitoring
and evaluation can that determination be
made.

RECOMMENDATIONS

CHARGE 6: “Make recommendations as
to how forest practices can assist in re-
covery of anadromous fish popula-
tions.”

The response to Charge 6 is-organized in
four sections: 1) actions to improve samon
habitat related to forest practices; 2) ac-
tions to improve salmon habitat or en-
hance salmon survival not directly related
to forest practices; 3) measurement needs
related to forest practices; and 4) measure-
ment needs not directly related to forest
practices.

ACTIONS TO IMPROVE SALMON
HABITAT RELATED TO FOREST

PRACTICES

® Continue to regulate forest operations
to protect riparian habitat.

® Continue to create incentives for habi-
tat restoration in conjunction with forest
operations.

¢ Develop a management strategy for an
adequate loading of LWD such as bring-
ing logs to areas that lack sufficient
large streamside trees. Measurement
must be part of this strategy, includ-
ing before and after monitoring, to
determine the ecological effectiveness
and cost effectiveness of different methods.
® Assess how recent technical and regu-
latory innovations in forest road construc-
tion have affected sediment supply to
streams.

® Maintain permanent forest roads at a
level sufficient to avoid major washouts or
chronic erosion.

® Where possible, close as many previ-
ously constructed logging roads

as is feasible.

The routine
removal of
LWD on a
large scale
prior to 1980
had major,
long-term
negative
effects on
rearing
habitats for
salmon.
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® Monitor and evaluate on a continuing
basis the effectiveness of ODF’s Water Pro-
tection Rules (riparian rules) to determine
if riparian zone buffers are adequate for the
protection of salmon and their habitat. /t is
the opinion of the panel that these rules
may not provide sufficient loading of LWD
to the stream channel, especially in the
short term in secondary forests.

ACTIONS TO IMPROVE SALMON
HABITAT OR ENHANCE SALMON
SurvivaL Not DIRECTLY

RELATED TO FOREST PRACTICES

® Increase the amount of riparian zone res-
toration, and conduct experiments to test
the ecological effectiveness and cost ef-
fectiveness of various techniques.

® Use native species in riparian zone res-
toration. Exotic plant species can create
more problems than they solve.

® Allow occasional seasonal flooding of
floodplain areas where this does not
threaten human life or property.

® Develop water protection (riparian) rules
for streams running through agricultural
and urban areas.

® Reform water rights provisions to
prohibit the use of diversion dams that
can temporarily block salmon passage
or significantly reduce water flow.

® Give priority to supporting the per-
sistence of endangered stocks over at-
tempts to restore extinct stocks; restoration
efforts should be focused on the habitats
of threatened and endangered stocks.

® Develop watershed-based management,
either through establishment of new water-
shed-level agencies or through formal co-
ordination of existing agencies.

® Develop a set of realistic, pragmatic math-
ematical or computer models for forecast-
ing adult returns and setting harvest lev-
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els. These models should be used with ad-
equate monitoring.

® Remove marine mammals only where
they pose a local problem to a specific
threatened or endangered salmon stock.
Removal should happen only after thorough
study has established that removal is nec-
essary and is done in accordance with the
Marine Mammal Protection Act.

® Contingent on the outcome of a more
thorough study, convert some salmon
hatcheries from providing fish for sport and
commercial harvest to breeding highly-en-
dangered salmon stocks. The exception
would be on rivers selected primarily for the
production of commercial catch, if this is
found to be cost-effective.

® Conduct risk assessment as part of man-
agement planning; decisions must be made
based on the awareness that some factors
are beyond human control.

® Formulate adaptive policies that change
with fluctuations in environmental circum-
stance, advances in scientific knowledge,

. and evolution of public preferences.

® Acquaint the public with the different
policy implications of the three major
policy options discussed in the next
section of this report: managing for conser-
vation of biological diversity, managing for
sport fishing, and managing for commercial
fishing.

MEASUREMENT NEEDS RELATED

TO FOREST PRACTICES

® |nventory conditions of riparian zones for
stream reaches where salmon spawn and
rear. Where funds are limited, focus the in-
ventory on habitats of threatened and en-
dangered stocks.

® |nventory riparian zones tree species
abundances, individual tree sizes and ages,
and amounts of LWD.

® Make quantitative measurements of envi-
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ronmental conditions before and after for-
est harvesting such as: stream tempera-
ture, water chemistry and other water prop-
erties, gravel and sediment accumulations,
light levels, fish abundance, and species
diversity.
® Test the FEMAT and ODF Water Pro-
tection rules (ripanian rules) against each
other by applying each on selected
streams. Compare costs, ecological effec-
tiveness and timber production, with be-
fore and after monitoring.
® Monitor the status of woody debris by
conducting stream surveys before and af-
ter forest operations: '
- measure simple length and diameter
of material in the stream above a cer-
tain diameter and indicate placement;
- note large debris dams and estimate
their size;
- repeat at five-year intervals.
® Monitor the status of understory light lev-
els before and after forest operations:
- lay out transects along edges of
stream courses at the same time
woody debris is being measured;
- take spot measurements of pho-
tosynthetically active light along
the transect with a light meter;
- note time of day, cloud cover, and
time of year to insure measure-
ments are comparable over time.
® Monitor water temperature before and
after forest operations:
- repeat at periodic intervals.
® Monitor fish populations before and af-
ter forest operations:
- develop a reliable and statistically valid
method to monitor fish populations in
relation to the other factors that are
monitored.
® Develop a sample design that covers
variation of conditions and forest opera-
tions. It is not necessary to measure and
monitor every site. Statistically reliable in-

formation can be obtained from a small
number of monitoring sites, if designed

correctly.

MEASUREMENT NEEDS NoT
DirEcCTLY RELATED TO FOREST

PRACTICES

® Assess the present gravel supply and
stability of the landscape as a resutt of bed-
rock type and topography.
® Record location of timber cuts and silvi-
cultural treatments by geographic loca-
tion, rather than by county.
- enter these records into GIS along
with allinventory data.
® Establish a series of permanent mea-
surement plots to monitor changes in for-
est conditions, using standard statistical
sampling procedures.
- establish a series of permanent for-
est plots on which the species, height,
and diameter of trees are measured.
- add to the number of plots when new
policies are planned, to provide
baseline measurements.
¢ Update GIS maps of land cover and
land use at a minimum of five-year in-
tervals. _
- maps should include major cover
types and amounts of fragmenta-
tion. This is especially important in
watersheds where there are fish data.
® Develop methods for rapidly surveying
channel habitat conditions and application
of such data in a geographic information
system (GIS).
® Conduct research to reconstruct forest
history within watersheds and make maps
showing ages of stands, especially on the
Rogue and Umpqua Rivers where detailed
fish data are available.
- analyze fossil pollen records to recon-
struct pmsettlementvegetaton
- history.
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-analyze forest stands and historical
records to reconstruct logging history.
® Analyze the effects of agriculture, spe-
cifically water diversion from salmon habi-
tat, earthen dams that act as a barrier to
salmon passage, and agricultural runoff, on
salmon.
- record by watershed the quantity of
water removed per month for agricul-
tural irrigation and urban water use.
- record by watershed physical
changes in stream structure due to ur-
ban and agricultural practices.
- record by watershed chemical
changes in streams due to urban and
agricultural practices.
- generate a map that shows the area
of watersheds where agricuttural diver-
sion ditches are unscreened or have
damaged screens.
- update all of the above at regu-
lar intervals.
- make all of the above informa-
tion in GIS format.
® Map and maintain maps of the geo-
graphic status of salmon stocks.
® Analyze data on salmon abundance
in coastal rivers using econometric
techniques and multivariate statistical
analysis toincrease the forecasting ability
for eachriver.
® Conduct a survey of the databases avail-
able that address the fresh water inverte-
brate food base of rearing salmon.
® Continue monitoring abundance of re-
tuming adults on the Rogue and Umpqua,
including an estimate of age structure.
- expand this monitoring to either of the
following:
- long-term monitoring of additional
rivers;
- a short-term program on each ma-
jor river to determine through statis-
tical analyses if retums on one river
can be forecast from retums or wa-
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ter flow from another river with suffi-
cient accuracy for planning.
® Establish statistically-valid monitoring of
salmon abundance on rivers where peak
counts are made, eventually replacing the
peak count method. A variety of new meth-
ods are available to monitor fish. These
range from sonar devices such as those
used in Tokyo Harbor to visual counts from
low-altitude aircraft. Continue both kinds of
measurements until it is determined that:
- peak count data, in spite of violating
basic sampling procedures, provides re-
liable information;
- a relationship between the valid
method and peak counts is established,
so that one can be used to forecast
the other; or
- the peak count is shown to be in-
consistent with the valid method and
therefore rejected.
® Develop a better definition of the
minimum viable population for salmon
through new research or a synthesis
of existing information.
® Conduct historical, archeological, and
anthropological studies to estimate the
range of adult fish retumns on rivers in the
study area prior to 1950.
® Conduct a study of present and past
ocean and watershed conditions for salmon.
® Sample salmon populations in the ocean
to determine age structure.
® Conduct more complete monitoring of
bycatchin all fisheries.
® Investigate the amount of unregulated
catch of salmon on the high seas and ille-
gal catch of salmon within international
treaty waters.
® Estimate salmon noncatch mortality in
commercial fishing and include these esti-
mates when setting annual legal harvest
quotas. Efforts should be made to develop
catch methods and equipment which mini-
mize this mortality.
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® Conduct counts of fish retuming to spe-
cific rivers and caught commercially in the
ocean.

- obtain counts for wild fish by restrict-
ing ocean catch to terminal fisheries for
rivers in which the fish spawn. This is
one way to link wild populations with
ocean catch.

- continue to use coded wiretags to as- -

sess hatchery fish by river of origin.
® Conduct a short-term research
project on marine mammals to obtain
a statistically-valid sample of pinnipeds’
stomach contents to determine the
percentage of diet that is salmon and
the distribution of salmon consumption
throughout the year. '
¢(Obtain statistically-reliable estimates
of pinniped population sizes.
® Recalculate the relationships be-
tween water flow, hatchery release,
ocean troll catch, and ocean upwelling ev-
ery year based on the findings of Forecast-
ing Spring Chinook Runs (Sobel and Botkin
1994) and make these calculations part of
the method to set harvest quotas. Deviations
from past relationships may serve as awam-
ing that some other environmental factor is
beginning to change in a way that might
influence salmon returns. Recalculations
correct for a “moving” background of other
effects and willmake projections more ac-
curate.

POLICY &
OPTIONS

A common impression implied as much as
stated in discussions of salmon and their
habitats in the Pacific Northwest, is that ev-
ery stream must be treated in exactly the
same way as all others, especially if new
regulations are to be developed. In this
study, we suggest three policy options that

allow for geographic differentiation in the
use of streams and watersheds: managing
for biodiversity; managing for sportfishing;
managing for commercial harvest, or some
combination of these options.

While these three goals are sometimes
treated as if they were the same, they are
in fact quite different and can be
achieved by different methods.

A biological diversity option requires:
1) maintaining minimum viable popu-
lations of all stocks considered legally
threatened and endangered; and, 2)
maintaining (to the extent possible)
the present diversity of stocks. The
empbhasis of this goal is on geographic
distribution and genetic variability,
rather than total number of salmon.

The sport fishing option would provide
a surplus of salmon above that required
for biological diversity and place an em-
phasis on 1) production of wild fish; and 2)
production of fish on specific rivers that have
been favored in the past for recreational fish-
ing.

A commercial fishing option would provide
a surplus of salmon above that required for
biological diversity and place an emphasis
on total abundances for commercial fishing,
without particular regard to the spawning
location of the fish or whether they are wild
or produced by hatcheries.

Each of these options requires specific ac-
tions. The first, biological diversity, is a le-
gal requirement in any case. More explic-
itly, the ESA requires that “critical habitat”
for endangered species be determined and
all federal agencies avoid actions that ad-
versely impact these habitats. if most or all

55



Biodiversity

is

the implicit
criterion of

the ESA.

56

salmon stocks are determined to be threat-
ened or endangered, the requirements to
protect those species will provide the most
stringent constraints on management op-
tions. This would provide a baseline or fioor
for other management options. Either or
both of the other two options can be per-
formed in addition to the first option. The
discussion of these options in the main re-
port is lengthy; those interested are referred

directly to that report.

THE B1ODIVERSITY OPTION
Biodiversity is the implicit criterion of
the ESA. To meet this goal one has
to determine 1) the minimum number
of salmon of a given species that is
required to maintain a viable popula-
tion for a reasonable period of time,
and 2) how many of the existing
stocks or populations need to be protected.
Past attempts to reintroduce salmonin the
Pacific Northwest, where they have become
locally extinct, have generally not been suc-
cessful. If the goal is to improve salmon
stocks within a human lifetime period - on
the order of 30 years - then efforts are best
put toward aiding stocks that still exist but
are at extremely low abundances, rather
than reintroducing salmon where native
stocks are now extinct.

Actions that would aid in achieving the
Biodiversity Option include:

® Convert some hatcheries from their
present intended purposes of providing a
large number of fish for harvest to enhanc-
ing only threatened and endangered
stocks.

® Monitor ocean catch so that the stream
of origin can be determined. Restrict ocean
fishing to terminal fishing (fishing only at
the mouth of ariver).

® Restrict commercial and sport catch geo-
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graphically, so that threatened and endan-
gered stocks are not harvested. We are’
aware that attempts have been made
to do this, but with variable success.
® Give highest priority to restoration
of riparian and stream habitats of
threatened and endangered stocks.

® Monitor the geographic status of
stocks to provide a more accurate as-
sessment of which stocks are endan-
gered, threatened, and relatively abun-
dant.

® Control water flow to maintain suffi-
cient levels during periods of low flow.
Existing dams could be used to control
flow. Restricting water off-take for ag-
ricultural and urban use could increase
stream water levels.

® Extend water protection (riparian) rules
to agricultural and urban areas.

® Protect critical areas of riparian habitat
from disturbances such as gravel removal.
® [ntegrate monitoring as part of manage-
ment, so that all new actions

indude measurements of conditions before,
during and after an action.

® Develop accurate models on which to set
harvest levels in order to provide for a sus-
tainable and healthy fishery.

® Conduct further experiments on how the
emergence of new stocks might be fostered
in rehabilitated watersheds.

THE SPorT FIsHING OPTION

This option would require an excess pro-
duction of fish above that needed to meet
the ESA. The sport fishing option would pro-
vide 1) sufficient biological production to
allow reasonable sport fishing catches and
2) sufficient geographic diversity so that
sport fishing can simultaneously occur in
various coastal rivers.

Sixty-two percent of the total economic value
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from sport fishing comes from only five wa-
tersheds; the Rogue, Tillamook Bay,
Umpqua, Nestucca, and Nehalem. The
percentage increases to 84 with the addi-
tion of five more rivers: the Alsea, Elk,
Chetco, Salmon and Siletz. Adding the
Siuslaw and Coquille raises the total per-
centage to 90.

There are two possible approaches to
achieving a sport fishing goal: 1) treat
all basins equally and try to meet mul-
tiple needs simultaneously on every
river; or 2) select a subset of the riv-
ers - those now preferred by sport fisher-
man - and concentrate restoration and
other actions in their watersheds.

The first approach has a variety of legisla-
tive advantages, one being that it would not
affect the present economic value of land.
However, from an environmental and plan-
ning perspective, this approach presents
obvious limitations.

The second approach has several environ-
mental and planning advantages. One way
to achieve a sport fishing option would be
to select a set of rivers, with public input,
that would be given the status of “sport fish-
ing rivers”.

Actions that would aid in ‘achieving the

sport fishing option include:

® Restore stream and riparian habits on
sportfishing rivers.

@ Control water flow to maintain sufficient
levels during periods of low flow (especially
in summer and fall, through November).

® Establish a form of water protection (ri-
parian) rules for agricultural and urban ar-
eas on sport fishing rivers.

® Use water flow in previous years as a
factor in forecasting retum of adult fish.

® nvestigate the relationship between other
environmental factors and

the variation in water flow to improve the
forecasting of future adult returns.

® Adjust for the changes in land value
that would occur when some rivers are
categorized for sport fishing and some
are not by making use of transfer de-
velopment rights.

® Conduct economic analyses for the wa-
tersheds that provide the majority of eco-
nomic value of recreational sport fishing,
the economic value for agricutture, forestry,
gravel mining, forms of recreation other
than fishing, urban uses, etc.

THE COMMERCIAL FISHING

OrTION

Like the sport fishing option, this op-
tion requires an excess production of
fish above that needed to meet the
ESA. The commercial fishing option
could be implemented in- conjunction
with the sport fishing option.

Actions that would aid in achieving the
commercial fishing option include:

® Acquaint the public with the possibility
that fish for commercial catch might be
produced via maricutture (essentially the
farming of salmon).

® Evaluate and implement methods of

mariculture best suited for selected
areas in Oregon.

® | ocate and conduct mariculture in ways
that would not interfere with any stocks
now listed or likely to be listed as
threatened or endangered.

® Assess the extent to which present
commercial fishing is subsidized by ex-
isting practices such as hatcheries and
stream restoration, and estimate the
comparative cost of mariculture. Then
determine whether-the state would

Sixty-two
percent of the
total eco-
nomic value
from sport
fishing comes
from only
five water-
sheds; the
Rogue,
Tillamook
Bay,
Umpqua,
Nestucca,

and
Nehalem.
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prefer to continue to provide these subsi-
dizes without compensation from commer-
cial fisherman, or if some kind of charge
would be passed on to the commercial fish-
erman who catch the fish produced. '

SUMMARY

We began this report by describing a set
of common beliefs about salmon and their
habitats. Now we can retum to these be-

liefs and ask: Which of these beliefs are
unfounded and which have a basis in cur-
rent scientific knowledge?

The first set of beliefs we described was
about conditions prior to European settle-
ment: there was a superabundance of
salmon; the forests of westem Oregon and
northem California were essentially com-
posed of large, ancient trees; and this ex-
tensive old-growth was essential to the
abundance of salmon. We know from an-
ecdotal accounts and catch records for the
Columbia River and from the commercial
ocean fishery since the 1870s that salmon
were more abundant in the last part of the
19th century and the early part of the 20th
century than they are now. No such infor-
mation exists for the study area, noris there
any present attempt to obtain it. From the
available scientific information, no consis-
tent trends in fish abundance are appar-
ent. However, there has been a large de-
crease in the geographic distribution of
salmon, with summer steelhead extinct
from 44 percent of its historic range in the
study area to coho extinct from 4 percent
of its historic range in the study area. In
addition, from historic maps, we have
leamed that in 1850 the forests of westem
Oregon were not continuous old-growth
and that approximately 60 percent of the
trees were less than 200 years old. Al-
though salmon may not have required con-
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tinuous old-growth, recent work has dem-
onstrated the importance of mature forests
to salmon, especially in the riparian zone.
Another belief - that the forests and salmon
were at a steady state prior to European
settlement - is false. We now know that these
natural systems are in a constant state of
change and that some of these changes,
such as occasional episodes of riparian suc-
cession, are important to salmon.

We have found that some human actions
commonly believed to account for the de-
cline in salmon, overfishing and habitat de-
struction in forest areas, are accurate. Inad-
dition, habitat destruction from agricultural
and urban influences are major contributors
to a decline in salmon. Some other factors
which have not received much attention but
we believe, based on limited information,
may be important contributors to a decline
in salmon are: hatchery fish interference,
gravel harvest, imgation, legal bycatch and
noncatch mortality, unfavorable ocean con-
ditions, and illegal salmon catch. Contrary
to the beliefs of some, marine mammals and
birds are at most minor factorsin the salmon

debate.

This project took a broad regional approach,
considering ecosystems on which salmon
depend. There is a growing demand in our
society for this kind of approach, moving
away from the former goals of resource man-
agement, which was to maximize the pro-
duction of a single product. This broad per-
spective is demanding, especially of new
kinds of data. However, this perspective also
led to new insights which we believe can
be helpful to the people of Oregon.

Salmon are an integral part of the human
and natural environments of westem Oregon
and northem Califomnia. In a very real way,
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the salmon of westemn Oregon and north-
em Califoria are integrators of the array of
environmental and social-cultural condi-
tions and factors that define the life, indeed,
the welfare of the state. In their migrations
salmon encounter a variety of land and
stream ecosystems, from sea level to
mountain top, as well as all degrees of
human-caused change of the land,
from the most primitive wilderness
areas to the most modified urban, in-
dustrial and agricultural areas. Salmon
travel across all types of land use and
economic endeavors; across virtually
all jurisdictions and ownerships, includ-
ing federal and state government au-
thorities, Native American land, indus-
trial and private land; and among all

climatic conditions. In addition, they

encounter coastal and open-ocean
marine environments, where there are
legal (regulated) harvests within treaty
areas, unregulated commercial har-
vests outside of these areas, and
bycatch in both. The ocean environ-
ment also experiences variations in up-
welling and is directly affected by global at-

mospheric and oceanic circulations.

While salmon and their habitats are inte-
gral parts of complex ecological systems,
they are also components of complex so-
ciological, political, and economic sys-
tems. Any consideration of the manage-
ment of the fish and their habitats
must be undertaken within socio-po-
litical and socioeconomic contexts.
These contexts involve the public’s ex-
pectations of the fish and related re-
sources, their motivations for seeking
to manage the fish as a resource, and
the political, economic and institutional
responses to those motivations. These
motivations include market forces,
treaties or agreements with nations and

tribes, federal, state and municipal legisla-
tion, and the administrative practice of gov-
emment agencies. It is within this broad and
at times seemingly baffiing context that our
study has taken place. It is hoped that this
report contributes to a clearer understand-
ing of salmon and their habitat and to what
is needed now and in the future if we are to
see these wild and unique fish continue to
survive and hopefully thrive in North Amer

can ecosystems.
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