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PREFACE

The Center for the Study of the Environment (CSE) was established
in 1992 as a private, non-profit organi zation to conduct research
directed toward finding constructive solutions to environnenta
probl enms. The Center seeks to provide an objective basis from which
research and education can be used to determ ne environnental
policy options and facilitate sound environnental decision-nmaking.

This CSE report is the first in a series of reports published as
part of a study of the anadronmous fish of western Oregon and
northern California conducted by the Center in accordance with a
contract from Oregon State University. In 1991, the Oregon
Legi slature charged the Oregon Board of Forestry to conmm ssion a
study to "assign the relative inportance of forest practices" to
t he decline in anadronmous fish and to "make recommendations as to
how forest practices can assist in recovery of anadronous fish
popul ations."” CSE i s conducting the study through funds provi ded by
Oregon Senate Bill 1125 Section 25 (1991); additional funds have
been nade available from the State of California Departnment of
Forestry and Fire Protection (CDFFP).

The goals of the study are to conduct an objective, non-

i deol ogi cal anal ysis of existing information and provide a

synt hesis of policy options for constructive solutions to the
decline of the fisheries. The inplications each policy option
coul d have on environnental conditions and ecol ogi cal processes
will be explored. CSE will al so suggest ways that nmanagenent can
be inmproved by inproving its connection with scientific research.
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This report, Status and Future of Anadronmous Fish of Wstern
Oregon and Northern California: Rationale for a New Approach
(Report No. 931001), was witten to provide an overvi ew of the
approaches, rationale, and underlying assunptions of the |arger
study. Status and Future of Anadronous Fish of Western Oregon and
Northern California: Related Studies (Report No. 931002)
describes 25 studies directly or indirectly related to the issues
of anadromous fish and their habitats in the Pacific Northwest.
Status and Future of Anadronous Fish of Western Oregon and
Northern California: Available Data on Fish Popul ati ons (Report
No. 931003) provides a listing of 183 data sets avail able on
anadronous fish popul ations and forest practices. Additional
reports, including a final report, incorporating all interin
findings as well as conclusionary material and options, wll be
witten in 1994 and submtted to the Oregon Legislature and the
CDFFP in January 1995.

This report does not contain recomendations or concl usions, nor
provi de a set of policy options. Such recommendati ons and policy
options are the purpose of the final report. W invite readers of
this report to contact CSE with their comments, suggestions, and
informati on regardi ng additi onal data. For this purpose, reply
forms are available from CSE and can be obtained fromthe Santa
Barbara office: CSE, 301 E. Carrillo Street, Santa Barbara, CA
93101.
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THE STUDY
CSE has been comm ssioned through this study to conduct a
scientific inquiry into the relative effects of forest practices
on anadromous fish runs in western Oregon and northern
California. Specifically, the Center will:
o jidentify the | eading causes, both on-shore and off-shore,
for declines in anadronmous fish populations, if that is
found to be the case;
o assign the relative inportance of forest practices to
t hese decli nes;
o identify the relative inportance of various habitat
characteristics in streans in limting anadronous fish
producti on;
o determ ne how forest practices have affected fish
producti on;
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o determ ne how forest practices have affected these habitat
characteristics and anadronous fish popul ati ons before and
since 1972;

o jdentify the extent to which forest practices are limting
the recovery of depressed anadronous fish popul ations; and

o make recommendati ons as to how forest practices can assi st
in recovery of anadronous fish popul ati ons.

Structure of the Study

This study is conposed of the follow ng el enents:
(1) a "Blue-R bbon Panel™" of independent experts (see
bel ow) that oversees the entire process and is
responsi ble for the final report and recommendati ons;
(2) a project director, Dr. Daniel B. Botkin, who is
responsi bl e for conducting the project;
(3) the staff of CSE, including a full-tinme research
assistant, which gathers, conpiles, and assists in the
anal ysis of the data; and
(4) subcontracts awarded to individuals and
organi zations to conduct specific tasks essential to
the project beyond the scope of the panel, director,
and CSE staff.

Subcontracts are made primarily to acconplish the foll ow ng:
(a) seek out, nmake avail able, and integrate unpublished data
in reports that are not w dely accessi bl e;
(b) integrate and synthesize these data with published dat a;
(c) conduct new kinds of anal yses on existing data; and
(d) infrequently, obtain new data and conduct new research
on specific, applied topics essential to the study.

Anadr onous Fi sh Popul ati ons and Forest Practices of Oregon and
Northern California: Rationales and Perspectives:



The CSE Panel of Experts

The CSE Bl ue Ri bbon Panel consists of scientists who have
established national and international reputations, but have not
been involved directly in the environnmental controversies
concerni ng anadronmous fisheries and forest practices in the

Paci fic Northwest. These scientists represent a range of
disciplines inportant to the broad concerns of the study. The
panel oversees the study, which nmeans that it will determ ne the
set of policy options and author and accept responsbility for the
content of the final report. In this task, the panel does not
seek to establish policy, which is a matter for the | egislature
and citizens of Oregon, but to provide the basis from which

sol utions can be found and policies adopted. The approach taken
here enphasi zes the cooperative effort of all interested parties
in formulating constructive sol utions.

Dr. Daniedl B. Botkin 1S an ecologist who has worked on forest
ecosystens and on | arge-scal e assessnent of forest conditions,
as well as on assessnents of endangered species. He is the
Director of the Program on dobal Change, George Mason
University, and President of CSE

Dr. Kenneth Cummns, whose field is streamr and river
ecosystens and fresh water fish popul ations, is Professor of
Biology and Director, Pymatuning Laboratory of Ecol ogy,
Uni versity of Pittsburgh.

Dr. Thomas Dunne, whose field is effects of | and-use practices
on the shape and form of streams, is a Professor in the
Depart ment of Geol ogi cal Sciences, University of Washington,
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Seattl e.

Dr. Henry Regier, whose fieldis the Geat Lakes as ecosystens
and is experienced in the processes of international
agreenents for the conservati on and managenent of these | akes,
is Professor at the Institute for Environnental Studies,
Uni versity of Toronto, Canada.

Dr. Matthew Sobel, who is an applied mat hematici an who wor ks
on stochastic processes and ri sk analysis, is Dean of Harri man
School of Managenent and Policy, State University of New York,
St ony Br ook.

Dr. Lee M Tal bot, whose field is biological conservation and
who is a leader in international conservation, is a forner
director of the International Union for the Conservation of
Nat ure, and currently Seni or Ecol ogi st, Environnent Division,
Africa Region, The Wrld Bank, Washington, D.C.

Study Area and its Divisions

The study area includes western Oregon south of the Col unbia River
and west of the Cascades, continuing south to include the Kl amath
and Trinity watersheds in California (Figure 1). It includes four
geographic regions: (1) from the Colunbia (but excluding that
river) south to (but not including) the Urmpqua River; (2) from the
Unpqua south to (but not including) the Rogue River; (3) fromthe
Rogue south to the Klamath River in California; and (4) the
Wl lanmette watershed (from the crest of the Cascades west to the
WIllanmette River and the western limts of its watershed).
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From a | andscape perspective, a unit of this study is the watershed
of a mgjor river. Amjor river is defined as one within the study
area that flows into the ocean, and the WIllanette, which flows
into the Colunbia. Because mgratory sal non spend a part of their
lives in the ocean, and habitat conditions in both streans and the
ocean strongly affect the sustainability of sal non stocks, what can
be done in streans to foster salnon is related to what can be done
to protect salnon in the ocean. Thus the study area extends to the
rel evant coastal and oceanic waters. From a popul ati on dynam cs
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 popul ation within a species
that spawns in a specified, geographic region, the size and
configuration of that region varying wth | andforns and the history
of the popul ation.

Assunptions of the Study
CSE, the panel, and those involved in this study assune the
foll owi ng tenets:
o Rational solutions are possible for conplex environnental
problens. By a rational solution we do not nmean a conpl ete,
definitive solution. W nean nore sinply a solution that is
based on the best available data, and is the result of
anal yses of those data and of deductions drawn fromthose
anal yses.
o Rational solutions based on the best available scientific
information are preferred to solutions based |largely on
enotion or ideol ogy.
olt is possible to take constructive actions even though
i nformati on may be inconplete.
o Research and managenent are integral parts of the sane
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processes and shoul d proceed continually and concurrently.
o A conpletely definitive answer based on all the data
desired or needed is seldom possible. Wth conpl ex issues
such as those concerni ng anadronous fish of western O egon
and northern California, the best that usually can be done
is to accept what has becone known as "wei ght - of - evi dence"
approach. One arrives at a decision frominsights based on
experience and know edge, and from deducti ons —both arising
from anal ysis of avail able data, however inconplete. This
is, in fact, what we nean above when we di scuss rational
sol uti ons.

Valid scientific information is defined as information that has
been gat hered according to a valid sanpling protocol, for which
an estimate of error exists, and which is open to objective tests
of falsification. Sinply stated, we have | ooked for information
that has a sound scientific basis and can be tested as valid or
invalid. In the work conducted to date, a major constraint has
been the gray literature and non-peer-revi ewed nature of the
literature containing nost of the relevant information. The ternm
"gray literature" refers to reports that are not published in
standard scientific journals or professional books, but are found
in files or as occasional reports from governnent agencies and
non- gover nment al organi zations. Typically, gray literature is
difficult to obtain, and is rarely subject to review by
scientific peers. Wien nost of the information exists as gray
literature, and when there are major gaps in data, standard
scientific analysis is often not possible. In such cases, one
must use the wei ght of evidence approach nentioned earlier. The
wei ght of evi dence approach nust go beyond the usual scientific
met hod. Conventional rigorous science is necessary, but not
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sufficient for such conpl ex issues.

Stages in the Study

The study consists of three phases: an initial phase during which
CSE staff and the panel exam ned what is known and the scientific
quality and reliability of the existing information about
anadromous fish and their habitats. In this phase, CSE attenpted
to separate scientific belief fromvalid scientific information
as defined above.

The first phase indicated areas for which new anal yses,
synthesis, and in some cases new data were required. In the
second phase, sone of these areas are pursued, in part by CSE

staff and the panel, in part through subcontracts to individuals
and organi zations with appropriate expertise. In the third phase,
the panel will take the results of phases | and Il and wite a

final report, providing the panel's understanding of the
situation and its recommendations for a set of policy options.

| NTRODUCTI ON

This paper has been witten to give a concise overview of the
assunptions, rational e and perspectives underlying the new approach
taken in CSE s study of anadronous fish populations and forest
practices in western Oregon and northern California.

(TABLE 1: Major Rivers of the Study and Their Characteristics)
Why Anot her Study?
In CSE's Status and Future of Anadronous Fish of Western O egon

and Northern California: Related Studies (report no. 931002) we
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provide a brief description of 25 studies related to anadronous
fish populations and their habitats in the Pacific Northwest. An
obvi ous question the reader m ght ask is: Wy another study? The
short answer is: Mjor changes are taking place in the perception
of environnental issues, in our abilities to deal wth these

i ssues, and in the context within which these issues are viewed.
New ti nes, new probl ens, and new perspectives call for new
approaches to environnental issues. Underlying the CSE study of

t he anadronous fish of western Oregon and northern California is
an attenpt to seek a new approach. This paper explains this new
appr oach.

Changes in the Responsibilities of Governnment Agencies

Anmong t he changes taking place in environnmental problemsolving
is an altered perception of the m ssion and responsibility of
government agencies. Those in state agencies in charge of natural
resources such as the Oregon Departnment of Forestry (ODF), the
Oregon Departnent of Fish and Wldlife (ODFW, the California
Department of Forestry and Fire Protection (CDFFP), and the
California Departnment of Fish and Gane (CDFG are undergoing
maj or transitions.

There are approximately 25 different agencies that have
jurisdiction over the fresh water habitats and associ at ed
terrestrial ecosystens. Each governnment agency has its unique
set of jurisdictions and a different, specific set of actions
available to it. Previously, these agencies were primarily in
charge of providing an abundance of a single harvestable
resource, such as tinber or fish; now a primary responsibility of
each is to assist in sustaining entire ecosystens. They find

t henmsel ves under pressure to conserve the | andscape for nany uses
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and to accommodate the desires of a magjority of people in our
soci ety who are changing their evaluation of environnental
resources. This change in the perceived goal requires a very

di fferent approach to managenent, and it is one of the strong
factors underlying the need for the study reported on in this
docunent. In addition, the processes of arriving at agreenents
about how to deal with environnental issues are undergoing a
change. There is a novenent away from a heavy reliance on | egal
confrontation to participating in conflict resolution or even co-
managenent (See Table 2: New Transdisciplinary Inquiry). There
are al so maj or changes in scientific understandi ng of ecol ogi cal
systens, as discussed in the next section.

Changes in Environnental Science

Nat ural ecol ogi cal systens are conplex, and the sciences that
deal with these systens are new. Al though rapid advances have
been made in environnental sciences during the past several
decades, often little pertinent historical data has been
collected at the appropriate tinme and space scales, resulting in
little understanding of the processes that determ ne changes in
t hese systens over tine.

Envi ronnment has al ways been inportant to people, and there is a
set of deeply held cultural attitudes about nature. One of the
nost tenaci ous of these nyths is the belief in the classic

"bal ance of nature" —the belief that nature is constant in form
and structure and woul d persist forever in a single condition as
|l ong as people did not interfere. According to this nyth, the
popul ati ons of anadronpous fish of western Oregon and northern
California would have nmai ntai ned a constant abundance prior to
human i ntervention, regardl ess of changes in climate, ocean water
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masses and currents, or the abundances of predators, diseases,
and conpetitors. According to an extrenely unrealistic version of
this myth, the forests of the Northwest woul d have existed as a
honmogenous, continuous old-growh entity fromthe oceans to the
Cascades.

Sonetinmes, nere anecdotes and anal ogies are accepted as if they
were scientific explanations. For exanple, sone experts on whal es
have expl ai ned soci al behavi or of sperm whal es on the assunption
that the organi zation of a group of whal es nust be the sane as
the organi zation of a herd of antelopes in Africa. Unfortunately,
such sinple analogies are not likely to be true, and therefore
are a poor basis for policy.

Modern scientific information tells us that all ecol ogi cal
systens, including these forests and fish popul ations, are
dynam ¢ and undergo radi cal changes over tine. Popul ations of
fish change in abundance over tinme. Natural forests are subjected
to fires, storns, and other |onger termsources of variation and
changes in state, such as volcanic activities and climatic
changes. Such processes that |ead to conparatively rapid changes
in the state of ecol ogical systens are comonly referred to as
"di sturbances. "

Experi ence has shown that nmanagenent policies derived fromthe
"mythical" beliefs previously discussed typically lead to
failures, rather than successes.! 2 Gven this situation, it is
essential that we approach conpl ex environnmental issues by
determining the extent and limtations of existing information
and by devel opi ng a thorough understandi ng of ecol ogi cal
processes. W nust then seek to establish nethods for assessing
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policy options and nmaki ng practical decisions with the
insufficient information that is available and with events that
vary over tinmne.

Implicit in the approach we are taking is a new paradi gmthat
centers on an understanding that old growh forests al ways

consi sted of young, internediate, as well as ol d-growth stages;
that there is not a single "natural" condition, but a variety of
conditions that could be considered natural; and that fisheries
nmust be managed with the understandi ng that these popul ati ons
wll vary in predictable ways over scales of space and tine with
or without human intervention.

The idea of rapid changes in the state of an ecol ogical systen

w || appear repeatedly in this docunent. It is therefore
worthwhile to make the follow ng point. The term "di sturbance" is
used in ecology to refer to two kinds of events: those that are
vari ations characteristic of the system such as fire and fl oods
in forests of the Pacific Northwest, and novel alterations, such
as the introduction by people of a new chem cal pesticide. The
first is "natural” in the sense that this kind of change has
occurred throughout the history of the system and speci es have
evol ved and adapted to such changes. Alterations such as fires
and floods are therefore not disturbances in the sense that they
are unusual . Wet her such processes have desirabl e or undesirable
effects on the system depends on frequency, intensity, and size
of the events.

There have al ways been changes and variations in ecol ogi cal
systens, such as fires and floods, but the spatial arrangenent
and tinme course of these events is on scales that are quite
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different in the |last several 100 years as opposed to the | ast
several 1,000 years. Since the end of the l|ast glaciation,
forests in the Pacific Northwest devel oped so that ol d-growth
stages dom nated nmuch of the land, interspersed with |ess
abundant patches of early and m d-successional stands. In several
hundred years this has been reversed. W have created a | andscape
in which the dom nant pattern is early and m d-successi onal
stages interspersed with nuch | ess abundant patches of old
grow h. The basic el enents of the system have not changed but the
spatial pattern and rates of change are unprecedented in the

10, 000 years since the gl aciers.

Changes in Societal Attitudes

In recent years there has been a major shift in the perception of
envi ronnental issues by our society. A 1990 national survey by

t he Environnmental Opinion Study, Inc. of Washington, D. C.
suggests that 82 percent of voters place the environnent anong
the top three or four national issues. If required, 72 percent
woul d sacrifice economc growh for environmental quality, but 82
percent believe that creating a cleaner and greener environment

w Il increase jobs and incone |evels. Today, nost el ected
officials profess to be "environnentalists.” This is a far cry
fromthe 1960s. The 1960s was a decade of environnental
confrontation. In this decade new environnental |egislation began
to enmerge, such as the Water Pollution Control Act of 1962.
Confrontation established public awareness and was perhaps
necessary; much that was of benefit to the environnent began in
this decade, setting the stage for the 1970s.

The 1970s was the decade of national environnmental |aw. W began
to control pollution and pronote conservation through | andmark
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| egi slation. At the 1972 St ockhom Conference on the Human
Environnment, the global extent of human influences on the

envi ronment was recogni zed. In the 1980s, awareness of the

gl obal extent of our environnental problens becane w despread.
Hopefully, the 1990s wll mark the beginning of a new era in

whi ch environnentalismrises fromenotionalismand matures into
rational problemsolving. Because of new advances in sciences and
changes in our perception of problens, this decade could be the
time when we begin to understand the role of citizens,
politicians, and experts in solving environnmental problenms. (See
Tabl e 2).

SCI ENCE, VALUES, M NDSETS, UNDERSTANDI NG AND | NTERVENTI ON

The di scussion earlier in this report suggests that "solving

envi ronnental issues" neans participating in a process that is
continually refined as information and understandi ng i nproves,
but where, at any tinme, we may arrive at decisions using the best
information avail able. It does not nean obtaining final,
definitive answers. |If we accept the idea of a "solution" as part
of an ongoi ng process, the question is not so much can we find a
way to deal with environnental problens froma technical and
scientific point of view Rather, it is whether we have the
political and personal will, within the context descri bed
earlier.

In the end the course we take in environnental problemsolving
may determ ne whether we can resolve environnental problens
within a denocratic form of governnent. Mst people want both
conti nued use of environnmental resources and an environnment of
hi gh quality. These dual desires require that we find a way to
achi eve sustainability of forest products while al so maintaining
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sust ai nabl e forest ecosystens, sustainable fish products while
mai nt ai ni ng sustai nable fisheries; and, needl ess to say,
sustai nable wildlife popul ati ons.

A Need for Scientific Information

To achi eve these objectives we need soundl y-based scientific
information, scientifically-based concepts about the environnent,
and col | aborative problemsolving. The goals that are possible
depend on the inherent characteristics of ecol ogical systens and
human societies. W base our choice of these goals on societal
val ues. How we achi eve these goals depends in part on people's
under st andi ng and net hods —in other words, on the interface

bet ween scientific practice and environnmental managenent.

One of the problens that we face when addressi ng environnental
issues is a significant lack of basic information —information
about the current state of the environnment, about how the

envi ronment has changed in the past, and about what the
environnent was |ike before | arge-scal e and accel erated human
intervention and the inpacts of nodern technol ogi cal
civilization. Such information is necessary if we are to nmake
realistic projections about how the environnent will change in
the future.

In our rush to address pressing environnental problens, there is
a danger that we will seek to establish policies wthout seeking
the information and scientific understandi ng necessary for w se
policy-making. As a society, we have not yet determ ned how
scientific information and knowl edge will contribute to the
process of establishing environnental policy. In the past two
decades Anmericans have relied heavily on the courts to do this.
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They have been di sappoi nted and are seeking alternative or

conpl enentary neans that are not yet well worked out. At one
extrenme, sone believe that know edge and scientific understanding
should play no role and that the issues are entirely aesthetic
and noral. At the other extrene are those who believe that
science can and wll provide a final, definitive answer

i ndependent of human val ues, and that we nust wait until that
answer is obtained before changing policy or taking action. W
believe that neither of these points of view is appropriate.

The limtations of these extreme points of view is perhaps
clarified by a nedical anal ogy. Suppose you break your |eg today
in a conplex manner while skiing. Your doctor does not say, "I
won't fix your |eg now, because | know that in a few years

medi cal research wll find a nuch better way to repair it."

Rat her, he uses the best available techniques to do the best job
he can. On the other hand, because he can repair your broken |eg
does not nean that all nedical research on bone injury should
stop. In medicine, practice and research are understood to
continue sinultaneously and to contribute to each other's
progress. So it should be with environnental issues. A prudent
person woul d act now, using the best available infornmation, but
woul d also be willing to nodify his policies and actions as new
i nformati on becones avail able. He woul d support the continuation
of research and nonitoring with the hope that this will provide
better understanding and better information in the future.

Applied scientific research and public policy-making are both
soci al processes, both are |inked, and both nmust be part of the
approaches and solutions to environnental problens. The rol e of
the scientist is to advise: 1) what options are available to
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achieve a goal; 2) the inplications of each option for the human
popul ation; and 3) the inplications of each option for the
environnent (effects, benefits, changes in states of ecol ogical
systens, and so forth).

VWhat lies before us is the difficult task of honestly confronting
the neans to address environnental issues. W can no | onger take
the easy path of confrontation, in which we satisfy oursel ves

wi th our own self-righteousness and with which we can win
environnental skirm shes. In followng such a path we will |ose
the ability to sustain our natural resources. Wiy? Because these
i ssues are too conplicated to be solved in a yes or no way.

In Oregon and California, the situation has reached a cruci al
apex over issues of logging old-growth forests, conservation of
endanger ed speci es, maintenance of the anadronous fish, and
sust ai nabl e, econom cal l y-viable industries centered on forestry,
fishery, tourismand energy-intensive manufacturing. The danger
is that the old traps —of confrontation, enotionalism
sinplistic scientific assunptions, and abandonnment of the search
for scientific know edge —tendencies that occur on all sides of
issues —may lead to a situation in which the lines are so
strongly drawn that no solution is possible. If we accept this
situation, we are in danger of losing both the viable forest and
fishery industries as well as our biological resources.

A Rational Approach to Environnmental |ssues

Earlier it was suggested that a certain kind of "rational"
approach to environnental issues was possible. It is worth
repeating that by a rational approach we do not nmean a conpl ete,
definitive answer that applies to all places and all tines.
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| nstead, we intend a nmuch nore restricted neaning: that it is
possible to work out a reasonable way to deal with an
environnmental issue by careful exam nation of avail able data,
froml ogi cal deductions gained fromanalysis of those data, and
by insights gained fromboth the data and anal yses. Several steps
are involved in a rational approach to environnental issues:

(1) setting up a programfor |ong-term baseline neasurenents

and nonitoring of key ecol ogical and resource factors;

(2) achieving an understandi ng of ecol ogi cal systens by noving

beyond nyths to hard facts and observati ons;

(3) understanding the various societal roles of scientists,

government adm nistrators, elected officials, and citizens;

(4) determ ning which variables are the source of disagreenent

and how t hese variables m ght be better neasured so that we

can focus on facts; and

(5) determ ning how the variables that depend on personal

val ues can be put on the table, clearly defined, and

alternative nethods considered —in other words, engaging in

cooperative probl em sol ving.

In this process we nust set down goals and assenble the facts in
a straightforward manner so that we know their inplications,
understand the policy options, and then, through our denocratic
processes, choose which option to follow

In the approach described earlier and in the approach used in
this study, the scientific method is a necessary basis for
addressi ng i ssues concerni ng the managenent of the forests of
western Oregon and northern California, including the fornmulation
of regulations for these forests. The scientific nethod includes
both sufficient information —facts, data, statistics —and
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soundl y-based scientific concepts. These concepts shoul d have
their base in scientific findings, not informal beliefs about the
envi ronment. However, to say that we need good scientific

i nformati on does not nean that social processes, including

pol i cy-maki ng, must stop until science achieves sone perfect,
final answer. Scientific study is a process, as is policy

formul ation. Both nmust proceed at the same tine. Policy
formul ati on can proceed using the best, currently-avail able
scientific information, while the pursuit of additional
scientific information can lead to inprovenents in policy in the
future. The process is one of successively inproving

approxi mations, which is sonetines referred to as "adaptive
managenent . "

Al t hough the process of devel opi ng an adequate scientific basis
i's necessary to the formulation of policy, these are separate
activities and should not be confused. The role of scientists, as
scientists (in contrast to their role as a part of the citizenry)
is to explain what policy options are possible, to delineate the
consequences of these options and the scientific/technical neans
avai |l abl e to achieve each option, and to explain the tradeoffs
bet ween the consequences. Wien this information becones

avail able, citizens and governnent can then fornul ate better
goal s, policies, regulations, and practices.

Pl aci ng a Val ue on the Environnent

The intensity of debates and conflicts in recent years over
various wld |living resources, such as forests, fish, birds, and
endangered species is indicative of major changes taking place in
the way that people value the environnent, and in the way that
valuation is made. It is useful to consider these changes as part
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of understandi ng the present study and the concepts that notivate
this study.

Those who wite about ethics and the environnent generally group
the reasons that people value the environnent into four
categories, referred to as: utilitarian, aesthetic, ethical
(sonetines referred to as "noral"); and ecol ogi cal .

The utilitarian justification is that an object or an aspect of
the environnent has a direct benefit to people. As an exanpl e,
many pharmaceuticals are derived fromplants. An argunent for the
conservation of endangered species is the need to search for nore
of these chem cals. The recent discovery that a chemcal fromthe
Pacific Yew tree provides a new treatnment for sone forns of
cancer is an exanple of a utilitarian justification for the
conservation of nature.

The aesthetic (and cultural) justification is that the
environment is inportant to people for the quality of life,
provi di ng sone of the nost beautiful and appealing aspects of our
exi stence. Throughout human hi story, people have enphasi zed the

i nportance of the diversity of life. Since ancient tines, people
have believed that the diversity of life is related to the

pur pose and neani ng of human exi stence. Thousands of years of art
and literature, fromancient epics to nodern novels, filns, and
television, testify to the fundanental aesthetic inportance of
nature and its diversity in human exi stence. The growt h of
ecotourism wth large suns spent by tourists to see and | earn
about areas of special ecological value, fromtropical rain
forests and coral reefs to the Arctic tundra, underscores
econom c inplications of aesthetic and cul tural val ues.
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Aesthetic justifications are used frequently in regard to the
natural resources of the Northwest. As an exanple, sonme
soci ol ogi cal studies indicate that people choose to retire to
towns on the Oregon coast because they enjoy seeing the fishing
boats and fishing activities, even if they are not directly

i nvol ved in fishing.?

The ethical justification refers to the belief, as stated in the
U N GCeneral Assenbly Wrld Charter for Nature 1982, that
speci es have, froma human perspective, a noral right to exist —
perhaps nore accurately stated, that it is a human noral precept
t hat non- human species have a right to exist and it is our noral
obligation to assist in their persistence. Consequently, the
argunment follows that, in our role as global stewards, it is a
human obligation to assist in the continued existence of species
and to conserve natural ecosystens. Such ethical reasons have
been used in discussions regarding the natural resources of the
Nor t hwest .

An ecological justification neans that organi sns are necessary to
mai ntain the functions of ecosystens and the bi osphere and are
therefore of direct or indirect benefit to us, in other words,
necessary for our survival. As we |earn nore about the biosphere,
we begin to understand how species affect one another around the
wor | d. For exanple, bacteria carry out chem cal reactions that

af fect the chem cal nmakeup of the atnosphere. Sone bacteria
convert nol ecular nitrogen in the atnosphere to nitrogen
conpounds that can be used by other living things. WId
vertebrates, invertebrates, and m cro-organi sns play major roles
in the pollination of wild and crop plants and in the germ nation
and di spersal of seeds. And they affect rates of nutrient cycling

Anadr onous Fi sh Popul ati ons and Forest Practices of Oregon and
Northern California: Rationales and Perspectives:



24

within ecosystens.*

Forests and fisheries exenplify all four kinds of environnental
val ues.®> For exanple, forests have utilitarian value, producing
ti mber products. Forests al so have ecol ogi cal val ue, retarding
soil erosion, especially in areas of high rainfall, high rates of
tectonic uplift, and soft bedrock.® Forests stabilize water
supply and runoff. The aesthetic val ue of conserving ol d-growh
forests in the Northwest is famliar to many, as exenplified by
t he many books that provide guides to hiking in old-growth and
tourist guides to the Colunbia R ver Gorge and areas in western
Oregon that make frequent nention of the beautiful forests. An
et hical value would be the assertion that species of anadronous
fish have a right to exist and it is our obligation to help in
their survival, or at least not threaten it.

M ndsets, Value Orientation and Infornmation Services

G ven these four general categories for placing a value on
aspects of the environnment, there are, broadly speaking, four
human perspectives with respect to nature. Bryan Norton, a

phi | osopher of environnmental ethics, has referred to these as:
exploitist; utilist; inherentist; and integrist.’” Each of the
four enjoys sonme |legitimacy, but the political process is
changing the ranking of their relative inportance. Each of the
four is served by appropriate scientific information; there are
di fferences anong the four as to what kind of science and
information is particularly relevant. The four m ndsets/val ue
orientations are described bel ow.

1. Exploitist: This viewpoint states that objects, such as
renewabl e resources and features of the natural environnent, have
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no value in thensel ves. bjects becone valuable if they are
needed and in short supply or if humans add val ue to them by
craftsmanshi p, manufacturing, etc. Useless objects are seen as
val uel ess, and what happens to themis inconsequential.

2. Uilist: Fromthis value orientation nbost objects are seen to
have beneficial and/or harnful attributes fromthe perspective of
a particular human interest. Wiat is harnful to a particular
interest may be beneficial to another. Attributes of nature are
vi ewed as though they should be managed primarily to the
advantage of legitinmate human interests.

3. Inherentist: This m ndset states that at |east sone parts of
nonhuman nature have intrinsic or inherent value of the sane
general type we ascribe to humans. Ethical codes appropriate for
i nt erhuman conduct are viewed as though they shoul d be extended
to inter-relationshi ps between humans and the identified parts of
nonhuman nat ure.

4. Integrist: This viewpoint states that humans are part of
nature, though strongly different in some ways fromother parts
of nature. In practical inportance, the differences do not
override the simlarities and conmonalities. It is normal that
two parts of an integrated system e.g., the natural and
cultural, do not act continuously in pure harnony but often, and
soneti mes unexpectedly, interact in discordant ways. Such tension
is typical of living systens. However, sone fornms of tension are
undesi rabl e or inperm ssible. Distinguishing between creative
sustai nabl e tension and destructive tension is and will remain a
continuing chall enge when operating fromthis perspective.
Because the system (i.e., ecosystem) is open and evolving, the
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sci ence shoul d enphasi ze | earni ng, adaptation, and creative
i nnovat i on.

Scientific information services have been devel oped reasonably
well for the benefit of interest groups related to the first
three of these m ndset/value orientations: the

expl orer/ devel opers (exploitist); the multiple-use
conservationist (utilist); and the parks and species
preservationists (inherentist). A commtnent to sustainable
devel opment —wi th equal enphasis on cultural (i.e., econom c and
social) and natural features of a system —is creating a need for
science in support of the fourth type of value orientation
(integrist). (See Table 2 on page .) Interdisciplinary ecosysten
study, cunul ative inpact assessnent, scenario creation using
probability/game theory, etc., are scientific approaches
consistent wwth an integrist enphasis. In such an approach
information will likely be shared in stakehol der negotiation and
conflict resolution.

In the past the utilist orientation acted as a kind of conprom se
of the exploitist and inherentist positions. Now the integrist
orientation may be enmerging as the new dom nant point of view as
a center of gravity for the whole set. This change in perception
of the environnent |eads to new requirenents for conservation and
managenent of the environnment and its resources. One of the
underlying tenets of this study is that new perceptions broaden
the context within which we anal yze environnental issues and
requi re new kinds of solutions. W are at a crucial tinme in our
relationship to the environnent. This tinme requires bold new
approaches because of the unprecedented spatial extent and rate
of environnental change. The first steps in this bold new
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approach are understanding our old beliefs about the environnent
and their basis, then allow ng ourselves to view the environment,
envi ronnent al science, and our various roles in relationship to
the environnent in new ways.

Envi ronnmental Uncertainty

Al ong with new perceptions of the value of the environment is the
devel opnent of a new understandi ng of natural ecol ogical systens.
One of the nost inportant aspects of this new understanding is a
recogni tion of environnental change and uncertainty. The
anadromous fish of the Pacific Northwest illustrate the

i nportance of change and uncertainty. A virtually universal
probl em w th managenent of free-ranging fisheries (and with
managenent of nost other free-ranging renewabl e natural

resources) is the assunption by fisheries biologists and managers
that, given enough research and the right nodels or other
anal yti cal approaches, exact nunbers can be determ ned for
popul ati on size, conponents of popul ation dynam cs, and the

popul ation responses to given harvest |evels.

This assunption is nearly always erroneous. Environnental
uncertainty nmeans that we cannot neasure many things about the
environnent in an exact manner. Environnental risk nmeans that
there are typically "chance" events that influence the outcone of
any natural processes (see Table 3: Type of Environnental
Uncertainty). Even if we could nmake exact popul ation counts,
projections of future conditions involve chance and can be stated
only in terns of probabilities, not exact nunbers. Sone recent
anal yses of open self-organizing systens suggest that chance
events can |l ead to uni quely new phenonena through self-

organi zati onal processes, so that predictions about these systens
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m ght be even nore difficult.

Because of the effects of environnental uncertainty, exact or
correct nunbers are rarely if ever possible to obtain, and the
result is that: (1) wong nunbers and harvest levels are
recomended; or (2) biologists and managers del ay recommendati ons
until they have "nore information." The |latter case |eads

deci sion-nmakers to set their own limts, based on econom c or
political considerations instead of biological ones. This al nost
al ways results in overfishing and degradation of the resource or

| eads to a continuation of the status quo "until the biologists
have adequate information,” which in turn can | ead to overfishing
and degradation of the resource.

TABLE 3.
Types of Environmental Uncertainty

Uncertainty Type 1: Inconplete information regarding the
current state of affairs

Exanpl e: What is the size of the popul ation of spring
chi nook in the ocean this year?

Uncertainty Type 2: Inconplete infornmation on details of
cause-and-effect relationships
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Exanpl e: What are the relative effects on habitat quality
and fish survival of differing anounts of |arge woody debris
per mle of stream channel all else held constant?

Uncertainty Type 3: Intrinsic unpredictability in nature

Exanple: WII turbulance bring food to one fish who wll eat
it or bring it to another?

Not only are the kinds of uncertainties |isted above natural, but
speci es have adapted to them For exanple, sal non appear to have
evol ved so that the timng of a particular phase of their life
cycle occurs during the tinme of highest long-term probability of
appropriate environnental conditions. For exanple, upstrean

m gration occurs in late fall-winter when |ong-term probability

i s highest of adequate streamfl ow.

There will always be various types of uncertainty wth nost

envi ronnent al processes. In general, a population of free-ranging
fish cannot be counted directly. (The exceptions are speci al

| ocati ons where a total popul ation can be observed and count ed,
for exanple where fish pass a single point in mgration over a
damsite). Mst popul ation estinmates are based on relatively
smal | sanples. In addition, a |large nunber of intrinsic and

envi ronnental variables are involved in determning future

popul ation size. In nost cases the full range of these variables
has not even been identified, nmuch | ess studied in sufficient
detail to specify and quantify their inpact on the popul ation

i nvol ved. Therefore data should be collected using systematic
random sanpl es from which probabilities can be estimted and
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updat ed.

Chance events act over many different scales that can affect
popul ati on sizes. Exanples of chance events that can affect
anadronous fish popul ations range froma |ocal event, such as
whether a tree falls into a streamthis year or next, to regiona
events, such as if precipitation is high or lowthis year or
next, to longer and | arger scale environnental patterns, such as
whet her ocean upwel lings are strong or weak this decade or the
next .

As a consequence of environnmental uncertainty, conservation and
managenent of anadronous fish and their habitats nust be
formulated in terns of probabilities. Wien we believed that we
coul d know the size of a population exactly, we could attenpt to
set a single maxi mum sustai nable yield | evel. Recogni zing

envi ronment al uncertainty, we understand that we can seek only a
sust ai nabl e range of harvests, and that, as popul ation sizes vary
over the years, harvests will also vary. In sonme cases, stocks
can be extinguished fromnatural as well human-induced causes,
such as pollution. At other tinmes new, valued stocks may reach a
previ ous unused stream such as follow ng rehabitation.

Managenment nust al so be based on the recognition of environnmental
uncertainty. Assessnent of uncertainties nust be a key conponent
of managenent. Such an approach usually invol ves devel opnent of
simul ation nodels that explicitly include the full range of

vari abl es, the range of uncertainties, and an appreciation of the
risks.

Anmong the considerations that nmust be involved are the foll ow ng:
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1) a definition of the objectives;

2) an identification of key driving factors;

3) a definition of what managers can do, that is, what

deci sions they can neke (e.g., catch limts, restrictions on
types of actions, efforts at rehabilitation, etc.); and

4) an identification of what data are avail abl e.

Once we understand that change and uncertainties are involved, we
are forced to al so recogni ze that there are many possible states
of an ecol ogical system and that "letting nature take its
course" could result in many different states. Upon exam nati on,
sone of these states may be desirable to humans and ot hers not.
Desirability and undesirability of states applies to conservation
goals as well as to goals for the harvest of resources. Thus we
find that we are required to define specific objectives.

To sunmari ze sonme of the points discussed so far, the definition
of objectives usually helps clarify what the key driving

vari ables are, but it is also possible that additional work wll
be required to define these variables. One nust know these
variables in order to determ ne what data nust be obtained, as
well as to determ ne how the system functions and what may be the
nost sensitive factors; a small change in one factor may have a

| arge effect on the system Once it is clear that objectives nust
be defined, driving factors identified, and goals selected, it

al so becones clear that it is necessary to obtain quantitative
informati on —both spatial and tenporal —about the system (i.e.,
it is necessary to collect data).

From a conparison of the available data relative to data that
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ideally is needed, an assessnent of the uncertainties can be
made. Conbined with an evaluation of the likely |osses fron

m st akes, this assessnent can provide the basis for estimating
risk. This approach |eads to a conservative style of managenent,
wi th adequate factors built in for safety and eval uation of the
results. The managenent is undertaken as an experinent in an
adaptive way, with constant nonitoring and assessnent, and with
the results fed back into nodified and i nproved managenent .

Managenment of Environnmental Resources

as a Conti nui ng Experi nment

Managenment of any renewabl e natural resource involves so many
vari abl es and uncertainties that absolute certainty is virtually
i npossi bl e. Consequently, any nmanagenent is, by nature,
experinmental —regardless of the care, detail and sophistication
of its underlying assunptions, planning and execution. Watever
managenent policy is inplenmented, in order to assure that |essons
| earned and manageri al inprovenents are achi eved, managenent nust
be consi dered an experinment and a kind of applied research. Prior
to the initiation of new actions, baseline data should be
obt ai ned. \Were possible, controls and treatnments shoul d be
established, so the effects of the managenent can be nonitored.
For exanple, if a change is planned in the nmanagenent of forests
in a watershed, a pair of watersheds should be identified. New
procedures would be initiated in one and the other maintained as
a control, with appropriate data recorded in both. Measurenents
shoul d be nade on both before and after a change is initiated. O
course, it would be ideal to have a nunber of control watersheds
and a nunber of experinmental ones, in order to get a valid
estimate of the statistical variance between the treatnent and

t he control
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The assunptions and procedures should be spelled out clearly.
Provi si ons shoul d be nade for appropriate feedback of the
results. As a corollary, the results and anal yses shoul d be nmade
available in tinely fashion for appropriate review, in the manner
of any valid scientific experinment. This is especially inportant
when such procedures are first foll owed, because there is no

hi story of experinmentation to rely on. As it becones an
established practice to integrate research with managenent, nore
and nore information will accunulate. Fromthis history, it is
i kely that generalizations can be devel oped, which wll relieve
sonme of the future burden of nonitoring.

This is anal ogous to what happens in nedicine, where a doctor
makes use of the best information avail able at any tine, and
meanwhi | e medi cal research continues, in an attenpt to inprove
our understandi ng of the causes and cures of diseases.

THE UNI T OF MANAGEMENT

Anot her maj or change in the understandi ng of how to approach the
conservati on and managenent of |iving resources is a great

br oadeni ng of the context in which conservation and nmanagenent
are viewed. Earlier in this century, when scientific approaches
to the conservation and managenent of |iving resources were just
begi nni ng, the context for nmanagenent was sinply a single
species, or in sone cases, two interacting species, such as a
predator and its prey. Today, follow ng a generation of rapid
growh in environnmental science, there is recognition that the
basis for conservation and nmanagenent lies in the broader
contexts of ecosystens, |andscapes, and even in the gl obal
context that conprises Earth's life-containing and |ife-
supporting system the biosphere.
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To focus on the managenent of anadronous fisheries, as well as
many other living resources, there is general agreenent that the
appropriate unit of managenent is the watershed or river basin.
This study accepts the watershed (the basin of a river) as the
appropriate unit for managenent on the | and, together with the
oceanic area wthin which the basin's stocks spend their marine
exi stence. The mgjor units of this study, as nentioned earlier,
are the Wllanette R ver Basin and the basins of the rivers that
drain directly to the ocean fromthe Col unbia R ver (but not
including that river) south to the Klamath and Trinity Rivers in
Cal i forni a.

An inportant inplication of this broader approach is that it
seens less likely today than before that the causes of increases
and declines in abundances of anadronous fish would be the result
of a single factor, acting alone. Simlarly, achieving higher
abundances is likely to necessitate several changes in human
behavi or.

Cont ext and Goal s
Previ ously, questions regarding the managenent of |iving
resources focused on one or two sinple questions: how do we
achi eve a maxi num harvest and/or mai ntain a nmaxi num popul ati on.
In both cases, these maxi ma were believed to be single, fixed
gquantities.
In the present context of anadronous fish popul ations, forests,
rivers, oceans and humans, there are a series of nanagenent
questions that energe fromthe idea of environnental change, and
uncertainty, including:
1) How wi |l abundances of anadronous fish change in response
to environnental change, both human-induced and nonhuman-
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i nduced?

2) O the many kinds of environmental attributes that could

i nfluence a popul ati on of anadronous fish, which set provides
the best |eading indicator of future popul ation size?

3) What is an acceptable range of variation in the size of the
harvest, and how will this range change in response to

envi ronnent al change?

4) \What are the best environnental and biol ogical |eading
indicators of the acceptable |evels of harvest in the future?

G ven the great uncertainties in our know edge, both of present
conditions and of the cause-and-effect relationships that affect
future popul ation sizes and grom h rates, how can we estimte
these factors? In this case, a best estinmate neans not sinply the
nost accurate, but the estimate that is acceptable for our

pur poses, practical to obtain within econom c constraints, and
reliable and reproducible so that it can becone part of a

nmoni toring system

A Set of Policy Options

The di scussion at the begi nning of this docunent suggests that
there may be nore than one appropriate societal goal for any
specific living resource. In a denocracy it is not the function
of scientists, in their role as scientists, to nake decisions for
soci ety about goals. Ctizens and their elected representative
make deci sions about goals. The role of scientific expertise is
to explain what goals are possible, given the way in which
natural ecol ogical systens function, and what nethods are
feasible to achieve these goals. This study provides a basic

di scussi on of possible goals. Later reports will address the
gquestion of how these can be achi eved.
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VWhat Are W Trying To Achi eve?

It is inportant that we clarify the managenent goals related to
anadronous fish popul ations. For exanple, do we want to achieve a
production of fish sufficient for sone total |evel of commerci al
and sport harvest, but without regard to the geographic
distribution of the fish? Do we want to nmaintain a specific stock
on a specific stream because that stock or that stream has sone
special attribute (or by inplication a set of specific stocks on
specific streans), at the cost of sacrificing other streans or a
hi gh | evel of total production? These are only a few of the
potential options. The reader can undoubtedly think of nore.
These exanples are provided sinply as illustrations.

In the past, it may have seened that achieving one goal would
automatically | ead to achieving another. For instance,

mai nt ai ni ng many stocks of fish on many rivers would ensure a
hi gh total production, and vice versa, achieving high total
production woul d ensure preservation of the genetic diversity of
the fish. But this has not necessarily been the case. For
exanple, it mght be possible to achieve an abundance of
anadromous fish open to comercial and sport harvests by focusing
all efforts on a few basins that are known to be the nost
productive and are nost likely to continue to permt fish
reproduction. This approach could sacrifice many streans and
stocks. On the other hand, the goal m ght be to maxim ze future
bi ol ogi cal diversity of anadronous fish. In this case, efforts
woul d be geographically w de spread, and the nai ntenance of
genetic stocks would take precedence over the possibility of a
hi gher rate of harvest.

Hypot heti cal Policy Options.
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One of the purposes of this study is to explore, in as objective
and unbi ased a manner as possible, what options are attainabl e,
given the present data and current understandi ng of ecol ogi cal
systens. |If we phrase these options in terns of the abundance and
bi ol ogi cal diversity of the fish, we can identify three extrene
options, which are as foll ows:

1) To nmaintain wild anadronous fish popul ati ons of
western Oregon and northern California in conpliance
wi th the Endangered Species Act, but at abundances and
production rates that may be too | ow to sustain any
harvest, either sport or commerci al;

2) To maintain anadronous fish popul ati ons of western
Oregon and northern California in ranges that allow at
| east noderate sport and commercial catch; and

3) To return the abundances of anadronous fish
popul ati ons of western Oregon and northern California
to a range consistent with the "presettlenent” |evel,
i.e. the level prior to exploitation after the G vi
War by 19th and 20th century technol ogi cal net hods and
the large influx of people. W take this range to be
represented by abundances of 1860 to 1870.

At first glance, these three policy options may seemto be sinply
different points on the sane axis of a graph —an axis defined by
popul ati on abundance. It m ght seemthat the first option —
meeting the requirenents of the Endangered Species Act —would
differ fromthe other two only in requiring a smaller popul ation
size, while the second option —allow ng sport and comrerci al
harvesting —woul d require an internmedi ate popul ati on size, and
the third option —achieving a presettlenent abundance —woul d
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require the | argest popul ation size. Fromthis perspective,

sol ving the second option mght seemto include a solution to the
first, and solving the third mght seemto include solutions to
the first and second. As previously stated, these options are
frequently confused in the sense that we tend to think that
solving one solves all, and therefore that a global solution to
all the options can be found. In fact, the three options are

di stinct and can | ead conservation efforts and resource
managenent in quite different directions.

Cl oser consideration of these options brings out intrinsic
differences. The first option focuses on biol ogical diversity,

t he second on biol ogical production, and the third on popul ation
abundance. It is possible that a solution that provides for
adequate commercial and sport harvest could fail to achieve a

bi odi versity option, and vice versa. Simlarly, achieving the
presettl| enment abundances m ght sacrifice sport or conmerci al
harvests. It is inportant to recognize that these options are
distinctive extrenes. By considering these, we can shed |ight on
both what is possible and desirable.

Bi odi versity Consi derations

The first policy option listed above, neeting the requirenents of
t he Endangered Species Act, focuses on biological diversity. To
understand the inplications of choosing this option, it is useful
to discuss biodiversity as a concept and as an issue, in the
context of the goals of this study. It is worth noting at the
outset of this discussion, that the concept 'species' is not well
defined for salnonid generally, which conplicates the option of
conservation of salnonid biological diversity —if we are not

cl ear about the what a species neans for sal nonids, then we wl|
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have greater difficulty in neasuring a change in biol ogical
diversity of salnon than with other better defined species. Wth
regard to the Endangered Species Act, heretofore listing has been
sought for genotypes (i.e., reproductively isolated 'species' -
the 'biol ogical species' of Ernest Mayer.) In the case of

sal noni ds, argunents are being nade for the listing of phenotypes
(i.e., genetic strains of each species or a portion of the total
gene pool).

Because there is considerable interest in biodiversity, and
because sonme of the discussions about anadronous fish focus on
bi odi versity issues, it is worthwhile to make certain
distinctions clear.® One of the nost striking features of life on
Earth is its great variety of living things, referred to as

bi ol ogi cal diversity. Mst people think of diversity in terns of
speci es. However, there are actually three main conponents of

bi ol ogi cal diversity: species, genetic, and ecosysten
diversities. Species diversity and genetic diversity have been
the primary, and often only, focus for biological diversity
conservation. But these are affected by other kinds of diversity
that are normally defined under the headi ng of ecosysten
diversity. For exanple, in the view of many ecol ogi sts,
endanger ed species are sinply surrogates for the much broader
ecosystem properties. Consequently, the standard definitions of
all three conponents of diversity are given below, with
particular reference to their relationship to forests.

Species diversity: A species is a group of individual organisns
capabl e of interbreeding under natural conditions. Species
diversity has two attributes, each wwth its own neasure, usually
referred to as species richness and speci es evenness. Species
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richness is sinply the nunber of species per unit of |and area.
Speci es evenness refers to the rel ati ve abundance of the species
in an ecosystem highest total species diversity occurs when
there are many species and all species are equally abundant.
Species diversity is a mgjor variable in all ecosystens and
varies significantly between ecosystemtypes.

Cenetic diversity: This refers to the variety of genes that are
present within individuals and their propagates, both wthin a
singl e speci es and between species. Froma technical point of
view, genetic diversity is the diversity of DNA, the chem cal
conpound of genes that transmts genetic information. The nunber
of genes per species and per individual varies greatly. A typical
mammal has about 100, 000 genes, a flowering plant about 400, 000,
a fungus about 10,000, and a bacterium about 1, 000.°

It is generally assuned that once a species is reduced to a
remmant of its fornmer abundance, nuch of its genetic diversity
(i.e., its total gene pool) is likely to have been lost. This
could be the case if there were consi derable w thin-species
genetic variability. If a species were made up of only one
genotype —if all individuals had exactly the sanme DNA, then
every individual would carry the sanme genetic information, and
genetic diversity would not decline as the popul ation size
decreased until the popul ation actually becane extinct.

It is also generally assunmed that the |ikelihood of persistence
of a species increases with genetic diversity, because the
diversity makes it possible for the species to respond to
envi ronment al change. When this is true, a snmall, isolated
remmant of a species can be nmuch nore vul nerable to extinction
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than a genetically nore diverse population. By the tine a species
is recogni zed as endangered, it may have | ost so nuch genetic
diversity that its chances of survival may be slight, and it may
be too late to save that species. Thus genetic diversity is a
particularly fragile resource.

To seek to sustain the biological diversity of the anadronous
fish, it is necessary to understand the genetic diversity of each
of the species. W need to determ ne whether there is a broad or
narrow range of genetic diversity for the entire species (anong
the stocks that make up a species), and within a specific stock
on a specific spawning ground. This can be referred to as

"bet ween" stock diversity and "within" stock diversity.

To understand between and within stock diversity, |et us consider
several rose gardens. |If each garden has one color rose and no
two gardens have the sanme color, then the within diversity is |ow
and the between diversity is high. To conserve all of the colors,
you woul d have to save all the gardens. Suppose all the gardens
had only the sanme red rose. Then between and within diversity are
both low. To save all the diversity, you need save only one
garden. Now, suppose each garden had all the colors of the

rai nbow, and that every garden had the sanme set of colors. Both
the within and between diversity would be high. To conserva al
the diversity, you need save only one garden.

To return to the aquatic world, if both between and w thin
diversity of anadronous fish is low, then the total diversity is
represented by any stock or a few stocks, and all the genetic
diversity of a species could be protected by maintaining

popul ations on only a fewrivers. If the within diversity is high
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and the between diversity is low, then it is possible that a
single stock wll contain all the genetic diversity of the
species. If this were the case, then once again one a few stocks
m ght be required to conserve all the genetic diversity of the
species. On the other hand, if the between diversity is high and
the within diversity is low, there is likely to be little overl ap
anong stocks of the sane species. Many stocks —perhaps all -
woul d have to be maintained in order to conserve all of the
genetic diversity.

Ecosystem di versity: Ecosystemdiversity nmay be considered fron

the standpoints of (1) habitat, (2) succession, and (3)

| andscape.
(1) Habitat diversity refers to the diversity within the
environment. As an exanple, in the Pacific Northwest, a
wat ershed of a river consists of many habitats, and anadronous
fish require a nunber of sub-habitats and conditions within
these habitats to conplete their life cycle. In general, high
habitat diversity |l eads to high species diversity, and
mai nt enance of natural habitat diversity is inportant to
sustain species and genetic diversity. Sone reasons for this
rel ati onship are obvious: w thout waterways there wll be no
streamor river animals; without drier uplands there will be
no upland ani mal s and pl ants.

(2) Successional diversity Forests regenerate foll ow ng
occasi onal natural and normal disturbances through a pattern
of devel opnent call ed ecol ogi cal succession, which progresses
fromopen conditions imedi ately followi ng a disturbance
toward a cl osed canopy of a mature forest. There may be a
nunmber of states of the "mature" forest, and natural events
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such as fires, stornms, floods, and | andslides may continually
push the forest away fromthese | ater stages, but the stages —
early, mddle, and | ate succession —are identifiable. Species
are better adapted to sone stages of forest devel opnent than
others in this process; for instance sone species do best
during the open, early phases while others dom nate the |ate
phases. Because forests develop slowy over |ong periods, and
because the structure of forests provides many ki nds of
habitats, the process of succession provides varied
opportunities for species. However, there are species whose
survival is linked to only one of the successional stages.

Species diversity varies with the stages of succession. In
tenperate and boreal forests, species diversity peaks during
m d- successi on and declines thereafter. In these forests,

hi ghest species diversity will occur on a natural |andscape
with a conplex nosaic of forest stands in various stages of
succession. In tenperate and boreal forests many species of
econom c i nportance, such as aspen and pines, are
characteristic of early successional stages. In addition,
diversity varies with the scale of variations inposed on the
systemor arising fromprocesses wthin the system For
exanple, diversity could vary in a forest of the Pacific
Nort hwest with the size of an area that has been burned and
the average tinme between fires.

(3) Landscape diversity: A large area of |land m ght be
conposed sol ely of a honbgenous forest of one type. For
exanple, in the Rocky Mouuntains of North America | arge stands
of aspen trees that becane established at about the sane tine
may occupy many contiguous hectares, and sone of these may
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have sprouted froma single original individual. In contrast,
anot her | and area m ght contain many habitats and many
different stages in the devel opnment of a forest, so that the

| andscape is a npbsaic with great spatial diversity of habitat,
and therefore with high overall biological diversity (although
parts of the nosaic may have locally | ow diversity).

Because spatial habitat diversity tends to increase biologica
diversity, forests subject to disturbances that increase spatial
and habitat diversity wll tend to have greater biol ogica
diversity than simlar forests in which such events have been
suppressed. Were disturbances such as fire and storns have been
comon for a tinme | ong enough for species to adapt to them the
presence of such events will tend to increase biol ogical
diversity for this reason as well. Another effect of spatial
habitat diversity is that species diversity in riparian areas is
usual ly higher than in the surroundi ng | andscape.

Most of the focus relating to biological diversity for the
anadromous fish of the Pacific Northwest has concerned genetic
diversity, wth the recognition that the maintenance of genetic
diversity requires the conservation of habitat and ecosysten
diversity.

One consequence of this discussion is that the degree of within
and between stock genetic diversity affects the costs of

mai nt ai ni ng bi ol ogi cal diversity. The primary point of this

di scussion is that the phrase "conservation of biol ogical
diversity" may not have a single operational neaning, but m ght
di ffer between species of anadronous fish and between habitats.
Anot her consequence is that conservation of genetic diversity is
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linked to the conservation of habitat diversity. This connection
is stronger when the between stock diversity is greater.

Bi ol ogi cal Production as a Goal

The second hypothetical option —maintaining an abundance of fish
so that there can be commercial and sport catch —brings into
focus bi ol ogical production. Here we nean net bi ol ogi cal
production —the net change in total abundance or total bionass
over a year. During the past 40 years or nore —as long as forma
mat hemat i cal net hods have been applied to the managenent of fish
popul ati ons —cal cul ati ons of bi ol ogi cal production assuned
exactly or approximately steady-state conditions for the

envi ronment and for the popul ation.

This has led to conparatively sinple nmethods for estimating
future production and setting all owabl e catches even though such
steady-states do not exist. The challenge is to understand how to
set allowable |evels of catch for a resource whose productivity
varies annually and may vary due to random processes that limt
the accuracy of the prediction of the next year's production.
There is, however, nuch nore understanding of the factors that

af fect reproduction, survival, and growth in sal nonid popul ati ons
than is contained in existing nethods. Mich nore realistic nodels
are possible, given that understandi ng, existing data about fish
abundances, however neager, and the powerful tools of nodern
conputers and sinul ati on | anguages.

Presettl ement Conditions as a Coal

The third hypothetical option, returning the fish to a
"presettlenent” condition —a condition prior to the exploitation
of 19th century technology —brings into focus the desire to seek
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sone | evel of abundance of specific stocks as a primary option,
assum ng the requirenents of the Endangered Species Act as a
floor, and therefore with production and biol ogical diversity as
secondary goal s.

Thus each of the hypothetical options has its own major variable
of interest. Here we caution that a "presettlenent” condition
woul d not be a single state of either the fish or their habitat,
as they would vary over tinme in ways that have already been

di scussed in this paper, with changes in climte, ocean

upwel lings and currents, fires on the land, and variations in
abundances of food, conpeting species and predators.

| MPLEMENTI NG THE NEW APPROACH

For all of the options discussed in this report, two fundanental
needs seemclear: 1) a statistically valid estimte of the nunber
of fish (by species and stock) entering and | eaving a basin over
t he annual cycles; and 2) a detailed and integrated mappi ng of

| andscape patterns within each basin, updated on the sane
schedul e as fish stock assessnent. By statistically valid, we
mean that neasurenents are obtained according to statistically
legitimate sanpling nethods, that the raw data remain avail abl e,
and that a formal estimate of statistical error can be nmade fron
the data. For fisheries, inproved data about the oceans, such as
nore precise nmeasurenents of upwellings, sanplings of fish
abundances and age structure, and ocean catch throughout the
entire distributional range of the sal nonids are needed.
Fisheries also require a set of nodels that yield predicted
popul ati on size, at |east on the spawni ng grounds, and age
structure of the popul ati on, based on recruitnent (out mgration)
and return (escapenent) data. For forestry, a geol ogi cal
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information system (A S) should be established that can be

queri ed about the effect on the fishery of present and projected
| and uses. For exanple, G S data |ayers could map the | ocati on,
area, and percentage of land recently |ogged and at vari ous
stages of regromh. It could display information about changes in
the | ocation, area, and percentage of land in agriculture and
urban | and use. These data could be related to the abundances and
catch of fish to inprove our understanding of how | and use

af fects anadronous fish popul ati ons.

Data requi renments should be driven by rel evant questions and not
by availability of nodels, nor by the cost of obtaining necessary
data. Models for which appropriate data will not be avail abl e
within a reasonable I ength of tinme, regardless of their el egance,
shoul d be di scarded. W nust distinguish between the absence of
appropriate technology that is presently "too expensive" and the
| ack of funds to obtain the necessary anount of data using
conventional nethods currently avail able. The above material is
not meant to constitute "solutions,” as this will be the focus of
the final report; this report nerely explains the approach and
rational e of that approach.

A Mul tiple Factor Approach

I n past years, the controversy surroundi ng anadronous fish has
tended to seek a single factor as the cause. In reality, the
situation is nmuch nore conpl ex because many factors affect
survival, growh and reproduction of anadronous fish, and the
state of these factors change over tinme. As the fanous early-
20t h-century ecol ogi st, Charles Elton, wote |ong ago, the
popul ati on of each animal species is constantly varying, and
since one popul ation affects another, the resulting confusion is
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remarkable. Clearly, in the future there nust be fish and there
must be habitat. Past attenpts to seek a single cause have |ed
sone to blane all the alleged problens of the fish on the
destruction of habitat and others to place blanme on overharvest
of the fish.

An alternative possibility is that factors interact and that
changi ng one factor can influence the inportance of another
factor. In populations with conplex Iife histories, such as the
anadromous fish, an action at one stage in the life cycle can
affect the outcone at other stages. For exanple, high nortality
in the ocean can affect the nunmber of eggs laid on the spawni ng
ground, and the nunmber of fish that survive the first stage of
life on the spawni ng grounds can influence the abundance of fish
in the ocean, and therefore affect ocean nortality rates.

The multiplicity of factors is indicated by the matri x presented
in Table 4: A Salnon's Eye View of Environnental Attributes and
Factors Influencing Them The matrix shows the stages in the life
of an anadronous fish, the required habitat conditions for each
stage, the factors in the habitat required for the fish, and the
factors in the habitat that could influence a popul ation of fish.
| nspection of this table will nake clear that a suite of factors
could act on the population of fish at any one tine, and that the
list of factors that influence a popul ation of fish could change.
This al so suggests that there could be a suite of policy options.
Any one solution could involve a set of factors and actions. In
this situation, the same goal m ght be achieved by giving severa
policies different relative weights by assigning values to each

i ndi vidual factor. The choice of relative effort exerted on any
one of the factors could vary with its inportance to the fish,
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its habitat, and the societal inplications. Thus there nay be
considerable flexibility in an approach to a solution.

The above discussion, along with the matrix, suggests that there
may be a suite of policy options and associated actions. It is
interesting to recognize that, although the ecol ogical systens we
are considering are extrenely conpl ex, involving thousands of
speci es each interacting with many others and with the
environnent, there are in fact a conparatively small nunber of
possi bl e actions that it would be prudent for us to take. Table
5. Sone Possible Actions That My | nfluence Anadronous Fi sh

Popul ations lists a nunber of possible actions. It is encouraging
to us in our attenpt to find solutions that thereis alimted
nunber of ways in which we can influence the systens. This
suggests that the situations, however conpl ex ecologically, may
pose tractable problens for us in our attenpts to conserve and
manage.
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TABLE 5
Sonme Possi bl e Actions That May | nfl uence
Anadr onous Fi sh Popul ati ons

(The foll owi ng are exanpl es
and are not necessarily exhaustive |ists)

(ODF: This table "should have | abels to nake it clear that the
itens listed are NOT in rank order. On this sanme Table, it
seens that the Land Use category doesn't fit, given that
Agriculture and Urban uses are separated out. Could this be
| abel ed ' O her Land Use' and perhaps noved to the end? O
| abel ed ' Road Buil di ng and Mai nt enance' ?")

l. Tr ees

A Loggi ng
- limt area of cut
limt slope of a cut
- establish mninmumriparian zone
- establish selective cutting nethods (HR "though
clearcuts may be best in sone places.")
- establish tine of harvest (not when land is wet)

B. Pl anti ng
- Yes
- No

1. Land Use - Oher

A Road Bui | di ng
- limt density
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- regulate quality of road-building practice
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I11. Fishing

A Commer ci al
- Ccean
1. establish bicatch limt
2. establish techniques - draft nets, etc.
3. establish catch size
- Fresh water
1. establish catch size, etc.
(HR "Tinme and place of catches, with individually
transferable quotas to specific amunts of
specific stocks.™)
B. Sport
- Ccean
1. establish catch size
- Fresh water
1. harvest
2. catch & rel ease
Accurate reporting of catch
(LT asks here: season?)

| V. Hatchery

Aggr egat e anounts

Si ze & age at rel ease
Rel ease | ocati ons

Per cent age genetic stock
Time of rel ease

moow>»
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V. Fish Habitat (LT asks here, riparian vegetation?)
A Gravel Qperations
1. Amount renoved
2. Manner of renoval
3. Location of renova
B. Large woody debris
1. Creation
2. Mui nt enance
3. Repl acenent

C. Restoration of stream channels and fl oodpl ai n habitat
D. Control of water flow

1. Quantity

2. Timng

3. Renoval of dans
E. Aids to traverse dans (fish | adders, etc.)

VI. Predators
A Har vest
B. Transport

VII. Agriculture

Elimnate & prohibit tenporary agricultural dans
Ri parian zones in agricultural |ands
Control/elimnate use of fertilizers & pesticides
Fencing out cattle near streans

Limt water wthdrawal s from streans

moow>»
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VI, Ur ban
A Create & maintain riparian zones
B. (Control of nonitor?) runoff

1. Separate storm & donestic waste sewers

2. Elimnate use of toxic runoff

3. Reduce peaking and augnent | ow flows (suggested
addi tion: HR)

C. Restorati on of stream channel s
Limt percentage of area paved

o
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