CALIFORNIA GENE RESOURCE
CONSERVATION PROGRAM

2855 Telegraph Avenue, Suite 216 Berkeley, California 94705 (415) 540-0226
A Program of the National Council on Gene Resources

MEMORANDUM

Julys 13,1982

Reviewers

David Kafton, Ph.D.
Program Director

Reviewers of Anadromous Salmonid Genetic Resources --
An Assessment and Plan for California

The California legislature recently voted to continue the California Gene
Resources Program this next fiscal year. Opportunities exist now for
members of our staff to work with you and with other members of the
salmonid community in attempts to implement the recommendations contained
in the enclosed document. We certainly look forward to working with you
this next year.

Due to time constraints of the program, we have had to sacrifice some
depth and-tiime for review. Nevertheless, this assessment and plan should
accuratgly cover the major gene resources related needs and issues, and
the proposed plan should be both practical and supportable. Taking these
factors into consideration we would appreciate your prompt review of the
assessment, primarily for its coverage and accuracy, and the plan for its
practicality and priorities. We will not be able to respond to your
comments in the document if they are received after July 23. Please feel
free to call us.

We shall contact you soon to determine your interest in implementing the
proposed plan for managing salmonid genetic resources.

Thank you for your participation and assistance.




Colorado State University
Department of Fishery and Wildlife Biology Fort Collins, Colorado
80523

22 July 1982

Dr. David Kafton

California Game Resource Conserv. Prog.
2855 Telegraph Avenue, Suite 216
Berkeley, CA 44705

Review of: Anadromous Salmonid Genetic Resources

P. 1-2 illustrates the great economic benefits from application of genetic
research--but all examples are of domesticated agricultural species. What
must be emphasized here, that makes anadromous salmonid genetics very
different from the typically cited examples of "genetic improvement," is

the fact that domesticated plants and animals respond to artificial selec-
tion in a controlled environment throughout their Tife cycle, whereas
anadromous salmonids (unless raised for market under aquaculture conditions)
undergoing hatchery selection are released to be subjected to 2-3 years of
natural selection. How "genetically improved" are the most productive
strains of wheat, corn, and barley, if all cultivation, irrigation, pesti-
cides, and herbicides are removed from their environment and the artificially
selected strains left to compete with wild species?

I would suggest the role of genetics be delineated in the plan in relation
to 1. wild stocks, 2. hatchery rearing for release and natural selection
for part of the life cycle, and 3. aquaculture, where the entire 1ife cycle
is in a controlled environment. The role of artificial selection is very
different in the three cases. With 1, the goal would be to avoid genetic
change from artificial selection and hybridization with hatchery fish; with
2, the goal would be to select for traits that yield the best survival and
growth but at the same time to select for traits that would allow maximum
harvest of hatchery fish while avoiding hybridization and overexploitation
of wild stocks using the same river for spawning; with 3, the principles

of agricultural genetics apply.

On p. 2-2 the stock concept is discussed and it is concluded that in
California there is insufficient data to apply the stock concept of manage-
ment. This theme is developed throughout, but I failed to find just how
this data would be obtained and how it would be used once it was obtained.

A basic assumption is made in the text that each run of an anadromous
species homing to a particular river or segment of a drainage with different
life history attributes can be considered as a "stock." I would certainly
agree with this, but the Togical conclusion of characterizing the genetic
diversity of the stocks by this simple method of assembling all information
on distinct runs known to exist in California is never made. What concerns
me here is that the report sets the stage for a massive-genetic character-
ization study based on electrophoretic data as a basis for stock management.
The committee should be fully aware that the intraspecific genetic
relationships of stocks are extremely close and dangerously false
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conclusions might be made in situations where no consistent quantified
genetic differentiation can be demonstrated. For example, Chilcote et

al. 1980, Trans. Am. Fish. Soc. 109:203-206, found no consistent differences
inallelic frequencies between summer-run and winter-run steelhead trout in
the Kalama R., Washington, and concluded that the Washington Dept. of Game
should reevaluate the separate stock status of summer and winter steelhead
trout. I obtained the annual reports of the Kalama R. project and the

most significant aspect I found was that the native runs of steelhead are
continuing to exist in the Kalama River. For 30 years the river has been
heavily stocked with non-native hatchery steelhead. Up to 80% of the
spawning run in some years are of hatchery origin. Although no consistent
differences were found between native summer and winter run fish, there is
a gene locus that can differentiate about 50% of the summer-run hatchery
fish. Hatchery steelhead do spawn and the "hatchery gene" occurs in
young-of-the year steelhead, but these fish are eliminated by the following
year prior to smolting and seaward migration. The point is, that the
native summer and winter run steelhead of the Kalama River are valuable
stocks that should be preserved but their genetic characterization can only
be made indirectly from manifestation of life history differences.

Also, in the upper Snake River drainage, Wyoming, two "stocks! of cutthroat
trout exist that are phenotypically and ecologically very di stinet
Loudenslager and Kitchin, 1979, Copeia (4):673-679, could find no differ-
entiation between these two stocks from an assessment of 26 gene oG

Todd, 1981, Can. J. Fish. Aquat. Sci. 38:1808-1813, discusses genetic studies
of Great Lake ciscoes where both inter and intraspecific variability,
extremely important for stock management, bears no resemblance to genetic
characterization by allelic frequency data.

I urge that the information for stock characterization first be made on

the basis of known differences in life history traits--home spawning

area; time of run, size-age variability of run, etc. before more intensive
genetic characterization is carried out--it is a matter of arranging

the cart and the horse in the most logical sequence. Thus, for priority 8
(p. 7-26) "Facilitate research to scientifically document genetic diversity
that exists within and among species populations," I would like to be

kept informed on the details of this "research" development--precisely what
would be done and precisely how would the information be used once it was
obtained. That is, what would we know then that we don't already know now?

P. 3-7 discusses the superiority of native stocks over non-native introduced
stocks, and then mentions an apparent contradiction--the successful intro-
duction of salmon into the Great Lakes and New Zealand. These examples are
certainly not contradictions, the non-native salmon established in the Great
Lakes and New Zealand had no native populations of their species to compete
with, so they were successful. A comparable situation occurs in Glacier
National Park where I have been involved in a research project with Fred
Allendorf (Univ. Montana, performing electrophoretic studies). Over many
years, millions of cutthroat trout from Yellowstone Lake were introduced
into Glacier Park lakes. In lakes originally barren of- fish, the Yellow-
stone trout is successfully established and thrives. In Takes with native
cutthroat trout (two subspecies of S. clarki are involved), we find no
Yellowstone trout nor evidence of a hybrid influence--that is, strong natural
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selection favors the native cutthroat trout in its native environments
over non-native cutthroat trout, and the success of Yellowstone trout in
previous barren lakes supports, not contradicts this hypothesis. Thus,
it should not be assumed that because a river system has a long history
of stocking, for example steelhead trout, that the native runs have been
significantly influenced by non-native genes.

I would point out a useful reference I did not see listed in the reference
section: Ryman, N. (ed.) 1980. Fish gene pools. Ecol. Bull. aq. aPabl
by FRN Box 6710, S-11385 Stockholm, Sweden.

A distribution map (fig. A-12) contains errors. The symbols for S. c.
henshawi and S. c. seleniris are reversed. S. C. pleuriticus never occurred
in the lower Colorado River (Snyder's old reference to the Salton Sea is
based on introduced rainbow trout). How authentic are the data on which
other maps are based?

Sincerely,

Robert J. Behnke
Associate Professor,
Fishery Biology

RJB:pt
Enclosure

cc: Mr. Richard May
Mr. James Mullan
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CALIFORNIA GENE RESOURCES PROGRAM

2855 Telegraph Avenue, Suite 216 Berkeley, California 94705 (415) 540-0226
A Program of the National Council on Gene Resources

dantiary 0 e 988

Recipients of Anadromous Salmonid Genetic
Resources: An Assessment and Plan for
California

Dr. David Kafton, Executive Director
National Council on Gene Resources

I would appreciate it very much if you would provide us with
a written statement regarding the quality and contents of
the assessment and plan. The main purpose cf this request
is to help demonstrate the value of the California Gene Re-
seurces Program.

We also welcome your comments on how the assessment and plan
could be modified, and any of your other ideas and opinions.

Thank you for assisting us in this important matter. We look
forward to hearing from you and continuing to work with you.




CALIFORNIA GENE RESOURCES PROGRAM

2855 Telegraph Avenue, Suite 216 Berkeley, California 94705 (415) 540-0226
A Program of the National Council on Gene Resources

ANADROMOUS SALMONID GENETIC RESOURCES

Introduction

Many species of anadromous salmonids are native to the Pacific states and
provinces of North America. Chinook and coho salmon, steelhead, and cutthroat
trout are the four important commercial and sport fishing species in Califor-
nia. Other anadromous salmonid species are important in commercial and sport
fishing in other states and in Europe, Australia, New Zealand, and Canada
Thus, gene resource problems and needs of anadromous salmonids may range in
importance from the local to the international levels. Furthermore, the prob-
lems and needs of one anadromous species may be shared by other anadromous
species.

Many individuals and organizations, both public and private, have an interest

in anadromous salmonid genetic resources. Given this situation, the opportunity
exists to search for ways for problems and needs to be solved collaboratively.

In this way, benefits of improved resource management can be obtained while keep-
ing the costs as low as possible per individual investor.

The State of California has recognized the need for improved planning, more in-
formation, and collaboration in order to resolve gene resource problems and, in
turn, meet production objectives. The state initiated the California Gene Re-
sources Program to address these needs. The California Gene Resources Program

has been carried out through contracts with the National Council on Gene Resources,
a private nonprofit research and education organization. Enclosed are brochures
describing the Council and the Program.

The Model

Anadromous Salmonid Genetic Resources: An Assessment and Plan for California
(National Council on Gene Resources, 1982) was developed as a model for making
similar assessments and plans for other fisheries species. The assessment and
plan is intended to help remedy the lack of specific information, coordinated
action, and sufficient support in the management and conservation of anadromous
salmonid genetic resources. This document was developed by the California Gene
Resources Program staff with the direct involvement of representatives from in-
dustry, federal and state agencies, the academic community, and conservation or-
ganizations.

The assessment contains recommendations in five areas: management and conser-
vation; planning; information management; technical and educaticnal assistance;
and research. A general plan was developed based on these recommendations.

The next step in this process is to form a task force to develop and begin
carrying out a detailed cooxdinated plan of specific projects aimed at improv-
ing the current management of anadromous salmonid genetic resources. The task
force will include public and private representatives from California, other
states, British Columbia and the national level.




The Projects

Attached to this briefing is a partial list of proposed projects that address
the technical and policy needs for improved management and conservation of
anadromous salmonid genetic resources. This list was developed by CGRP staff
members on the basis of the recommendations made in Chapters 6 and 7 of Anadro-
mous Salmonid Genetic Resources. Some activities relate to ongoing projects
currently conducted by various organizations and interest groups concerned with
salmonid management, conservation, research and other programs. Members of the
fisheries resources community are encouraged to offer further suggestions and
to assist in developing priorities among the various activities.

The projects have been tentatively grouped in five categories corresponding
to common programmatic divisions within organizations:

—Management and Conservation. Projects that might be undertaken by re-
source managers and would relate directly to on-the-ground management
activities.

~Planning. Projects that might be undertaken by the planning division
of an organization or by organizations primarily involved in planning.

-Information management. Projects which relate to the gathering, stor-
age, retrieval, and/or analysis of information pertinent to genetic re-
source management of salmonids and other fisheries species. This in-
cludes the development of information management systems.

—~Education and training. Projects that would contribute to the transfer
of technical information to policy makers, specialists, and managers in
fisheries, and to the education of fisheries students.

-Research. Projects related to the development of research programs and
to the conduct of specific research investigations.

Whenever possible, different kinds of activities required to fulfill each recom-
mendation were distinguished as separate projects. Each project description is
subject to considerable latitude in interpretation. This should be a benefit
to Task Force members in reviewing proposed projects since different approaches
and objectives may emerge from the diverse perspectives of Task Force members.

Reviewers will note that many of the proposed projects may overlap with those
ongoing or planned under various timber resource management programs. Proposed
projects may involve expansion of these existing programs .

Reviewers may also find gaps in the suggested projects needed to achieve man-
agement and conservation goals. Input from Task Force members is needed to
identify these gaps, to determine priorities in addressing these gaps, and to
provide the detail necessary to fill them.

A member of the California Gene Resource Program technical staff will be avail-
able to meet with representatives of all Task Force members to discuss specific
projects and priorities. This briefing and the projects lists may serve as an

initial focus for discussion. Input to project development priorities are es-

sential to the success of these efforts.

The California Gene Resource Program staff will assist Task Force members by
providing baseline information; by helping to develop technical, organizational




and financial options for carrying out projects and by making progress reports.
The staff will also help coordinate and facilitate meetings and communications
among Task Force Members.

Benefits

Much of the management, conservation, research, and information in gene resour-
ces is non-proprietary in nature. Thus, new organizational and financial
arrangements can be made to link public and private fisheries interests in Cali-
fornia with similar interests in other states and perhaps in other nations.
Increased collaboration will improve coordination, efficiency, and effectiveness
in managing salmonid gene resources, conducting research, and sharing infor-
mation. This collaboration need not compromise any proprietary interests that
might arise in the future.

Many of the members (both individuals and organizations) invited to participate
on the Anadromous Salmonid Genetic Resources Task Force have an interest in other
fish species. Many of the projects designed to resolve gene resource problems
in anadromous salmonids may be applicable to non-anadromous fish species. The
organizational and financial arrangements developed through the anadromous sal-
monid work may also be useful for coordinating work on other fish species.

Gene resources can provide short-term as well as long-term benefits. Genes can
provide much faster growth rates, lower mortality rates, and lower production
costs.




CALIFORNIA GENE RESOURCES PROGRAM

2855 Telegraph Avenue, Suite 216 Berkeley, California 94705 (415) 540-0226
A Program of the National Council on Gene Resources

Januarya6, 19383

Dr. Robert Behnke

Department of Fisheries and Wildlife
Colorado State University
EortColiliinsisiCGOME 0523

Dear Dr. Behnke:

As a former member of the Anadromous Salmonid Genetic Resources
Advisory Committee, I would appreciate it very much if you would
participate in the implementation phase of the anadromous salmonid
work. This year's activity includes the formation of a task force
to continue work on anadromous salmonids. The overall purpose of
the task force is to develop and begin carrying out a detailed plan
of specific projects aimed at improving the current management,
conservation, and use of anadromous salmonid genetic resources.

The first step will be the development of a list of specific pro-
jects by each interested organization, including priorities. To
save time, the California Gene Resources Program staff has developed
the enclosed preliminary list 'of projects, along with 'a'briefing,
Our staff will be available to assist you in completing your list

of projects, including establishing priorities.

One point I would like to stress is that you review the list of
projects without thinking about the financial constraints of your
organization or company.’ Think of this project list and any other
projects as a "needs list" and evaluate the projects according to
your own criteria. Please feel free to add to the list or modify
the ones listed. We would like to know which projects rank high
using your criteria.

The CGRP staff will then identify projects rated high by a number
of organizations and identify possibilities for collaborative
financial and working arrangements. Project proposals will then
be developed, and arrangements can be established. The projects
can start after the arrangements are established. In the short
term, implementation can proceed with activities having minimal
costs and still achieve important short-term objectives.

We are confident that several new opportunities for increased col-
laboration will be identified, and as a result, costs per investor
in a project will be much lower than without this increased col-
laboration. Consequently, worthwhile projects may be expanded and
new ones started.




The California Gene Resources Program has a target date of July 1,
1983, for initiating some projects, because this is the start of
California's new fiscal year.

We look forward to working with you and hope you share with us the
excitement of making significant progress in this area.

Sincerely yours,

\

7 S Y -3 v/ 5

7 £« A7

4.
}47David Ratton, Ph.D\
/ Executive Director

DK/1d
Enclosures




CALIFORNIA GENE RESOURCES PROGRAM

2855 Telegraph Avenue, Suite 216 Berkeley, California 94705 (415) 540-0226
A Program of the National Council on Gene Resources
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Participants in the Implementation of the Salmonid
Gene Resource Assessment and Plan

DavaldiKafton, 'PhiD B Executive Dicector

Responses to List of Salmonid Gene Resource Projects

I would appreciate it very much if we could receive your
responses by February 28.

Two methods that some respondents have used may be useful

to you. Some participants have ranked the projects by
writing "High, Medium or Low" next to each project list,

and: then mailed the list to ms.!. Others have ranked: the
projects in numerical order within each functional category
(Management and Conservation, Planning, Information, Manage-
ment, Research and Education) by placing a number next to
each projection the list A"1"Whighest}).  Phey then just mall
the list to us.

Approximately 150 individuals from more than 100 public and
private organizations, primarily in the western United States
and British Columbia, are participating in this process.

We plan to summarize the responses and send them to you.

We will also identify projects where increased collaboration
might be possible, and also estimate how soon projects might
be initiated or expanded.

Thank you again for participating in this program. We look
forward to receiving your response.




CALIFORNIA GENE RESOURCES PROGRAM
2855 Telegraph Avenue, Suite 216
Berkeley, California 94705

Dr. Robert Behnke

Department of Fisheries & Wildlife
Colorado State University

Fort Collins, CO 80523
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EXECUTIVE SUMMARY

Future opportunities to manage salmon and anadromous trout to
meet California's needs will primarily be determined by how the genetic
resources of these valuable species are currently maintained and used.
This report proposes a comprehensive program for ensuring the wise use
and conservation of salmon and sea-run trout genetic resources. These
fishes are among California's most important fish species.

In compiling this study, the California Gene Resources Program
(CGRP) has drawn on the experience and knowledge of aquatic biologists;
forestry, hatchery, and watershed managers; policy makers; and
conservationists from throughout the country. The report emphasizes the
importance of genetic considerations in fishery management and suggests
a number of technical and policy measures aimed at maintaining and fully
using salmonid genetic resources. This is the first comprehensive
assessment and plan developed for the genetic resources of anadromous

fish species.

THE IMPORTANCE OF ANADROMOUS SALMONIDS TO THE PEOPLE OF CALIFORNIA
Chinook and coho salmon and steelhead and cutthroat trout are
the four most important anadromous salmonid species in California.
These fish migrate to the ocean to mature, and they return to their
freshwater origins to spawn. The major freshwater salmonid-producing
areas in the state are found in the Sacramento-San Joaquin Valleys and

along the North Coast, primarily in the Klamath-Trinity Basin.
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Salmon support a commercial fishery contributing more than $50
million to California's economy each year. The salmon and sea-run trout
sport fishery is enjoyed by about 150,000 fishermen and contributes more
than $17 million annually to the state economy. Commercial salmon
caught in California are processed in local plants, then refrigerated
and sold immediately to restaurants, markets, or fish brokers who ship
fish throughout the country and to Europe and Japan.

While both commercial and sport salmonid catches have been
maintained at relatively stable levels during the past few decades,
salmon and steelhead populations have declined by an estimated 60% in
California inland waters since 1900. A number of traditional native
salmon runs are now at dangerously low levels or are extinct. And in a
number of cases, escapement levels set by management agencies to sustain
the productivity of natural and hatchery stocks currently are not being
met.

The decline in salmonid runs is generally attributed both to the
continued effects of fishing and to human impacts on aquatic habitat.
Anadromous fish habitat has declined from 9000 to 7500 miles during this
century. The principal causes for the decline are dam construction,
diversion of water, and siltation of streams due to timber harvesting,
road building, and other disturbances. The loss of suitable spawning
habitat from these activities during the first part of this century led
to extensive study and implementation of techniques for artificial
propagation.

The state's ability to maintain present catch levels or to

increase salmonid production and quality relies on a range of programs.
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Particularly in recent years, federal and state agencies and private
groups have instituted new programs to regulate the ocean and inland
fishery and to restore and enhance salmonid runs and habitats in coastal
and inland rivers and streams. Investments are presently being made in
stream rehabilitation, hatchery programs, and ocean ranching. But,
unfortunately, most decision makers are unaware of the importance of
genetic diversity in the advancement and coordination of these efforts.
While the potential impacts of harvesting on the genetic diversity of salmon
and sea-run trout have been recognized for more than a century, the role
of natural diversity in maintaining the ocean fishery and in developing
salmonid aquaculture is only now being explored, and information on the
status of this natural diversity is largely unavailable or unanalyzed.

This situation makes it difficult to resolve the problems encountered in
managing and in conserving the salmonid resource and in allocating the

resource among fishery participants.

IDENTIFYING THE GENETIC RESOURCES OF SALMON AND ANADROMOUS TROUT

The genetic resources of salmon and sea-run trout are the basis
for the present and future productivity of California's salmonid
fishery. Although hatchery technology has had some success in replacing
and supplementing natural runs of salmonids, uncertainty remains as to
the long-term genetic consequences of both harvesting and replacement
practices currently used. A broad understanding of the importance of
salmonid genetic diversity to fishery productivity and stability is a
prerequisite to reevaluating management alternatives and long-term

conservation needs.
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Salmonid genetic diversity is useful in two ways. First, it is
a basic underpinning of salmonid management programs. Second, it
provides natural variability in disease resistance and a variety of other
traits that help solve problems encountered in artificial propagation
and domestication of salmonids, as well as in the maintenance of natural
runs. The significance of the natural diversity that can still be found
in native wild salmonid populations is revealed by studies of variation
in behavioral, physiological, morphological, and biochemical traits
within and among populations. Much of this variation has a genetic
basis and is adaptive; that is, it enables individual fish to cope
successfully, on average, with the specific environmental conditions
that they encounter in both freshwater and ocean environments. Some
genetic variation is not demonstrably adaptive but may nevertheless be
significant for the future viability of natural populations and for
artificial propagation and breeding purposes.

The possession of different characteristics, both adaptive and
nonadaptive, by different populations of salmonid species, is the basis
for the stock concept. The stock concept is an integration of
scientific knowledge about fish genetic diversity and its significance
in a form designed to facilitate application of this knowledge to
management decisions. While the stock concept has been successfully
employed in fishery management elsewhere, the data required to identify
and manage salmonid stocks important to the California fishery are
presently inadequate. A review of existing knowledge of genetic
variation in populations of chinook and coho salmon and anadromous

rainbow (steelhead) and cutthroat trout reveals a paucity of data on all
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of these species. Opportunities for future uses of stock diversity can
be identified in three areas: replacement and enhancement of native
runs, development of domestic stocks, and overall maintenance of fishery
productivity. If these opportunities are to be realized, measures must
be taken to document and conserve the genetic resources on which they
will be based.

The present necessity for managers to restore or augment
propagation to sustain salmonid populations is now not disputed, but
means to this end are still being explored. Hatchery technology permits
the production of massive numbers of young fish. However, scientific
uncertainties still exist about how best to use hatchery-bred fish in
natural aquatic systems. Indeed, the ways in which both harvest and
propagation techniques affect the genetic resources of the salmonid
fishery are just beginning to be documented and understood. Most
importantly, there is not, at present, an explicit formulation of

genetic knowledge into a working hypothesis for salmonid management.

MAINTAINING GENETIC RESOURCES
A number of options exist for conserving the genetic resources

of California's anadromous salmonid species. In situ conservation can

be effected through genetic resource management, population protection,
and information exchange among interest groups (the "watch" concept).
Ex situ approaches potentially include cryopreservation of salmonid
sperm, ova, and embryos and various means to maintain fish populations
in lakes, pens, ponds, or introduced anadromous runs. Currently, in

situ genetic resource management is the most feasible means to maintain
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both the adaptive and nonadaptive variation of salmon and sea-run trout
for future needs.

Many technical problems hamper the implementation of genetic
resource conservation measures, and most of these are caused by
inadequate information. For instance, the distribution of salmonid
genetic diversity is not adequately documented in California to guide
efforts to acquire, evaluate, and conserve representative genetic
material. Insufficient knowledge about both the distribution and
significance of genetic diversity has impaired implementation of the
stock concept in California. The determination of which populations in
California's rivers and streams still represent native runs of
anadromous salmonids is complicated by the absence of information about
the genetic impacts of past management practices in harvesting, salmonid
culture, and watershed management. Because the research required to
supply the information needed for the solution of these technical issues
will take some time to complete, and because current practices appear to
be eroding the genetic resource, interim measures for genetic

conservation should be taken (see Recommendations).

ESTIMATING ECONOMIC IMPACTS

The logic and concepts of political economy can aid in sound
resource planning to prevent further loss of salmonid genetic diversity.
In the planning process, resource managers must be cognizant of the
irreversible damage that any alteration in freshwater salmonid habitat
may inflict on the salmonid genetic resource. Simultaneously, managers
should determine how best to reconcile different and often conflicting

use of salmonid resources. Thorough economic analysis may aid in the
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selection of policy alternatives. Above all, however, resource
management plans should be flexible in the sense that they should not
foreclose future opportunities for preserving the diversity of salmonid
species.

The usefulness of economic analysis is nullified where valid
alternatives are excluded from the planning process. Preservation of
salmonid genetic resources is likely to succeed in a particular
watershed only when the development of water, land, forest, and mineral
resources there is based on identifying all valid alternatives. Full
alternative planning means that planners should consider in a balanced
way all the values involved--nonmarket as well as market--in maintaining
salmonid genetic diversity.

To date in California, formal economic analyses and full
alternative planning have not been used to make decisions affecting
salmonid gene resources. There are no recent creditable studies of the
values of salmon sport fishing or commercial fishing. The costs of
preserving wild runs of salmon are largely unknown. Furthermore,
thorough economic studies of the demand and supply of salmon within
California and other states and countries have yet to be undertaken.

An urgent need exists to undertake those economic analyses to
determine the costs of preserving salmon genetic diversity in many of
the watersheds of the state still supporting wild runs of salmon.
Equally high priority should be given to the conduct of strategic
economic studies by managers in conjunction with fishery biologists and
geneticists to help determine to what extent the renewable but

exhaustible salmonid resource should be preserved.
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The costs of instituting such a policy might be viewed as
insurance premiums paid by society to avoid or reduce the probability of
the catastrophic loss of a wild run of salmon and its inherent genetic
diversity.

Economic methodology is sufficiently advanced to measure many of
the nonmarket values intrinsic to salmon habitat preservation, including
salmon sport fishing. The rules for social benefit-cost analysis
developed by the U.S. Water Resources Council provide the framework and
procedures for valuing alternative management strategies for salmonid
freshwater habitat. This framework was devised on the assumption that
the rules will be applied to all possible management alternatives.
Furthermore, the inclusion of an Environmental Quality Account in the
set of rules implies that retaining a run of wild salmon in a watershed
can result in a net gain for society even though that use may not be the
most economically profitable one. Indeed, maximizing profits in the
short run cannot be considered an operational policy objective for
salmonid habitat management.

An appropriate cost-benefit analysis should be based on a
comparison of the need to alter the habitat with the hazards and dangers
of undesirable changes in the salmonid environment. Thus, the magnitude
of maximum possible losses--namely, the ultimate loss of California's
salmonid resource and the ensuing diffuse cultural impoverishment and
socioeconomic disruption--must be assessed against the magnitude of the
costs (including market and nonmarket benefits foregone) of habitat

alteration.
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Setting a "safe minimum standard" in all habitat modification
will help to avoid the irreversible loss of salmon genetic diversity,
but this standard can be established only after hydrologists,
biologists, geneticists, and others have collected basic information on
habitat conditions and the consequences of management actions. Analysis
of the full effects of past water and land use decisions in salmonid
watersheds on the systems of water, soil, and vegetation would greatly
enhance the accuracy with which the consequences of any planned habitat

alteration could be predicted.

INSTITUTIONAL AND ORGANIZATIONAL OPTIONS

State and federal agencies, commercial and sports fishing
interests, Native Americans, and a variety of other concerned
Californians all have a stake in ensuring that the state's anadromous
fishery is well managed. This concern and attention creates
opportunities and problems for those developing an institutional
framework for salmonid genetic resource management programs. Problems
arise because of overlapping jurisdictions between state and federal
agencies, lack of coordination among and within management entities, and
difficulties in allocating a scarce resource among different user
groups. Opportunities exist because current programs represent
important organizational resources for the resolution of California
salmonid enhancement problems.

A number of public agencies currently administer programs which
influence genetic resource conservation, research, and management
activities. The Pacific Fisheries Management Council (PFMC) has

recognized the need for conservative management of salmon stocks. Its
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programs, including mid-run closures, area registration, and escapement
goals, reflect a commitment to rebuilding salmonid population levels.
The Trinity River Basin Fish and Wildlife Task Force has proposed a
comprehensive program for restoring native and hatchery stocks within
its area of jurisdiction. California Department of Fish and Game (CDFG)
hatchery managers informally recognize two major salmonid distribution
areas--the Sacramento River system and the coastal river region--for
releasing fish from the facilities they operate and manage. Once the
department's new fish and wildlife plan is made final, a 10-year plan
for managing anadromous habitat and populations will be in effect. The
U.S. Fish and Wildlife Service recognizes restricted zones for releasing
fish from its hatcheries in California. In addition, the agency's
cooperative and research programs for restoration of anadromous salmonid
runs favor native fish strains over hatchery strains.

However, the value of native fish as a genetic resource and the
application of the stock concept in salmonid management have not been
sufficiently integrated into current programs. To accomplish this
integration, a number of technical measures will be necessary, including
stream classification, research, and conservation activities. These
technical opportunities can be realized if state, federal, and private
interests improve the coordination of various programs now in operation
and increase their financial support for genetic resource management
work. CDFG, PFMC, or other organizations or coalitions will need to
provide additional leadership to ensure an improved organizational and

financial framework for meeting salmonid genetic resource needs.
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RECOMMENDATIONS

Initiate an inventory of California rivers and streams,

recording the genetic integrity (i.e., intactness) of their

salmonid stocks, based on hatchery transfer and outplanting

records. Streams and watersheds might be classified as to the

number and currentness of stock introductions and as to their
sources. This inventory would be a necessary first step in the
design of a management strategy for maintaining California's
native salmonid stock while research progresses on fundamental

questions.

Design and implement a marking study for both hatchery and

natural stock within a major watershed system in California.

The study should focus on determining the success of emigration
of artificially reared and naturally reared salmonids and it
should determine their rate of return as adults, both to
fisheries and to natal streams. The study would permit
researchers to evaluate the genetic basis, performance
consequences, and adaptive value of phenotypic differences among
stocks. Creel censuses, adult trapping and tagging, and

spawning ground surveys can be used to measure stock returns.

Initiate a study to monitor the relationship between Pacific

Fisheries Management Council (PFMC) season closure and harvest

requlation programs with resulting escapement and hatchery

return levels within a mixed stock watershed.
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Initiate on-site case studies to obtain fundamental data on the

specific impacts on genetic diversity and salmonid productivity

that result from management practices. Information needs to be

collected to determine the changes in genetic composition of
California's salmonid species over time, and research is
required to ascertain the effects of these changes on fish
production and quality. Sites for case studies should include
streams and watersheds chosen for differences in management

history and administrative jurisdiction.

Case studies should also be done to obtain precise knowledge

regarding the technical measures required for in situ and ex

situ conservation, such as the feasibility of the cryogenic

storage of ova or embryos, and the rearing of salmonids in ocean

pens.

Continue the analysis begun in Appendix E of the feasibility of

using introductions to ex situ waters as a conservation

technique.

Hold a regional working conference on the biological basis and

management applicabilility of the stock concept to salmonid

management. The stock concept has wide acceptance among
fisheries managers and scientists and has been utilized to
varying degrees as a basis for planning and management in
Oregon, Washington, British Columbia, and Alaska, as well as by
the PFMC and in California. Nevertheless, the scientific and

technological basis for identifying and monitoring discrete
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stocks is limited; the research necessary to identify population
units that are important for species productivity and stability
will take considerable time and effort. This conference could
enable researchers and managers to share state-of-the-art
information about the stock concept and thus to efficiently and

effectively plan future research.

Facilitate the development of research activity in several

areas, including the following:

1. scientific documentation (e.g., isozyme studies) of genetic
diversity that exists within and among species' populations;
and

2. determination of genetic consequences of population
phenomena (e.g., density-dependent mortality, homing and
straying, and ocean migration patterns) affected by
management practices.

Economic studies and investigations should be conducted to

appraise the value of the nonmarket services provided by

California's salmonid resources.

Competent analysis should be employed to evaluate the market and

nonmarket values inherent in each management alternative for

salmonid habitat. "Procedures, Principles and Standards,"

promulgated by the U.S. Water Resources Council for water and
related land resources, should be used in the analysis in
conjunction with the Environmental Quality Account and the

National Economic Development Account (see Chapter 4).
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Hold a working conference to examine the appropriate roles and

responsibilities for the management of salmonid genetic

resources among the federal, state, and private sectors. The

purpose of this conference would be to bring together
representatives of each sector, to review means for avoiding
jurisdictional overlap, to identify statutory incompatibilities,
and to begin to develop an appropriate distribution of roles and
responsibilities among all parties with a stake in maintaining

California's anadromous fishery.

Representatives of the following federal, state, and private
groups should attend this conference: the Pacific Fisheries
Management Council, Native Americans, the Pacific Coast
Federation of Fishermen's Associations, the California
Department of Fish and Game, the California Department of
Forestry, other state agencies, the University of California,
Sports Fishermen Associations, the U.S. Forest Service, the U.S.
Fish and Wildlife Service, the National Marine Fishery Service,

and other salmon and sea-run trout interests in California.

Hold a series of working conferences to provide conflict-

resolution and negotiation services for the various interests

involved in the management of the anadromous fishery. A

successful initiation and implementation of the projects
recommended in this report will depend, at least in part, on a
consensual agreement on the need for salmonid genetic resource

management activities and on adequate voluntary compliance to
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achieve relevant goals. Negotiation services should help in

reducing conflicting interests and in generating consensus.

Develop a carefully planned and coordinated information system

to assemble, analyze, and distribute data related to salmonid

genetic resources. The information should be on the following

subjects:

1. Current and future production problems,

2. Economic data related to production problems,
3. Marketing,

4. Land availability,

5. The distribution of native and mixed stocks and their
significance for production problems,

6. The current status of salmonid resources,
7. The impacts of human activities on these resources,

8. Land and resource use plans that might affect native and
mixed stocks,

9. In situ and ex situ conservation techniques,

10. The utility of using genetic material to solve production
problems,

11. Genetic enhancement and salmonid culture techniques,

12. Other related information of importance and interest.

Develop an educational program to communicate effectively with

public decision-makers, commercial and sport user groups, Native

Americans, scientists, and the general public regarding:

1. Problems in maintaining salmonid productivity,
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2. The importance of genetic resources in resolving these
problems, and

3. Specific issues and needs related to salmonid genetic
resource management, conservation, and use.

Hold a working conference in California to consider the

financial and organizational arrangements needed to carry out

the technical and policy measures recommended in this report.

Establish a new funding base to support research, conservation,
and management activities. Financial arrangements should be
developed that spread out investments among all relevant
management agencies and user groups so that costs per
participant are kept low, but additional monies are generated.
Costs ideally should also be spread across human generations in

an equitable fashion.
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PREFACE

The State of California initiated the California Gene Resources
Program (CGRP) in September 1980. The CGRP was organized in response to
mounting concern about irreplaceable losses of and changes in the gene
resources of many types of animals, plants, and microorganisms upon
which the economy of the state depends. It was recognized that existing
support and program coordination were insufficient to prevent these
losses. The well-being of California could be seriously jeopardized if
these irreversible losses of gene resources prove to be of significance.

One of the major objectives of the California Program is to
identify the specific measures required to safeguard the state's
economically important gene resources. The CGRP is also intended to
provide the information and assistance needed to make the state more
effective in its role as guardian of essential biological resources. In
particular, the CGRP is intended to determine the types and level of
support needed to carry out necessary gene resource maintenance and con-
servation activities.

The CGRP is designed to overcome the major obstacles which pre-
sently hinder the acquisition of sufficient support for existing gene
resource management, conservation and use programs. The first of these
obstacles is a lack of awareness about gene resource problems among de-
cision makers in both the public and private sectors. A second obstacle

is that, although many interest groups are concerned with living,
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renewable resources, there is no organized, broad base of support in the
gene resources field. A third major obstacle has been the paucity of
documentation that decision makers in both the public and private sec-
tors need to become informed about gene resource problems and potential
solutions. Without this information it is difficult to build a broad
base of support or to justify significant changes in support and
policies.

This report has been prepared in response to the California Gene
Resources Program Advisory Committee recommendation that comprehensive,
standard assessments and implementation plans be developed for the gene
resources of different types of individual species and commodities of
importance to California (CGRCP, 1981). The Advisory Committee intended
such reports to remedy the lack of information and coordinated effort in
gene resource management and conservation. One of the major objectives
of this report is to serve as a model and catalyst for making similar
efforts concerning other crop species. It is also intended to provide
the specific information that is needed to justify the increased invest-
ments required to maintain salmonids as a productive resource in Califor-
nia and elsewhere. Funds for this report have come from the Environ-
mental License Plate Fund and have been administered by the California
Department of Food and Agriculture.

Other plans developed by CGRP will focus on commodities such as
barley, Douglas fir, and strawberries. In developing these assessments
and implementation plans, the CGRP staff works with advisory committees
and other interested persons who represent various components of the

living, renewable resource interest communities--industry, government,
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the academic community, conservation and consumer organizations. In
developing this salmonid assessment and implementation plan, the CGRP
staff has worked with this group of advisors to assemble and analyze
relevant information from publications, manuscripts, raw data, inter-
views, and surveys.

It is hoped that the standard format for assessments and imple-
mentation plans established by this report will allow ease of comparison
among species and commodities, making setting priorities among them more
efficient and allowing activities to be integrated to avoid duplication
and gaps. Comprehensive assessments and plans should make it possible
for decision makers to compare the various measures needed to manage and
use salmonid genetic resources with other methods that also might be

used to resolve current production problems.
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INTRODUCTION

Gene resources are an insurance policy against the economic and
biological disasters that can occur when environmental conditions change
and become less favorable to a species' survival. The continued success
of California's multibillion-dollar agricultural, forestry, and fishing
industries depends on the availability of appropriate genetic materials.
The term "gene resources" refers to the genetic diversity of the
animals, plants, and microorganisms that society needs to meet its basic
requirements for food, fiber, pharmaceuticals, energy, and recreation.
Gene resources are essential to the continued production of improved

domestic animal breeds, native fishes, and crop varieties.

There is reason to be concerned about declining genetic
resources of fish species, including California's salmon and trout.
Agriculture has provided a number of examples in which gene resources
have been critical to achieving recovery from significant crop
disasters. Preservation of fish genetic resources may prove equally
jmportant. In 1970, for example, 15% of the United States' major crop,
corn, was destroyed by corn leaf blight, and increasing destruction,
accompanied by enormous economic losses, in subsequent years seemed
jnevitable. Rapid recovery from this disaster was possible only because
an appropriate blight-resistant corn variety was found shortly after

disaster struck (Ullstrop, 1972). This recovery was a key event that
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focused attention in the United States on the country's reliance on gene

resources and on the significance of genetic resource problems.

California also has used genetic resources as an insurance
policy. For example, in 1961 and again in 1974, wheat in the Sacramento
Valley was heavily damaged by stripe rust. However, wheat strains
introduced from Mexico proved resistant to the rust, quelling the
epidemics and making successful harvests possible (Qualset et al.,
1977). California agriculture earns millions of dollars annually
through investments in gene resources that help reduce important crop
losses and increase production. Examples of the successful returns from
investments in gene resources include:

o A single Ethiopian gene now protects California's barley crop
($128 million farm gate value in 1979) from the devastating
effects of the barley yellow dwarf virus (Schaller, 1977).

e The grape industry in California receives an additional $5
million annually due to the introduction of new varieties which
ripen two weeks ahead of the Thompson Seedless variety, allowing
a longer marketing season (USDA, 1976).

o Increased productivity of genetically improved corn varieties
has resulted in annual benefits of about $120 million (USDA,
1976), and new wild relatives of domestic corn have recently
been discovered, raising the possibility of increased pest
resistance and cultivation range.

Examples of the economic importance of genetic resources to
fishery production and aquaculture have not yet been so dramatically
documented. Large-scale applications of aquaculture are only now being
developed, and fishery failures can seldom be ascribed to a single

genetic factor. Nevertheless, the dependence of both wild fisheries and

aquaculture on genetic resources is clear. Overfishing of wild stocks
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has led repeatedly to at least temporary fishery collapse (Cooley, 1963;
Radovich, 1981) or to undesirable changes in the growth rate, size at
maturity, and homing ability of fish (FAO, 198la). The potential for
gains in growth and yield achievable in aquaculture through use of
stocks with particular characteristics, hybridization of wild and
domesticated stocks, and coordination of genetic traits with fish
farming practices is best illustrated by experience with carp (Moav et
al., 1976, 1978; Wohlfarth and Moav, 1978; Moav, 1979). Success with
carp was achieved through insight and research into the relationship
between genetic and environmental factors determining the success of
aquaculture. Many other species show promise of contributing
importantly to the world's food supplies, if their genetic resources can

be properly managed and utilized.

SALMON AND SEA-RUN TROUT IN CALIFORNIA

Salmon and sea-run populations of trout (known collectively as
"salmonids") hatch from eggs in California's rivers and streams and
spend variable periods feeding on aquatic insect larvae and small fish
in freshwater habitats before migrating downstream to the ocean. The
young fish must undergo a physiological change, called smoltification,
before they move out into the ocean to feed on other fish and grow to
maturity. After two to four years, depending on the species, adults
migrate back into freshwater, usually ascending rivers and streams to
the same spawning grounds where they originated. There, females deposit

eggs in gravel nests called redds, and males fertilize the eggs with
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milt to complete the life cycle. Fish species that exhibit this 1ife

history are called "anadromous."

California has four anadromous salmonid species that are
important to commercial and recreational fishing: chinook or king
salmon, and coho or silver salmon, steelhead trout (anadromous rainbow
trout), and cutthroat trout. These species were selected for this
assessment for a number of reasons. The commercial salmon fishery
contributes more than $50 million to California's economy each year.
Furthermore, about 150,000 fishermen participate in salmon and sea-run
trout sport fishing and contribute more than $17 million to the state
economy annually. Habitat loss and competing uses for water and
watershed resources have precipitated concern about the fishery's future
prospects and about the status of wild stocks in California's rivers.
Although total commercial landings of salmon have not declined very
markedly, fishermen have reported smaller catches and are calling for
extended seasons and higher catch 1imits. Managing the salmonid fishery
has become a complicated process of attempting to satisfy the current
demands of many interest and user groups while conserving the fishery

resource for sustained production in the future.

The populations of salmon and trout still found in California's
rivers and streams are the reservoir of genetic resources on which
present and future production depends. These populations and
subpopulations, or stocks, spawning in different seasons in particular
stretches of water on specific streams, are often genetically distinct.

Their particular life history patterns have evolved during many
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thousands of years and may be critical to their population's present and
future viability. Their capacity for optimal growth under the range of
watershed conditions found over time in spawning and rearing habitats is

vital to fishery production.

Many of California's populations of anadromous salmonid species
have declined in the past several decades. Spawning numbers of chinook
salmon in the Klamath and its tributaries, for example, declined from
160,000 per year in the early 1960s to less than 30,000 in 1980. 1In the
main stem of the Trinity River system, chinook spawning declined 80%
between 1968 and 1979. Chinook and steelhead spawning on the Sacramento
River system has declined by 25% in the past two decades. Fall chinook
on the San Joaquin River, formerly exceeding 100,000 spawners annually,
have been reduced to only a few thousand fish. Spring chinook in the
San Joaquin, which historically exceeded the fall run in numbers, are
now extinct. Thus, genetic resources of salmonid species have already

been lost from California's rivers.

Natural events produce pronounced population fluctuations in
salmonids. The declines cited above, however, are largely attributable
to the construction of dams that eliminate or reduce access to the upper
tributaries of rivers where habitat and spawning conditions are
appropriate to the life cycles of the various species. Additional
degradation of spawning habitat has resulted from water diversion and
changes in water quality and temperature due to logging, mining, and
other land-use activities. The result is a diminished contribution by

natural spawning to populations of harvestable salmon.
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While hatchery production of salmonids has been somewhat
successful in compensating for declines in natural production, hatchery
programs are no longer viewed as an adequate or "best" means of meeting
fishery demands. Commercial and sport fishermen alike are calling for
preservation of the wild stocks. Yet hatchery practices may have
already contributed to losses and changes in salmonid genetic diversity.
If the productivity and stability of California's salmon and anadromous
trout fisheries are to be assured, policies and practices for the

management and use of their genetic resources must be reevaluated.
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CHAPTER 1

CALIFORNIA'S ANADROMOUS SALMONID RESOURCE: PAST, PRESENT, AND FUTURE

CHAPTER ABSTRACT

King and silver salmon and steelhead and cutthroat trout are the
four most important anadromous salmonid species in California. These
fish migrate to the ocean to mature but must return to their freshwater
origins to spawn. The major freshwater salmonid-producing areas in the
state are found in the Sacramento-San Joaquin Valleys and along the

North Coast, primarily in the Klamath-Trinity Basin.

Salmon support a commercial fishery contributing more than $50
million to California's economy each year. The salmon and sea-run trout
sport fishery is enjoyed by about 150,000 fishermen and contributes more
than $17 million to the state economy annually. Commercial salmon
caught in California are processed in local plants, then refrigerated
and sold immediately to restaurants, markets, or fish brokers who ship

fish throughout the country and to Europe and Japan.

While both commercial and sport salmonid catches have been main-
tained at relatively stable levels during the past few decades, salmon
and steelhead populations have declined by an estimated 60% in Cali-
fornia inland waters since 1900. A number of traditional native salmon

runs are now at dangerously low levels or are extinct. And in a number
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of cases, escapement levels set by management agencies to sustain the

productivity of natural and hatchery stocks are not currently being met.

The decline in salmonid runs is generally attributed both to the
continued effects of fishing and to human impacts on aquatic habitat.
Anadromous fish habitat has declined from 9000 to 7500 miles during this
century. The principal causes for the decline are dam construction,
diversion of water for agriculture and urban uses, periodic natural
flooding, siltation of streams due to timber harvesting, road building,

and other disturbances.

The state's ability to maintain present catch levels or to in-
crease salmonid production and quality relies on a range of programs.
Particularly in recent years, federal and state agencies and private
groups have instituted new programs to regulate the ocean and inland
fishery and to restore and enhance salmonid runs and habitats in coastal
and valley rivers and streams. Investments are presently being made in
stream rehabilitation, hatchery programs, and ocean ranching. But
knowledge of the importance of genetic diversity in the advancement and
coordination of these efforts is not readily accessible to decision
makers. The role of natural diversity in maintaining the ocean fishery
and in development of salmonid aquaculture is now being recognized.
However, information on the status of this diversity is largely unavail-
able or unanalyzed. This situation complicates resolution of the prob-
lems encountered in managing and conserving the salmonid resource and

allocating the resource among fishery participants.
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THE SALMONID FISHERY
California's anadromous salmon and trout species are one of the
state's most important renewable resources. King salmon, also known as

chinook (Onchorhynchus tschawytscha), and silver salmon, also known as

coho (Onchorhynchus kisutch), are the only two salmon species which

appear in significant numbers in California. The migratory rainbow

trout, known as steelhead (Salmo gairdneri), and the cutthroat trout

(Salmo clarki) are the most important anadromous trout species. The

major salmonid-producing areas in the state are found in the Sacramento-
San Joaquin Valleys and along the North Coast, primarily in the Klamath-
Trinity Basin (Figure 1-1). Since 1900, salmon and steelhead
populations have declined approximately 60% in California inland waters.
Salmon support an important commercial and recreational industry;
approiimate]y 750,000 were caught in 1981, whereas the steelhead catch

was 122,000.

Anadromous salmon and trout are unique among fishes in their
biology and behavior. The life history of these salmonids begins in
freshwater streams, where the fish spend up to a year before migrating
to the ocean. After their ocean migration, they return to their native
streams three to four years later to spawn and to die. This life his-
tory is the same for fish reared in hatcheries. They also undergo a
transformation from freshwater to saltwater fish and live out a migra-
tory existence over a range of up to 2000 miles or more. This compli-
cated life cycle delineates large habitats which must be maintained to

ensure the species' continued productivity. Without adequate ocean,
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coastal, estuarine, and freshwater habitat, California's salmonid

resource would be unlikely to survive (see Appendix A).

Adequate habitat alone, however, cannot guarantee the health and
resilience of the state's salmon and anadromous trout. The genetic and
biological characteristics of the species must also be retained and
managed if salmon and its close relatives are to continue to populate
California's ocean and inland waters. This report attempts to define
and identify the role of genetics in maintaining immediate and long-term
salmonid productivity and quality and proposes a plan for ensuring the

use and conservation of this genetic resource.

Any program to maintain and manage the salmonid genetic resource
depends on a number of factors: (a) an understanding of the scientific

and technical aspects of genetic resource composition, evaluation, and

use; (b) an assessment of the economic environment within which salmon

germplasm will be needed and utilized; and (c) the development of

institutional arrangements appropriate for directing and supporting

these necessary scientific, technical, and assessment activities. This
chapter introduces these three areas of concern, emphasizing the long-
term commercial and recreational uses of salmonids and describing
current California programs of fish and habitat management. To put
these issues in perspective, the chapter begins with some brief histori-

cal background on the salmonid fishery of California.

History of the Salmonid Fishery

Eighteenth century accounts of California's vast natural
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salmonid resource describe its importance to the subsistence,
ceremonial, and tribal activities of coastal Native Americans. These
early Californians used salmon as a basic part of their diet and traded
smoked fish with inland tribes. Through various ritual procedures, the
coastal tribes protected the integrity of the state's original

anadromous runs.

By the mid-1880s, early non-Indian settlers had recognized the
commercial potential of a salmon fishing industry, and it flourished
along the Sacramento and San Joaquin Rivers and in Suisun and San Pablo

Bays.

The first Pacific salmon cannery in North America opened in 1864
in what is now Broderick, California, on the Sacramento River. Twelve
years later, two salmon canneries operated in that area, and by 1881,
twenty were in operation. The decline in the number of salmon canneries
was equally swift. After two peak years in 1881 and 1882, the industry
collapsed. Just six canneries were operating in 1885, and the final

salmon cannery in the area closed in 1919 (Frey, 1971).

Most analyses (Feinberg and Morgan, 1980) attribute the collapse
of the salmon fishery to increased competition within the canning indus-
try and to river pollution resulting from hydraulic gold mining
practices. California "Forty-Niners" used river water under high
pressure to spray hillside soils and gravels into sluice boxes to

separate gold; this process discharged debris into rivers, covering
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spawning gravel and killing fish. As river salmonid populations

declined, fishing efforts shifted to the ocean.

Beginning in the 1880s in Monterey, the ocean fishing industry
quickly spread up the California coast. Salmon trollers were operating
north to Point Reyes by 1914 and off Eureka, California and Crescent
City, California two years later. Early trolling was difficult work for
salmon fishermen, who manually pulled heavy weights, lines, and fish
onto their small boats, often powered only by wind. By the 1940s, how-
ever, commercial trollers were generally equipped with power gurdies and

engines and had a range of hundreds of miles.

Inland commercial fishing also continued during this period.
But as it became clear that stocks were declining, legislation was
passed to close northern California's rivers one by one to commercial
fishing. The Mad, Eel, Smith, and Klamath-Trinity system were all
closed to fishing by 1933; the Sacramento and San Joaquin Rivers, where
commercial fishing had started a century before, were closed in 1957.
Today, the ocean troll fishery is the only legal commercial salmonid

fishery in California.

While these rivers were closed to commercial operators, they
remained open to Native Americans and sports fishermen. Beginning after
World War II, ocean sports fishing also became a common pastime for

California anglers.

Today's Fishery

Today, approximately 5000 commercial salmon boats fish the coast
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between the Oregon border and Los Angeles. Most of the salmon are
located along the North Coast of California, and the largest catches are
landed at Crescent City, Eureka, Fort Bragg, and San Francisco. Point
Conception is normally the southern limit of the salmon range, but a few

fish are caught as far south as San Diego.

Salmon catch statistics of varying accuracy have been compiled
for California from 1874 on (Frey, 1971), and these statistics indicate
pronounced fluctuations in salmon harvests since the beginning of this
century. Figure 1-2 shows the catch trends for both troll and sport
ocean fishing since 1971. The average annual commercial salmon catch in
California is about 7,000,000 pounds of salmon--almost 800,000 fish.
California follows Alaska, Washington, and Oregon as the fourth leading
salmon producer in the nation. Most of the California catch is sold

within the state.

Since the last cannery closed in 1919, almost all of the salmon
caught in California has gone directly from fishermen to buyers who rep-
resent the state's processing plants. Most processing plants are
located at the larger harbors, 1like Crescent City, Eureka, Fort Bragg,
and San Francisco, although a few are inland in Santa Rosa and

Sacramento.

Once processed, most of the salmon is refrigerated and sold im-
mediately to restaurants, markets, or fish brokers, who may buy several
loads of salmon for shipment to Los Angeles, San Francisco, the Midwest

or the East Coast. Salmon is also exported to Japan and Western Europe.
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The value of salmon to the California economy was approximately
$50,573,000 in 1981 from a primary industry employing about 5500 people.
Table 1-1 indicates the markets for California coho and chinook for
1976. Since 1976, distribution patterns within the state and U.S.
markets have remained largely the same while the value of foreign
exports appears to be gradually declining. During this period, Japan
has become slightly less important as an importer of salmon products
while France has become the number-one importer. Available salmon price
and value data by species indicate that, after adjustment for inflation,
chinook prices rose gradually from 1971 to 1976 and then appear to have
fluctuated around an average price from 1977 to 1981. For coho,
California prices have generally kept pace with inflation (PFMC, 1982).
In 1982 fishermen sold their catches to wholesale buyers at prices
ranging from $1.94 to $2.45 per pound, depending upon species, size,

port, and time of year.

The recreational ocean salmon fishery has actually declined in
recent years. The California Department of Fish and Game estimated
that, while sportsmen are responsible for 15-20% of the total annual
salmon catch, the number of angler trips has declined 47% from the
1971-1975 average. Still, the ocean and inland sport fishery has a

significant impact on the state's economy.

Although no conclusive figures are available to determine the
contribution of sport fishing to the economy, some 1,800,000
trout/salmon license stamps were sold to allow sport fishing for

anadromous species in 1980 (CDFG, personal communication, 1982). In
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1978, the salmonid fishery was enjoyed by about 150,000 fishermen and
contributed more than $17 million to the state economy (Resources

Agency, 1979).

Population Estimates

While both commercial and sports salmon catches have been main-
tained at relatively stable levels during the past decades, overall
population estimates are below "historic levels," which are roughly de-
fined as the largest numbers of fish known to have occurred in
California. The California Department of Fish and Game and others
(e.g., the California Advisory Committee on Salmon and Steelhead Trout,
1971) have officially documented declining runs in all of California's
major salmonid rivers. For example, studies indicate that spawning
chinook salmon in the Klamath and its tributaries have declined from
160,000 per year in the early 1960s to less than 30,000 in 1980 (PFMC,
1978). In the main stem of the Trinity River system, chinook spawning
declined 80% between 1968 and 1979. Chinook and steelhead spawning on
the Sacramento River system has declined by 25% in the past two decades.
Fall chinook on the San Joaquin River, formerly exceeding 100,000
spawners annually, have been reduced to only a few thousand fish.

Spring chinook in the San Joaquin, which historically exceeded the fall
run in numbers, are now extinct. In addition, in a number of cases,
escapement levels set by management agencies to sustain the productivity

of natural and hatchery stocks are not being met (PFMC, 1982).

Human Impacts

The decline in salmonid runs is generally attributed both to the
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continued effects of fishing and to human impacts on aquatic habitat.
Before 1900, the San Joaquin, Sacramento, and North Coast river systems
had 9000 miles of anadromous fish habitat. Today, this area has de-
clined to 7500 miles. The principal causes for the decline are dam
construction, diversion of water for agriculture and urban uses,
periodic natural flooding, siltation of streams due to timber harvest-
ing, road building, wildfire, and other disturbances that remove vegeta-

tive cover which protects soils from excessive erosion.

The state's water control projects (Figure 1-3) have had the
greatest of all impacts on salmonid habitats, yet these impacts seem
never to have been considered in advance of construction. Three
projects built in this century have succeeded in regulating the flow of
the Sacramento River; providing water to irrigate the San Joaquin basin;
and satisfying industrial and domestic water needs of the San Francisco
Bay area as well as of central and southern California cities. Dams
have been built on virtually every major river of the Central Valley
system, and most of the North Coast rivers have been modified to control

flows, supply domestic water, or generate hydroelectric power.

Much less of the water from the Central Valley rivers now flows
into San Francisco Bay than in presettlement days. A large portion of
the water from the north is shunted south from the Sacramento Delta, and
most of the San Joaquin River is used locally or further south. The

transported water supplements the limited underground water supplies for

irrigation in the southern part of the Central Valley.




Table 1-1

CHINOOK AND COHO SALMON 7 MARKETS BY FISH WEIGHT, 1977

Chinook Weight Coho Weight
Less 7 1bs. Greater Less 4 lbs. 6 lbs. Greater
than to than than to to than
T-1bay 11 1bs ., 11l 1bs. Unspecified 4 lbs. 6 lbs. 9 lbs. 9 1bs. Unspecified
: . b/
Southern California 1:8=* 41 49 X 12 4 18 3 1
San Francisco Bay Area 28 13 2 3 4 23 3 * 12§
Northern California and .
Southern Oregon 4 10 1 35 i i 1 5 21
Puget Sound 25 4 5 * 11 * * N 26
Other West Coast 89/ 29/ ZQ/ 9§/ » | il 3 2
—
' West and Southwest
E; (excluding West Coast) sl € & b - & * * # 2
o7
Great Lakes Region a1 * i & = & * » if
East Coast 2 12 24 52 i * * * *
Southeast * 4 9 * 2 1 * * 29
Exports 3 13 9 o 6 71 77 91 *
Total 100 100 100 100 100 100 100 100 100
% of total landings
in each size class 22 32 41 5 14 34 36 2 14

a/ Troll-caught chinook and coho in fresh, frozen, or mild-cured form. A small amount was marketed in kippered or smoked form.
b/ Figures are percentages.

e/ Figure is less than 1%.

da/ Including Hawaii

Source: Oregon State University, 1978.




f—t
]
—
o
[ 5

Table 1-2

CALIFORNIA ANADROMOUS SALMONID PROPAGATION FACILITIES

Stream or Nearest Species
Name River Town Owner Operator Reared Puyrpose
Prairie Creek Lost Man Orick Humboldt Humboldt Chinook Salmon Augment north
Creek County County Coho Salmon coast runs
Steelhead Trout
Cutthroat Trout
Mad River Hatchery Mad Blue Lake caliEc CDFG Chinook Salmon Augment
Coho Salmon north coast
Steelhead Trout runs
Iron Gate Hatchery Klamath Hornbrook PPL CDFG Chinook Salmon Mitigation
Coho Salmon
Steelhead Trout
Trinity River Hatchery Trinity Lewiston USBR CDFG Chinook Salmon Mitigation
Coho Salmon
Steelhead Trout
Darrah Springs Battle Anderson calif: CDFG Coho Salmon Augment north
Hatchery Creek coast runs
Warm Springs Dry Creek Geyerser- USACE CDFG Chinook Salmon Mitigation
Hatchery ville Coho Salmon
Steelhead Trout
Tehama-Colusa Sacramento Red Bluff USBR USFWS Chinook Salmon Mitigation
Spawning Channel and enhance-
ment
Coleman National Battle Anderson USFWS USFWS Chinook Salmon Mitigation
Fish Hatchery Creek Steelhead Trout
Feather River Hatchery Feather Oroville DWR CDFG Chinook Salmon Mitigation

Steelhead Trout




Table 1-2

Stream or Nearest Species
Name River Town Owner Operator Reared Purpose
Nimbus Hatchery American Fair Oaks USBR CDFG Chinook Salmon Mitigation

Steelhead Trout

Mokelumne River Mokelumne Clements EBMUD CDFG Chinook Salmon Mitigation
Hatchery/Rearing
Pond/Spawning Channel

Merced River Spawning Merced Snelling MID CDFG Chinook Salmon Mitigation
Channel and Rearing
Ponds
=
|
=
v )
(2]
KEY : CDFG = California Department of Fish and Game
DWR = Department of Water Resources
EBMUD = East Bay Municipal Utility District
MID = Merced Irrigation District
PPL = Pacific Power and Light
USACE = U.S. Army Corp of Engineers
USBR = U.S. Bureau of Reclamation
USFWS = U.S. Fish and Wildlife Service

Sources: CDFG, 1978; Sanders, personal communication, 1982.
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Water projects have dramatically altered the natural ecology of
California, causing changes in sediments, nutrients, temperatures, and
flows of rivers; altering patterns of erosion and formation of flood-
plains; and changing the distribution of native aquatic plants and

animals.

The effects on salmonids have been many. Dams have blocked
access to traditional spawning areas. Below dams, some spawning gravel
has washed away or is covered with silt. At pumping plants, fish are
attracted to the current of the water intakes, and, if the inlets are
not properly screened, the fish can be sucked through the facilities and
killed, injured, or disoriented. Before entrances to diversion channels
were adequately screened, small fish were carried into irrigation

ditches and stranded.

Future Demands and Uses

The effects of these human impacts on salmonid habitat, popula-
tion sizes, and distribution take on added meaning when considered in
the context of the needs of future generations of Californians. While
it is difficult to project future markets and uses of salmonids, the
present rate of consumption of salmon in the sport and commercial
fisheries is expected to continue through 2020 (PFMC, 1981). Although
harvest levels have been maintained to some degree in the past, it ap-
pears that in order to take the same quantity of salmon, increased

economic and management inputs are required. As an example, the size of

the California troll fleet has tripled since 1960 while the average
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landings per vessel have decreased significantly over this 2l-year

period (Figure 1-4).

The state's ability to maintain present consumption levels or to
increase salmonid production depends on a range of programs which have
been developed. Particularly in recent years, numerous public and
private groups have instituted programs to regulate the ocean and inland
fishery and to restore and enhance salmonid habitat in coastal and

valley rivers and streams.

MANAGEMENT PROGRAMS

Regulation of the Ocean Fishery

Depletion and overfishing of certain fish stocks off the U.S.
coasts and evidence of industry inefficiencies prompted Congress in 1976
to pass the Fishery Conservation and Management Act. The law extended
U.S. jurisdiction to 200 miles off its coast and asserted the right to
1imit or exclude foreign fishing in that zone. It regulates fishing,
and it requires that both foreign and U.S. fishermen conserve fishery

resources within the 3- to 200-mile federal management zone.

To plan management of the resource and to enforce the Act, the
act established eight regional fishery management councils. California,
along with Oregon, Washington, and Idaho, is part of the Pacific Fishery
Management Council (PFMC). PFMC's major task is the preparation of
management plans for a number of fisheries (i.e., anchovy, dungeness

crab, pink shrimp, and salmon) in their respective geographical areas.

The salmon plan contains information on the resource's condition, the




harvesting sector, the processors, the market, and the consumers. Based
on the information in the plan, it recommends specific allocations of
the predicted catch. The various user groups affected by the plan may
participate in the planning process during council meetings and at
public hearings held throughout particular states. After review and
approval by the U.S. Secretary of Commerce, regulations are established,

and the plans are put into effect.

An important principle found in the Act is that the fishery
plans should use optimum yield as the primary management goal. Implicit
in the optimum yield concept is that the multitude of data described in
the Act must be combined to determine the catch that will provide the
greatest overall benefit to the nation. The exact meaning of a
fishery's optimum yield and its determination is left to the judgment of
the regional councils. However, before developing the optimum yield
concept, the councils must determine the total allowable catch that each
species could sustain without damage to the fish stock. This is known
as the maximum sustainable yield--a biologically determined catch

independent of economic and social factors.

The 1982 salmon management plan (PFMC, 1982) for the Pacific
region was prepared by a team of planners from the various state fishery
departments and the U.S. Fish and Wildlife and National Marine Fisheries

Services. The National Oceanic and Atmospheric Administation supplied

the funding.




The plan essentially sets a number of escapement goals for the
major salmon production areas of the coast and develops and recommends
programs for achieving these goals. The programs employed include the
establishment of opening and closing dates for the fishing season, regu-
lation of the type of gear used, establishment of management boundary
areas, and a limitation on entry for commercial trollers. The plan was
accepted by the Secretary of Commerce in the spring of 1982 and is now

in effect.

Under the act, the California Department of Fish and Game (CDFG)
retains the authority to determine whether the plan's regulations should
apply to California territorial waters (within three miles of the shore-
line). A state statute authorizes the CDFG director to suspend any
state regulation in order to make California law conform to the salmon
plan approved by the Secretary. This provision was voided by the Cali-
fornia State Superior Court in 1980, and thus, during the 1981 season,
California waters were managed under a season different from that used
on federal waters. Recently, however, both the California Appellate and
Supreme Courts overruled the lower court so that, for the 1982 season,

California and federal waters will be managed on the same schedule.

Regulation of the Inland Fishery

California's inland salmonid fishery is primarily under the
jurisdiction of the CDFG, except for parts of the Klamath-Trinity Basin,

where federal and state laws uphold Indian rights to catch fish for

subsistence and ceremonial purposes.




No commercial fishing is allowed in inland waters, and thus,
CDFG regulations are limited to sports, recreational, and scientific
uses. These regulations are actually set by a five-person Fish and Game
Commission appointed by the Governor. Inland salmon and trout fishermen
in California must have a valid sport fishing license. Sport fishing
gear is limited to hook and line, and, in general, the daily limit is
two fish. Season openings vary by geographical area. With the excep-
tion of special spawning area closures, most California streams are open

to angling during the period that adult fish are present.

Within the Klamath-Trinity Basin, three different authorities
have attempted to exercise jurisdiction over Indian fishing--the Hoopa
Valley Business Council and, because the Yurok Indians are not formally
organized as a legally recognized tribe, the state and federal govern-

ments on the Klamath River.

Though California has sought to regulate fishing on the Klamath
River portion of the Klamath-Trinity River system for more than a cen-
tury, a series of court decisions have reestablished the Indian right to
fish for subsistence purposes. Whether commercial fishing is included
within the definition of permitted fishing remains unclear. In 1975,
the California Court of Appeals held that the state did not have juris-
diction to regulate Indian fishing on the lower 20 miles of the Klamath
and upheld the Indian right to fish free from state regulation.
However, in 1977, the Del Norte County Superior Court concluded that
regulating commercial fishing by Indians on the Klamath River

reservation is a valid exercise of the state's police powers.
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In 1979, the Bureau of Indian Affairs (BIA) promulgated rules
for Indian fishing on the reservation, permitting fishing for

subsistence and ceremonial use but not for commercial use.

On October 18, 1979, the State of California became a plaintiff
in a suit against the Secretary of the Interior and staff who are
responsible for carrying out the trust responsibility of the United
States for the Yurok Indian Tribe. The controversy concerns the
applicability of California law on the lower 20 miles of the Klamath

River. This case is still pending.

Most recently, the BIA delivered a position paper to the Pacific
Fishery Management Council in which curtailment of harvest by the
Indians was asserted to be necessary to protect the resource, but the
BIA recommended that other user groups also reduce their harvests. The
paper urged that the Pacific Fishery Management Council and other

governmental agencies address the issue of allocating the total harvest.

Mitigation and Enhancement

Hatcheries have been one of the mainstays of California's
salmonid management efforts since the 1960s. Currently, there are nine
hatcheries and three spawning channels in California (Table 1-2), funded
all or in part by state and federal agencies, the Bureau of Reclamation,
utility companies, or county government. Eight of the facilities were
built to mitigate fish population losses due to state water development

and flood control projects. The California Department of Fish and Game

(CDFG) operates a total of nine rearing facilities; another two are




operated by the U.S. Fish and Wildlife Service (USFWS); and Humboldt
County administers the remaining facility. CDFG has authority over all

egg collecting in the state.

Lately, rearing space has also been created for fry that are
surplus to the CDFG program's needs or hatchery capacity. The fish are
being raised to the smolt stage in artificial ponds by community-run
projects in the North Coast area. These experiments are the result of
interest by fishermen and the general public in replenishing local
salmon stocks. The projects are operated using relatively low-cost
materials, with technical assistance from the CDFG, from Humboldt
County's hatchery, and from the California Sea Grant Marine Advisory

Program.

For many years, salmon hatcheries were built solely to raise
fish to be caught by commercial and sport fishermen. However, over the
past decade, the business of ocean ranching or aquaculture has

developed.

Ocean ranching of salmon has many similarities to public
hatchery operations; the main differences are in goals, facility loca-
tions, and funding. Ocean ranches are privately funded and are operated
for profit from the harvest and sale of adult fish. These ranching
operations are located at tide-water, while public hatcheries are usual-

ly upstream.

Anadromous salmonids are particularly suitable for aquaculture

for the following reasons:




1. They do not require elaborate containment systems and can be
released to the natural waters during their early life stages.

2. Culture methods are well developed.

3. Their homing instinct permits a high percentage of the adult
fish to be captured during their spawning run.

4. Their market value is high.

California presently has only one commercial salmon aquaculture
facility, which is located just north of Santa Cruz. Several environ-
mental, economic, and political issues remain to be resolved before
salmon ocean ranching in California can develop further; however, Cali-
fornia has the potential for a viable salmon ocean ranching industry

(Living Marine Resources, Inc., 1980).

While commercial salmon ranching is a relatively new activity in
California, it has been successfully developed in Japan and Russia and
is developing in Alaska, Oregon, and Canada. For example, as of 1980,
Oregon has issued 20 private salmon hatchery licenses to 12 firms or

individuals to raise coho, chinook, and chum (Onchorhynchus keta)

salmon. Although private salmon ranching has not yet been legalized in
Washington, a commercial net-pen system has been established which
produces more than 450,000 kilograms of pan-sized salmon (mostly coho)

per year (Thorpe, 1980).

Habitat Protection

To protect fish and wildlife and the recreational and scenic

values of underdeveloped rivers, the State Wild and Scenic Rivers Act

was adopted in 1972. The act prohibited state assistance for construc-




tion of dams or diversions (except for local needs) on segments of nine
designated Northern California rivers. Under this legislation, water
from these rivers can still be withdrawn for domestic purposes, but
their free-flowing character needs to be preserved. Federal Wild and
Scenic River regulations also apply in California, and the U.S. Depart-
ment of the Interior recently included portions of the Klamath and

Trinity Rivers in the National Wild and Scenic River system.

Standards for stream flow requirements of fish are currently
considered on a case-by-case basis by the State Water Resources Control
Board each time requests are made for water diversions. Some groups,
including the Governor's Commission to Review Water Rights Law, have
recommended that instream standards be established for each stream to
protect fish. Some of these groups have asked that instream values be

given priority over offstream uses, such as irrigation.

By revision of the State Water Code in 1969, the California
Department of Fish and Game (CDFG) was included in the formulation and
enforcement of water quality control plans. The Department investigates
the effects pollution has on fish and recommends water quality standards
to regional control boards. Presently, CDFG studies are helping find
solutions to severe problems caused by heavy metal poisoning in the

upper Sacramento River.

The overall effectiveness of the state in controlling non-point-

source water pollution depends largely on the stringency of institu-

tional standards and the cooperation of forest users. The California




Forest Practice Act (FPA) provides for formulation and enforcement of
forest practice rules on private timber lands and public nonfederal
timberlands. Beyond the regulation of forest practices, FPA also pro-
vides for streamside protection zones. For example, in the North Coast
District, the rules provide for at least a 50-foot buffer zone on
streams where fish are absent and a 100-foot buffer in streams where

fish are present.

In addition, public agencies often sponsor programs to attempt
to restore damaged streams by re-creating lost spawning areas and
resting pools, stabilizing eroding hillsides, and removing log jams and
other impediments. Almost 100 miles of North Coast salmon and steelhead
spawning and rearing habitat was restored in 1981 under a $1 million
contract between CDFG and the California Conservation Corps. A similar
experimental program is also being applied on U.S. Forest Service lands

by the federal agency.

Other Programs

Another important entity with a role in California fishery
management is the Trinity River Basin Fish and Wildlife Task Force.
This multiagency committee was formed in 1974 to formulate and implement
immediate and long-range remedial actions to restore the anadromous
fishery within the Trinity Basin. Members include the Water and Power
Resources Service, CDFG, USFWS, the Department of Water Resources,
National Marine Fisheries Service, the Bureau of Land Management, the
BIA, and the U.S. Soil Conservation Service. In 1980, this task force

published a proposed fish and wildlife management program which, if im-
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plemented, would direct watershed rehabilitation, harvest regulation,
monitoring, and artificial and native stock production projects under a

single coordinating authority.

Improved Salmonid Management

A1l of these management agencies and their programs represent
significant organizational resources for the resolution of salmon and
trout production-and-genetic problems in California. If well
coordinated, these programs can provide the key to maintenance and pro-
tection of one of the state's most important renewable resource systems.
However, as the next several chapters contend, California needs to place
more emphasis on the value of native fish as a genetic resource and the

application of the stock concept in salmonid management activities.
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CHAPTER 2

IDENTIFYING THE GENETIC RESOURCES OF SALMON AND ANADROMOUS TROUT

CHAPTER ABSTRACT

The genetic resources of salmon and sea-run trout are the basis
for the present and future productivity of California's salmonid
fishery. Intensive harvesting and loss of habitat have had major
impacts on this fishery. Although hatchery technology has had some
success in replacing and supplementing natural runs of salmonids,
uncertainty remains as to the long-term consequences of both harvesting
and replacement practices currently in use. A broad understanding of
the importance of salmonid genetic diversity to fishery productivity and
stability is required for a reevaluation of management alternatives and

long-term conservation needs.

The usefulness of salmonid genetic diversity is summarized in
two respects. The first is its usefulness for salmonid management pro-
grams. A second perspective is provided by consideration of problems
encountered in artificial propagation and domestication of salmonids.
The usefulness of natural variability in disease resistance and a

variety of other traits is apparent from this perspective.

The significance of the natural diversity that can still be

found in native wild salmonid populations is revealed by studies of
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variation in behavioral, physiological, morphological and biochemical i
traits within and among populations. Much of this variation has a

genetic basis and is adaptive, i.e., enables individual fish to cope

successfully, on average, with the specific environmental conditions

that they encounter in both freshwater and ocean environments. Some

genetic variation is not demonstrably adaptive but may nevertheless have

significance to the future viability of natural populations and for

artificial propagation and breeding purposes.

The possession of different characteristics, both adaptive and
nonadaptive, by different populations of salmonid species is the basis
for the stock concept. The stock concept is an integration of
scientific knowledge about fish genetic diversity and its significance
in a form designed to facilitate application of this knowledge to
management decisions. While the stock concept has been successfully
employed in fishery management elsewhere, the data required to identify
and individually to manage individual salmonid stocks important to the
California fishery are presently inadequate for these purposes. A f
review of existing knowledge of genetic variation in chinook and coho
salmon, and anadromous rainbow (steelhead) and cutthroat trout

populations reveals a paucity of data on all of these species.

Recognition and use of salmonid stock diversity in California is
reviewed from the perspectives of historical and current management
practices. Opportunities for future uses of stock diversity can be
identified in three areas: replacement and enhancement of native runs,

development of domestic stocks, and overall maintenance of fishery pro-
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ductivity. If these opportunities are to be realized, measures must be

taken to document and conserve the genetic resources on which they will

be based.

The genetic diversity of salmon and sea-run trout is the basis
for the current and future productivity of California's anadromous
salmonid fishery. These genetic resources have been modified by manage-
ment practices in the past (Thorpe et al., 1981; Ricker, 1981). The
potential for impacts on this genetic diversity of harvesting salmon and
anadromous trout populations has been recognized for more than a century
(Anderson, 1880, 1881, cited by McDonald, 1981). The loss of habitat
suitable for natural spawning due to the construction of dams and water-
shed management activities during the first part of this century led to
extensive study and implementation of techniques for artificial propaga-

tion (Larkin, 1979).

The present necessity for managers to actively restore or aug-
ment propagation to sustain populations is now not disputed, but means
to this end are still being explored. Hatchery technology permits the
production of massive numbers of young fish. However, some scientific
uncertainties still exist about how best to use hatchery-bred fish in
natural aquatic systems (AIFRB, 1975; Larkin, 1979). Indeed, the ways
in which both harvest and propagation techniques affect the genetic re-
sources of the salmonid fishery are just beginning to be documented and
understood. There is not, at present, an explicit formulation of
genetic knowledge into a working hypothesis for salmonid management

(Larkin, 1981).
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THE USEFULNESS OF GENETIC MATERIALS

Diverse salmonid genetic resources are necessary to the
continued productivity and stability of California's fishery. Genetic
materials are used to increase productivity, to improve quality, and to
provide an insurance policy against natural disasters and adverse human

impacts.

Genetic materials, or germplasm (referring to genetic diversity
and its organization in genes, individual genotypes, and populations)
are originally derived from natural populations native to free-flowing
portions of California's rivers and streams. Natural propagation of
these populations depends directly on the native germplasm for its

Success.

Artificial propagation of chinook and coho salmon and steelhead
trout also requires native germplasm resources (see Appendix B). Eggs
are collected from mature females returning to hatchery locations or
seined from rivers, and the eggs are fertilized with milt from similarly
obtained males. Most anadromous hatchery programs in operation today
continue to use naturally returning fish in artificial spawning proce-
dures. The option of developing a hatchery-held brood stock is not
feasible because of the limited success and expense of maintaining fish
in fresh-water to reproductive maturity. Some domestication of hatchery

runs may occur, however, as evidenced by changes in size of returning

fish, run-timing, and other features.




culture:

Genetic materials can be employed in three general ways in fish

If there is sufficient knowledge of the differences in charac-
teristics among species and species' "stocks" (i.e., genetically
distinct subpopulations), then managers may simply select and
propagate stocks with desired characteristics. Because stocks
often do not perform in an area of introduction as they did in
their native habitat (because they may not be genetically well
adapted to the new environment), selected stocks may have to be
raised and released on an experimental basis. Salmon ranching

in the United States currently uses this approach.

Hybridization is a second means of using genetic materials
through artificial propagation. Evidence of "hybrid vigor"
(e.g., faster growth rate, larger size at maturity) in crosses
between species, races, or stocks of many species of plants and
animals is the basis for using this approach. Hybridization is
feasible with salmonids because spawning in the hatchery gives
the fish culturist control over which individuals' eggs and
sperm are mixed for fertilization. Many crosses between
salmonid species and stocks are fertile (Dangel et al., 1973).
However, hybridization does not always result in superior
performance. As in the case of stocks selected from nature,

hybrid stocks must be tested for viability and performance.
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3. Another means of using genetic materials is controlled breeding
and selection of stocks one or more generations removed from
wild populations (see Appendix C). This approach generally re-
quires the maintenance of a brood stock in a hatchery so that
specific individuals with known geneology and characteristics
may be crossed with one another to enhance certain traits or to
develop new trait combinations. In agriculture, selection and
breeding may be carried out on whole populations (population
improvement), or on inbred lines with or without extensive use
of hybridization. In the long term all three ways of using
genetic materials require periodic access to new germplasm in

order to proceed efficiently toward production objectives.

The attainment of production objectives also requires healthy
and hardy broodstock. Salmonid populations are subject to both predict-
able and unpredictable patterns of climatic variation, long-term
environmental changes, and challenges by pests, diseases, and predators.
Native stocks represent lineages of salmonids that have contended with
these factors for tens of thousands of years in California's rivers and
streams. Consequently, they tend to be disease-resistant relative to
domesticated hatchery-bred fish. While a great deal is known about the
prevention and treatment of diseases found in salmonids raised under
hatchery conditions (Wood, 1968), fish kills remain a major and persis-
tent problem in hatchery operation. Legislative restrictions on the use
of fungicidal chemicals have made the discovery of alternative remedies

critically necessary. The exploitation of genetic variability in resis-
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tance to various diseases present in natural populations will probably

become important in the development of alternative solutions to

fungicides.

While the genetic resistance to disease occurring in some popu-
lations of salmon and trout has not been widely used to combat hatchery
problems in the past, such resistance is now sought by salmon ranchers
in stocks selected for run development. Disease resistance and many
other traits useful in hatchery stocking (e.g., tolerance of high densi-
ties, responsiveness to thermal enhancement of growth and food conver-

sion) have only begun to be evaluated in native stocks.

Natural propagation remains a major contributor to salmonid pro-
duction. Artificial propagation still relies heavily on native
germplasm, and survival of fish under hatchery conditions may be
enhanced by native germplasm. For these reasons, knowledge of the
significance of natural diversity is fundamental to improved management

and use of the salmonid fishery.

THE SIGNIFICANCE OF NATURAL GENETIC DIVERSITY

Genetic differences may exist between individuals and groups of
individuals at several levels. Individuals may differ by having various
forms of the same genes (called alleles) represented in the genetic
blueprint of their DNA. Differences may also exist in the way alleles
are combined to form the total "genome" of an individual. Most
individuals in sexually reproducing species (with the exception of

jdentical twins, triplets, etc.) are different from all others in
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possessing a unique combination of alleles for hundreds of thousands of
genes. Populations may differ in the frequency of both specific alleles
and genotypes (combinations of alleles) carried by member individuals.
Populations, and whole species, are also likely to exhibit differences
in both allelic and genotypic frequencies in different parts of their
range. Such differences are referred to collectively as geographic

variation.

Adaptive Variation

Some of the variation observable at the genic, genotypic, and
population levels in salmonids may be "adaptive," i.e., it may be the
product of the sorting or "culling" effect of natural selection. Genes
and genotypes characteristic of individuals with better-than-average
survival and reproductive output tend to increase in relative frequency
in populations. Evidence of genetic adaptation by organisms is
compelling. However, it is difficult to demonstrate unequivocally that
a particular variant or pattern of variation is adaptive, because the
scientific method can only disprove, not prove, hypotheses. The ten-
dency for anadromous salmonids to return to rather precise locations in
freshwater streams where they hatched (natal areas) has been taken as
evidence that genetic differences exhibited by fish from different areas
are caused by adaptation. Many studies have provided indirect but con-
vincing evidence of adaptation. In many cases, however, variation has
been shown to be genetically based, but is not known to be the result of

adaptation to environmental conditions.
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Fisheries biologists now generally agree that a very significant
component of the variation in behavior, physiology, and morphology ob-
served in anadromous salmonid species is adaptive and important to the
viability and productivity of local populations. There remain many
practical difficulties in applying this knowledge to management
planning, policy, and practice (Larkin, 1981; MacLean and Evans, 1981).
Development of a definition or framework for the stock concept has been
the first step in applying knowledge of salmonid genetics to resource

management.

The Definition of Stock

A stock has been generally defined as "a species group, or popu-
lation, of fish that maintains and sustains itself over time in a defin-
able area" (Booke, 1981). A more precise definition requires some
understanding of the ways in which genetic diversity exists among

individuals and populations of a species.

A stock can be defined quite precisely on the basis of theoreti-
cal population genetics. It is a group of fish in which every
individual theoretically has the same probability of mating with every
other individual of the opposite sex (Booke, 1981; Kutkuhn, 1981; Ihssen
et al., 1981). (Such a group is known variously as a randomly mating
population, panmictic unit, or deme, and is said to be in Castle-Hardy-
Weinberg equilibrium.) Further qualifications have been added by
various authors. Ihssen et al. (1981) indicate that a stock should have
temporal or spatial integrity, i.e., that the stock should be relatively

isolated from other stocks by the location and the timing of its
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spawning run. Kutkuhn (1981) specifies that a "unit stock" exhibits
persistent genetic integrity whether it is temporally or spatially
isolated from other stocks or not. Larkin (1972) added a management
feasibility constraint by defining a stock as "a population of organisms
which, sharing a common gene pool, is sufficiently discrete to warrant

consideration as a self-perpetuating system which can be managed"

(emphasis added).

Because genetically distinct populations of salmonids may have
genetic resource value whether or not they are currently recognized as
"manageable," a definition without management constraints will be used
in the balance of this report. A stock will be defined as a genetically
distinct subpopulation of fish which mate randomly and tend to be

temporally or spatially isolated from other subpopulations.

Identifying Stocks

In practice, stocks can be defined by a variety of methods based
on observation of traits known to have at least a partial genetic basis.
Traditionally, differences between species and populations in fish have
been documented by "meristic" (measurable) features of morphology (e.g.,
caeca [outpocketings of gutl, fork length, number of gill rakers, scale
patterns, vertebral number), or by behavioral or physiological charac-
teristics (e.g., juvenile dispersal, age at migration to the ocean, age
at spawning, spawning season, homing behavior, etc.). Interpretation of
such data must take into consideration that many observable (phenotypic)
traits vary considerably because of differences in environmental condi-
tions experienced by individuals or populations during their development

and growth.
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Ricker (1972) reviewed morphological and physiological-
behavioral data for evidence of geographic variation and evaluated their
genetic and environmental determinates. The inadequacies in scientific
knowledge for defining stock differences that he pointed out a decade
ago currently remain largely unremedied by research. Differences among
stocks that Ricker found to be significant are unlikely to be the only
ones in existence. As he observed, the design and sampling procedure of
many studies made of variable traits in Pacific salmon and steelhead did
not allow differences between stocks and their genetic basis to be
properly evaluated. The fact that studies still have not systematically
sampled natural populations over large portions of their range further

complicates the application of these data to stock identification.

Recently, data based on biochemical characteristics of cellular
enzymes called isozymes has been shown to be more reliable in reflecting
the genetic component of variation. Ihssen et al. (1981) provide an up-
to-date compendium of procedures for stock identification. Electro-
phoretic analysis of isozymes has provided a tool for rapid evaluation
of genetic differences between populations of fish (Utter et al., 1974).
There has been considerable debate over the origin of isozyme variation
(Lewontin, 1974) and its relevance to the prediction of performance
characteristics. Isozyme differences between populations may not be due
to selection. However, isozyme data are indicative of genetic differen-
tiation and reproductive isolation among populations, which has provided

the opportunity for differences in adaptive features and performance

characteristics to arise. Genetic distance (Nei, 1972) is calculated




from allelic frequency differences among populations and is an estimate
of the time since two populations were a single effective breeding unit
(Sarich, 1977; Clayton, 1981). The greater the differences are between
populations in their nonselective isozymic variation, the greater has

been the opportunity for both random and selective differences in other

characteristics to appear.

Genetic similarity, measured by various attributes, tends to be
highest among geographically adjacent populations (Utter et al., 1974,
cited by Utter, 1981; May 1975; Kristiansson and McIntyre, 1976; Grant,
1977; Thorgaard, 1977a, 1977b; Allendorf and Utter, 1979). One notable
exception has been documented for rainbow trout and steelhead (Behnke,
1979; Allendorf et al., 1975; Utter et al., 1980). Populations on the
east side of the crest of the Cascade Mountains in Oregon, Washington,
and British Columbia are more similar to one another than they are to
populations on the west side of the crest. Geologic events and the
recolonization of coastal areas are thought to explain this situation.
Similar discontinuities in isozyme allelic distributions have been

reported for chinook and coho salmon (Allendorf and Utter, 1979).

A number of the most intensive studies of genetic variation in
vertebrate populations have shown that djfferent conclusions about the
geographic distribution of variation may be reached depending upon what
traits are examined. One interpretation of discordant results is that
patterns of mating, migration, and natural selection have permitted,
perhaps even necessitated, differences in the vulnerability of genes and

gene complexes to the effects of natural selection and random events.
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Some portions of the genome (the genetic complement of the individual)
may be "buffered" against change, or permitted to change only intermit-
tently by mechanisms not yet understood. Populations in which genetic
changes apparently fail to correspond to the broad geographic trends
apparent over the species range may be those where natural selection or
accidents of evolutionary history have created unusual combinations of
traits. Such populations may be especially worthy of evaluation for

features useful in artificial propagation and breeding.

Overlapping data sets have not been obtained for salmonid
species of the North American Pacific coast. Exemplary studies by
Casselman et al. (1981) show how a combination of morphometric,
osteometric, and electrophoretic characteristics permit the definition
of whitefish stocks in Lake Huron. Similarly, a broad geographical
perspective on whitefish stock distribution was obtained by Ihssen et
al. (1981) using a combination of observations on life history,
morphology, and electrophoretic characteristics. Studies of this kind
should be done on salmonids in California if management of their genetic

resources is to be effective.

KNOWLEDGE OF GENETIC VARIATION IN CHINOOK, COHO, STEELHEAD, AND CUTTHROAT
The data required to identify the native stocks of California's
four principal anadromous salmonid species are either not available or
are inaccessible at the present time. None of the measures of genetic
variation routinely used in studies of geographic variation have been
obtained on enough populations in the state to permit the genetic clas-

sification of California salmonid stocks. Existing data from other por-
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tions of each species range outside California are incomplete and are an
inadequate substitute for knowledge of genetic variation in California
because of the many biological, geological, and historical variables

that affect interpretation (Utter, 1981).

Chinook Salmon

Geographic variation in chinook has been extensively doéumented
in Oregon and Washington by isozyme studies within the past decade.
Numerous populations on the Columbia River have been sampled (Utter et
al., 1974; Kristiansson and McIntyre, 1976; Utter and Allendorf, 1977),
providing a detailed view of the genetic diversity in that system.
Populations have also been sampled from coastal rivers from British
Columbia to California (Kristiansson and McIntyre, 1976; Milner et al.,

1982).

The utility of these data for identifying the relative contribu-
tions made by various river systems to the mixed fishery in the ocean
has been demonstrated (Milner et al., 1981, 1982), but interpretation of
geographic patterns pertinent to the definition of stocks requires com-
plementary data. Comparable data sets for morphological, chromosomal,
osteological, or other possible indicators of genetic differentiation in
California chinook are not available. Chinook life history variation
exists in abundance (Ricker, 1972) but has not been systematically re-

viewed or evaluated by means of the necessary experimentation.

Isozymic variation has been reported recently for chinook popu-

lations sampled at six locations in Northern California (Milner et al.,
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1982). Preliminary analysis of these data show populations from the
Trinity and Klamath rivers to differ more than populations sampled from
four Tocations in the Sacramento drainage. The greatest difference
among California populations occurred, as expected, between coastal and

Sacramento system populations.

Coho Salmon

Information relevant to an understanding of geographic variation
in coho salmon is quite limited. High levels of variation have been
found in only one of 24 enzymes that have been examined (Utter et al.,
1970). Occasional variants have been detected in five additional
enzymes (Utter et al., 1980), but are so infrequent that they cannot be
used as a basis on which to distinguish coho stocks. Interestingly, two
enzymes show relatively high frequencies of these rare variants in
populations sampled from the Feather River in hatchery in California
(Utter et al., 1980, citing unpublished data). Ricker (1972) reviewed
the status of coho populations and found evidence for heritability of

observed traits.

Two other studies (Seidel, 1977; Murphy, 1981) may ultimately
contribute to an overview of geographic variation in coho when more data

are available.

Use of interracial hybridization to examine differences among
three coho hatchery stocks from the Puget Sound area in Washington is

described by Seidel (1977). Results of the early life history portion

of this study showed that the three stocks used retained significant




differences in growth and food conversion in replicate experiments at
two different hatcheries. The establishment of a scale collection, or
archive (Murphy, 1981) may ultimately permit geographic patterns to be

evaluated over time.

Steelhead Trout

More complete data are available for at least a portion of the
species range of steelhead (sea-run rainbow trout) than for any of the
other species included in this report. Rainbow trout and their close
relatives have been studied more thoroughly than any other salmonid
species (Utter et al., 1980). Variability in life history characteris-
tics of steelhead has been documented by Smith (1960, 1969--reviewed by

Ricker, 1972) and Withler (1966) for populations in British Columbia.

Isozyme variation is well studied in populations in Washington
and British Columbia and has been used to identify tentatively two major
geographic units, an inland and a coastal group (Utter et al., 1980).
The coastal group, occurring as far south as the Mad River in
California, is distinguished from the inland group found only in the
Columbia and Fraser river drainages east of the Cascade mountain range.
Sampling at the northern and southern extremes of the range (e.g.
California) has been inadequate to confirm the boundaries of the coastal

group.

Sampling of isozymic variation has also been inadequate to de-

marcate population units or stocks within these two major groups. How-

ever, cytogenetic studies (Thorgaard, 1977a, 1977b) and the occurrence




of apparently unique isozyme variants in some river drainages (Allendorf
et al., 1975) indicate that stocks are likely to be identified with
further study. Some direct evidence of populational differences in the

inland group has been obtained by Milner (1977).

Cutthroat Trout

Very little research has been done on coastal or sea-run cut-
throat trout relative to other salmonids. Life history data have been
recently obtained for the Puget Sound-Hood Canal region by the Washing-
ton Department of Game and from outer coastal streams by Fuss (1978).
Life history and food habits of sea-run cutthroat are also available
from southeastern Alaska (Armstrong, 1971; Jones, 1977). These data do
not come from enough populations to provide a clear picture of

population differences across the species range.

Isozyme data collected as an offshoot of studies on rainbow
trout have begun to provide an indication of geographic patterns in the
Puget Sound-Hood Canal region (Utter et al., 1980). Coastal cutthroat
are more polymorphic (i.e., reveal more isozyme variation) than any
other salmonid species yet studied. Sampling has shown that Hood Canal
and north Puget Sound populations are as different, electrophoretically,
as coastal and inland groups of rainbow trout and steelhead, with
relatively little variation appearing within each population (Campton,
1980). Marking studies have indicated that coastal cutthroat avoid
open, deep water areas, such as exist between Hood Canal and north Puget
Sound (Johnston and Mercer, 1976, cited by Utter et al., 1980). Lack of

gene flow between these two areas is thus indicated by both physical and
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genetic evidence. Historical and current effects of such isolation

should be looked for in California cutthroat populations.

USES OF STOCK DIVERSITY: PAST, PRESENT, AND FUTURE

As noted, managers of the salmonid fishery in California have
not had the data required to delineate stocks, and policy makers until
recently have not had access to information on the geographic distribu-
tion of salmonid stocks. Consequently, genetic considerations have
little impact on current management practice. Written guidelines exist
only for management of steelhead and recognize potential adverse effects
of artificial propagation on natural salmonid stocks without making ex-

plicit recommendations for avoiding such effects.

HISTORICAL PRACTICES

During the first three decades of this century, both managers
and academicians considered all populations of a fish species
genetically homogeneous (Ricker, 1972). Population differences were
ascribed to environmental differences. This early philosophy led
managers to carry out, in effect, a large number of "experiments"
through the movement of eggs from one hatchery to another and the
outplanting of fry wherever fish were desired. Some of the resulting
observations were recorded in the literature and are reviewed by Ricker
(1972) as documentation of the gradual recognition of important genetic

differences among salmonid populations.

In California, anadromous species seem to have been subject to

fewer stock transfers than land-locked species. This may be due to the




fact that most of the presently operating hatcheries for anadromous
species were built relatively recently after the stock concept was at
least informally recognized for anadromous species (Lietritz, 1970).

The California Gene Resource Conservation Program staff conducted an
initial survey of records of egg and fish transfers and outplantings by
hatcheries in Northern California. Records confirmed that resident
trout, e.g. rainbows and browns, have been distributed widely in the
state. But distributions of chinook, coho, and steelhead have been less

extensive.

The result of California's hatchery program is that anadromous
stocks have not been introduced outside their native river systems as
indiscriminately as many have believed. Stock transfer guidelines can
still be established and implemented for these species before remaining
native populations are subjected to considerable stock mixing. The
development and use of interim guidelines would permit the conservation
of genetic materials until their precise resource value can be deter-
mined through sampling and evaluation. Research results would enable
fishery managers to review such guidelines as the significance of

salmonid genetic variation became better understood.

CURRENT MANAGEMENT PRACTICES

The principal activities in which fishery managers in California
might employ the stock concept include artificial propagation (hatchery
operation), egg and fish transfers among hatcheries, outplanting (see

Glossary) of hatchery-reared fish, regulation of fishing, and stream

management.




At present there is no written policy regarding egg and fish
transfers or outplanting, although CDFG is aware of the stock transfer
issue (Hashagen, personal communication, 1982). Transfers have been
limited in practice by restrictions imposed on the basis of location and
occurrence of diseases that might be carried with eggs or fish from one

watershed to another.

California Department of Fish and Game managers informally
recognize two major distribution areas of hatchery stock--the Sacramento
system and the coastal river region--and they stock each area selec-
tively. Operators of the two federally owned hatcheries in the state
have effectively recognized smaller distribution zones. As a mitigation
hatchery, the Nimbus facility contributes to releases downstream from
the junction of the American and Sacramento Rivers. The distribution
zone for anadromous species raised at the Coleman Hatchery has been
quite consistently restricted to the upper Sacramento River from its
junction with the Feature River north. Several of the state-operated
hatcheries are relatively new and have not operated near capacity long

enough to provide for extensive outplanting.

FUTURE NEEDS FOR GENETIC RESOURCES

Genetic variation of anadromous species is a resource that can
be used to attain four management goals: (1) maintenance of native
runs, (2) development of breeding stocks, (3) enhancement of fishery
productivity and quality, and (4) creation of an insurance policy

against natural and human-related disasters.
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Strategies for rehabilitating salmonid populations (Appendix B)
require both habitat and germplasm management. Knowledge and recogni-
tion of the adaptive requirements of native or available replacement
stocks may increase the efficiency of habitat management, construction,
or maintenance. Further knowledge of both salmonid genetic variation
and habitat features in California may improve outplanting success as it

has in Alaska (Kerns, personal communication, 1981).

Developing of breeding stocks of anadromous species will depend
on the use of native stock diversity for some time to come. Variation
in time of spawning, size at return, age at maturity, survival, ocean
migratory pattern, and disease resistance is currently of interest in
hatchery stock selection and plans for breeding. Breeding is a long-
term process that is barely underway with anadromous species. Once
initial stock selections are made as a basis for stock development,
breeders may not often require access to new germplasm. But the history
of crop and animal improvement shows that return to wild populations and
primitive breeds or varieties is an eventual requirement for continued
progress in many cases. Such long-term needs for native diversity
should be anticipated in anadromous salmonid management planning, in-
cluding that for breeding programs, and in identification of genetic

resources meriting conservation.

Several options are available for maintenance of fishery produc-
tivity. The principal methods are management of native runs sustained
by natural propagation and supplementation of these runs by artificial

propagation in public or private hatcheries.
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Hatcheries greatly increase juvenile survival and, presumably,
the number of fish reaching harvestable size. Information acquired and
analyzed by the Oregon Department of Fish and Game suggests that
density-dependent mortality may negate the hatchery advantage when
populations are high. By centralizing spawning, egg development, and
rearing, hatcheries also incur risks of power failure, disease, changes
in water temperature and quality, etc. But even failsafe management
cannot forestall the ultimate occurrence of management failure. The
cost of rare, but inevitable, failures is usually very high. An
alternative approach to management has been characterized as "safe-fail"
(Halling, 1981). Safe-fail management attempts to minimize the costs of

a failure should one occur.

As with failsafe hatchery management policies, the designation
of only a few rivers or tributaries as sites of natural propagation vir-
tually assures that an eventual drought year, major flood, or other
catastrophe will have a major impact on the designated populations.
Decentralization of both hatchery operation and habitat rehabilitation
and management therefore seems desirable. (A similar conclusion has
been communicated by Altukhov and Salmenkova (1981) in recommending that
fishing and management efforts be distributed evenly across all subpopu-
lations (stocks) of salmonid species.) Die-offs and power failures are
a given in hatchery operation and natural climatic variation and fluc-
tuations in food supplies are the evolutionary status quo for salmonid
populations. Consequently, a safe-fail program mixing natural and arti-

ficial regeneration at the maximum number of locations possible may be
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the most appropriate general strategy for maintaining salmonid

productivity.
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CHAPTER 3
MAINTAINING CALIFORNIA'S ANADROMOUS GENETIC RESOURCES

CHAPTER ABSTRACT

Various options exist for the conservation of the genetic re-

'

sources of California's anadromous salmonid species. In situ conserva-

tion can be accomplished through genetic resource management, population
protection, and information exchanges among interest groups (the "watch"
process). Ex situ approaches potentially include cryopreservation of
salmonid sperm, ova, and embryos, and various means of maintaining popu-
lations of fish in lakes, pens, ponds, or introduced anadromous runs.
Currently, in situ genetic resource management is the most feasible
means to maintain both adaptive and nonadaptive variations of salmon and

sea-run trout for future needs.

Many technical problems hamper immediate progress toward imple-
mentation of genetic resource conservation measures, and most of these
are caused by inadequate information. The geographic distribution of
the state's genetically diverse salmonid stocks is not adequately known
in California to guide efforts to acquire, evaluate, and conserve
representative genetic material. Lack of knowledge about both the
distribution and significance of genetic diversity has impaired
implementation of the stock concept as a management tool. The determi-
nation of which populations in California's rivers and streams still
represent native runs of anadromous salmonids is complicated by the ab-

sence of information about the genetic impact of past management prac-
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tices in three areas: harvesting, salmonid culture, and watershed

management.

Because the research required to supply the information needed
for the solution of these technical issues will take time to complete
and because current practices appear to be eroding the genetic resource,
interim measures for genetic conservation should be taken. Recommended
measures include the following: (1) creation of a watershed inventory
evaluating stock integrity on the basis of hatchery transfer and plant-
ing records, (2) development of appropriate management guidelines for
watersheds and streams found to contain native stocks or mixed popula-
tions of native and introduced stocks, (2) design and implementation of
monitoring programs, and (4) research on questions fundamental to sal-

monid genetic resource management.

INTRODUCTION

The inadequacy of existing data for the definition of ana-
dromous salmonid stocks and the evaluation of their characteristics
makes determination of genetic conservation measures difficult. Conser-
vation of genetic resources requires an understanding of the distribu-
tion and significance of genetic variation and a knowledge or apprecia-
tion of its resource values. With such information, investments in the
activities required to select and manage or maintain a portion of
natural diversity can be justified. The materials sought may be those
with recognized value or those which may confer future benefits. In the
absence of adequate information on heavily utilized species such as

salmon and trout, valuable sources of germplasm may be lost before the
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traditional kinds of genetic conservation activities can be undertaken.
Under these circumstances, innovative steps may be required to retain

access to genetic resources at minimal initial cost.

OPTIONS FOR GENETIC RESOURCE CONSERVATION
Means of conserving genetic resource materials are broadly char-

acterized as in situ or ex situ. In situ approaches provide for the

maintenance of a group of individuals or populations in their native
habitats. Ex situ approaches remove samples of populations (usually
gametes or individuals) to locations where they can be stored or sus-
tained under more closely controlled conditions. Examples of ex situ
genetic conservation techniques include seed banks for certain crop
plants, clonal repositories for vegetatively reproduced crop species,
clone banks and arboreta for forest trees, and zoos or animal farms for
rare animals. The characteristics of salmon and anadromous trout raise
challenges for ex situ applications and currently are most amenable to

in situ conservation.

In Situ Approaches

The principal in situ genetic conservation approaches applicable

to anadromous species may be described as genetic resource management,

population protection, and watches (information exchange). Each of

these may be most feasible to implement under particular conditions, and
a combination of measures may be required to conserve adequately the

germplasm resources of a species.
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Genetic Resource Management

Germplasm management is accomplished through both habitat and
population management. Habitat protection and rehabilitation is criti-
cal to the maintenance of viable populations in situ. Loss of summer-
run steelhead and chinook salmon in California, for example, has been
attributed to blocking of runs and loss of spawning habitat because of
dams (and other) water diversions and to the temperature regimes
resulting from river regulation (Behnke, personal communication, 1982).
Without monitoring of stream conditions and management of watershed
activities, genetic resource management in situ is not an adequate long-
term conservation measure. Techniques for maintaining and

reconstructing salmon habitats are being developed (Mundie, 1980; Amer.

Fish Soc., 1982; Mitt and Bailey, 1982).

The second component of genetic resource management is maintenance of
population or stock integrity. Genetic integrity depends primarily on
the means of propagation, but it is also affected by management
activities that may increase the rate of straying, or movement of fish
reared elsewhere, into a spawning area (Lister et al., 1981). Reliance
on natural propagation is an apparent means of maintaining genetic
integrity. Populations that have not received transplants and that are
not augmented by hatchery propagation are obvious candidates for genetic
conservation. Hatchery runs derived from locally spawning fish may
retain many of the adaptive features of native populations and are a
genetic resource that is currently managed. Populations that have

received significant infusions of introduced germplasm and hatchery runs
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that are a composite of local and introduced sources may also benefit

from more explicit genetic resource management.

Sources of germplasm with particular resource value include
native populations and introduced stocks whose performance has been
monitored over time. The genetic resource value of an introduced stock
increases with the length of time it thrives under the conditions of the
introduction. An introduction may appear to do well initially, but un-
less it persists through drought years, disease outbreaks, and other
environmental challenges, its reliability as a genetic resource is ques-
tionable. The value of a native stock resides in its adaptive charac-
teristics and in its distinctness from other stocks. Adaptive charac-
teristics reflect both prevailing environmental factors and patterns of
long-term environmental variation, whether predictable or unpredictable.
Characteristics that are not demonstrably adaptive or are apparently
nonadaptive may have performance value relevant to market demands (e.g.
meat color and texture) or to ex situ production problems (e.g.
tolerance of high fry density). The association of performance traits
with adaptive characteristics in native stocks is also valuable. Parti-
cular combinations of traits may take many generations of breeding to
reassemble in domesticated populations. If desired combinations can be

found in natural stocks, breeding efforts are given a head start.

In general, the genetic resource value of native stocks exists
as long as stock integrity is maintained, and it can be verified by
sampling the stock and documenting the environmental conditions and geo-

grahic situation in which it occurs. The genetic resource value of in-
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troduced or mix-spawned stocks, however, is uncertain but may be better

understood in time as research and experience demonstrate the genotype-

environment performance relationship.

Information upon which a priori guidelines for genetic resource
management may be developed is scant. Documentation of performance is
difficult with anadromous fish. Measures of performance (e.g.,
survival, growth rate) must be compared among populations that disappear
into oceanic feeding grounds for variable periods of time. Individual
fish must be marked to permit identification, upon recovery, of their
source and time of release. Many variables affect recovery rates.
Mortality of fish (from both natural factors and fishing) in rearing
areas, along migratory routes, and on ocean feeding grounds may account
for the failure of many marked fish to return to their places of origin.
The failure of surviving wild fish to return to their natal areas or of
hatchery fish to return to their release site, called "straying," com-
plicates studies of escapement and stock performance. Efforts must be
made to recover fish from all parts of their range to determine some of

the causes of observed performance differences.

Until recently, releases of introduced hatchery stocks or of
outplanted fish in California were not regularly marked. The persis-
tence of recognizably distinct introduced runs usually has been the only
measure of performance obtainable from many stock plants and introduc-
tions. Without survival and other data obtainable from marked fish,
comparison of performance by native and various introduced stocks has

not been possible. This situation is gradually being rectified by mark-
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ing studies in California and other salmon producing states and

countries.

At present, genetic resource management policies must consider
the significance of two observations. The first is that, historically,
transplants from one stream to another have almost always resulted in
lower survival to maturity and extensive straying of returning fish into
streams other than the one where transplanted fish were released
(Ricker, 1972). Similar results are indicated for fish transferred from
one hatchery to another. A negative relationship between survival of
transferred hatchery stocks, relative to local fish reared in the same
hatchery, and distance between stream mouths for transferred and local
stocks (Figure 3-1) has been found in the data obtained by the Oregon
Fish Commission and the Washington Department of Fisheries (Reisen-
bichler, 1981). This relationship appears to substantiate the hypo-
thesis that genetic similarity tends to increase directly with
geographic proximity (Utter, 1981), in that environmental conditions
were the same for native and transferred fish. The second observation,
not yet widely documented, seems to contradict the first. Some [ ﬁ;
transplants are successful. Long distance transplants of pink salmon to ,
the Great Lakes and of chinook to New Zealand are prime examples
(Larkin, 1981). Successful stocking of streams in southeastern Alaska
is not always accomplished with geographically proximate sources; stocks

from distant but ecologically compatible habitats are sometimes more

successful (Kerns, personal communication, 1981), at least initially.
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Figure 3-1. Relation between LN(10R) and distance between stream mouths
for transferred and local stocks; R is the ratio of survival of
transferred fish to survival of Tlocal fish reared in the same hatchery
and released at the same time and Jocation. Data from Table 2. The
regression line is LN(10R) = 2.27-0.002- (Distance); the slope is highly
significant (p 0.001).

Source: Reisenbichler, 1981.
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Management will probably ultimately use principles derived from further

observations of both these phenomena.

Genetic Resource Management Guidelines. If salmonid management

is to maintain native stock diversity, discreteness, and genetic

resource values, the following policy guidelines are suggested.

1. Natural propagation should be encouraged wherever possible.

2. MWhere introductions are deemed necessary, they should normally
be made with geographically proximate sources and carried out in
a manner designed to have minimal impact on native populations.

3. A fraction of all introduced stocking lots should be marked to
enable monitoring of performance.

4. Large-scale introductions of a transferred or introduced stock
should not be attempted until evidence of adequate performance
is obtained from an initial introduction or series.

5. Initial success of an introduction should be viewed cautiously
until evidence of reliable performance is obtained.

6. Introductions of exotic stocks or species should be made with
full recognition of all possible effects on native stocks and
should proceed on a limited scale until such effects have been
demonstrated to be minimal or acceptable under the prevailing
conditions.
Population Protection

Population protection is generally feasible only where all
phases of the species' life history can be maintained or managed. Rare
and endangered species of resident trout may be protected by special
designation of lake or stream habitat areas or through<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>