Policies and Procedures for Columbia Basin
Anadromous Salmonid Hatcheries

Prepared by the
Integrated Hatchery Operations Team

Columbia Basin Fish and Wildlife Authority
2501 S.W. First Avenue, Suite 200
Portland, Oregon 97201

REVISED DRAFT
September 1994






Contents

Preface...........oo ottt sttt v

Chapter 1—Introduction...............c..ccoooviiiieieee e 1

Background ...........ccceeiiiiniiininieiiriceneee sttt e 1

The Role of HAtCheries .......c.covueveriieericiieereiececccccrcee st 2

Scope and FOIMAt ..........ccoevivirieiivieiiiniicintnecertse ettt 3

Chapter 2—Administrative Matters.................c.ccoooovoeveemeeeeveceeeeeeeeeees 5
PaIIES ..ottt et et ae e e e 5

Scope and Nature of AGreement ...........c.cveuecievieieiiiiriirenienrieceeeesee e eenaas 6

Chapter 3—Regional Hatchery Coordination Policy .................ccceeo......... 7

Policy Statement and GOalS ..........couevuevverieriiierieeieececceecteerese et ee e 7

Performance Standards .........ccccocvmerivinrireniriiceeicee et s e 8

Operational Coordination..............ecveeuevereerirrerireriseieceeseesese s 8

Programmatic Coordination...........cc.ceeeeeveerieineeriereneensiseeereeee e 9

Performance MEasULES...........coevvviirinieienrenieie ettt ste e eeeesre e 9

IMPleMENtAtion ..........ccceririvieiiieiieitrrnseree ettt see e eeae 10

Chapter 4—Hatchery Performance Standards Policy................................. 11

Policy Statement and GOalS ..........cccucveivvereniieeriiiiereesteeeeeee e seeeeee e e esens 12

Performance Standards .........c.cocevvecrveeinieierieececeecee e 13

Performance Standards for Program Objectives.............cocreruen...... 13

Performance Standards for Facility Requirements ..............co............ 15

Performance Standards for Hatchery Operations..............cccvenn..... 31

Performance Measures............coceeeviveneniniineninecesrcerececeev e 36

Performance Measures for Program Objectives ...........ccocoeveuvevennnn. 36

Performance Measures for Facility Requirements............................. 37

Performance Measures for Hatchery Operations ...............ccveue.e..... 37




Chapter 5—Fish Health PoliCy ..............ccooooiiiiec e 41

Policy Statement and Goals ..........c.ccccvvreeirernnineneenee e 42
Performance Standards ...........coecevveeicieriicirceiccecceetee e et 42
Hatchery Monitoring Visits by Fish Health Specialists..................... 43

Fish Health Inspection Program for Broodstock .............cc.cocvue..... 43

Hatchery Sanitation Procedures...........c.ccovveeievveieieeeieeeeseeeseennn. 44

Water Quality Parameters...........ccouevereereivueeieeiceiceece s eseeseeanas 44

General Cultural Practices (Rearing Criteria)..........c.ccoveveevereereenennnn. 45

Egg and Fish Transfer and Release Requirements............................. 45

Performance Measures..........cc.ocverrreeriereereerciceese ettt 52
Communication Among Management Entities............ccocovveveveeirenvenneeenenen. 52
Regulatory Compliance ...........cceuvueieriieriniierieecrinnerseees s 53
RESEAICH ...ttt 53

Future Needs of Fish Health Programs..............ccoeieiiviineiceneeneeereeeneeenenns 53
Implementation Plan ..........cccoueviinieiienrceicececccet e 53
Monitoring and Evaluation Plan.............ce.ecciiceuieerierieeiseeeeeeess e 54
BUAGELS ...ttt ettt ere sttt 54
Chapter 6—Ecological Interactions Policy ................c.cocovevvveoeereeenn. 55
Policy Statement and Goals ..........ccocvreierereveerereieceecec et 56
Performance Standards ...........ccocovcevveniieiinieenrieiciec e 57
Programmatic Considerations in Hatchery Programs........................ 58

Operational Changes to Hatchery Programs.............occcovvvvveveveeennnnn. 58

Performance MEaSUTES ..........cccoeriieerienenienieceeese ittt s ees e s st e ene e 62
EVAIUALION .....eoviiiiiiiiriceneeee ettt ettt e e e e e eneas 63
Chapter 7—GeneticsS POliCY ...........cccoooiieicriceecceeeeeeeee e 65
Policy Statement and GOALS ..........c.oevveriereveeiireiiiicieereeer st s seeee e st essesesaens 66
Performance Standards ...........coeceverveeiiineiciiiicccieree e 66
Broodstock COlIECHION .......ccvevueviirecriericeiee ettt aene e 67

Spawning PractiCes ..........ccveviiiinienirinieninnieeeceeccee e 68

EVAIUALION ....oviviieiirecinieirteie et se e s 70

Performance MEASUIES.........ccvuiirieeirenreierercreteseereseeee e seee et s e s eevessenseeeeens 71
IMPIEMENLALION .......ooveviiiiiiieieiiceeetee ettt 71
RefEreNCesS ............cooie ettt 73
GIOSSATY ...ttt ettt e st e e eeeanan 81
Appendix A—Suggested Experimental Rearing Techniques.................. 89
Appendix B—Water Quality Criteria for Salmonid Aquaculture .............. 91
Appendix C—Transportation Guidelines ...................cccooevmvmvoeeie, 93

if



Appendix D—Evaluation Guidelines

...............................................................




Table 1

Table 2

Table 3

Table 4

Table 5

Table 6

Table 7

Table 8

Table 9

Table 10

Table 11

Table 12

Table 13

Table 14

Table 15

Table 16

List of Tables

Recommended spawning, incubation, and rearing
tEMPETAtUre TANZES ....oveenriniiiiiicreiceiesee e e seeseenbe s e reseesas e ns 16

Acceptable levels for water quality parameters ...........c.cccevveuvenennee.. 17

Acceptable levels of chlorinated hydrocarbons and organic phosphates

........................................................................................................ 19
Space and flow criteria for long-term holding of adult

salmon and steelhead trout in S0°F Water ...........cceevvvvueveeevenveereennn. 21
Recommended incubator capacities of fertilized-to-eyed

eggs for spring and fall chinook...........cccccevevererreieeiieereeseneene, 22
Recommended incubator capacities of fertilized-to-eyed

€ggs for COhO SAlMOMN .....ccveviiiiiciereccee et 22
Recommended incubator capacities of fertilized-to-eyed

€ggs for steelhead.........ccceeveruiviiiiiecieieceecec et 23
Recommended incubator capacities of fertilized-to-eyed

eggs for sockeye salmon ........c.ocvevieieieiiecieienceeccree e 23
Recommended incubator capacities of eyed-egg to fry for

spring and fall chinOOK.........cccccuvuerrinririninicceneeeee e 24
Recommended incubator capacities of eyed-egg to fry for

CONO SAIMON ...ttt 24

Recommended incubator capacities of eyed-egg to fry for steelhead 25

Recommended incubator capacities of eyed-egg to fry for
SOCKEYE SAIMOMN ....oveviniiiiciiicincieee et 25

Recommended water flows for different incubation units

and life-Cycle Stages......c.cocevverviriiriieieeeseee e 26
Approximate hatching and first feeding temperature requirements for

individual species at S0F .....c...cocevevinirieneriniieereeeeeecee e 26
Recommended screen mesh related to fish size..........ccocoveeeuenneen.... 28
Guidelines for appropriate fish size and time of release.................... 34

v



Preface

This document outlines regional policies and procedures for hatchery operations
in the Columbia River Basin. The purpose of these policies is to provide regional
guidelines by which all anadromous fish hatcheries will be operated. These
policies will be adopted by the fisheries co-managers, and will provide guidance
to operate hatcheries in an efficient and biologically sound manner.

The hatchery policies presented in this manual are not intended to establish
production priorities. Rather, the intent is to guide hatchery operations once
production numbers are established. Hatchery operations discussed in this report
include broodstock collection, spawning, incubation of eggs, fish rearing and
feeding, fish release, equipment maintenance and operations, and personnel
training. Decisions regarding production priorities must be provided by fishery
managers through a comprehensive plan that addresses both natural and hatchery
fish production.

The Integrated Hatchery Operations Team is a multi-agency group called for by
the Northwest Power Planning Council. This team was directed to develop new
basinwide policies for managing and operating all existing and future anadromous
fish hatcheries in the Columbia River Basin. The parties pledge to confer with
each other and to use their authorities and resources to accomplish these mutually
acceptable hatchery practices.

Integrated Hatchery Operations Team
June 1994




Chapter 1

Introduction

BACKGROUND

There are more than 90 hatchery facilities in the Columbia River Basin currently
used to produce salmon and steelhead. These facilities are funded, co-managed,
and operated by many different entities for many different purposes. Most of the
region's hatcheries were originally authorized and built to mitigate for fish habitat
losses caused by construction and operation of dams and other water projects.
Today, these facilities produce fish for many different management objectives,
including supplementation, restoration, harvest, egg banking, and research.
Together, they produce approximately 75 percent of the basin's adult salmonid
runs.

Because hatcheries are operated by several entities and for different purposes,
these facilities have often used different guidelines for operating hatcheries. The
need to improve the coordination and operation of these facilities was formally
recognized in the Northwest Power Planning Council's Strategy for Salmon
(NPPC 1992). This salmon strategy is a regional effort to try and double existing
adult salmon populations in the Columbia River Basin without losing biological
diversity.

In developing its salmon strategy, the Council recognized that hatcheries could be
used to help rebuild wild and naturally spawning stocks. However, it would
require the development of consistent hatchery practices that would enable
hatchery fish to survive in the natural environment without adversely impacting
the naturally spawning fish. To meet this need, the Council called for the creation
of an Integrated Hatchery Operations Team (IHOT). This multi-agency group was
given several duties related to hatchery operations. In particular, [IHOT was asked
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to develop regionally integrated hatchery policies for operating Columbia Basin
hatcheries.

This document details the regional policies and procedures developed by the
Integrated Hatchery Operations Team. Its purpose is to help ensure that hatchery
operations will be consistent with the regional goal of rebuilding wild and
naturally spawning fish runs.

THE ROLE OF HATCHERIES

Hatcheries are a fisheries management tool used to substitute for portions of the
natural life cycle of fishes. Over the past century, these facilities have played an
important role in meeting management goals for restoring, maintaining, and
enhancing fish populations.

It is expected that hatcheries will continue to play an important role, even as the
region increases its emphasis on rebuilding wild and naturally spawning stocks.
For example, in areas where suitable environmental conditions are restored,
artificial propagation may be used in conjunction with other rehabilitation
measures to assist in recovery of wild or natural populations. In areas where
habitat has been permanently lost, or environmental conditions cannot sustain
natural populations, artificial propagation may be used to establish and maintain
replacement populations.

The use of hatcheries for enhancing natural production will require some changes
from existing operating procedures. Hatchery programs should utilize existing
baseline data for establishing both operating guidelines and fish quality criteria
that will improve hatchery operations. This will help achieve the rebuilding of
wild and naturally spawning stocks, while also continuing to provide fish for
commercial, recreational, and tribal fisheries.

Finally, it is important to note that hatchery operations are just one of the tools
used to meet fish management objectives. As outlined in the Council's Strategy
for Salmon, rebuilding Columbia Basin fish runs will come from a mix of wild,
natural and artificial production. To the degree that habitat constraints on wild and
natural populations are corrected, fish harvests are managed to support rebuilding,
and populations increase, the role of artificial production will continue to change.

vii



SCOPE AND FORMAT

This manual presents regional policies for hatchery coordination, hatchery
performance standards, fish health, ecological interactions, and genetics. These
new policies and procedures are designed to serve as guidelines by which all
anadromous fish hatcheries in the Columbia River Basin will be operated.

The remainder of this document is divided into six chapters.

Chapter 2— Administrative Matters provides a list of IHOT representatives and a
brief overview of the role this team has agreed to perform. Each of the remaining
chapters is devoted to the policy areas as described below.

Chapter 3— Regional Hatchery Coordination Policy identifies measures for
coordinating hatchery operations in the region. It also describes proposed actions
to facilitate the sharing of facilities, manpower and other resources.

Chapter 4— Hatchery Performance Standards Policy presents regional standards
for hatchery facilities and operations. It discusses a wide range of facility
requirements, including water quality, alarm systems, adult collection/holding,
and incubation, rearing and release facilities. Some of the operational activities
discussed include egg incubation, fish rearing, and training of hatchery personnel.

Chapter 5— Fish Health Policy details hatchery practices and operations
designed to stop the introduction and/or spread of any fish diseases within the
Columbia Basin.

Chapter 6— Ecological Interactions Policy identifies measures needed to help
avoid adverse interactions between wild, natural and hatchery fish populations.
Specific items addressed in this section include the location and timing of fish
releases, fish size at release, release densities, and hatchery rearing conditions that
can influence future ecological interactions.

Chapter 7— Genetics Policy contains guidelines for broodstock selection and
spawning practices. These guidelines are designed to help avoid adverse genetic
effects on wild, natural and hatchery fish populations.
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Within each policy chapter, IHOT identifies a policy statement and goals,
performance standards and performance measures. The policy statements and
goals reflect an overall policy direction that IHOT members have agreed to pursue
in operating the region's fish hatcheries. The actual procedures and standards that
will be used to guide hatchery operations are identified as performance standards.
The performance measures describe how the hatchery's compliance with the
standards will be monitored and evaluated. Most chapters conclude with an
implementation plan detailing actions that will be used to implement the
individual policies and procedures.







Chapter 2

Administrative Matters

PARTIES

The Integrated Hatchery Operations Team is comprised of representatives from
the following fisheries co-managers and cooperating entities:

Fisheries Co-Managers

Confederated Tribes of the Colville Reservation
Confederated Tribes of the Umatilla Indian Reservation
Confederated Tribes of the Warm Springs Reservation of Oregon
Confederated Tribes and Bands of the Yakama Indian Nation
Idaho Department of Fish and Game

National Marine Fisheries Service

Nez Perce Tribe of Idaho

Oregon Department of Fish and Wildlife

Shoshone-Bannock Tribes of Fort Hall

U.S. Fish and Wildlife Service

Washington Department of Fish and Wildlife

Cooperating Entities

Bonneville Power Administration

Mid-Columbia Public Utility Districts

U.S. Army Corps of Engineers

Northwest Power Planning Council

Pacific Northwest Utilities Conference Committee
Columbia River Inter-Tribal Fish Commission
Columbia Basin Fish and Wildlife Authority

Administrative Matters—11
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SCOPE AND NATURE OF AGREEMENT

In order to meet the responsibilities outlined by the Northwest Power Planning
Council, IHOT will:

1.  Coordinate anadromous salmonid hatchery operations among fisheries co-
managers within the Columbia River Basin.

2. Provide oversight and review of hatchery audits, and will provide
recommendations as appropriate.

3. Maintain a continuing review of regional policy implementation and will
recommend changes when appropriate.

4.  Monitor compliance with hatchery performance standards through a
coordinated hatchery monitoring program.
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Chapter 3

Regional Hatchery Coordination Policy

Basinwide resource needs can be most effectively addressed when hatchery
operations are coordinated throughout the region. This coordination can be within
an individual agency or between several agencies and co-managers within the
basin. Coordination can also be used at different levels to meet various
organizational needs. For example, staffing or equipment needs can be
coordinated to meet a common goal. Coordination can also occur at the
programmatic or administrative levels to achieve broader regional goals.

POLICY STATEMENT AND GOALS
Policy Statement
It shall be the policy of the management entities of the anadromous salmonid

resources in the Columbia Basin to coordinate the operation of fish hatchery
programs to meet basinwide resource management needs.
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Goals

1.  Coordinate the operation of salmonid hatchery programs to meet basinwide
resource management goals and objectives.

2. Develop administrative agreements for improved sharing of facilities,
manpower, equipment and/or supplies to meet basinwide management
program goals and objectives.

3.  Foster open and frequent communication between managing entities to
coordinate and jointly resolve technical issues relating to artificial
production.

4.  Operate hatchery programs in compliance with regionally adopted genetics,
fish health, ecological interactions, and hatchery performance policies.

PERFORMANCE STANDARDS

Current and proposed hatchery production must be consistent with requirements
of existing authorizations and agreements. These include the Endangered Species
Act, the Columbia River Fish Management Plan (U.S. v. Oregon), the Council's
Fish and Wildlife Program, and individual state/tribal fishery programs.

Operational Coordination

1.

Provide a common forum that will facilitate sharing of facilities, manpower,
and equipment to meet regional objectives.

Provide a common means of cost/time sharing of resources for efficient
facility operations.

Provide a forum to share information among hatchery operational staff.
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Programmatic Coordination

1.  Review hatchery operations on a basinwide level to meet goals expressed in
legal agreements, hatchery operational plans, regional policies, and
agency/tribal programs.

2. Meet regularly with the full IHOT membership to discuss programmatic and
administrative matters, including hatchery audit reviews.

3. Regularly review fish survival data and other research projects that provide
fishery survival/contribution information.

PERFORMANCE MEASURES

Several reports and operational procedures will be needed to measure the
effectiveness of the regional hatchery coordination standards. These items are
described below.

1.

Within one year of ratification, IHOT will create a memorandum of
understanding between members for the sharing of facilities, manpower, and
equipment.

IHOT members will prepare an annual report that details shared resources.

The THOT facilitator will serve as a central distribution point for reports
pertaining to fish hatchery operations.

Meetings of the full IHOT membership will occur regularly to discuss
programmatic and administrative matters. The meeting schedule will be
established by IHOT chairperson.

The IHOT facilitator will maintain an electronic bulletin board for sharing
Current and Future Brood documents, and for the free distribution of
information among members.

The IHOT facilitator will provide the means for timely reporting of fish
escapement, transfer, and release goals and the progress being made to meet
the objectives. Coordination of personnel and equipment sharing will be
recorded and records maintained through the IHOT facilitator.
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10.

Agencies will update hatchery operation plans yearly.

Co-managers that operate fish rearing facilities will adopt common formats
for reports developed within the basin (e.g., Annual Brood Planning Report,
U.S. v. Oregon, etc.).

THOT members will present a yearly report of all fish culture research
proposed, in progress, or completed.

IHOT members will present annual updates of current fish survival
information.

IMPLEMENTATION

1.

Managing entities will use IHOT to foster open and frequent
communication. This will allow IHOT members to coordinate and jointly
resolve technical issues relating to hatchery operations. All management
entities must participate to ensure that hatcheries are integrated into a
basinwide system of planned production. Coordination with legal or
specialized committees (e.g., Production Advisory Committee, Pacific
Northwest Fish Health Protection Committee, Technical Advisory
Committee) will be coordinated through their respective chairpersons.

Administrative agreements will be developed to enhance efficiency in
meeting basinwide management goals. These agreements will include
sharing of manpower, equipment, and supplies.

Hatchery operations data will be exchanged via the Coordinated Information
System (CIS).

IHOT will support activities that encourage the exchange of hatchery
information and technology among Columbia Basin fish hatcheries.

Regional Hatchery Coordination Policy—17






Chapter 4

Hatchery Performance Standards Policy

Producing fish in a hatchery is not just a matter of science, it also somewhat of an
art. As an art, fish culture is governed by specific hatchery operational
requirements that directly influence the hatchery's production. Some of the major
factors affecting fish production include:

. Biological requirements of the fish stocks
. Water quality parameters that influence hatchery production

. The types of rearing containers utilized and their water supply and flow
patterns

. Fish nutrition requirements and feeding regimes

. Activities associated with all aspects of the hatchery operation from adult
collection through release

. Release strategies and liberation units used for fish transfer and release

Making the transition from the art of fish culture to scientifically applied
knowledge is the key to improving the quality of hatchery-produced fish. As used
here, quality is defined as increasing the yield to the fishery and escapement to
spawning areas, while also maintaining desired genetic traits and reducing
incidence of disease.
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Quality is improved by recognizing the origin and status of individual fish stocks,
and the conditions that influence these stocks. It should be recognized that fishery
contributions from hatcheries are influenced by production goals established
through a variety of fish management, political, and administrative processes. The
politician, administrator, fish biologist and hatchery manager should understand
the production potential and constraints of the hatchery rearing facilities.
However, they must also understand the overriding influences (e.g., ocean
conditions and in-river environmental alterations) that control production
capacity.

The technology needed to produce quality hatchery fish already exists. New
scientific information can be used for adjusting hatchery operations to lessen or
eliminate the impact of hatchery fish on wild stocks. Existing hatchery
management practices should be the baseline for identifying concerns, progress,
and future requirements to successfully provide efficient artificial production.

POLICY STATEMENT AND GOALS

Policy Statement
It shall be the policy of the management entities of the anadromous salmonid
resources in the Columbia Basin to ensure that all hatchery practices are based on
regional standards.

Goals

1. All fish produced and released are consistent with management goals.

2.  Physical facilities and equipment are operated consistent with standards to
maximize fish quality.

3.  Ensure compliance with hatchery coordination, fish health, ecological
interactions, and genetics policies.

4.  Ensure the use of an audit framework to evaluate the compliance of hatchery
operations with regional standards.
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PERFORMANCE STANDARDS

"Performance standards are intended to provide a point of reference against which
to monitor change, and units of measure to define change" (NPPC 1992).

Over the past two decades, there have been many research studies and plans
initiated to (1) improve the quantity and quality of fish produced in Columbia
Basin hatcheries, and (2) determine their impact on wild fish populations.
However, the additional questions raised about these issues have identified the
need for a consistent basinwide evaluation of existing hatchery programs and
facilities.

The evaluation scenario presented in this report establishes a process for making
changes that can improve hatchery operations. Performance standards will
encompass all aspects of hatchery facilities and operations that influence the
hatchery's "final product.” As used here, the hatchery's desired final product is a
fish that has minimal impact on wild stocks and also contributes to harvest
opportunities and natural spawning populations.

It is again important to note that the standards and measures presented in this
report are not intended to set specific production priorities. Instead, they are to
help guide hatchery operations once the production programs are approved by the
fishery managers. The standards are also the basis for hatchery performance
audits.

Performance standards for consistent basinwide hatchery practices are presented
in sections below. These standards are divided into the following three categories:

. Program objectives
. Facility requirements
. Hatchery operations

Performance Standards for Program Objectives

The performance standards outlined in this section address operational procedures
directly controlled by the hatchery. These standards reflect the importance of
meeting goals outlined in existing management plans. Hatchery production
programs must ensure that all fish produced and released meet the specific and
collective requirements of existing programs and statutes.

Hatchery Performance Standards Policy-—21



Most of the Columbia Basin hatcheries were initially authorized and constructed
as mitigation projects. This mitigation was either for fish habitat losses at specific
project locations or because of fishery impacts caused by multiple water-use
projects throughout the basin. Recent actions, however, have restructured the
priorities for hatchery use. Current and proposed hatchery production must be
consistent with requirements of several existing authorizations and agreements.
These include the Endangered Species Act, the U.S. v. Oregon Columbia River
Fish Management Plan, the Council's Fish and Wildlife Program, the Columbia
Basin Fish and Wildlife Authority's (CBFWA) Integrated System Plan, and
individual state/tribal fishery programs.

There is a great deal of merit in releasing viable fish from traditional hatcheries to
provide harvest augmentation (the stocking of anadromous fish where the primary
purpose is to return adults for sport, commercial, or tribal harvest) as described by
Miller et al. (1990). Hatchery production will also be needed to provide for
natural spawning augmentation in order to meet the Council’s interim doubling
goal. This is accomplished by producing eggs and/or fish that are qualitatively
similar to the size, physiological status, and life stage as the existing natural
spawning species, while meeting known ecological, genetic, and fish health
guidelines.

The use of hatcheries for enhancing natural spawning populations will require
some changes to the existing operating procedures. These operational changes
include (1) how eggs are obtained, (2) the process for handling eggs and fry, and
(3) the release strategies used to match fish to the environment.

In addition to performance standards and measures described in this chapter,
hatcheries providing fish for either harvest augmentation or rebuilding natural
spawning populations will also follow the goals, standards, performance
measures, and implementation procedures associated with the other regional
policies. Risk assessment will be addressed by these policies.

The production of hatchery fish for natural spawning augmentation will occur in
existing and new facilities. Handling of eggs and fish will generally follow the
hatchery performance standards and measures described in this document.
Suggestions for experimental hatchery treatments that could create more natural
conditions for hatchery fish are presented in Appendix A.
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Assessment of new hatchery technology, using an adaptive management policy
framework, is based on the following basic assumptions:

1.  Assessment is a policy tool.

2.  Assessment is likely to be repetitive, and part of inter-related studies.
3. New technology creates new questions.

4. Long-range, indirect effects of a technology are often more significant than
immediate or planned consequences.

5. By learning from the implementation of new technologies, the resource
managers, Northwest Power Planning Council, and hydropower ratepayers
will act affirmatively on behalf of fish.

It is important that all evaluations of new rearing techniques be based on
appropriate experimental procedures. As reported by Lichatowich and Watson
(1993), considerations of statistical methods during development of the research
proposal are needed to assure data will be gathered that can be properly analyzed.

Performance Standards for Facility Requirements

The physical production capacity of a hatchery is dependent on several
biochemical and spatial features. For example, the biological traits of the fish
stock, nutritional requirements, the types of rearing containers, water quality, and
the overall management all have important standards that must be met.

Existing facilities in the Columbia Basin are of various ages and have evolved
under a multitude of administrations and funding levels. This has resulted in a
variety of installations in poor-to-good condition with outdated-to-modern
features. Most of these facilities were originally developed to meet management
needs different from today's needs. A facility review, which is based on
performance standards and measures, should lead to recommended improvements
for those facilities having correctable problems. It is incumbent on the appropriate
co-managers to identify deficiencies and constraints, and on the funding entities to
provide funds for needed alterations or improvements identified through the
review process.
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Water Quality

Specific water quality requirements for hatchery fish vary with the seasons of the
year and life-cycle stage. Water quality is the single most important factor in
maintaining an acceptable environment for hatchery fish. Because water quality is
so critical for good fish husbandry, it is important to identify standards for the
more important water quality parameters (i.e., temperature, dissolved gasses,
chemistry, turbidity, toxic materials, and pathogens). Specific water quality
criteria for salmonid aquaculture are provided in Appendix B.

Temperature
The temperature of water used in salmon hatcheries influences growth and

development, fish health, and the physiological process of smoltification.
Generally, salmonids rear best at temperatures between

48_F and 60_F. With lower temperatures, development and growth may be too
slow to achieve program objectives, while temperatures between 55_F and 70_F
may encourage certain diseases (Piper et al. 1982). Daily maximum/minimum
temperatures are widely used at hatcheries.

Recommended temperatures for spawning, egg incubation, and fish rearing are
presented in Table 1. These recommendation were developed by IHOT and are
provided as general guidelines. Specific hatchery standards should be identified in
hatchery operational plans.

Table 1. Recommended spawning, incubation, and rearing temperature
ranges (mean daily).

Recommended Recommended Recommended
Species Spawning Temp Incubation Temp Rearing Temp
Chinook 42-55_F 41-53_F 48-54_F
Chum 45-55_F 40-53-F 46-52_F
Coho 40-49_F 40-56_F 48-56-F
Sockeye 51-54_F 40-56_F 40-56_F
Steelhead 39-49_F 45-55.F 48-59_F
Cutthroat 39-49_F 49-55_F 48-54_F
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Dissolved Gases

The two most abundant atmospheric gases are oxygen and nitrogen. In a high
quality water supply, oxygen should be near saturation, while nitrogen can be at
any level less than saturation. Water should be manipulated mechanically if
dissolved oxygen is less than 90% saturation and if dissolved nitrogen is greater
than 102% saturation (Senn et al. 1984).

Chemistry

Water chemistry standards are important considerations when designing or
rehabilitating hatcheries. Such information is also important when monitoring
water supplies over a number of years to establish a baseline to determine if
changes in water supplies have occurred (Westers 1988). Measurements should be
recorded at the same time and place to standardize the results for comparison over
time. Analysis should follow procedures described in "standard methods"
(Greenberg 1981). Water quality standards relating to water chemistry for
hatchery influent water are presented in Table 2.

Table 2. Acceptable levels for influent water quality parameters
(ADFG 1986).

Water Quality Acceptable Levels
Ammonia (un-ionized) < 0.0125 mg/l
Carbon Dioxide < 1.000 mg/I
Chiorine < 0.003 mg/|
pH 6.5-8.0
Copper < 0.006 mg/l
(100 mg/l alkalinity)
Dissolved Oxygen > 7.0 mg/l
Hydrogen Sulfide < 0.003 mg/I
Dissolved Nitrogen < 100% saturation
Iron < 0.100 mg/l
Zinc < 0.005 mg/I
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Turbidity

Turbid water supplies caused by suspended or settleable solids can smother
incubating eggs and fry, and can affect hatchery operations and the quality of fish
reared. Most of the existing hatcheries were built at a time and location when
excellent water supplies were available (a specific requirement for selecting a
hatchery site). Over time, many water supplies have been degraded by man's
activities impacting hatchery operations. Controlling habitat degradation is
normally beyond the control of individual hatchery management, but within the
control of regulatory agencies.

Turbidities less than 2000 parts per million (ppm) are acceptable for fish culture
(Piper et al. 1982). An increasing trend in the turbidity of a water supply indicates
the watershed is being adversely impacted. Under these circumstances, an
investigation should be conducted to determine cause of the turbid conditions.

Alkalinity and Hardness

In freshwater systems, fish are hypertonic to their environment. Fish in hard water
(>200 mg/I alkalinity) will spend less metabolic energy on osmoregulation than
fish in soft water (<30 mg/] alkalinity), thus providing more metabolic energy for
growth (Wedemeyer et al. 1976). Some fish stocks may be better adapted to low
alkalinity than other stocks of the same species.

Nitrite
The accepted tolerance level of nitrite is 0.55 mg/l. Levels exceeding this inhibit
the satisfaction of the oxygen demand of the fish (Smith and Williams 1974).

Contaminants

Water-borne toxic materials originating from external contamination sources
present a problem similar to that of turbidity. It is important to identify problems
to determine the impact on survival. Even though a hatchery is located in an area
with no industrial sources of pollution, the widespread use of insecticides and
herbicides represent a significant threat to water quality. Table 3 lists acceptable
levels of chlorinated hydrocarbons and organic phosphates.

Pathogens

Pathogen free water sources can be provided by wells, springs or by disinfection.
Standards for disease diagnosis, certification, and treatment are described in
Chapter 5— Fish Health Policy.
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Table 3. Acceptable levels of chlorinated hydrocarbons and organic
phosphates (USFWS 1980).

Chliorinated Hydrocarbons Acceptable Levels
Aldrin < 0.003 mg/l
Endrin < 0.004 mg/I
Dieldrin < 0.003 mg/l
Heptachlor < 0.001 mg/l
Chlordane <0.010 mg/I
Methoxychior < 0.030 mg/l
Lindane < 0.010 mg/l

Organic Phosphates Acceptable Levels
Malathion <0.10 mg/l
Guthion < 0.01 mg/l

Alarm Systems

Reliable hatchery alarm systems are required to prevent egg and fish losses caused
by a loss of water supplies. This has become increasingly important with the
trends toward building hatcheries without housing, allowing personnel to move
off station, and rearing threatened fish species. These situations require that there
be fail-safe alarm systems and expeditious response processes to deal with
circumstances that could result in fish losses.

Fish in adult holding ponds may be targeted by poachers or impacted by
vandalism. Security must be considered and provided as necessary to prevent fish
losses. Security considerations should include electronic security or off-hours
security staff.
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The following guidelines address the use of alarm systems at hatchery facilities.
1.  Areas needing alarms:

» Intakes

» Large rearing ponds and adult holding ponds

» Raceway headboxes and rearing ponds

* Incubation facilities

* Quarantine areas and facilities (e.g., chlorine injection)
* Water treatment systems

» Security

2. Outside systems as well as buzzers in residences are required.

3.  Water flow alarms should be checked each day. All other alarms should be
checked weekly.

4. A log should be kept recording alarms due to emergencies, tests, and
maintenance requirements.

5.  The use of telephone pagers is recommended.

Adult Collection and Holding

Several types of fish collection systems can be used to intercept upstream
migrating adults for short- and long-term holding and spawning. These systems
can involve either permanent or temporary structures, and can range from simple
instream weirs to concrete barriers and holding facilities.

Because the size of fish being held varies greatly, even within the same species,
long-term holding standards are based on units of fish weight. The water flow
requirements for the long-term holding of adult fish are presented in Table 4. As
a rule, at 50-F water temperature, 1 cubic foot of holding space is required for
every 2 pounds of fish; and 1 gallon per minute (gpm) of water is required for
each 15 pounds of adult fish. For each degree of water temperature below and
above 50-F, the poundage can be increased or decreased 5% respectively, without
flow adjustment (Senn et al. 1984).
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Incubation

Table 4. Space and flow criteria for long-term holding of adult salmon and

steelhead trout in 50_F water (Senn et al. 1984).

Ave. Assumed Water Flow/ Pond Space/

Species Weight/Fish (Ibs) Fish (gpm) Fish (ft3)
Spring Chinook 15 1 8

Fall Chinook (Tule) 15 1 7

Fall Chinook 18 1 8

Coho 8 05 4
Steelhead 8 2 2.5
Sockeye 6 0.4 4

Several methods are available for incubating salmonid eggs. They range from
single bucket incubation (for isolation of an individual female's eggs) to multiple
vertical incubators requiring extensive plumbing systems. Various methods have
evolved as fish culturists developed systems to meet program requirements.
Tables 5-12 outline recommended incubator capacities for different incubator
types, fish species, and life-cycle stages. The egg numbers presented in these
tables represent upper thresholds that should not be exceeded.

Recommended flows for various types of incubators are outlined in Table 13.
Water flows in incubators should be of sufficient quantity to maintain oxygen
levels of at least 7 ppm. The recommended flows presented in Table 13 were
developed by IHOT. Specific standards based on the hatchery’s historical data
should be identified in hatchery operational plans.

The rate of egg and alevin development, and quality of the fry, are a function of
water temperature. The time required to reach various developmental stages is
expressed as Temperature Units - F (TU). A Temperature Unit is defined as one
degree of temperature above freezing for 24 hours. The TU requirements from egg
fertilization to hatching and first feeding for various species are shown in Table
14.
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Table 5. Recommended incubator capacities of fertilized-to-eyed eggs for
spring and fall chinook.

Number of Eggs Type of Incubator Maximum Number Allowable
5,000 eggs deep trough tray 25,000/section
100,000 eggs/section deep trough tray bulk 1,000,000/trough
6,000-8,000 eggs vertical incubator 48,000-64,000/half stack
20,000 eggs shallow trough basket 120,000/trough

25,000 eggs pond tray 800,000/keeper channel
27,000 eggs/tray Japanese raceway 670,000/raceway

Table 6. Recommended incubator capacities of fertilized-to-eyed eggs for

coho salmon.
Number of Eggs Type of Incubator Maximum Number Allowable
6,000 eggs deep trough tray 30,000/section
9,000 eggs vertical incubator tray 72,000/half stack
25,000 eggs shallow trough basket 150,000/trough
32,000 eggs pond tray 1,000,000/raceway
550,000 eggs magnum deep unknown
450,000 eggs freestyle incubator unknown
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Table 7. Recommended incubator capacities of fertilized-to-eyed eggs for
steelhead.

Number of Eggs Type of Incubator Maximum Number Allowabie
6,000 eggs deep trough tray 30,000/section

9,000 eggs vertical incubator tray 72,000/half stack
25,000 eggs shallow trough basket 150,000/trough

31,250 eggs pond tray 1,000,000/raceway
550,000 eggs magnum deep unknown

450,000 eggs freestyle incubator unknown

38,000 eggs/tray keeper channel 865,000/keeper channel
41,200 eggs/tray Japanese raceway 1,030,000/raceway

Table 8. Recommended incubator capacities of fertilized-to-eyed eggs for
sockeye salmon.

Number of Eggs Type of Incubator Maximum Number Allowable
8,000 eggs deep trough tray 40,000/section

10,000 eggs vertical incubator tray 80,000/haif stack
27,000 eggs shallow trough basket 162,000/trough

35,000 eggs pond tray 1,200,000/raceway
550,000 eggs magnum deep unknown

40,000 eggs/tray keeper channel 1,000,000/keeper channel
43,000 eggsl/tray Japanese raceway 1,000,000/raceway
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Table 9. Recommended incubator capacities of eyed-egg to fry for spring

and fall chinook.

Number of Eggs Type of Incubator Maximum Number Allowable
5,000 eggs deep trough tray 20,000/section
18,000 eggs/section deep trough tray bulk 180,000/trough

6,000- 8,000 eggs

vertical incubator tray

48,000-64,000/half stack

20,000 eggs shallow trough basket 20,000/trough
25,000 eggs pond tray 800,000/raceway
35,000 eggs/tray magnum deep 350,000/magnum deep
35,000 eggs/tray keeper channel 800,000/keeper channel
27,000 eggs/tray Japanese raceway 670,000/raceway

Table 10. Recommended incubator capacities of eyed-egg to fry for coho

salmon.
Number of Eggs Type of Incubator Maximum Number Allowable
5,000 eggs deep trough tray 25,000/section
8,000 eggs vertical incubator tray 64,000/half stack
25,000 eggs shallow trough basket 25,000/trough
31,000 eggs pond tray 1,000,000/raceway
45,000 eggs/tray magnum deep 350,000/magnum deep
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Table 11. Recommended incubator capacities of eyed-egg to fry for
steelhead.

Number of Eggs Type of Incubator Maximum Number Allowable

6,000 eggs deep trough tray 30,000/section

8,000 eggs vertical incubator tray 64,000/half stack

25,000 eggs shallow trough basket 25,000/trough

31,250 eggs pond tray 1,000,000/raceway

45,000 eggs/tray magnum deep 350,000/magnum deep

38,000 eggs/tray keeper channel 865,000/keeper channel
(1,000,000 with BUA)

27,000 eggs/tray Japanese raceway 1,030,000/raceway

Table 12. Recommended incubator capacities of eyed-egg to fry for
sockeye salmon.

Number of Eggs Type of Incubator Maximum Number Allowable
6,000 eggs deep trough tray 30,000/section

10,000 eggs vertical incubator tray 80,000/half stack
40,000 eggs/tray keeper channel 1,000,000/keeper channel
43,000 eggs/tray Japanese raceway 1,000,000/raceway
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Table 13. Recommended water flows for different incubation units and
life-cycle stages.

Type of Incubation To Eyed Stage To Initial Feeding
Deep Troughs 8 gpm 12 gpm
Deep Troughs Bulk 18 gpm 18 gpm
Vertical Incubators-8 tray stack 5 gpm 5 gpm
Vertical Incubators-16 tray stack 6 gpm 6 gpm
Shaliow Troughs 7 gpm 6 gpm
Pond Incubation 150 gpm 200 gpm
Magnum Deeps 40 gpm 45 gpm
Freestyle Incubator 30 gpm

Keeper Channel 75 gpm 125 gpm
Japanese Style Raceway 100 gpm 120 gpm

Table 14. Approximate hatching and first feeding temperature
requirements for individual species at 50_F (Senn et al. 1984).

Temperature Units (TU) Required
Species To Hatch To First Feeding
Chinook 900 1665
Coho 850 1375
Sockeye 1260 1900
Chum 900 1550
Steelhead 570 975
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Rearing

Screening

Fish rearing facilities are expansive components of the hatchery. This is because
the space and water requirements increase dramatically as the fish grow.
Standards for rearing facilities are based on physical features of rearing containers
and how these containers are connected to reduce the amount of handling required
when transferring fish. These factors affecting productivity are largely hydraulic
in nature. The water replacement time and velocity must provide adequate levels
of dissolved oxygen and remove metabolic waste products that are harmful to the
fish. Specific hatchery standards based on the hatchery’s historical data should be
identified in hatchery operational plans.

A screened water supply and outfall must be provided to prevent fish from
entering the hatchery or escaping to adjacent waters. Pond screens are made from
a variety of materials and are used to contain fish in specific areas. Rearing
containers should be double screened for fish lots that will not be released in
waters adjacent to the hatchery.

Intake Screen Performance

In designing effective fish facility screens, the swimming ability of the fish is the
primary consideration. Swimming ability varies, and may depend upon a number
of factors including the swimming time required, species, fish size, level of
dissolved oxygen, water temperature, light conditions, physical condition of the
fish, and migrational stage. For these reasons, screening criteria must be expressed
in somewhat general terms. However, screens should be designed and operated to
prevent any fish injuries.

Structural protection is usually required to protect the integrity of the screening
material at intake. Provision of a trashrack, log boom, sediment sluice, and other
measures may be needed. A reliable ongoing maintenance and repair program is
necessary to assure facilities are kept free of debris accumulation.

Screen Faces

Screen faces should be placed flush with any adjacent screen bay, piers, walls, or
streambank to allow fish unimpeded movement parallel to the screen face and
ready access to bypass routes.
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Approach Velocity

Approach velocity will be measured with the velocity component perpendicular to
and approximately three inches in front of the screen face. For salmonid fry (less
than 2.36 inches long), the approach velocity will not exceed 0.4 feet per second
(fps). The approach velocity for salmonid fingerlings (2.36 inches and longer),
will not exceed 0.8 fps.

Minimum Screen Area

The actual wetted screen area required at the minimum stream stage (excluding
area affected by structural components) is calculated by dividing the maximum
flow by the allowable approach velocity. Screen design must provide for uniform
distribution of flow over the screen surface.

Fish Screens

Fish screens shall be cleaned as necessary to prevent accumulation of debris that
would impede flow and violate approach velocity criteria, or otherwise create
conditions that could harm fish.

Screen Mesh or Perforations

Screen openings may be round, square, rectangular, continuous slot, or any
combination thereof, provided structural integrity and cleaning operations are not
impaired. Screen openings must have rounded edges. Table 15 summarizes the
recommended mesh size.

Table 15. Recommended screen mesh related to fish size!.

Fry Length Criteria for Screen Openings

Fry <2.36” (60 mm) in | Screen openings shall not exceed 0.125" (3.2 mm) in the
length narrow direction.

Fingerlings >2.36" Screen openings shall not exceed 0.25" (6.44 mm) in the

(60 mm) in length narrow direction.

All lengths Screen material shall provide a minimum of 40% open material.

'Developed by the National Marine Fisheries Service in cooperation with Northwest
fishery agencies.
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Predator Control Measures

Predation on fish is primarily either from birds or mammals. The pattern of
predation is governed by facility construction, location, and the predator life
cycle. Each facility should have a predator control system that meets its specific
needs.

Methods of controlling predation may vary and frequently requires a combination
of methods. Two commonly used non-lethal methods are scare devices and
exclusion devices (i.e., physical barriers). Each hatchery should have a predator
control system that meets its specific needs. Following are the steps for
controlling predators at hatcheries:

Confirm predator activity and fish loss.

Determine species of concern.

Install devices matching control method to predator.
Monitor effectiveness.

Maintain control system if proven effective.

nhRwbh =

Food Storage and Quality Control

Fish require a complete diet containing essential elements for proper nutrition. It
is important that all fish feed is stored at recommended temperatures and is used
within the recommended period of time. Open formulas with frequent quality
control inspections are recommended. Many feed delivery systems are available.
All are successful if properly maintained and monitored. Performance standards
for storage of food and quality control, as described by Fowler (1989), are listed
below.

1.  Dry/Semi-Moist/Moist Foods (dry < 12%; semi-moist 12-20%; moist >20%
moisture): follow food manufacturer's recommendations.

2. Quality Control: appoint regional quality control officer to oversee
production procedures and to monitor the following:

* Verification by feed manufacturer that ingredients meet specifications.
* Ensure feeds do not contain unwanted drugs or other additives.

* Analyze ingredients contained in the final product to ensure that feed
specifications have been met.

3. Handling
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* Moist pellets should not exceed 10-F at point of delivery.
* Moist pellets should be removed from freezer just prior to feeding.

» Do not leave buckets of feed or feed containers outside exposed to light
or heat.

» Open bags of feed should be fed within one to two days except when
feeding small groups of fish.

» Automatic feeder hoppers and bulk storage facilities should be insulated
against excessive temperatures (80_F and above).

Release Facilities

An important phase of the hatchery cycle is the collection and transfer or release
of fish from hatchery facilities. Stress associated with fish collection and release
activities can be severe and result in immediate or delayed mortality.

Equipment for on-site transportation and off-station release of fish includes
crowders, pipes, flumes, brails, pumps, portable fish tanks, tank trucks and live
boxes. The choice of a particular piece of equipment or method is based on the
hatchery design and topography. The equipment and process used must ensure
that fish are not subjected to adverse conditions. Factors that increase stress levels
should be closely monitored. All volitional releases should be monitored.

Pollution Abatement

Although wastes from fish hatcheries are generally of low strength, their large
volume can make a hatchery a significant point source of contaminants. Standards
for individual hatcheries are outlined in the National Pollution Discharge
Elimination System permits.
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Performance Standards for Hatchery Operations

Broodstock Selection

Guidelines for broodstock selection are presented in Chapter 7— Genetics Policy.
Hatchery broodstock programs should meet requirements established in the
genetics policy section, subbasin planning documents, and hatchery operational
plans in the following areas: species, stock, collection location, broodstock
numbers, and collection strategy.

Spawning Practices

Incubation

Rearing

Standards for spawning practices should follow those presented in
Chapter 7— Genetics Policy.

Salmonids eggs are remarkably uniform in their physiology and development. A
basic understanding of the morphology and physiological process of a developing
fish embryo is of value to the fish culturist in providing an optimum environment
for egg development. Salmonid eggs become progressively more fragile during a
period extending from approximately 48 hours after water hardening until they are
eyed. During the eye stage, eggs are usually shocked and non-viable eggs are
removed. Remaining viable eggs are measured, disinfected and shipped or
processed for the next phase of their development.

Eyed-eggs may be incubated on artificial substrate installed in incubation trays or
containers. It has been demonstrated that in some cases, use of artificial substrate
has improved fish quality and survival (Fuss and Seidel 1987; Fuss and Johnson
1988).

The hatchery’s carrying capacity is the population size that can be supported
without adversely affecting fish health and survivability. The carrying capacity of
a rearing container (i.e., pond, raceway, trough, etc.) is limited to the period of
least available habitat. This is influenced by water flow, water quality, suspended
solids, and fish size and species. It is recommended that thresholds limiting
capacity be determined and recorded in hatchery plans through a process
described by Piper et al. (1982), Klontz (1991), and specific historical hatchery
records (Delarm and Smith 1990). Any projection of fish growth throughout the
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rearing period must take all limiting factors into account when initiating the
rearing cycle.

Pond density is commonly stated as pounds of fish per cubic foot of rearing space
(Ibs/ft3). Pond loading is described as pounds of fish per gallon per minute of
inflow (Ibs/gpm). Fish size, however, is an important variable which must be
taken into account. As fish size changes, so do feeding and metabolic dynamics.
Loading, expressed as lbs/gpm/inch of body length, allows for comparisons
among different sizes of fish. Established loading criteria are usually reached or
exceeded, while density criteria are not approached. Thus, the flow index
(Ibs/gpm/inch) is the more meaningful of the two (Piper et al. 1982). Water
turnover rate for each container should also be monitored to maintain acceptable
dissolved oxygen and metabolic product levels (Klontz 1991).

Hatchery fish should be fed with care and at a rate that allows the fish to consume
the feed almost immediately. The feed should be delivered so that all fish have an
opportunity to feed. Feeding must take priority over other hatchery operations,
and the daily work schedule must allow time for careful feeding.

Smolt Quality

It has been reported that approximately 200 million salmonid smolts are released
annually from Columbia River Basin hatcheries. The term "smolt" in some cases
is very likely a misnomer as there is reason to suspect that apparently healthy
hatchery fish may not actually be functional smolts. These fish may provide only
limited contributions to the fishery or adult escapement. Non-smolted salmonids
may negatively impact wild/naturally produced fish. In order for a hatchery smolt
release program to be successful, it is important that fish are actively smolting at
release (i.e., undergoing the physiological process necessary for migration and
transformation to salt water).

Fish Health Management

The difference between a healthy hatchery fish and a sick fish often depends on
the delicate balance between the fish, its rearing environment, and the external
forces applied by the hatchery operator. These forces include typical hatchery
activities, such as crowding, handling, hauling, marking, and treating with drugs
and chemicals. These activities can cause high stress levels that make fish more
susceptible to diseases, both in the hatchery and after fish are released. Stress in
the hatchery environment can also inhibit fish growth.

This manual does not provide performance measures for determining the quality
of hatchery fish. However, by following the recommended performance standards,
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Release

the hatchery operator will reduce fish stress and provide the best opportunity to
produce a healthy fish. Hatcheries in the Columbia River Basin are operated under
a fish health management philosophy that is outlined in Chapter 5— Fish Health
Policy. Standards associated with the fish health policy include hatchery
monitoring visits, a fish health inspection program, hatchery sanitation
procedures, and egg/fish transfer protocols.

Salmonid releases in the Columbia River Basin are established through subbasin
and species planning documents, ESA permit conditions, mitigation requirements,
and court mandates. Hatchery operations are focused on releasing fish at a specific
time and size to meet specific program objectives. Fish releases are either made
on-site (i.e., at the hatchery) or at an off-site location. They can also involve either
a forced release (i.e., all fish are forced out of the hatchery at the same time) or a
volitional release (i.e., fish are allowed to leave on their own volition).

Fish size and time of release are two variables that have a considerable influence
on survival of hatchery fish. Size-selective predation may be influenced by time
and size "windows" that allow fish to achieve maximum growth by exploiting
available food. In addition, timing can be critical to avoid predators and take
advantage of spring river flows and ocean upwelling conditions. Inappropriate
release times or sizes may cause physiological problems that in turn retard growth
and enhance the fish’s susceptibility to predators.

The growth and survival of wild fish can also be affected by time and size of
hatchery releases. For example, time and release size of non-migratory hatchery
fish may influence freshwater competition. Adjusting time of release can reduce
the amount of overlap between some species in freshwater and during early
marine life. This can reduce the impact of predaceous hatchery fish on some wild
stocks and also reduce the likelihood of food limitations.

Table 16 presents some standards for appropriate size and time of release. These
standards are provide only as general guidelines. All releases should follow
general performance standards of genetics, fish health, and ecological interactions
policies as well as specific performance standards identified in hatchery
operational plans.

Table 16. Guidelines for appropriate fish size and time of release!.

Species Size at Release

Rel i
Fish/Pound elease Time
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Fall Chinook 8-35 March and August

Fall Chinook (0-age) 40-100 March through July
Spring and Summer Chinook 5-36.7 March through May
August through November
Spring & Summer Chinook 45-70 April through June
(Fingerlings)
Coho 12-20 March through June
Winter Steelhead 4-10 April and May
Summer Steelhead 4-10 April and May
Sea-Run Cutthroat Trout 3-7 April and May
Sockeye 25-50 April through October
Chum 250-500 Mid-April

1 Guidelines are based on figures from Fuss et al. 1989; Bell 1973; Vreeland 1989; Senn
et al. 1984; Hutchinson 1993; Peck 1993; Christianson 1993; Woid 1993; and Sheldrake
1993; as modified by IHOT.

Transportation

An extremely important aspect for meeting hatchery program goals is the
transportation of fish between hatcheries or selected sites. Since the responsibility
of the hatchery does not end until fish are delivered to the release site, it is
important to identify loading, hauling, and release standards. Guidelines regarding
these transportation activities are presented in Appendix C.
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Evaluations

Training

Hatchery effectiveness is often measured through an analysis of marked juvenile
fish that are later captured or observed at various locations during juvenile and
adult migration, as well as in various fisheries and returns to hatcheries and
spawning grounds. To ensure an acceptable analysis, it is essential that hatchery
contribution studies are based on marked fish that are representative of the total
released population. The types of information need for this type of study are listed
below. Evaluation guidelines are also provided in Appendix D.

. Number of marked fish released
Number of total fish released and method of enumeration
Size at release
Location and dates of marking
Date of release
Species, race, stock, and brood year
Type of mark
Purpose of study
Physiological and disease condition of fish
Water temperature at release (rearing and release site)
Type of release (fixed, volitional, trucked)
System for obtaining representative sample

PN B =
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Most investments in hatcheries have been on land, building materials, equipment,
and fish food. However, trained personnel are also essential parts of a successful
hatchery operation. Human talents comprise one of the most valuable resources,
and this professional knowledge and experience must be maintained, expanded,
and rewarded. It is imperative that the education process and transfer of new
technologies be continued and expanded to meet the increasingly complex issues
facing hatchery management. If new technology is not transferred and
implemented, the public investment in research is not only wasted, but potential
gains in product quality are lost. Continuing education opportunities should
include the following:

. Computer coutses

. Fish health courses

. Safety courses

. Fish culture courses

. Commercial driving training

. On-the-job training

. Agency seminars

. Chemical handling and usage seminars
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. Management seminars

. Interagency exchanges

. Regional meetings and conferences

Recommendations for hatchery training are presented below.

1.  Each hatchery should have a training schedule for its staff.

2. Each staff member should have a personal training plan approved by
supervisor and reviewed during annual evaluation.

3. Exchange of training details is encouraged between hatcheries and agencies.
4.  Off-duty training should be encouraged and rewarded.

5. Staff meetings should be held at least monthly.

PERFORMANCE MEASURES
Performance Measures for Program Objectives

Each hatchery, depending on its specific management goal, will develop and
follow established performance measures to monitor its annual production
program. These performance measures will be changed as the hatchery program is
revised. New performance measures could result from new scientific information,
additional supplementation requirements, reprogramming, increased survival of
fish released at the hatchery, or a combination of these factors. Key questions that
should be asked about each hatchery include:

 Are the hatchery's programs outlined in a subbasin management plan (e.g.,
Umatilla Basin Artificial Production Plan or Lower Snake River
Compensation Plan)?

s the hatchery operating under a current hatchery operational plan?

« Is a hatchery monitoring and evaluation plan in place?

Since hatcheries are operated to meet objectives of various programs, agreements
and statutes, it is important to identify specific production requirements in the

hatchery operating plans. Performance standards established for production must
be reviewed and analyzed through a hatchery audit process, and any variance with
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the established program performance standards must be recorded. The following
lists performance measures associated with hatchery program objectives:

Adult contribution to fisheries, spawning grounds and hatcheries

Adult pre-spawning survival as compared to established goal

Egg-take as compared to established hatchery goal
Green-egg-to-eyed-egg survival as compared to established goal
Eyed-egg-to-fry survival as compared to established goal

Fry-to-smolt survival as compared to established goal

Production as compared to established goal

Percent survival (smolt to adult) as compared to established goal
Number of eggs, fry, fingerlings, smolts and/or adults to meet basinwide
needs

WX NN R W=

Production levels and fish size at release vary with hatcheries, species, and
programs. It is essential that production numbers and release sizes are identified
and are within 10 percent of the annual production goals.

Performance Measures for Facility Requirements

Compliance with the performance standards in this section will also be measured
through the independent hatchery audit. This audit will compare the hatchery
facilities against the guidelines presented in the Performance Standards for
Facility Requirements section of this manual.

Performance Measures for Hatchery Operations

Broodstock Selection

Guidelines for broodstock selection are presented in Chapter 7— Genetics Policy.
Hatchery broodstock programs should meet requirements established in the
genetics policy section, subbasin planning documents, and hatchery operational
plans in the following areas: species, stock, collection location, broodstock
numbers, and collection strategy.
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Incubation

Rearing

Release

The recommended incubation flows and incubator capacities presented in tables
5-13 can be used as a general guide for measuring hatchery performance in this
category. Specific standards based on hatchery historical data should be identified
in hatchery operational plans.

Carrying capacities are highly variable and directly dependent on a number of
factors, such as water flow, temperature, water exchange rate, dissolved oxygen,
metabolic waste buildup, types of rearing containers, and size and species of fish
reared. Therefore, it is important that a combination of flow and density indices be
used in conjunction with comparison of past experiences to establish pond
loadings. Pond loadings must be calculated and recorded for all containers at each
hatchery. Loading rates will be measured against those established in the hatchery
operational plans. Information regarding calculation of theoretical loading levels
are described by Piper et al. (1982), Liao (1971), Westers and Pratt (1977),
Burrows and Combs (1968), Westers (1970), and Klontz (1991).

All releases should follow general performance standards of genetics, fish health,
and ecological interactions policies as well as specific performance standards
identified in hatchery operational plans. Key questions associated with these
performance standards are:

1.  Does hatchery performance meet requirements outlined in the regional
hatchery policies and in subbasin and hatchery plans for the following areas:

e percent smoltification
» rearing density

« disease condition

* number

o size

» date(s) of release

e location at release

2.  Are fish reared in the subbasin or acclimated in the subbasin?

3.  Isthe release strategy appropriate for the program?
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Smolt Quality

The monitoring of the physiological development of salmonid fingerlings and the
possible correlation with juvenile and adult survival rates has been studied for a
number of years (Zaugg 1959; Virtanen et al. 1991). These efforts have had
varying degrees of success and acceptance by hatchery managers. As part of the
commitment to adaptive management, standards and performance measures will
be systematically evaluated. It is important that any new information provided by
this monitoring be used to revise hatchery management practices.

It is also important that any variance from hatchery practices and management be
identified and related to the quality of fish produced. Improving the percentage of
smolts released is an appropriate goal for developing hatchery performance
measures. To be successful, hatchery smolts must be healthy and physiologically
ready for their post-release environments. Juveniles in inadequate stages of
smoltification and with substandard health are subject to losses from predators,
aimless migration, and osmoregulatory dysfunction.
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Chapter 5

Fish Health Policy

Fishery resources must be protected from the adverse effects of disease. Fish
populations, whether cultured or free-swimming, are exposed to pathogens. Under
certain conditions, these pathogens can cause disease outbreaks that lead to fish
mortality. This can ultimately result in a significant impact on the fishery
resource. Consequently, it is important that managers of a watershed, river, or
hatchery facility be constantly aware of disease problems or the potential for
disease occurrences.

Disease occurrences are influenced by a combination of three factors: host,
pathogen, and the environment. All three of these factors must be taken into
account when addressing fish diseases (Snieszko 1973; Wedemeyer 1970; Wood
1974). Serious fish losses can occur when host and pathogen are present in an
environment that favors the disease. Removing or modifying one of the factors
will likely reduce or prevent the disease. Therefore, the effective management of
diseases is closely linked with the successful management of fish populations.

There are both passive and active measures that can be used to manage fish
diseases. Restricting the transfer of any infected animals is one example of a
passive disease management. Active disease management might include
improving environmental conditions or treating the disease with therapeutants.
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POLICY STATEMENT AND GOALS
Policy Statement
It shall be the policy of the management entities of the anadromous salmonid

resources in the Columbia Basin to protect those resources by restricting the
importation, dissemination, and amplification of pathogens and diseases known to

adversely affect fish.
Goals
1. Strive to produce healthy fish for release or transfer.
2. Ensure that all fish produced are under a specific fish health management
program.
3. Monitor and evaluate the health of wild, natural, and cultured fish
populations.
4. Foster open and frequent communications among managing entities to
jointly resolve fish health related issues.
PERFORMANCE STANDARDS

To protect the fishery resources, health care standards must be followed to prevent
the importation, dissemination, and amplification of pathogens and diseases
known to adversely affect fish. These standards will include:

. Hatchery monitoring visits by fish health specialists

. Broodstock inspection program for fish pathogens

. Hatchery sanitation procedures

. Water quality parameters

. General cultural practices (rearing criteria)

. Egg and fish transfer and release requirements

. Communication among management entities

. Regulatory compliance

. Research

. Identification of future needs of fish health programs.
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Hatchery Monitoring Visits by Fish Health Specialists

1.

2.

Conduct visits at least a monthly, more often when necessary.
Monitoring should be conducted by a qualified fish health specialist.

Examine a representative sample of healthy and moribund fish from each
lot. Number of fish examined is at the discretion of fish health specialist.

Review fish culture practices with manager including nutrition, water flow
and chemistry, loading and density indices, handling, disinfection
procedures, and treatments.

Report findings and results of fish necropsies on a standard fish health
reporting form.

Recommend appropriate drug or chemical treatments. If antibiotics are
advised, collect tissues and culture pathogen to determine drug sensitivity
when possible.

Summarize fish health status of stock prior to release or transfer to another
facility. Summary may be made on standard reporting form and occur
during the regular monitoring visit.

Fish Health Inspection Program for Broodstock

1.

3.

Annually examine each broodstock for the presence of reportable viral
pathogens. Number of individuals examined per stock will vary according to
management objectives. However, the minimum number would be at the 5%
Assumed Pathogen Prevalence Levels (APPL), generally 60 fish. Tissues
and fluids tested would include kidney, spleen, ovarian fluid, and possibly
milt following American Fisheries Society (AFS) “Fish Health Blue Book”
procedures (AFS 1979).

Annually screen each salmon broodstock for the presence of Renibacterium
salmoninarum (Rs). Methodology and effort would be at the discretion of
the relevant fishery co-managers, following the AFS "Fish Health Blue
Book" procedures.

Conduct inspection by or under the supervision of an AFS-certified fish
health inspector or qualified equivalent acceptable to co-managers.

Hatchery Sanitation Procedures
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Investigate and pursue the acquisition of pathogen-free water at each
facility, especially for incubation and early rearing.

Recommend, implement, and monitor the following hatchery sanitation
procedures:

* Disinfect/water harden eggs in iodophor (see definition of iodophor in
the Glossary for correct dosage). Eggs should be disinfected prior to
entering "clean" areas in incubation room. In high risk situations,
disinfect eggs again after shocking and picking.

* Place foot baths containing disinfectant at the incubation facility’s
entrance and exit.

* Sanitize equipment and rain gear utilized in broodstock handling or
spawning after leaving adult area and prior to using in other rearing
vessels or the hatchery building.

* Sanitize equipment used to collect dead fish prior to use in another pond
and/or fish lot.

* Disinfect equipment, including vehicles used to transfer eggs or fish
between facilities, prior to use with any other fish lot or at any other

location. Disinfecting water should be disposed in designated areas.

* Sanitize rearing vessels after fish are removed and prior to introducing a
new fish lot or stock.

» Properly dispose of dead fish.

Water Quality Parameters

1.

Utilize water supplies that provide acceptable temperature regimes for eggs,
juveniles, or adults.

Dissolved gases should be near saturation for oxygen and less than
saturation for nitrogen.

Water chemistry at any new site must meet the quality required by
salmonids. The list of parameters to be measured are identified in Chapter
4— Hatchery Performance Standards Policy.

Chemical parameters should be measured to establish baseline data. If
disease occurs, water chemistry should be checked for variance from the
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baseline, if recommended by a fish health specialist. The list of parameters
to be measured are identified in the Chapter 4— Hatchery Performance
Standards Policy.

5. Pathogen-free water is desirable at all facilities for both incubation and
rearing as it eliminates one of the major factors of many diseases.

6.  When using surface water for rearing, the source must be screened to
prevent other fish from entering and to minimize debris.

General Cultural Practices (Rearing Criteria)

Rearing standards must be established for each facility, taking into account the
facility’s design, species and stocks of fish handled, and water sources and
quality. General guidelines will need to be refined to allow for the efficient use of
each facility without compromising fish health, genetic integrity and stock
prevalence. Specific criteria and general hatchery practices are identified in
Chapter 4— Hatchery Performance Standards Policy.

Egg and Fish Transfer and Release Requirements

Transfer and release of live fish, eggs, or gametes within the Columbia River
Basin is allowed under the appropriate co-managers permit system. The permit
system includes a formal notification of all relevant co-managers, allowing them
to comment on all proposed egg/fish transfers and releases. It also include
documenting that the fish or eggs meet the fish health requirements specified in
this policy.
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Notification Process

Future Brood Document Process

All co-managers will incorporate their proposed program of egg and fish transfers
and releases for the coming year (August through July) into the Future Brood
Document process. All proposed programs will be exchanged and reviewed by co-
managers' fish health staffs for consistency with the fish health policy between
June 1 and July 1. A five-year history of reportable pathogens found at all
facilities and watersheds will be available for review during this time. Final
approval of the Future Brood Document will be completed on a watershed-by-
watershed basis and will require signatures of all co-managers by August 1. Upon
final approval, the document will become accepted as the Current Brood Program
and all listed transfers and releases will be approved pending results of health
inspections.

Changes to the Current Brood Document

Any fish transfer or release not listed in the Current Brood Document requires that
the requesting co-manager notify all relevant co-managers a minimum of 10
working days prior to the proposed transfer or release. If the transfer or release is
consistent with this policy, and there are no fish health objections from co-
managers within 10 working days after notification, then the transfer or release is
approved.

Fish Health Information Required For Transfer or Release

The following fish health information is required to be completed and on file with (or
received by) the receiving facility a minimum of two working days prior to the actual
transfer of eggs or fish:

Information Required for Egg Transfers
1. Completed copy of the parental broodstock inspection report.

2. Five-year history of reportable pathogens found within the facility and
watershed, if this transfer was not part of the Future Brood Document
review process.

Information Required for Fish Transfers and Releases
1.  Egg transfer requirements listed above.

2. Completed pre-transfer/release fish health examination report for that
juvenile lot as stipulated within this document.

3. Summary of all diagnostic cases experienced by that juvenile lot.
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Responsibilities of the Facility Manager

It shall be the responsibility of the receiving or releasing facility manager to verify
that (1) the transfer or release has been approved, and (2) all required fish health
reports are completed and received prior to allowing entry of eggs or fish onto
their facility or release of any fish. A transfer/release may be denied on the basis
of the health of the stock or lot as determined by the relevant co-managers.

1. Transfers of fish experiencing a disease epizootic are to be minimized.
Transfers of fish in this condition are to be coordinated with relevant co-
managers.

2. Fish experiencing a disease epizootic should not be released. Fish in this
condition are to be held until mortalities are reduced to acceptable levels. If
mortality cannot be reduced to acceptable levels, the fish will be destroyed.
For stocks of critical concern, or where co-managers concur, release may be
considered as an alternative.

3.  Transfer or release decisions should consider:
» Primary and secondary effects on other populations of fish.

* Intrinsic value of the fish lot (i.e., if remnant population of an
endangered species or if replacement population is available).

Any disputes will be discussed with fish health specialists and program managers.
If the dispute cannot be resolved, it will be referred to an appropriate policy

group.

Fish Health Requirements for Egg and Fish Transfers and Releases

Restrictions on egg and fish transfers and fish releases are needed to reduce
dissemination and amplification of infectious diseases and pathogens. This is
particularly important for specific pathogen-free watersheds or facilities.

Egg Transfers within the Basin

1. Eggs from anadromous broodstocks may be transferred provided that (a) the
watershed has a negative 5-year history for reportable viral pathogens; and
(b) the parents of the eggs are screened and found to be negative for
reportable viral pathogens at the following minimum APPL: ovarian fluid
and kidney/spleen tissues sampled at 5%.

2. If the broodstock test positive for a reportable viral pathogen, or there is a
history of a reportable viral pathogen in the watershed within the last five
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years, eggs can only be transferred within the same watershed or to another
watershed within the basin where that virus has been detected within the last
five years. Exception: Eggs from a stock found to be positive for a
reportable viral pathogen may be transferred to a historical negative
watershed in the basin provided that (a) 100% of both male and female
parents are inspected and found negative for that viral pathogen; (b) no viral
pathogens are found in that broodstock on the day that the eggs for transfer
are being spawned; and (c) eggs are maintained in isolation on specific
pathogen-free water supply until the results of the testing are known.

Exemptions for eggs not incubated in viral-free water or progeny from
positive parents may be granted after a review of probable risks by co-
managers. An exception would be if eggs are maintained at a quarantine
facility.

If eggs have been previously transferred to a hatchery in another watershed
where the specific viral pathogen has not been detected in the last five years;
the eggs must be returned to the watershed of origin or be destroyed.

3. All eggs must be water-hardened in iodophor when entering the incubation
area. If eggs are later transferred to a new facility, they must also be
disinfected upon arrival.

4. When sampling at less than the 100% level, eggs must be held in isolation at
either the sending or receiving facility until the adult health inspection report
is completed and received by the facility co-manager.
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Fish Transfers and Releases within the Basin

For a fish transfer or release to be considered within the basin, all of the following
reports must be completed and on file with (or received by) the relevant co-
managers two working days prior to the transfer:

1. Anadult health inspection report on parental broodstock. The screening for
this report will be, at a minimum, the APPLs for egg transfers within the
basin.

2. Results of an on-site pre-transfer/release health examination for juvenile lots
to be transferred. This examination will be conducted by the relevant co-
manager's fish health staff no longer than six weeks before the transfer. A
fish health specialist will examine fish from the lot that is to be
transferred/released for clinical signs of disease and for cause of disease.

3. A summary of all diagnostic cases experienced by the lots to be transferred.

4. A five-year history of reportable pathogens found within the facility and
watershed, if this transfer was not part of the Future Brood Document
review process.

Transfer and release programs involving fish that are either from parents with
reportable viral pathogens, or reared in a watershed/water supply with a history of
reportable viral pathogens within the last five years, will not be transferred or
released in a historically negative watershed (unless the criteria #2 under Egg
Transfers with the Basin are followed). Exemptions may be granted after a review
of probable risks by affected co-managers.

Transfer and release programs occurring prior to policy ratification that involve
fish that are either from parents with reportable viral pathogens, or reared in a
watershed/water supply with a history of reportable viral pathogens within the last
five years, may continue to be transferred or released in a historically negative
watershed. However, the viral pathogens must have low risk factors or not shown
to have deleterious disease effects.
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Egg Transfers into the Basin

1. Eggs from anadromous broodstocks may be transferred into the basin
provided (a) 100% of both male (kidney samples or milt) and female
(ovarian fluids) parents are negative for reportable viral pathogens; and (b)
no virus is isolated from that broodstock on the day that eggs to be
transferred are spawned. In addition, if eggs are being transferred from a
watershed in which IPNV has been detected, 100% of the male and female
kidney and spleen tissues must be tested.

2. Eggs from captive broodstock and resident fish programs may be transferred
into the basin provided the spawning adults are screened and are negative
for reportable viral pathogens at the following minimum APPL:

» If broodstock and eggs are on reportable virus-free water and have a
negative history for the last three consecutive years, then ovarian fluid
and kidney/spleen tissues are sampled at the 5% APPL.

+ If the broodstock and site are on reportable virus-free water and have a
negative history, but less than three years of viral history, and the brood
parents were not sampled, then the conditions outlined in #1 above
applies.

+ If the broodstock and site are on reportable virus-free water and have a
negative history, and the brood parents were sampled and negative, but
less than three years of viral history, then ovarian fluid and
kidney/spleen tissues are sampled at the 2% APPL.

* Testing for Rs must be conducted using techniques outlined in the AFS
"Fish Health Blue Book" or a technique that is more sensitive.

3. All eggs must have been water-hardened in iodophor upon entering the
incubation area. If eggs are later transferred to a new facility they must also
be disinfected upon arrival.

4.  Eggs must be held in isolation on pathogen-free water at the sending facility,
or in quarantine at the receiving facility, until the adult health inspection
report is completed and received by the facility co-manager.
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Fish Transfers into the Basin

1. Fish may be transferred into the basin if (a) all incubation and rearing has
occurred with reportable pathogen-free water; (b) eggs were water hardened
in iodophor; (c) no reportable pathogens were detected in the stock within
the last five years (or three years if from a captive brood); and (d) the fish
were held in isolation from other stocks.

2. Fish may be transferred into the basin provided the following reports are
completed and on file with (or received by) the co-manager of the receiving
facility. Reports must be received two working days prior to transfer if it is
part of the current brood program; ten working days if it is a new transfer.

* An adult health inspection report conducted on parents of fish to be
transferred as required in Egg Transfers into the Basin.

¢ Results of an on-site pre-transfer/release health examination for juvenile
lots to be transferred. This examination is to be conducted by the
relevant co-manager's fish health staff or otherwise approved fish health
specialist within the six weeks prior to transfer. A fish health specialist is
to examine fish from the lot which is to be transferred for clinical signs
of disease and for the cause of disease.

* A summary of all diagnostic cases experienced by the lots to be
transferred.

* A five-year history of reportable pathogens found within the facility and
watershed, if this transfer was not part of the Future Brood Document
review process.

Adults may not be transferred into the basin unless they are transferred into a
quarantine facility, or they are the result of a viral pathogen-free captive brood
program on reportable pathogen-free water.
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PERFORMANCE MEASURES

Compliance with the performance standards are measured by answering the
following questions:

l.

Are monthly hatchery monitoring visits being conducted by a qualified fish
health specialist?

Are annual broodstock inspections conducted for Rs and reportable viral
pathogens?

Is the hatchery following accepted sanitation procedures?

Are water quality parameters outlined in the Chapter 4— Hatchery
Performance Standards Policy being followed?

Are rearing standards outlined in Chapter 4— Hatchery Performance
Standards Policy being followed?

Are egg and fish transfer/release requirements met?

COMMUNICATION AMONG MANAGEMENT ENTITIES

1.

Co-managers will communicate on all matters related to hatchery operations
and health concerns specific to the basin.

Cooperating fish health managers will meet at least twice a year to discuss issues
and solve problems (PNFHPC 1988). This will be accomplished through meetings
of Pacific Northwest Fish Health Protection Committee (PNFHPC) and more
specific meetings if needed.

There will be semi-annual reporting of all reportable, and some
nonreportable pathogens to cooperating entities (accomplished through
PNFHPC). This list will include all culture facilities as well as major
watersheds without culture facilities.

A comprehensive list of co-managers contacts will be prepared and
distributed semi-annually.

Confirmed isolation of a reportable viral pathogen or epizootics due to a
reportable pathogen or undetermined causes requires notification in writing
or facsimile of any affected cooperator within two working days.
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REGULATORY COMPLIANCE

1. Only therapeutants or pesticides approved by federal and state regulators,
"low regulatory priority" therapeutants, or those under an Investigational
New Animal Drug (INAD) application will be used to treat fish. All
treatments will be pre-approved by the area fish health specialist.

2. Co-managers will be responsible for implementing and monitoring
compliance with all policies and regulations relating to fish health.

RESEARCH

Applied research will be developed and implemented on an as-needed basis.

FUTURE NEEDS OF FISH HEALTH PROGRAMS

Conduct surveillance of wild stocks for reportable pathogens.

Standardize data bases for information exchange.

Provide support to implement new INADs.

Reduce incidence of Rs through active screening programs and selection of
juveniles for rearing and release.

b NS

IMPLEMENTATION PLAN

1. Within one year of policy ratification, IHOT members are to implement all
provisions of the performance standards.

2. Upon adoption, an audit of individual facility operations regarding fish
health should be performed and this audit should be repeated every three
years to ensure compliance.
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3. Upon adoption of these policies by the individual agencies, the following
reports will be required:

* Areport on facility and basin fish health status will be prepared
annually, and distributed through the IHOT facilitator.

 The initial Future Brood Document will be prepared, and distributed
through the IHOT facilitator by August 1 of each year. After inseason
revision and updates, this document will be known as the Current Brood
Document. This document will also be maintained by the IHOT
facilitator and a summary report of actions will be distributed each year.

 Upon implementation of this policy, participants will provide a five-year
history of reportable pathogens to the IHOT facilitator for distribution.
This history will be updated annually for use in meeting the
requirements listed under the Future Brood Document process.

MONITORING AND EVALUATION PLAN

1. Within one year of policy ratification, define reporting structure to document
the occurrence of pathogens on facility and basin status, including relevant
wild stock sampling efforts.

2. Twice a year, update facility and basin status regarding reportable pathogens
and any changes to the frequency of occurrence. This report will be
coordinated through Pacific Northwest Fish Health Protection Committee
with copies to IHOT.

BUDGETS
Establish budgets to concurrently fund the following activities:

. Coordination activities
. Therapeutant research and registration

. Evaluation and monitoring efforts (basin, facilities, wild and hatchery
stocks)
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Chapter 6

Ecological Interactions Policy

Hatchery fish can interact with wild fish through several different ecological
processes. One example would be the competition between hatchery fish and wild
fish for food or space. This type of competition is generally influenced by the
carrying capacity of available habitat.

Potential ecological interactions can occur in two ways. One involves the indirect
effects of having more fish in an existing aquatic ecosystem. The second involves
the direct effects that hatchery fish have on other fish when they all utilize the
same habitats.

For indirect effects, studies have demonstrated that the presence of many

salmonid species in a stream can produce more biomass than a single species;
however, the total biomass of each individual species will be less than if it was
reared alone (Rensel et al. 1984). This increase in biomass is a result of habitat
partitioning. Habitat partitioning is created because each species may have
different habitat requirements at different life-cycle stages. However, for the
above to be true (decreased biomass of individual species in a multi-species
assemblage), the interacting species must share scarce resources for at least part of
their life cycle. If the species co-evolved, the fish probably possess some
mechanisms to compensate for these interactions.

In contrast to interactions that might increase as natural populations rebuild,
stocking hatchery fish may have direct effects on other fish populations. These
effects may be reduced, but not eliminated, through a variety of fish rearing and
release strategies. These strategies include

(1) adjusting the number and/or size of fish to be released, (2) adjusting the time
and/or location of release, (3) acclimating fish to release waters, and (4) releasing
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fish at the appropriate life-cycle stage and time of year when they will migrate
quickly downstream.

The regional policy presented below addresses ecological interactions resulting
from the release of hatchery fish. The policy does not address the broader issue of
ecological interactions resulting from increasing the natural abundance of
anadromous species. Strategies to resolve this issue will be addressed when the
long-range management plans are developed and adopted.

POLICY STATEMENT AND GOALS

Policy Statement

Goals

It shall be the policy of the management entities of the anadromous salmonid
resources in the Columbia Basin that artificial propagation programs will be
designed and implemented to minimize ecological interactions that adversely
affect the productivity of aquatic ecosystems.

1. Ensure that all fishes produced and released are under a specific
management program.

2. Consider the ecological effects attributable to the specific hatchery products
following release.

3. Consider how specific release strategies affect aquatic ecosystems.
4.  Monitor and evaluate implementation of ecological interaction guidelines
and ecological effects of artificially propagated fish on wild, natural, and

cultured fish populations.

5. Foster open and frequent communications among managing entities to
jointly resolve related issues.
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PERFORMANCE STANDARDS

Performance standards associated with the ecological interactions policy are
designed to protect the capacity of a fish population (hatchery or natural) to
persist in the natural environment. The ecological performance of hatchery, target,
and non-target stocks can influence both direct and indirect interactions.

The impact of hatchery-reared fish on natural populations is a relatively new
concern associated with evaluating salmon hatchery practices. Therefore, new
tools and methodologies are needed to measure impacts. At this time, hatchery
practices are still evolving to meet specific ecological objectives and associated
standards.

The state-of-the-art precludes a "cookbook" approach to the ecological
management of stocks. Therefore, it is recommended that ecologists be directly
involved in the review and evaluation of existing standards, and development of
any new standards. Ecological interactions affecting natural populations may or
may not be desirable, depending upon the management objectives. For example, a
supplementation program would be expected to have a beneficial impact on
natural stocks, while interactions caused by ocean ranching should be avoided.

Specific performance standards designed to measure the interaction between
ecological factors and hatchery-reared fish may be derived from:

1. Factors limiting production, including identification of critical or unique
habitat-use patterns associated with specific life history stages.

2. Species-specific carrying capacities in tributaries, mainstem reaches, and
estuaries.

3. Changes in critical habitat parameters (e.g., adult passage at dams and other
observations; effectiveness of screening and bypass systems for irrigation
diversions; adequate in-stream flows for spawning, rearing, and
outmigration; and water quality, especially as impacted by such human
activities as logging and grazing).

4.  Interactions between pre-existing resident salmonids, anadromous
salmonids, and other species.

5.  Interactions among hatchery-released and natural anadromous salmonids
(e.g., competition, predation, social behavior, and residualism).

6.  Specific times and places associated with large losses of outplanted fish and
development of compensatory release strategies.

Ecological Interactions Policy—65



The specific performance standards will vary depending upon the program
objectives. For example, if the program objective is to supplement a natural fish
population using cultured fish, then fish should be released at a size,
smoltification state, and disease condition that will minimize negative impacts on
natural juveniles while increasing the number of returning spawners. If the
program objective is to maintain hatchery stocks separate from natural stocks,
then juveniles should be released in a manner that will not directly or indirectly
increase the mortality of natural fish.

Measures that could be used to mitigate potential risks of "significant" adverse
ecological interactions include both programmatic considerations and operational
changes. While specific management programs are developed by the fishery
managers, each program should consider both these elements to minimize
ecological interactions.

Programmatic Considerations in Hatchery Programs

The selection of fish stocks for any hatchery project will have a substantial
influence on species interactions, particularly competition and predation. This is
because many of the factors that affect the spatial and temporal overlap of stocks
(i.e., timing, distribution, and migratory patterns) are stock specific. Therefore,
hatchery programs should use fish stocks that have life history characteristics that
will minimize adverse ecological interactions with relevant wild fish populations.

Operational Changes to Hatchery Programs
Release Location and Age at Release

The location of hatchery fish releases (both on and off station) will influence
species interactions. The release site will directly impact the degree of overlap
between species. However, at each site the optimal release time and size may
show inter-annual variation (Zaugg 1989). To reduce predation losses, hatchery
fish can be released further downstream to reduce the distance that fish are
exposed to predators (Ebel 1970; Fresh et al. 1982). However, care must be taken
to ensure that these fish will successfully imprint and thereby reduce inadvertent
straying as returning adults.

The growth and survival of wild fish stocks will also be affected by where
hatchery fish are released. When releasing non-migrant hatchery fish, intraspecific
competition can be reduced by releasing the fish in areas with the most available
habitat (Solazzi et al. 1983). For example, in order to avoid competition, chinook
fry should not be planted in upstream river areas where coho are often found.
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When non-migrants are released in the upper reaches of a watershed, many
competitive interactions in the entire river system may be created as these fish
distribute themselves. Fish that are forced to emigrate as a result of competitive
interactions (e.g., the losers) may in turn interact with fish further downstream and
SO on.

Release locations can also affect wild stock productivity during the fish's estuarine
life. For example, because fish from many different watersheds co-exist in
estuarine waters, it may be desirable to create wild stock sanctuaries where spatial
overlap is reduced between wild stocks and hatchery fish. This could allow the
wild fish to outgrow a portion of their predators.

Size and Time of Release

Size and time of release are two variables that have a considerable influence on
hatchery fish survival (Bilton et al. 1982; Foerster 1954; Mathews and Buckley
1976). For each hatchery project, there is probably a set of site-specific release
conditions that will optimize fish growth and survival (Bilton et al. 1982). Time
and size of release may directly influence adult production through conditions
encountered by juvenile fish during the first months after release. Moreover,
timing can be critical to avoid predator aggregations. There is also evidence
indicating that an inappropriate time and size of release can cause osmoregulatory
dysfunction that in turn retards growth and enhances susceptibility to predators
(Mahnken et al. 1982).

Time and size of hatchery fish release can also affect the growth and survival of
wild fish populations. For example, the release time of non-migrant hatchery fish
can influence freshwater competition. Fish released prior to low flow conditions
in the summer may have a greater influence on wild production than fish released
after low flow when the relative amount of habitat increases. Moreover, non-
migrant hatchery fish that are released at a larger size than resident wild fish may
be competitively superior (Chapman 1962; Neuman 1956), and therefore have a
greater impact on wild stocks.

Adjusting release times can reduce the amount of overlap between some species
in freshwater and during early marine life. This strategy could reduce the impact
of predaceous hatchery fish (e.g., chinook, coho, steelhead) on some wild stocks
(e.g., sockeye, chinook), and could also reduce the likelihood of food limitations.
Obviously, considerable information would be required on the timing, relative
size, and movements of hatchery and wild fish in order to use this strategy.

Release Density
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For migrant hatchery fish, releasing large numbers of fish can reduce predation
mortality by swamping predators (Fresh et al. 1982; Peterman and Gatto 1978)
and maximizing the advantages associated with schooling (Brock and Riffenburgh
1960; Major 1978). However, releases that are too large can result in food
limitation. Large releases can also concentrate predators and increase predation on
other fish populations (e.g., wild/natural fish) in the same area.

Release density may also influence false migration (Hillman and Mullan 1992).
As a result, size-selective predation may increase due to reduced growth or force
fish into habitats that increase their exposure to predators (Belford 1978; Healey
1979; Simenstad et al. 1982). Much information would be required to determine
the window of optimum release density.

Release density may also be critical to survival of non-migrant hatchery fish if
high release densities exacerbate density-dependent competition between hatchery
fish and wild salmonids. Thus, spacing fish releases over a wide area and reducing
the numbers released at any one location can effectively reduce these types of
density-dependent effects. This would benefit both hatchery and wild fish. One
method to accomplish this strategy is to use volitional release.

Release densities of hatchery fish can have both positive and negative effects on
wild stocks. For example, a negative effect could result from density-dependent
growth limitations and subsequent increases in predation of wild salmonids during
marine life (Belford 1978). Conversely, hatchery fish may buffer wild fish from
predation in some instances by "filling in" low smolt production of wild fish (of
the same or different species), thereby reducing predation mortality of both
(Peterman 1982).
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Imprinting

Strategies to minimize straying of hatchery fish include:
. Careful selection of locations where adult broodstock will be captured.

. The hatchery location and type of water where fish will be incubated and
reared.

. The location and type of water where the hatchery fish are released.

. The use of acclimation prior to release. Special attention should be given to
ensure that hatchery fish are properly imprinted to the location where they
are expected return as adults.

Hatchery Conditions

Hatchery conditions can have an effect on the ecological interactions that occur
after fish are released into the natural environment. Rearing density, incubation
techniques, disease incidence, and feeding strategy are all examples of hatchery
conditions that can influence future ecological interactions (Beall 1972; Burrows
1969; Ginetz 1972; Volovik and Gritsenko 1970). For example, fish reared at high
densities appear to be more aggressive than fish reared at lower densities
(Fenderson and Carpenter 1971). The high levels of aggression may intensify
intra-specific competitive interactions (Fenderson et al. 1968). Consequently, one
way to reduce competition, especially between hatchery and wild fish, may be to
rear hatchery fish at lower densities.

Hatchery-caused stress can also influence species interactions. This stress may
result from handling, excessive rearing densities, or disease. Many stresses
enhance vulnerability to predators through a reduction in burst speed or foraging
efficiency (Ginetz 1972; Popova 1978). Some hatchery practices (e.g., food
delivery patterns) may promote maladaptive behaviors. Alternative food delivery
patterns could be developed and tested (e.g., night feeding and subsurface
feeding) that promote activity at times and in places where vulnerability to
predators is reduced (Fresh et al. 1982, Volovik and Gritsenko 1970). Predator
avoidance conditioning could also be utilized to reduce vulnerability of hatchery
fish (Kanayama 1968; Patten 1977, Thompson 1966).

To make programmatic and operational changes to hatchery programs, some
structural modifications to existing hatcheries may be required (i.e., construction
of adult collection and juvenile acclimation facilities in suitable locations).
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PERFORMANCE MEASURES

As discussed earlier, hatchery programs can influence ecological interactions that
affect natural populations. Most of these interactions occur outside the hatchery
environment. Therefore, it is imperative that they be addressed by fisheries
managers in any decisions regarding use of hatchery fish. Certain measures can,
however, be implemented in the hatchery to minimize the potential for adverse
ecological effects. The performance measures outlined in this section address

operational procedures that the hatchery directly controls, while also reflecting the
importance of meeting management plan goals.

Performance standards are measured by answering the following questions:

1. Is the hatchery's program outlined in a subbasin management plan (e.g.,
Umatilla Basin Artificial Production Plan or Lower Snake River
Compensation Plan)?

2. Isthe hatchery operating under a current hatchery operational plan?

3. Isahatchery monitoring and evaluation plan in place?

4. Does the hatchery program meet requirements established in the regional
hatchery policies and subbasin planning documents in the following areas:
species, stock, broodstock collection location, broodstock numbers,
broodstock collection strategy, and spawning and egg-take protocols.

5. Does the hatchery's performance meet requirements outlined in the regional
hatchery policies and in subbasin and hatchery plans for the following areas:
percent smoltification, rearing density, disease condition, and the number,
size, date(s), and location at release.

6.  Are fish reared in the subbasin or acclimated in the subbasin?

7.  Is the release strategy appropriate for the program?
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EVALUATION

Several types of evaluation are envisioned in support of this policy:
implementation, effectiveness, and adaptive management. Good evaluations will
depend on clearly defined policy objectives, performance standards for each
policy objective, appropriate evaluation and sampling design, collection and
analysis of required data, and interpretation of results.

Ecological Interactions Policy—71






Chapter 7

Genetics Policy

Most of the man-caused fish mortality (NMFS 1993), and therefore the potential
genetic change in Columbia Basin hatchery populations, takes place outside the
control of hatchery operations. However, maintaining genetic variation and fitness
in hatchery populations requires that consideration be given to conserving genetic
resources during all phases of hatchery operations.

Maintaining genetic diversity in hatchery populations is important to conserve
existing genetic traits necessary for long-term sustainability. Rearing and release
guidelines that minimize adverse ecological interaction may also affect genetic
diversity. These guidelines are addressed in the Chapter 6— Ecological
Interactions Policy.

Hatchery guidelines for fish collection, spawning, rearing, and release are
dependent upon the individual hatchery program or purpose. These guidelines
should be outlined in the individual hatchery operational plan. The policies and
recommendations presented in this chapter are intended to help guide the
development of the individual hatchery plans.
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POLICY STATEMENT AND GOALS

Policy Statement

It shall be the policy of the management entities of the anadromous salmonid
resources in the Columbia Basin to operate artificial propagation programs that
maintain adequate genetic variation and fitness in populations and protect the
biological diversity of wild, natural, and cultured anadromous salmonid
populations.

Goals

1. All fish produced and released meet identified management objectives for
specific artificial production programs and follow genetic guidelines.

2. Monitor and evaluate implementation of genetic guidelines and genetic
effects of artificially propagated fish on wild, natural, and cultured
populations.

3.  Foster open and frequent communications among managing entities to
jointly resolve related issues.

PERFORMANCE STANDARDS

Genetic performance standards are designed to protect the fish population's ability
to evolve, and thus persist in the face of environmental variability. Ultimately,
fitness is demonstrated by the simple observation that a population has maintained
its productivity over a long period of time. Stock fitness can be indexed, based on
changes to (1) the recruit-to-spawner ratio, (2) egg-to-adult survival, (3) survival
between life history stages, (4) gene frequencies, or (5) life history patterns.

Long-term performance has always been a concern in evaluating salmon hatchery
practices. This can be only be accomplished through new tools and evaluation
efforts. Because of the variability in both hatchery programs and genetic theories,
a singular approach is not appropriate for the genetic management of all Columbia
Basin stocks. Therefore, a geneticist should be directly involved in developing
and evaluating genetics programs at individual hatcheries.

74—Genetics Policy



Broodstock Collection

When starting a new hatchery population, choice of broodstock is the first
decision to be made. For most of the existing Columbia Basin hatcheries this
decision was made years ago. Many of these hatchery stocks are valuable today
because they contain genetic material that is no longer found in the wild, and
because of their proven performance in the various fisheries.

Some broodstock-collections efforts in the region are using new donor stocks.
These activities are related to the increasing trend of using hatcheries to rebuild
ESA-listed stocks and for supplementation of natural stocks. Donor broodstock
for these applications should be taken from the target population if sufficient
numbers of broodstock are available.

When the target population is extinct or cannot be used for broodstock purposes,
the stock that shows the greatest possible similarity in genetic lineage, life history
patterns, and ecology of originating environment should be selected for
broodstock use (CBFWA 1991; FAO 1982; Cuenco et al. 1993). In programs
designed to maintain separation between hatchery and naturally spawning fish, the
hatchery should utilize a stock that will have minimal gene-flow with naturally
spawning stocks.

The following broodstock collection guidelines are designed to minimize selective
pressures from hatchery practices:

1.  The broodstock collected should represent the genetic variability of the
stock by taking a unbiased, representative sample with respect to run timing,
size, sex, age, and other traits identified as important for long-term fitness.

2. When collecting broodstock, the genetic protocol outlined in the individual
hatchery operational plan that addresses the broodstock numbers needed to
maintain genetic variability will be followed

3.  For captive brood programs, collect eggs, juveniles, and/or adults so that
they represent an unbiased, representative sample of the population. To
minimize genetic risk, avoid using progeny from the captive brood program
as donor stock for continued captive brood program. Whenever possible,
avoid reincorporating full-sibling crosses into the broodstock.
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Spawning Practices

To conserve the genetic diversity of the parent population, it is important to avoid
artificial selection. This problem can be minimized by using the appropriate
broodstock numbers, male-to-female spawning ratios, and fertilization practices.
Artificial selection can also be reduced by carefully selecting the egg-take to be
retained for perpetuation of the run, and by considering all returning fish as part
of the population.

For all fish collected as hatchery broodstock, choose the mating scheme that will
maintain effective population size. It is also important to maintain a large

effective population size for each generation to minimize inbreeding and genetic
drift.

Male-to-Female Ratios

1. A 1:1 male-to-female spawning ratio (single pair spawning, unpooled
gametes) should be used for each day of spawning to maximize existing
genetic variability.

2. If more than 500,000 eggs will be taken on a specific day, a male-to-female
ratio no greater than 1:3 is acceptable.

3. Inall cases, males should only be spawned once unless fertility is in
question, or only when the sex ratio is unbalanced. Sperm should not be
pooled.

4.  Jacks should be used in the spawning operation to ensure that the genes
associated with all age classes are incorporated in the population at an
appropriate level.

5. Implement a "no selection" protocol (Tave 1986). For example, fish with
poor secondary sexual characteristics should not be culled out. This is
designed to conserve the gene pool.
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Fertilization of Eggs

The following criteria must be considered when determining appropriate
fertilization procedures.

1.

10.

Within each group of adults that are "ripe" each spawning day, randomize
matings with respect to size and other phenotypic traits.

Within each group of males and females that are "ripe" each spawning day,
use at least the 1:1 mating scheme, but carefully evaluate if the status of the
population warrant use of another scheme.

If fertility is consistently high across males and egg supply is not severely
limited, apply the 1:1 scheme by fertilizing with sperm of one male, never
using a male more than once.

To ensure full fertilization when the egg supply is severely limited or male
fertility is highly variable (e.g., due to poor sperm motility), successively
use two males for each egg lot (1 and 2; 2 and 3; 3 and 4, etc.). This
procedure utilizes the first of the pair (with mixing), followed by interval of
30 seconds, and then the immediate use of the second male. Only one pair
(i.e., pair 1-2) will be used to fertilize the eggs, or subset of eggs of one
female. Use each pair only once (e.g., sperm pair 1-2 is used to fertilize eggs
of only one female).

On spawning days where one sex is more numerous, use a pairing scheme
on a portion of the matings to avoid discarding excess spawners. This can be
used on all populations, except those that are critically small.

For critically small populations, consider applying a splitting and/or pairing
scheme to all matings that day to maximize allelic and genotypic diversity.

In cases where females are extremely limited, fertilize each subset of a
female's eggs with sperm of a different male, until all available females and
the desired number of males are mated.

Only in cases where males are the least numerous sex, cross each subset of a
male's sperm with eggs of a different female, until all available males and
the desired number of females are used.

Mate all selected broodstock, using gamete storage techniques if necessary.

Make sure that all mature parents contribute equally to the spawn-taking.
Combine gametes from single pairs of parents. If presented with an excess

Genetics Policy—77



number of one sex, gametes from individual parents may be subdivided and
each part fertilized with gametes from different parents.
Selection of Egg Take (to be retained by the hatchery for perpetuation of the run)
The goal is to use eggs that are representative sample of the spawning population.
The best means of reducing the number of eggs to be retained is by taking a
portion of eggs from each male/female cross.
Evaluation
The goals of an evaluation program are to:
1.  Avoid inbreeding and genetic drift.
2.  Monitor physical characteristics, survival by life stage, and fitness of all
stocks. Consult with a geneticist to develop corrective action if significant

changes occur.

3.  Maintain heterozygosity of managed stocks while avoiding long-term
changes.

4.  Maintain between-population diversity.

5.  Design a program, with involvement of a geneticist, to monitor and evaluate
the program's progress. The production program must preserve parental
stocks, monitor physical characteristics, and monitor survival by life stage of
all stocks.
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PERFORMANCE MEASURES

Compliance with performance standards relating to broodstock selection,
spawning and evaluation are measured by answering following questions:

1.  For new programs, has a broodstock collection plan been developed?

2.  For new programs, was the donor selection outline followed in selecting the
hatchery broodstock?

3. For existing programs, were the broodstock collection procedures followed?

4.  Were the appropriate number of spawners, male/female ratios, and
fertilization protocols used?

5. Isthere a genetic monitoring and evaluation program in place?

IMPLEMENTATION
Members will prepare a yearly report that describes the following items:
1.  Collection of wild broodstock for use in hatchery programs

2.  Characteristics of the wild population, when possible, as well as the fish
collected for use in the hatchery

3. Daily and seasonal mating schemes for each fish stock reared at a hatchery
as outlined

4, Male/female spawning ratio used, the egg fertilization procedures, and the
selection of eggs if not all used for rearing

5. Description of any rearing or release methods that purposely select for size,
morphology, behavior, physiological status, health or other ecological
attributes not considered in the operating plan. This will include a
description of any culling that was purposely performed and the results
expected.

6.  Any significant changes in symmetry, survival by life stage, or fitness
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New programs requiring collection of hatchery broodstock from wild populations
will require a broodstock collection plan that considers the performance standards
outlined in this chapter. This will be created consulting a geneticist, the local
habitat biologist, and the appropriate fishery managers. This broodstock collection
plan will become a part of the yearly operating plan.

80—Genetics Policy



References

ADFG (Alaska Department of Fish and Game). 1986. Fish cultural manual. Alaska Department
of Fish and Game.

AFS (American Fisheries Society). 1979. Procedures for the detection and identification of
certain fish pathogens. David McDaniel (ed.). AFS, Fish Health Section, Bethesda,
Maryland.

Beall, E.P. 1972. The use of predator-prey tests to assess the quality of chum salmon
Oncorhynchus keta fry. ML.S. Thesis, University of Washington, Seattle, Washington.

Bell, M.C. 1973. Fisheries handbook of engineering requirements and biological criteria. U.S.
Army Corps of Engineers, Portland, Oregon.

Belford, D.L. 1978. Simulation of coho smolt predation on pink and chum fry. The importance
of relative size and growth rate. M.S. Thesis, University of British Columbia, Vancouver,
British Columbia.

Bilton, H.T., D.F. Alderice, and J.T. Schnute. 1982. Influence of time and size at release of
juvenile coho salmon (Oncorhynchus kisutch) on returns at maturity. Canadian Journal of
Fisheries and Aquatic Science 39:426-447.

Brock, V.E. and R.H. Riffenburgh. 1960. Fish schooling: A possible factor in reducing
predation. J. Cons., Cons. Int. Explor. Mer. 25:307-317.

Burrows, R.E. 1969. The influence of fingerling quality on adult salmon survivals. Transactions
of the American Fisheries Society 98:777-784.

Burrows, R.E. and R.D. Combs. 1968. Controlled environments for salmon propagation.
Progressive Fish Culturist 30(3): 123-126.

References—81



CBFWA (Columbia Basin Fish and Wildlife Authority). 1991. Integrated system plan for
salmon and steelhead production in the Columbia River Basin. Document 91-16.
Portland, Oregon. 527 pp.

Chapman, D.W. 1962. Aggressive behavior of juvenile coho salmon as a cause of emigration.
Journal of the Fisheries Research Board of Canada 19:1047-1080.

Christianson, C. 1993. Operational plans for anadromous fish production facilities in the
Columbia River Basin. Oregon Department of Fish and Wildlife. Bonneville Power
Administration Project Report 92-043 (Volume 3). Portland, Oregon.

Cuenco, M.S., T.W.H. Backman and P.R. Mundy. 1993. The use of supplementation to aid
natural stock restoration. Pages 269-293 in J.G. Cloud and G.H. Thorgaard (eds), Genetic

conservation of salmonid fishes. Plenum Publishing Company, New York, New York.
314 pp.

Delarm, M.R. and R.Z. Smith. 1990. Assessment of present anadromous fish production
facilities in the Columbia River Basin. Bonneville Power Administration Project Report
89-045, Portland, Oregon.

Ebel, W.J. 1970. Effect of release location on survival of juvenile fall chinook salmon
(Oncorhynchus kisutch). Canadian Journal of Zoology 59:1801-1809.

FAO (Food and Agricultural Organization of the United Nations). 1980. Conservation of the
Genetic Resources of Fish. Report of the Expert Consultation on the Genetic Resources
of Fish. Rome, 9-13 June 1980.

Fenderson, O.C. and M.R. Carpenter. 1971. Effects of crowding on the behavior of juvenile
hatchery and wild landlocked Atlantic salmon (Salmo salar L.). Animal Behavior.
19:439-447.

Fenderson, O.C., W.H. Everhart, and K.M. Muth. 1968. Comparative agnostic and feeding
behavior of hatchery-reared and wild salmon in aquaria. Journal of the Fisheries Research
Board of Canada 25:1-14.

Foerster, R.E. 1954. On the relation of adult sockeye salmon (Oncorhynchus nerka) returns to
known smolt seaward migrations. Journal of the Fisheries Research Board of Canada
11:339-350.

Foster, R.W. 1981. Incremental fish sampler. Progressive Fish Culturist 43:99-101.

Fowler, L. 1989. Feeds and feeding practices for improved fish health. U.S. Fish and Wildlife
Service Technological Transfer Series No. 88-1.

82—References



Fresh, K.L., R.D. Cardwell, B.P. Snyder, and E.O. Salo. 1982. Some hatchery strategies for
reducing predation upon juvenile chum salmon (Oncorhynchus keta) in freshwater, pp.
79-90. In: B.R. Melteff and R.A. Neve (eds.), Proceedings of the North Pacific
Aquaculture Symposium. Alaska Sea Grant, Anchorage, AK.

Fuss, H.J. and C. Johnson. 1988. Effects of artificial substrate and covering on growth and
survival of hatchery-reared coho salmon. Progressive Fish Culturist 50(4):232-237.

Fuss, H.J. and P. Seidel. 1987. Hatchery incubation techniques at WDF hatcheries. Washington
Department of Fisheries Technical Report No. 100, Olympia, Washington.

Fuss, H.J., P. Seidel, C.W. Hopley, A.E. Appleby, and K.R. Dimmitt. 1989. Alternate release
strategies for fall chinook at WDF Columbia River hatcheries. Proceeding of 40th
Northwest Fish Culture Conference, pp. 13-15.

Ginetz, R. 1972. Some factors affecting rainbow trout (Salmo gairdneri) predation on migrant
sockeye salmon (Oncorhynchus nerka) fry. Can. Dept. Envir., Fish. Mar. Serv., Tech.
Report. 1972-8.

Greenberg, A.E. (ed.). 1981. Standard methods for the examination of water and waste water,
15th edition. American Public Health Association, Inc.

Healey, M.C. 1979. Detritus and juvenile salmon production in the Nanaimo estuary: 1.
Production and feeding rates of juvenile chum salmon (Oncorhynchus keta). Journal of
the Fisheries Research Board of Canada 36:488-496.

Hewitt, G.S. and R.E. Burrows. 1948. Enumerating hatchery fish populations. Progressive Fish
Culturist 10:23-27.

Hillman, T.W. and J.W. Mullan. 1992. Effect of hatchery releases on the abundance and
behavior of wild juvenile salmonids. North American Journal of Fisheries Management.

Hutchinson, B. 1993. Operational plans for anadromous fish production facilities in the
Columbia River Basin. Idaho Department of Fish and Game. Bonneville Power
Administration Project Report 92-043 (Volume 2). Portland, Oregon.

Kanayama, Y. 1968. Studies of the conditioned reflex in lower vertebrates X. Defensive
conditioned reflex of chum salmon fry in group. Marine Biology 2:77-87.

Klontz, G.W. 1991. A manual for rainbow trout production on the family-owned farm. Nelson
and Sons, Murray, Utah.

Leitritz, E. and R.C. Lewis. 1980. Trout and salmon culture. California Fish Bulletin 164,
California Department of Fish and Game.

References—83



Liao, P.B. 1971. Water requirements of salmon. Progressive Fish Culturist 33(4):210-215.

Lichatowich, J., and B. Watson. 1993. Use of artificial propagation and supplementation for
rebuilding. Draft Report for S.P. Cramer and Assoc., Bonneville Power Administration
Contract, Portland, Oregon.

Major, P.F. 1978. Predator-prey interactions in two schooling fishes, Caranx ignobilis and
Stolophorus purpureus. Animal Behavior 26:760-777.

Mahnken, C., C. Prentice, W. Waknitz, G. Monan, C. Sims and J. Williams. 1982. The
application of recent smoltification research to public hatchery releases: An assessment

of size/time requirements for Columbia River hatchery coho salmon (Oncorhynchus
kisutch). Aquaculture 28:251-268.

Mathews, S.B. and R. Buckley. 1976. Marine mortality of Puget Sound coho salmon
(Oncorhynchus kisutch). Journal of the Fisheries Research Board of Canada 33:1677-
1684.

Miller, W.H., T.C. Coley, H.L. Burge, and T.T. Kisanuki. 1990. Analysis of salmon and
steelhead supplementation: Emphasis on unpublished reports and present programs.
Technical Report 88-100, Bonneville Power Administration, Portland, Oregon.

Neuman, M.A. 1956. Social behavior and interspecific competition in two trout species. Physio.
Zool. 19:64-81.

NMFS (National Marine Fisheries Service). 1993. The Section 7 consultation process:
Analyzing actions that may affect endangered or threatened Snake River salmon. NMFS
Northwest Region, Seattle, Washington.

Northwest Indian Fisheries Commission, Washington Department of Fisheries, Washington
Department of Wildlife, U.S. Fish and Wildlife Service. 1991. Salmonid Disease Control
Policy of the Fisheries Co-managers of Washington State.

NPPC (Northwest Power Planning Council). 1992. Columbia River Basin Fish and Wildlife
Program—-Strategy for Salmon. Portland, Oregon.

Pacific Marine Fisheries Commission. 1983. Coded-wire tagging procedures for Pacific
salmonids. Pacific Marine Fisheries Commission, Portland, Oregon.

PNFHPC (Pacific Northwest Fish Health Protection Committee). 1989. Model Comprehensive
Fish Health Protection Program.

Patten, B.G. 1977. Body size and learned avoidance as factors affecting predation on coho
salmon (Oncorhynchus kisutch) fry by torrent sculpin (Cottus rhotheus). Fisheries
Bulletin 75:457-459.

84—References



Peck, L. 1993. Operational plans for anadromous fish production facilities in the Columbia River
Basin. Washington Department of Fisheries. Bonneville Power Administration Project
Report 92-043 (Volume 4), Portland, Oregon.

Peterman, R.M. 1982. Non-linear relation between smolts and adults in Babine Lake sockeye
salmon (Oncorhyncus nerka) and implications for other salmon populations. Canadian
Journal of Fisheries and Aquatic Science 39:904-913.

Peterman, R.M. and M. Gatto. 1978. Estimation of functional responses of predators on juvenile
salmon. Journal of the Fisheries Research Board of Canada 35:797-808.

Piper, R.G., .B. McElwain, L.E. Orme, J.P. McCaren, L.G. Fowler, and J.R. Leonard. 1982.
Fish hatchery management. U.S. Fish and Wildlife Service.

Popova, O.A. 1978. The role of predaceous fish in ecosystems, pp. 215-249. In: S.D. Gerking
(ed.), Ecology of freshwater fish production. Blackwell Scientific Publications, Oxford,
England.

Rensel, J., K.L. Fresh, J.J. Ames, R.L. Emmett, J.H. Meyer, T. Scribner, S. Schroder, and C.
Willis. 1984. Evaluation of potential species interaction effects in the planning and
selection of salmonid enhancement projects. Prepared by the Species Interaction Work
Group of the Enhancement Planning Team for the implementation of the Salmon and
Steelhead Conservation and Enhancement Act of 1980.

Senn, H., J. Mack, and L. Rothfus. 1984. Compendium of low-cost Pacific salmon and
steelhead trout production facilities and practices in the Pacific Northwest. Bonneville
Power Administration Progress Report 83-353, Portland, Oregon.

Sheldrake, T. 1993. Operational plans for anadromous fish production facilities in the Columbia
River Basin. U.S Fish and Wildlife Service. Bonneville Power Administration Project
Report 92-043 (Volume 1), Portland, Oregon.

Simenstad, C.A., K.L. Fresh, and E.O. Salo. 1982. The role of Puget Sound and Washington
coastal estuaries in the life history of Pacific salmon: An unappreciated function, pp.
343-364. In: V. Kennedy (ed.), Estuarine comparisons. Academic Press.

Smith, C.E. and W.G. Williams. 1974. Experimental nitrite toxicity in rainbow trout and
chinook salmon. Transactions of the American Fisheries Society 103:389.

Snieszko, S. F. 1973. Recent advances in scientific knowledge and developments pertaining to
diseases of fishes. Advances in Veterinary Science and comparative Medicine 17: 291-
314.

References—85



Solazzi, M.F., S.L. Johnson, and T.E. Nickelson. 1983. The effectiveness of stocking hatchery
coho presmolts to increase the rearing density of juvenile coho salmon in Oregon coastal

streams. Oregon Department of Fish and Wildlife, Fisheries Division, Informational
Report No. 83-1.

Swain, D.P., and B.E. Riddell. 1990. Variation in agnostic behavior between emerged juveniles
from hatchery and wild populations of coho salmon, Oncorhynchus kisutch. Canadian
Journal of Fisheries and Aquatic Sciences 47:556-571.

Tave, D. 1986. Genetics for fish hatchery managers. AVI Publishing Company, Inc., Westport,
Connecticut. 299 pp.

U.S. Environmental Protection Agency. 1976. Quality criteria for water. EPA, Washington D.C.

Thompson, R.B. 1966. Effects of predator avoidance conditioning on the post-release survival
of artificially-propagated salmon. Ph.D. Dissertation. University of Washington, Seattle,
Washington.

USFWS (U.S. Fish and Wildlife Service). 1980. Handbook of acute toxicity of chemicals in
fish and aquatic invertebrates. U.S. Fish and Wildlife Service Resource Publication 137.

Virtanen, E.L., . Soderholm-Tana, A. Solvid, L. Forsman, and M. Muona. 1991. Effect of
physiological condition and smoltification status at smolt release on subsequent catches
of adult salmon. Aquaculture 92:231-257.

Volovik, S.P. and O.F. Gritsenko. 1970. Effect of predation on the survival of young salmon in
rivers of Sakhalin. V.N.I.LR.O. 71:193-209 (Fisheries Research Board of Canada, Trans.
No. 1716).

Vreeland, R.R. 1989. Evaluation of the contribution of fall chinook salmon reared at Columbia
River hatcheries to the Pacific hatcheries. Bonneville Power Administration Project
Report 79-2. Portland, Oregon.

Vreeland, R.R. 1990. Random-sampling design to estimate hatchery contributions to fisheries.
American Fisheries Society Symposium 7:691-707.

Walters, C. 1986. Adaptive management of renewable resources. Macmillan, New York.

Wedemeyer, G.A. 1970. The role of stress in the disease resistance of fishes. American
Fisheries Society Special Publication 5:30-34.

Wedemeyer, G.A., F.P. Meyer, and L. Smith L. 1976. Book 5: environmental stress and fish
disease." In S.F. Sniesko and H.R. Axelrod (eds.). Diseases of Fish. Neptuno, New
Jersey.

86—References



Westers, H. 1970. Carrying capacity of salmonid hatcheries. Progressive Fish Culturist
32(2):43-46.

Westers, H. 1988. Water quality in aquaculture. Proceedings of 38th Northwest Fish Culture
Conference, pp. 13-15.

Westers, H. and K. Pratt. 1977. Rational design of hatcheries for intensive salmonid culture,
based on metabolic characteristics. Progressive Fish Culturist 39(4):157-165.

Wold, E. 1993. Operational plans for anadromous fish production facilities in the Columbia
River Basin. Washington Department of Wildlife. Bonneville Power Administration
Project Report 92-043 (Volume 5). Portland, Oregon.

Wood, J.W. 1974. Diseases of Pacific salmon: Their prevention and treatment, 2nd edition.
Washington Department of Fisheries, Seattle.

Zaugg, W.S. 1959. A simplified preparation for adenosine triphosphatase determination in gill
tissue. Canadian Journal of Fisheries and Aquatic Science 39:215-217.

Zaugg, W.S. 1989. Migratory behavior of underyearling Oncorhynchus tshawytscha and
survival to adulthood as related to prelease gill (N2+-K+) - ATPase development.
Aquaculture 82:339-353.

References—87






Glossary

The following definitions apply to IHOT policies and other information presented in this
publication.

acclimation The process of rearing and imprinting juvenile fish in the water of
a particular stream before fish are released into that stream.

adaptive management A scientific policy that seeks to improve management of biological
resources by viewing program actions as vehicles for learning.
Projects are designed and implemented as experiments so that even
if they fail, they provide useful information for future actions.
Monitoring and evaluation are emphasized so that the interaction
of different elements of the system are better understood.

AFS Fish Health The most recent edition of "Procedures for the Detection
Blue Book and Identification of Certain Fish Pathogens" published by the Fish
Health Section of the American Fisheries Society.

alevin (sac fry) A life stage of salmonid fish between hatching and feeding stages
when the yolk sac has not been absorbed and fish are not
dependent on external food sources for nourishment.

amplification The process of increasing the magnitude of pathogens or disease
within the basin, tributary, or facility.

anadromous Fish that hatch in fresh water and migrate to salt water to mature
before returning to spawn in fresh water.
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aquatic ecosystem

Artificial Fish Production
Committee (AFPC)

Assumed Pathogen
Prevalence Level
(APPL)

Basin

biological diversity

biological requirements

brood year

broodstock

captive broodstock

co-managers

competition

confirmed viral
identification

Any standing or moving body of water such as a stream or lake,
and all of the interacting living and non-living components
functioning as a natural system.

A coordinating entity for hatchery production activities
within the Columbia River Basin.

The percentage of any fish lot (e.g., 2%, 5%, or 10%) that is
assumed to have a pathogen at a detectable level using

tests outlined in the AFS "Fish Health Blue Book." This level is
used to determine the sample size needed to provide a 95%
confidence level of finding the specified pathogen.

As used here, all waters of the Columbia River and its watersheds.

The array of genetic, physical, life history and behavior
characteristics contained within the salmon and steelhead resources
of the Columbia River Basin.

Environmental components such as water quality, water quantity,
food availability, and habitat that are necessary for fish growth and
reproduction.

The year in which a majority of the adults in a population of fish
are spawned.

All adult salmonids collected or captured from the waters of the
Columbia River Basin for the purpose of collecting eggs and/or
milt. Adult fish collected or captured temporarily, but released
unspent, are not considered broodstock.

Salmonids that have been reared from eggs or juveniles to maturity
in captivity for the collection of gametes.

Federally recognized Indian tribes within the Columbia Basin, and
the states of Idaho, Oregon, and Washington, the U.S. Fish and
Wildlife Service, and the National Marine Fisheries Service.

The direct or indirect interaction among organisms of the same or
different species that utilizes a common resource.

The identification of a replicating viral agent by serum
neutralization assay, or other confirmatory test agreed to by the co-
managers.
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cultured fish
Current Brood
Document

disease

disease inspection

dissemination

ecological interactions

egg bank

egg disinfection

epizootic

exotic fishes

eyed eggs

fish displacement

fish hatchery

See "hatchery-produced fish."

The production document reflecting coordinated inseason
changes to the Future Brood Document. The format will be
virtually identical to the Future Brood Document.

An alteration of a living body that impairs its functioning. Can be
biotic or abiotic.

The collection and examination of a statistically valid sample of
fish tissues and/or fluids for detection of pathogens. Examinations
are to conducted by or under the supervision of an accredited
inspector.

The spread of pathogens or disease beyond the present or normal
geographical or host range within the basin or tributary.

The overlapping of resource needs and uses (e.g., food, cover,
spawning habitat) that determines the relationship between
individual fish populations and species in the aquatic environment.

The use of artificial propagation to maintain a genetic stock of fish
until such time as the natural habitat is restored.

The immersion of eggs in a concentration of a therapeutic drug for
a specified period of time to reduce or eliminate pathogens that
may exist or the external surface of the eggs.

The occurrence of an infectious disease that results in an average
daily mortality of at least 0.1% per day within a specific rearing
unit for five consecutive days.

Non-native fishes.

The embryo stage at which pigmentation of the eyes becomes
visible through the egg shell.

The movement of an individual or group of fish from its preferred
habitat resulting from the introduction of cultured fish or an
increase in naturally produced fish.

A facility at which one or more of the following occurs: adult
broodstock holding, egg collection and incubation, egg hatching or
fish rearing.

Glossary—91



fish liberation

fithess

Future Brood Document

(FBD)

genetic diversity

genetic interaction

genetic risk

genetic variation

genotype

goal

hatchery-produced fish

hatchery fish production

hatchery program

harvest augmentation

Integrated Hatcheries
Operations Team (IHOT)

The release of captive fish into public waters that results in them
being free-ranging.

The relative ability of an individual to contribute to the next
generation.

The annual production document reflecting detailed

hatchery goals or expectations coordinated and prepared prior to
the adult arrival season. These goals include location, stock of fish,
eggtake, transfer, and release. A goal will include elements of
number, size, and time of activity (i.e., transfer or release).

The range of genetic differences among individuals or groups of
organisms.

Direct interbreeding between a stock of hatchery fish and wild,
natural or another hatchery stock of fish.

The extent to which a management practice may reduce population
productivity or cause an undesirable change in genetic
characteristics of a population.

The measurable or observable genetic differences among
individuals or populations.

The kinds of and the combination of genes possessed by an
individual.

The desired direction of a program leading to the creation of
policies and operational plans for policy implementation.

A fish incubated or reared under artificial conditions for at least a
portion of its life cycle.

The number or pounds of fish raised and produced in a hatchery.
A program in which a specified hatchery population is released in a
specified geographical location, following a prescribed resource

management plan.

The stocking of anadromous fish where the primary purpose is to
return adults for sport, commercial, or tribal harvest.

The coordinating entity for hatchery practices within the
Columbia River Basin.
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inspection

introduction

iodophor
water-hardening eggs

isolation

jack

lot (of fish)

management plan

mitigation

natural spawning fish

natural spawning
augmentation

The collection and examination of a statistically valid sample of
fish tissues and/or fluids for the listed pathogens by or under the
supervision of an accredited inspector. Methods used will be those
described in the "Fish Health Blue Book" or others mutually
agreed to by the co-managers' fish health staff.

Releasing a hatchery reared species into habitat where it was not
native.

The exposure of recently fertilized eggs (not more than five
minutes exposure to water) to a buffered iodophor solution of at
least 75 ppm active iodine for one hour. The minimum ratio of
iodophor solution to eggs (volume to volume) will be two parts
iodophor solution to one part eggs. Discard the used solution once
the ratio has been met.

The process of keeping a group of eggs or fish physically and
environmentally separated from other groups at the same facility
for the purpose of preventing cross contamination with possible
pathogens.

A precociously mature anadromous salmonid that has matured
before the majority of fish spawned in the same year.

A group of hatchery fish of the same species and brood year, that
originated from the same discrete spawning population, and that
have always shared a common water supply.

A plan that provides the basic framework (goals, policies, and
objectives) for managing a resource, geographic area, watershed or
species.

The use of artificial propagation to reduce or replace losses to a
natural fish population caused loss of critical habitat or other
factors.

Fish produced by spawning and rearing in natural habitat,
regardless of the parentage of the spawners.

The release of hatchery-produced eggs and/or fish that are
qualitatively similar to the size, physiological status, and life stage
of existing natural spawning species, while meeting known
ecological, genetic and fish health guidelines.
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operational plan

parr

pathogen

performance measures

performance standards

phenotype

PNFHPC

policy

population

An action plan that generally addresses how the objectives in a
management plan for harvest or production for a specific area shall
be attained.

A young anadromous salmonid during the freshwater-rearing phase
of its life cycle, generally an actively feeding stage—older than a
fry and yet not ready to migrate to the ocean.

A disease-causing agent.

The means for determining or measuring the achievement of
standards.

Accepted criteria for evaluating biological, physical or operational
hatchery parameters.

Observable characteristics of an organism, determined by its genes
and their interaction with the environment.

Pacific Northwest Fish Health Protection Committee

An accepted course or line of action to guide and determine present
and future decisions.

A group of fish belonging to the same species that occupy a well-
defined locality and do not interbreed to any substantial degree
with any other group of fish and have separate dynamic histories.
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predation The consumption of wild or hatchery origin fish by other fish
(including other salmonids), birds, or mammals.

presmolt A juvenile anadromous salmonid that has fed and reared, but is not
yet a smolt.

presumptive viral The detection of a replicating agent in cell cultures inoculated

identification with fish tissues or fluids. Presumptive identification is made when

cytopathic effect (CPE) is observed in cell culture.

quarantine Isolating a group of eggs or fish from others. Treating effluent
and/or influent waters as necessary to prohibit the transfer of
pathogens.

reportable pathogens The following pathogens are reportable:
viral - Infectious hematopoietic necrosis virus (IHNV)

- Infectious pancreatic necrosis virus (IPNV)

- Oncorhynchus masou virus (OMV)

- Viral hemorrhagic septicemia virus (VHSV)
bacterial - Renibacterium salmoninarum (Rs) (BKD)
parasite - Myxobolus cerebralis

satellite facilities Extension of hatchery facilities located away from the fish
hatchery where juveniles may be acclimated, conditioned, reared,
and released or where adults are captured, held, and spawned.

smolt A juvenile anadromous salmonid fish that has reached a physical
size and physiological state that is capable of migrating into salt
water.

species One or more stocks whose members interbreed under natural

conditions and produce fertile offspring, and who are
reproductively isolated from other such groups.
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specific pathogen-free
water

stock

stray

subbasin

supplementation

transfer

wild fish

water supply

watershed

Water that is free of specified reportable pathogen(s). This
includes untreated groundwater; water that has been treated to
approved standards with chlorine, ozone, ultraviolet light, or
equivalent; or is demonstrated to be fish-free. Untreated surface
water that is free of anadromous stocks is determined to be specific
pathogen-free if for the past three consecutive years all captive
broodstocks and susceptible juvenile stocks on station have been
inspected without detection of the specified reportable pathogen.
Inspections must have been conducted using at least the number of
fish required to meet the 5% APPL and the time period between
adult or juvenile inspections must be at least 11 months. In
addition, any diagnostic cases involving any stock on site during
the same three years must have been free of the specified
reportable pathogen(s).

An aggregation for management purposes of fish populations that
typically share common characteristics such as life histories,
migration patterns, or habitats.

A fish returning to a non-natal stream, place of release, or place of
spawning.

The individual watersheds of Columbia River tributaries.

The use of artificial propagation in the attempt to maintain or
increase natural production, while maintaining the long-term
fitness of the target population and keeping the ecological and
genetic impacts on non-target populations within specified
biological limits.

Any movement of fish into or within the Columbia River Basin to
include any movements among hatcheries, rearing facilities, and
watersheds.

A stock of fish maintaining a popufation through natural
reproduction with no directed hatchery influences.

The spring, well, stream, river, estuary, or other body of water used
in the incubation/rearing of eggs or fish.

Geographically distinct river basins that have separate entrances to
the Columbia or Snake rivers.
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Appendix A

Suggested Experimental Rearing Techniques
for Natural Spawning Augmentation

10.

Provide rearing containers with natural materials such as sand and gravel.
Provide in-water structures in rearing containers.
Provide incubation under low-light or dark conditions.

Manipulate egg development during incubation through use of controlled water
temperatures to mimic natural incubation.

Provide for volitional movement of swim-up fry to feeding areas in rearing
containers.

Provide predator avoidance training methodology to develop behavioral and
physiological characteristics.

Provide for exercising of fish.

Provide rearing containers with colors matching natural background and/or
overhead cover to allow fish to adapt to natural conditions.

Minimize direct human contact with fish during feeding through use of equipment
such as underwater food dispensers while simulating natural feeding patterns in
relation to timing and amount of food offered.

Provide for incubation of eggs and alevins under density, substrate, and water
quality conditions that simulates the natural intergravel environment.
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11. Provide for maintaining natural noise levels across sound frequency heard by fish.
12. Provide for use of natural foods.

13. Test methods to improve smolt survival by allowing them to learn skills from wild
fish.
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Appendix B

Water Quality Criteria for Salmonid Aquaculture

Appendix Table B-1. Water quality criteria for salmonid aquaculture
(ADFG 1986). Synergistic and antagonistic chemical reactions must be
considered when evaluating a water source against these criteria.

Water Qualities

Standards

Aluminum

<0.01 mg/liter

Ammonia (un-ionized)

<0.0125 mg/liter

Arsenic <0.05 mg/liter
Barium <5.0 mg/liter
Cadmium <0.0005 mg/liter (100mg/liter alkalinity)

<0.005 mg/iiter (> 100 mg/liter alkalinity)

Carbon Dioxide

<1.0 mg/liter

Chiloride <4.0 mg/liter

Chlorine <0.003 mg/liter

Chromium <0.03 mg/liter

Copper <0.006 mgfliter (100 mg/liter alkalinity)

<0.03 mgl/liter (> 100 mg/liter alkalinity)

Dissolved Oxygen

>7.0 mgl/liter

Fluorine <0.5 mg/liter
Hydrogen Sulfide <0.003 mg/liter
Iron <0.1 mg/liter

Lead

<0.02 mg/liter
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Appendix Table B-1 (Continued)

Water Qualities Standards

Magnesium <15 mg/liter

Manganese <0.01 mg/liter

Mercury <0.0002 mg/liter

Nickel <0.01 mg/liter

Nitrate (NO®) <1.0 mg/liter

Nitrite (NO?) <0.1 mg/liter

Nitrogen (N2) <110% total gas pressure; <100% nitrogen gas
Petroleum (oil) <0.001 mg/liter

pH 6.5-8.0

Potassium <5.0 mgl/liter

Salinity <5.0 parts per thousand

Selenium <0.01 mg/liter

Silver <0.003 mg/liter (fresh water); <0.0003 mg/liter (salt water)
Zinc <0.005 mg/liter

Sodium <75.0 mg/liter

Sulfate (SO% ) <50.0 mg/liter

Temperature 0°-15°C

Total Dissolved Solids <400.0 mg/liter

Total Settleable Solids <80.0 mg/liter (25 JTU)
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Appendix C

Fish Transportation Guidelines

DISINFECTING THE UNIT

As a safeguard against contamination by diseases, all fish transport equipment
must be disinfected before and immediately after use. Any other equipment that
might be infected (e.g., nets, buckets, pipes, hoses, boots, raincoats) must also be
disinfected.

Disinfection is required when:

1. Using transportation equipment at facilities that have different water
supplies.

2. Using transportation equipment for moving different species or age classes
from the same facility.

3.  Moving equipment between hatcheries/facilities.
Disinfection is not required when hauling different fish lots of the same species

from the same facility, if all lots have the same disease status. Guidelines for
disinfecting vehicles and equipment are provided in the sections to follow.
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Disinfectant
Transport water is to be loaded at pathogen-clean stations far from well water.
Fish Tank Interior

Chlorine

Fish tank interiors should be disinfected using a solution of 200 ppm active
chlorine in the form of liquid bleach (sodium hypochlorite, 5.25% active
ingredient or calcium hypochlorite HTH, registered, 65% active ingredient
chlorine for 30 minutes minimum). After sanitation, the solution should be
dumped at a safe site where it will not directly drain into natural waters.
Neutralization of chlorine is recommended. This can be accomplished using 2.2
pounds of sodium thiosulfate per pound of HTH, or 1.5 gm sodium
thiosulfate/liter of 200 ppm chlorine.

Because chlorine can be corrosive to metal, equipment should be cleaned using
clean, uncontaminated water following use. Rain gear should be worn to prevent
or reduce chlorine contact with clothing. Organic substances will quickly
inactivate chlorine and limit its effectiveness. Therefore, dirty equipment should
be cleaned with water before the equipment is sanitized with chlorine. Waste
water from the cleaning should be properly discarded.

Formaldehyde gas generation

This method will effectively sanitize vehicle interiors and exteriors. It also offers
several advantages as cleanup is reduced, toxicity is negligible, and the procedure
is simple. Relative humidity is important as humidity of 60 percent is required for
a 2-hour dose.

1.  Interior surfaces: Add 0.3 ml of full strength formalin into (33 percent)
0.15g KMnQy for each cubic meter to be treated. After mixing these two
ingredients together, stay away for 24 hours. The combination produces
formaldehyde gas. When the formaldehyde gas dissipates, no after-odor is
detectable. At relative humidity of 60 percent, only 2 hours of contact time
is needed.

2.  Exterior surfaces: Wash mud from vehicles at a site that is away from
natural water bodies. Cover vehicle or drive it into an enclosure. Add
appropriate amounts of chemicals, leave immediately, and stay away for 24
hours.
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Fish Transport Vehicle Exterior

The exterior of motor vehicles, including chassis and undercarriage, can be
disinfected using high pressure steam (115-130-C) high temperature acid, or with
200 ppm chlorine for 30 minutes. Chlorine should be thoroughly rinsed with
clean, uncontaminated water to minimize corrosion. It is not necessary to disinfect
the exterior of aircraft or boats used for transporting fish or eggs.

Fish Transport Vehicle (cab)

Interior surfaces (floor) of motor vehicles, aircraft, or boats contaminated by
contact with fish, eggs, mud, or cultural waters should be scrubbed with 600 ppm
quaternary ammonia compounds (i.e., Hyamine, Roccal, or Environquat). Roccal
and Hyamine is also acceptable (1.5 ml of 50 percent stock solution/liter water).

Other Equipment

Personnel

Utensils, fish pumps, nets, egg sorters, waders, boots, rain gear, hoses, and other
equipment can be disinfected using one of these solutions:

. 200 ppm chlorine for 30 minutes
. 600 ppm quaternary ammonia compound for 30 minutes
. 200 ppm iodophor solution for 10 minutes

If necessary, the disinfectants should be scrubbed onto the surface and disinfected
equipment should be thoroughly rinsed with clean, uncontaminated water and
dried before use.

All individuals involved in transport operations should wear outer protective
garments (rain gear, boots, waders, etc.) when handling fish, eggs, or cultural
water. Hands should always be thoroughly washed before handling cultural water
at another station. When work is completed at the station, protective garments and
hands should be properly sanitized. Natural cotton and wool fabrics, that contact
cultural water at another station, can be sanitized by soaking for 30 minutes in 600
ppm quaternary ammonia compound. Regular clothes washing would also be
appropriate.
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Neutralizing Chlorine

Chlorine can be neutralized by adding 2 ppm of sodium thiosulfate for every 1
ppm of chlorine for 15 minutes. Rinse with clean water. Use 4 grams of sodium
thiosulfate per 5 gallons of 100 ppm chlorine water.

Disposing of Treatment Solutions

Locations suitable for disposal of treatment solutions are listed below.

1.

2.

Settling ponds (sodium thiosulfate if fish kill is possible)
Empty hatchery pond (no outflow allowed)
Hatchery pond full of water but no fish

Ground where water will not reach irrigation ditches, streams, lakes, ponds,
or water bodies of any kind.

If the above conditions cannot be met, neutralize with sodium thiosulfate.

UNIT INSPECTION BEFORE THE TRIP

The fish transport truck/chassis and tank/unit should be inspected and serviced at
least two weeks prior to release season. Maintenance on the truck/chassis and
tank/unit along with associated equipment should be completed during winter
months. Equipment should be operated under simulated fish transport conditions
just prior to release season. Miscellaneous equipment and supplies (e.g., oxygen
bottles, oxygen regulators, pumps, generators, nets, screens, hoses, fittings, spare
tire, jack, lug wrench, fire extinguisher, first aid kit) must be checked and verified
to be in good working order.

Truck drivers must carry proper license endorsements as required by state law.
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A daily service inspection should be completed before starting up and leaving for
the day. This inspection should cover the following actions:

Check engine oil.

Check radiator water level.

Check fan belt(s) tension.

Check all lights.

Check fuel system for leakage and make sure tanks are full.

Check lug nut tightness.

Check brakes.

Check to make sure all hatches are shut, caps and outlets, slide gates within
tank are closed, and all liberation hoses are on the truck.

UNIT INSPECTION BEFORE LOADING

1.

Prior to loading the tank with water, a complete walk-around inspection
should be completed to make sure that all drains are closed and the gate is
down and locked.

Prior to loading water, turn on the oxygen to ensure that the air
stones/diffusers do not fill with water. If water backs up into the air lines, it
could create a system airlock until the water is pushed back through the air
stones/diffusers. This reduces the efficiency of the system.

After the tank is loaded with water, start the back-up systems (i.e., pumps,
generators, etc.) to verify that they are operating properly. Increase the
oxygen to 5-6 liters per minute to supercharge the water to about 15 ppm
prior to loading fish.

When the truck is in place for loading fish, check the oxygen flow/pump
pressure for the correct setting to ensure it did not change while moving the
truck. Check the spray from either the aerators or the pump spray bars, and
verify that the air stones/diffusers are working properly and are not leaking.

Verify that the displacement gauge does not have an airlock and that it is set
at the proper angle. Note: trucks should be setting as level as possible.
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HATCHERY PRE-LOADING RESPONSIBILITIES

Each hatchery should have a place available to dispose of treatment solution. The
hatchery is responsible for scheduling and ensuring the completion of a disease
inspection, and that the fish have been cleared for transport.

The hatchery should provide means of loading clean water, either from a
standpipe, or a pump set up in the head box or head end of a pond. Water should
not be pumped from the downstream end of the rearing ponds.

The hatchery should provide a level loading area for liberation trucks to insure
that fish displacement is accurate.

To minimize the buildup of metabolic waste and oxygen consumption in the tank,
fish under 8 inches must be starved for a minimum of 48 hours before hauling.
Fish larger than 8 inches should be starved for 72 hours.

LOADING FISH

Tank Water Level

The transport tank should be filled with water approximately 15 minutes before
loading with fish. The oxygen should be turned on to supercharge the water to 15
ppm before loading the fish. Any required ice should be added prior to loading
fish.

Pump(s) or Aerator(s)

Each liberation unit is equipped with either an aeration system or a recirculating
system to dissipate the carbon dioxide gases and to help increase the oxygen
content in the water. Aeration systems equipped with 12-volt Fresh-Flo model TT
aerators (or equivalent) should be wired to a separate circuit. This is needed so
that if one aerator shorts out, the other aerators will continue to function properly.
Circuits should be checked prior to loading fish to make sure they are all working.
Aerators should be checked to make sure they are rotating the correct direction
and pumping water. Each aerator should have an indicator light inside the truck
cab to warn of malfunctions while truck is enroute.
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Liberation units with a recirculating system should have a venturi system (which
pulls in atmospheric oxygen) or an oxygen system. If the liberation unit has a
venturi system, it should be checked prior to loading fish to make sure each
venturi is pulling air into the system. This can be accomplished by holding your
hand over the venturi, with the unit running, and feeling a suction on your hand. If
an oxygen system is used, check the air stones/diffusers to make sure they are
working properly.

Oxygen Injection System Settings

Each liberation unit equipped with an oxygen injection system has either a pre-set
medical oxygen regulator (calibrated in liters per minute), or a welding-type
oxygen regulator with a flow meter(s) between the regulator and the air
stones/diffusers. On liberation units with the medical oxygen regulator, the
pressure is pre-set. The only adjustment required is to set the desired liters per
minute for the air stones/diffusers.

On units with the welding type oxygen regulator, the pressure needs to be set at
50 psi (do not set the regulator over 50 psi). Each flowmeter needs to be set
separately in liters per minute.

Each liberation unit requires different settings. Correct settings for the air
stones/diffusers should be identified on the equipment.

The tank system should have 15 ppm of oxygen for 15 minutes prior to loading
fish. This should be maintained for first 45 minutes to 1 hour, then the setting on
flow meters should be reduced to maintain oxygen at 8 ppm.

Displacement Gauge

All liberation units must be equipped with displacement gauges. These gauges are
to be initially calibrated initially when a new tank is put into service, or when the
internal configuration is changed due to maintenance, adding baffles, or other tank
modifications. Displacement gauges should be checked and data recorded
periodically throughout the season by weighing fish.
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Truck Loading/Hauling Density Tables

Truck loading/hauling density tables are provided at the end of this appendix.
These tables are to be used as general guidelines; they can be revised to meet
specific requirements. Tables are based upon

four hours of loading/hauling time and water temperatures of 48-52_F. For each
additional hour of hauling time, reduce the load by 4 percent. For each degree
above 52_F, reduce the load by 5.6 percent.

HAULING FISH

Fish should be checked 45 minutes to 1 hour after loading. If the fish are active
and all the systems are functioning properly, reduce the oxygen to maintain
approximately 8 ppm. Every effort should be made to minimize transport stress.
Fish and all systems should be continually checked each hour.

The most suitable temperature range for transporting fish is 42-48_F. Fish should
not be hauled in water above 53-F (Leitritz and Lewis 1980). Some liberation
units are refrigerated, which allow the driver to set and maintain the desired
temperature. If there is no refrigeration unit, a cool source of water at the hatchery
is needed. During warm weather, ice may be needed to help chill the water to the
desired hauling temperature.

Hatcheries need to be aware of temperature of water source for liberation units
and have an adequate supply of chlorine-free ice on hand to ensure that correct
hauling temperatures can be reached. Vehicles should carry a list of local vendors
who carry ice.

110—Fish Transportation Guidelines



RELEASING FISH

Correct Release Site

It is very important that fish are released into the correct water body and sites as
indicated on the Fish Liberation Schedule. Each liberation truck should have an
updated liberation site/map and the driver should become familiar with all the
water bodies and site descriptions.

Tank Temp vs. Water Body Temp (Tempering)

Hose Angle

The difference in temperatures between the liberation tank and target water body
should not exceed 10_F. If temperature range is greater then 10_F, water from
planting site should be pumped into the top of the tank while drafting water out of
the bottom. After water in the tank has reached the correct temperature, wait for at
least 30 minutes to allow fish to acclimate themselves to the temperature change
before releasing them.

The liberation hose should be angled so that released fish gently hit the water.
One method of ensuring the hose will stay at the proper angle is to support the
hose on a tripod or similar support.
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Appendix D

Evaluation Guidelines

TYPES OF EVALUATIONS

Hatchery evaluations can be conducted from either a hatchery perspective or a
fishery management perspective. Studies conducted from a fishery management
perspective are generally directed at determining the contribution of a fish stock to
a management unit, and that management unit's contribution to a particular
fishery. Major objectives associated with these fishery contribution studies
include:

. Requirements for evaluating and improving management programs.
. Developing guidelines that define the geographical area and identify
component stocks (hatchery and/or wild) that comprise the management

unit.

. Developing guidelines that define if the proper stocks of fish are currently
being used.

. Determining which management units contribute to a specific fishery and
the time periods of those contributions.

. Determining the relative contributions of the various management units to a
specific fishery over the different time periods.
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Studies conducted from the hatchery perspective are designed to assess the
contribution and distribution of a defined group of fish to the fisheries, and to the
escapement in which they appear. Specific objectives may include determining:

. To what fisheries and at what time a defined group of fish contributes.
. The contribution of a defined group of fish to the total fishery.

. The absolute (numerical) or relative (proportional) contribution of a defined
group of fish to a specific fishery.

In addition to fishery management evaluations, specific hatchery evaluations are
used to determine:

. Extent of meeting hatchery management and mitigation goals
. Extent of smolt survival rates

. Extent of straying

. Requirements for improving operational practices

. Extent of impacts of releasing hatchery stocks on wild stocks
. Selective harvest

. Broodstock identification

SAMPLING PROCEDURES

Recommended procedures for the sampling and handling of fish during tagging
are provided in the sections below.

Sampling Devices

It is critical that the tagged fish be representative of the defined group. Therefore,
the sampling device should give each fish an equal or known chance of being
selected for marking (Vreeland 1990). Types of sampling include:

1.  Incline plane
2.  Incremental (Foster 1981)
3. Sectional net/tub (Hewitt and Burrows 1948)
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Representative Sampling Procedures

Procedures should be followed to ensure that sampled fish are representative of
the entire group, and that the information obtained is precisely estimated.

1.  Each pond or raceway containing the defined group of fish should be

representatively sampled. The same proportion of fish should be randomly
sampled from each pond.

2. Ifitisnot possible to sample from all ponds containing the defined group
then:

» Avoid sampling from a single pond because substantial differences have
been noticed among returns from seemingly identical rearing ponds.

* Randomly select more than one pond, from all those containing the
defined group, by using random number tables.
Treatment of Fish at Tagging
Each agency should adhere to its established procedures for fish handling and
treatment during tagging. The following factors should be considered as part of

tagging efforts:

1.  Tag all fish sampled for tagging, even those exhibiting low quality. This
ensures that the sampled fish are truly representative of the entire group.

2.  Fish should be tagged prior to smoltification.

3.  The choice of tagging time should take the following factors into account to
maximize fish survival and tag retention:

. Fish size (i.e., fish should be as large as possible for the given species
and experimental objectives)

. Water temperature (i.e., colder water temperatures preferable)

. Fish health

. The potential of recovery from stress of handling, tagging, and fin
clipping
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. After the fish are tagged, they should be returned to the same pond
from which they were sampled to ensure that their post-tagging
management is representative of the entire defined group.

. A periodic process review by the operating agency should be
scheduled

4.  Certain characteristics (e.g., tag loss and size at release) of the release group
must be measured after tagging is completed. Preferably this is done just
before release of the fish. Sampling is required to estimate these parameters.

5.  The estimated total number of fish released from a given group may be the
single most important source of error in estimating contribution. Therefore,
rigorous procedures must be developed and followed to assess the number of
released fish and to determine whether the tagged fish are representative of
the total release.

6.  There should be an actual count of the total number of fish and the total
number of tagged fish released. To minimize handling of "smolting" fish,
they should be counted within two months of release if certain procedures
and facilities are in place (i.e., bird predator protection measures,
enumerating daily fish mortality, etc.).

7. Actual counts do not eliminate all sources of error. Marker errors can occur
when the person tagging the fish fails to properly clip the adipose fins. If
this is a major source of bias, sampling procedures should be established to
estimate this error. Otherwise these fish may not be identified in the
recovery program using current technology.

8.  Another potential source of error could exist if interpenetrating samples
were taken. An actual count of tagged fish released would not distinguish
among tag codes for the different samples, therefore actual counts could be
used accurately only if the expected mortality and tag loss were the same for
each tag code. This should be the case if the appropriate procedures are
followed. If uncertainty exists, then the numbers of fish released should be
estimated separately for each tag code.

9.  When estimating total fish released using weight samples, a minimum of
five samples should be taken, spaced over the time of release or over ponds
if samples are taken prior to release. Equipment for measuring weight or
volume of samples for total release should be calibrated whenever used.
Calibration problems are a major concern for volumetric measuring devices.
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Marking Techniques
Standards for Marking Juvenile Fish

Fish marking for monitoring and evaluation purposes is a still an evolving
science. There are three general types of marks currently used—immediate visual,
immediate specialized, and delayed detection. These marks are distributed among
juveniles and adults without regard to time of marking.

Techniques that have been identified for marking large groups of juvenile fish are
listed below. Not all marks produce satisfactory results in terms of being
permanent, and some marks have associated mortality impacts.

Immediate Visual Detection Marks
1.  Fin clips (adipose ventral)

» Adipose fin clip

» Rayed-fin clip

2. Visual Implant Tags ("V.L." tags; include florescent tags)
* V.1 Alpha-numeric tags
» V.. Elastomer injection tags
» V.1 Florescent filament tags

3. Branding
« Cold
» Hot
e Laser

Immediate Specialized Detection Marks
1.  Body area tagging blank (CWTs)
2. Florescent sprays

3. PIT tags
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Delayed Detection Marks

1. CWT + Adipose fin clip
2. Elemontal marks

3.  Otolith banding

4.  Genetic marks

Performance Standards for Evaluations

There are several different types of evaluations that can be used in conjunction
with fish marking efforts. These evaluations can help:

. Differentiate hatchery fish

. Protect wild and natural fish

. Identify broodstock

. Identify CWT- and PIT-tagged fish
. Provide for selective fish harvests

Other than segregating wild/natural fish (unmarked) from marked hatchery fish,
few marks can be used to identify the fish's origin without killing the fish. The
PIT tag is an example of an exclusive mark that provides immediate knowledge of
the animal's origin. However, its use requires technical equipment and does not
allow the layman to immediately determine the origin of the fish.

Variations in external marks limit the number of sources that can be covered. It is
critical that additional research and development be conducted to establish
adequate methods of fish identification. Statistical evaluation of projects may
follow standards analysis with each project being dependent on its design and
variation.

Standards for Marking Adults

Marks used to identify adults captured on their return to the spawning grounds or
hatchery are listed below. As with juveniles, the marks produce mortality and are
limited in their application. Although they are best applied after fish reach a weir,
or are captured for broodstock, they have also been used for "in-the-field"

research.
. Floy tags
. Disc tags

. Jaw tags
. Opercle punch
. Fin clips
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Analysis

Appendix Table D-1 compares the suitability of different mass marks for different
management purposes. Some generalizations can be made from the information
presented in this table.

1.

2.

No one mark will satisfy all management and research needs.

"Immediate visual detection” marks are necessary for management
objectives that require identification of hatchery fish by fishers. These marks
include adipose clip, the ventral clip, and the V.I. florescent tags (not yet
perfected).

Numerous marks are available if management objectives are limited to
distinguishing between hatchery and wild fish, or separating stocks at a
hatchery or weir. These include both "immediate visual”" and "immediate
specialized" detection marks.

If management objectives involve analyzing the stock composition of
marine fisheries, "delayed detection" techniques (involving sacrificed or
harvested fish) are currently required. If management objectives are limited
to analyzing stock composition in terminal areas, other types of marks may
also be an option.

A cost comparison between the various marking techniques is presented in
Appendix Table D-2.
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