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Alaska is in the Heart of the Salmon World

Original Distribution of Genus Oncorlynchus (Pacific Salmon)

© 2005 State of the Salmon, a joint program
of Wild Salmon Center and Ecotrust
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Salmon at the Heart of Alaska

THE
@‘ Salmon Life Our Projects About + [ GET INVOLVED ]

PROJECT

Runs DeeanAll of Us P

Salmon aren’t just another fish in Alaska.

They are our lifeblood.

AANAA_

The Salmon Project gives voice to Alaskans’ deep relationships with salmon

to ensure that Alaskans’ lives will always be salmon lives.

Salmonproject.org



Salmon are Affected by Changes in the Ocean

www. nature.com/scientiticreports

SCIENTIFIC
REPORTS

natureresearch

Marine heatwaves exacerbate
climate change impacts for fisheries

in the northeast Pacific

William W. L. Cheung'® & Thomas L. Frilicher®?
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Cheung, WW.L., Frolicher, T.L. Marine heatwaves exacerbate climate change impacts for fisheries in the northeast
Pacific. Sci Rep 10, 6678 (2020). https://doi.org/10.1038/s41598-020-63650-z



Salmon are Affected by Changes in Freshwater
Glacier Retreat and Pacific Salmon

KARA 1. PITMAN, JONATHAN W. MOORE, MATTHEW R. SLOAT, ANNE H. BEAUDREAL, ALLISON L. BIDLACHK,
RICHARD E. BRENMER, ERAN W. HOOD, GEORGE R. PESS, MATHAN J. MANTUA, ALEXANDER M. MILNER,
VALENTINA RADIC, GORDON H. REEVES, DANIEL E. SCHINDLER, AND DIANE C. WHITED
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Alaska Salmon Fishery Management

* Alaska became a state during record low salmon production
* Principles and processes included to adapt to change
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250,000,000
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Ocean Regime Shift 1978
150,000,000 PNP Hatchery Program 1974
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Principles and Processes of Alaska Salmon
Fishery Management

Constitutional Provisions for Resource Management

Article VIII, Sec(4). Fish, forests, wildlife,
grasslands, and all other replenishable
resources belonging to the State shall be
utilized, developed, and maintained on the
sustained yield principle, subject to
preferences among beneficial uses.




Alaska Department of Fish and Game

Mission Statement

To protect, maintain, and improve the fish, game, and
aquatic plant resources of the state, and manage their
use and development in the best interest of the economy

and the well-being of the people of the state, consistent
with the sustained yield principle.

Maintain
protect

Sustained
Yield




Escapement Goals as Management Targets

The escapement is the number of fish that make it to the spawning
grounds to spawn.

Goals for escapement are set to provide yield (harvest and other
uses).

Harvest decisions and regulations are determined based on the
escapement goals.

These goals are well above levels that cause conservation concern.

Thus actions (and concern) happens early.



Alaska’s Management Process

Knowledge of productivity
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Board of Fisheries Process
Ensures public access and local input

Management plans " Proposed changes
Stock of Concern = Recommendations
Escapement goals =  User viewpoint
Research/data collection = Resource needs/desires
Analysis = Expert opinion

Expert opinion

Alaska Dept. Board of

Stakeholders

Fisheries [Public, Fishers, Industry]

|

Fishing seasons, quotas, bag limits
Fishing means and methods
Management plans

Policies

Regulations

Fish and Game
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Alaska’s Management Process

Knowledge of productivity

¥
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Sustainable Salmon Fisheries Management Policy
Principles
* Protect wild salmon and habitat

* Manage for escapement ranges that sustain production &
consider uncertainty in production

* Develop effective management systems
* Precautionary approach to human activities
* Encourage public support and involvement

* Manage conservatively commensurate with uncertainty



Time Scales for Salmon Management

Data Timeseries

* Salmon catch 120 yrs Regulatory Cycle
° Escapement 0—-80 yrs ¢ Board Of FiSherieS 3 yrs
° Escapement goal 0-60 yrs ¢ Escapement Goal review 3 yrs

e Management Plan change 3 yrs
Salmon Lifecycle

* Chinook 2—7yrs Assessment

* Chum 3—7yrs * Escapement Days to weeks
* Sockeye 3—-6yrs e Harvest Days to weeks
« Coho 2—3yrs

* Pink 2 yrs Management of Fishery
Environmental Changes [AK examples] * Season Iengt.h 2wktolyr
 Glacial retreat 10s to 100s yrs * Inseason acthn | Days
. Oceanic regimes 10+ yrs * Harvest/fleet information  Daily

* Marine heat waves 1—-3yrs

14



Strategic Initiatives in Alaska

Management is data intensive — assessment and research
— Counting fish (escapement, harvest,...)
— Tracking distribution/timing
— Measuring age/size at return
— Stock specific information (marking, tagging, genetics)

Some issues require large-scale coordinated efforts
— Statewide production trends, gauntlet fisheries, migration shifts
— Multiple stocks, fisheries, and user groups involved

Expensive in funding and resources so need focus
— Clear Goal
— Achievable objectives
— Answerable questions
— Appropriate design

Thoughtful application to decision making

Local-scale
[Project]

Wide-scale
[Initiative]

15



Types of Strategic Initiatives in Alaska

Assessment — Chinook Salmon Research Initiative [CSRI]

Statewide decline in Chinook salmon runs required a statewide approach to fill data
gaps in assessing escapement, harvest and survival.

e 8years

12 indicator stocks
e ADF&G & UAF

e USS 15 million

e 20+ individual
projects

https://www.adfg.alaska.gov/index.cfm?adfg=chinookinitiative.main
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Types of Strategic Initiatives in Alaska

Management — Western Alaska Salmon Stock Identification Program [WASSIP]

Low runs in western Alaska raised concern about allocation of salmon
resources and harvest in distant fisheries.

Harvest rates on Kotzebue chum
stocks in all fisheries from Chignik to

Kotzebue Sound, 2007-2009 .
— : 11 stakeholder groups on Advisory Panel

* 4 independent scientists on Technical Committee

e 2 species —sockeye, chum

 Coastwide genetic baselines developed

 All harvests sampled

e 250,000 samples collected/150,000 genotyped

e US S10 million

e 3years of estimates; 7 years to complete and report

https://www.adfg.alaska.gov/index.cfm?adfg=wassip.main
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https://www.adfg.alaska.gov/index.cfm?adfg=wassip.main

Types of Strategic Initiatives in Alaska

Enhancement — Alaska Hatchery Research Program/Hatchery-Wild

Interactions Study [AHRP]

Concerns about interactions between hatchery and wild salmon and
potential impact on wild salmon production was motivation for a
comprehensive program to collect basic information.

https://www.adfg.alaska.gov/index.cfm?adfg=fishingHatcheriesResearch.main
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Background

 Hatcheries began making substantial contributions to harvest in 1980’s
* Policies and statutes to protect wild fish developed early
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Background

Hatchery production largest contributor to pink and chum salmon harvest in PWS and
chum salmon harvest in SEAK
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Figure 13.—Total salmon released for Southeast Alaska hatchery programs, 1975-2021.

Figure 4.—Salmon hatcheries currently operating in Alaska.
20
Wilson, L. 2022. Alaska salmon fisheries enhancement annual report 2021. Alaska Department of Fish and Game, Division of Commercial Fisheries, Regional Information Report No. 5J22-02, Juneau.



Background

Large-scale salmon releases raise
concerns for wild stock impacts

— Do hatchery fish detrimentally affect
productivity and sustainability of wild
stocks?

— Alaska policy mandates sustainable
productivity of wild stocks

— Not a new concern: Alaska first state to
have a Genetics Policy in 1985

N Pacific: Hatchery releases

T 14972 19

1952 1957 1962 1596 497 I 1982 1987 1992 197 002 2007 002
Canada MJapan " Korea M Russia M United States
o Batcheny release statistics [updated 31 Juby 2017).

Alaska: Hatchery releases

o
19661971197619811986199119962001200620112016
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Protections for Wild Fish

s* Management of Wild and Enhanced Stocks of Fish (AS 16.05.730)

* Fish stocks in the state shall be managed consistent with sustained yield of wild fish stocks

¢ Policy for the Management of Mixed Stock Salmon Fisheries (5 AAC 39.220)
» ...conservation of wild salmon stocks consistent with sustained yield shall be accorded the highest
priority

+* Policy for the Management of Sustainable Salmon Fisheries (5 AAC 39.222)
* Effects and interactions of introduced or enhanced salmon stocks on wild salmon stocks should be
assessed

* Wild salmon stocks and fisheries on those stocks should be protected from adverse impacts from
artificial propagation and enhancement efforts

s Alaska Salmon Hatchery and Enhancement Regulations (5 AAC 40.860)

* ... hatchery does not significantly impact wild stocks in a negative manner.
22



Protections for Wild Fish

ADF&G Genetics Policy (Davis et al., 1985)

* priority will be given to protection of wild stocks from
possible harmful interactions with introduced stocks.

e Reduce gene flow from hatchery to wild

Pathology (5 AAC 41.010, 020; Meyers et al., 1988)
e Disease history, control and inspection

Fish Transport Permits (5AAC 41.005,010)

23



Steelhead

Differential reproductive success of sympatric,
naturally spawning hatchery and wild steelhead
trout (Oncorhynchus mykiss) through the aduit
stage

[Anicle]

Shitike Creek, Oregon
Jennifer E. Melean, Pail Bentzen, and Thomas P. Guinn Jason Baisesmenes
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Reduced reproductive success of hatchery coho salmon

in the wild: insights into most likely mechanisms
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Coho

Changes in run timing and natural smolt
production in a naturally spawning coho salmon
(Oncorhynchus kisutch) population after 60 years
of intensive hatchery supplementation

Mizhael J. Ford, Howard Fuss, Brant Baalts, Erle LaHaod, Jaffray Hard, and
Jason Miller

BLOUINS and MICHAEL A, BANKS®

Genetic Effects of Captive Breeding

Cause a Rapid, Cumulative Fitness Factors influencing the relative fitness of
Decline in the Wild . hatchery and wild spring Chinook salmon
Voo Arak,* Becky Goaper, Wichal S. Biouia . - (Oncorhynchus tshawytscha) in the Wenatchee

River, Washington, USA

Kevin 8. Williamsen, Andrew R. Murdoch, Tedd N. Pearsons, Eric J. Ward, and
Michael J. Ford

Effective population size of steelhead trout: influence of

variance in reproductive success, hatchery programs, and
genetic compensation between life-history forms

Supportive breeding boosts natural population
biology . . . ) abundance with minimal negative impacts on fitness of
letters : " . } _ a wild population of Chinook salmon

MAUREEN A HESS,* CRAIG D. RABE, 1 JASON L. VOGEL,$ JEFF |. STEPHENSON,* DOUG D,
NELSOMY mad SHAWN B, NARUM®

Carry-over effect of captive
breeding reduces v .
reproductive fitness of Erltionary Applcat s 55 1753571
wild-born descendants in

ORIGINAL ARTICLE
the wild Reproductive success of captively bred and naturally
:m,'m",:';_!@ﬁ:,' Cooper " spawned Chinook salmon colonizing newly accessible
habitat

Joseph H. Anderson," " Paul L Fauld # and ThomasP. Quirn'

Transactions of the American Fisheries Society
Pubication detaily, including b uctior for authors and subscription informat lon
Bitnpecd Fevers. tandio ool Sutal 20

Diminished Reproductive Success of Steelhead from
a Hatchery Supplementation Program (Little Sheep
Creek, Imnaha Basin, Oregon)
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Genetic adaptation to captivity can occur in
a single generation
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Reduced reproductive success of hatchery coho salmon
in the wild: insights into most likely mechanisms
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T

Sepplementation of wild slmonids with captive-bred fish s 8 common pracsice for both
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Reproductive behavior and relative reproductive
success of natural- and hatchery-origin Hood
Canal summer chum salmon (Oncorhynchus keta)

Barry A. Berejikian, Donald M. Van Doomik, Julle A. Scheurer, and Richard Bush
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Hatchery/Natural Fitness
Difficulty with Applying Previous Studies

*Species with different life histories

*No studies in Alaska

e Different context: e.g., compromised habitats
*Non-local and small brood stock population sizes
 Different hatchery objectives (harvest vs mitigation)

 Different hatchery practices

25



This study

Previous studies

Hatchery/Natural Fitness
Different Time in Hatchery Setting

Hatchery residency Year

season

1 2 3 4 5 6 7

Fa Wi Sp Su Fa Wi Sp Su Fa Wi Sp Su Fa Wi Sp Su Fa Wi Sp Su Fa Wi Sp Su Fa Wi Sp Su

Pink Hatchery ocean
Chum Hatchery ocean

Chinook Hachery (RS
Coho Hatchery
Sockeye AETEDEY
Steelhead Hatchery
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Background

Plan:
PNPs proposed that ADF&G organize science panel to
design/implement a research project to inform resource
management decisions

Funding partnership:
State, Operators & Industry

Purpose:
Examine potential effect of hatchery

straying on fitness of wild stocks

=  Pink and chum salmon PWS
= Chum salmon SEAK




Assemble Science Panel

‘ Government (state, federal)
Industry (hatcheries, processors)

University
Past members
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Planning: Program Structure

Science Panel

e \

State — CONtractor

Genetics Regional A . PRINCE WILLIAM SOUND
Lab Offices e SCIENCE CENTER

Population Otolith

structure; aging;
fitness thermal
study markings

Field logistics; Field

escapement operations operations
surveys in PWS in SEAK
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Three Priority Questions

Start with questions that are fundamental, achievable and can be
answered with scientific methods.

1. What is the genetic stock structure of pink and chum salmon in each region?

2. What is the extent and annual variability in straying of hatchery pink salmon in
Prince William Sound (PWS) and chum salmon in PWS and Southeast Alaska
(SEAK)?

3. What is the impact on fitness (productivity) of wild pink and chum salmon stocks
due to straying of hatchery pink and chum salmon?

31



Question 1 Results

Question 1. What is the genetic stock structure of pink and chum salmon in
each region?
Population structure exists and is shallower in pink than in chum

Drivers of structure:
Pinks: even vs odd; deeper structure in odd lineages
Chums: run timing, geography

PWS and SEAK Chum

Odd year

Even year

0.000 0.010 0.015 0.020

Fgar 32




Question 2 Results

Question 2. What is the extent and annual variability in straying of hatchery pink salmon in Prince
William Sound (PWS) and chum salmon in PWS and Southeast Alaska (SEAK)?

Prince William Sound

Chum: Annual proportion hatchery origin

Pink: Annual proportion hatchery origin
spawners by district

spawners by district

I ¥ ‘- l ﬂ‘v
! 2 4 ) 2015
201

B <Y 7 G Regional annual PHOS
' estimates:
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Chum: 3% - 9%
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Knudsen, E.E., Rand, P.S., Gorman, K.B., Bernard, D.R. and Templin, W.D., 2021. Hatchery-origin stray rates and total run characteristics for Pink Salmon and
Chum Salmon returning to Prince William Sound, Alaska, in 2013-2015. Marine and Coastal Fisheries, 13(1), pp.41-68.



Question 2 Results

Question 2. What is the extent and annual variability in straying of hatchery pink salmon in Prince
William Sound (PWS) and chum salmon in PWS and Southeast Alaska (SEAK)?

Southeast Alaska

Chum: Annual proportion hatchery origin Northern
spawners by district Southeast Inside

Northern Ot Nt} 2013 2014 2015
Southeast Outside |

III w o Q " | A o g Southern
f ) o v Southeast Inside

Regional annual PHOS
estimates:
1.6% - 8.1%

Canada
2013 2014 2015

=" 01530 60 90 120

I e CilomEters

2013 2014 2015

Josephson, R., et al. "Proportions of Hatchery Fish in Escapements of Summer-Run Chum Salmon in Southeast Alaska, 2013-2015." North American Journal of Fisheries

Management 41.3 (2021): 724-738. 34



Question 2 Results

Run Estimation: PWS Pink and Chum

Caught

- --- .H Stream

2013 2014 2015 2013 2014 2015
Year




Question 2 Results

Key Metrics from Run Estimation

Harvest rate on natural-origin Pink and Chum Salmon:

Species 2013 2014 2015
52.6% 26.3% 40.2%

21.6% 21.3% 21.1%

Hatchery donor stray rate of Pink and Chum Salmon:
Species 2013 2014 2015




Question 3 Results

3. What is the impact on fitness (productivity) of wild pink and chum salmon stocks due
to straying of hatchery pink and chum salmon?

PWS: Pink
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Run Year

Shedd, K.R., Lescak, E.A., Habicht, C., Knudsen, E.E., Dann, T.H., Hoyt, H.A., Prince, D.J. and Templin, W.D., 2022. Reduced relative fitness in hatchery-origin

Constructing parent/offspring relationships from samples
from spawner carcasses in 5 study streams over 3 generations

for both Even and Odd year lines.

PWS pink salmon:
Hatchery fish have lower fitness (productivity) in
natural streams
High variation; 50% RRS average
Not all streams/brood years analyzed

SEAK Chum salmon:
Last year of field sampling 2023
No analysis yet

37
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Communication of Results

Public, regulatory, and professional contexts

Peer-reviewed Journal Publications

Open Access

Evolutionary approaches to environmental, biomedical and socic-economic issues
ORIGINAL ARTICLE 3 Open Access ) (®

Reduced relative fitness in hatchery-origin Pink Salmon in two
streams in Prince William Sound, Alaska

. Shedd i, Emily A. L , Christopher Habicht, E. Eric Knudsen, Tyler H. Dann, Heather A. Hoyt,
]. Prince, Williar lin

North American Journal of

Article & Open Access @ ® @ @

Proportions of Hatchery Fish in Escapements of Summer-Run
Chum Salmon in Southeast Alaska, 2013-2015

phson B, Alex Wertheimer, David Gaudet, E. Eric Knudsen, Benjamin Adams, David R.
even C. Heinl, Andrew W. Piston, William D. Templin

Marine and Coastal Fisheries

Featured Paper = ) Open Access € (B

Hatchery-Origin Stray Rates and Total Run Characteristics for
Pink Salmon and Chum Salmon Returning to Prince William
Sound, Alaska, in 2013-2015

E. Eric Knudsen %, Peter S. Rand, Kristen B. Gorman, David R. Bernard, William D. Templin

State of Alaska Website

7 Alaska Department of

¥’ Fish and Game

00 R SEL T Hunting  Subsistence  Viewing Education Species Habitat Regulations

Licenses & Permits ~ Commercial ~ Sport stence e Ag Hatcheries  Research

Hatcheries

Overview | Current Research Project | Findings | Meetings

e of

https://www.adfg.alaska.gov/index.cfm?adfg=fishingHa
tcheriesResearch.main

Public, Regulatory, Professional Meetings:

e 5 public information
* 5 Board of Fisheries

10 professional scientific

38



Application of Science to Policy

The AHRP is providing valuable biological information for understanding

the interaction between hatchery and wild pink and chum salmon.
* Scientifically answerable questions
e Appropriate study design

However, more than biology must be considered when making decisions
about salmon resources:

1) Biological, 2) Social, 3) Economic, and 4) Cultural

The interface of science and policy is where scientific knowledge is
incorporated into belief/value systems to provide a bridge for decision
making.

39



Application of Science to Policy

Some questions that are not addressed by AHRP

What are the competition and predation effects of hatchery fish?

— Within and across species
— Within marine and freshwater habitats

Do hatchery fish reduce genetic resilience of wild populations?

If changes in productivity are observed, what mechanisms could be
driving these differences?

How do these hatchery fish in wild systems affect assessment of
escapement?

How will findings affect policy?

40



Application of Science to Policy

Applications may not be straightforward
Example: Many mechanisms may drive measured RRS

Many generations One generation
(e.g. genetic) (e.g. non-genetic)

Relaxation of natural selection Spawning ground familiarity

Domestication selection
Epigenetics

Genetic drift

Run timing-associated variables
* Fishery prosecution

* Spawning ground competition
e Straying fish delays

Broodstock incompatibility

Mate selection

41



Application of Science to Policy

Proposed Model for Science — Policy Dialogue

Questions for Prudential Judgment

Science

1. Does an event occur? ‘ Observe
2. How often and to what extent?
Measure/
Experiment
3. Does the event have an effect? P
Compare to
4. |s the effect harmful? ‘ P
standard
Collate/

Policy or Human 5. Would addressing the harm cost more than it
Valuation would benefit? ‘

Evaluate

42
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