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Context

e Hatcheries in PNW first appear late 1800’s

e Major production increases in 1960’s, levels
off in the ‘80’s, declines more recently
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Purposes

e Mitigation for
habitat loss

e Fishery
enhancement

e Supplementation

Benefits of hatcheries

e Fishery benefits

— Numerous fisheries target hatchery stocks and depend
on hatchery production

e Conservation benefits
— Supplementation
— Safety nets
— Gene banks

e Ecosystem benefits

— Killer whale food
— Source of marine nutrients for terrestrial ecosystems




Risks (to wild populations) from

hatcheries
e Biological risks to wild salmon
— Genetic
e Domestication, loss of diversity
— Ecological
e Competition, Predation, Disease

e Societal interactions

— Take money and effort away from habitat
problems

— Overharvest of wild stocks
— May not be sustainable in the long-term

Trends in hatchery science:
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Topic=(hatchery AND (wild OR natural) AND (salmon OR trout) AND ( fitness OR
reproductive success OR survival))




2 emerging trends, and 2 nagging
guestions

e Trends
— Poor reproductive success of hatchery fish

— Large scale negative correlations between the
presence of hatchery fish and wild population
performance

* Nagging questions
— What causes the trends?
— Are there large scale, cumulative effects?

Measuring reproductive success wild




Basic reproductive success data

Fish # Weight Date Age Origin Sex # offspring
34200-0719 7.4 6/30/08 1.3 W F 20
34200-3110 5.34 7/23/08 1.2 W F 17
34200-0059 10.22 6/16/08 1.3 W F 14
34200-1201 10.78 7/5/08 1.3 W F 12
34200-0093 6.4 6/19/08 1.2 H F 10
34200-0749 5.6 6/30/08 1.2 H F 10
34200-0236 4.64 6/22/08 1.2 W F 8
34200-0268 7.8 6/22/08 1.3 H F 8
34200-0710 5.9 6/30/08 1.2 H F 8
34200-1055 6.86 7/5/08 1.3 H F 8

Example results — Wenatchee Chinook
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How general is low hatchery fitness?
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Summary: Emerging trend 1

e Hatchery fish RRS generally is lower than wild
fish RRS

— True for both “supplementation” and
“production” programs

— Hatchery steelhead may have particularly low RRS
— Lots of variation

— Limited information on sub-yearling release
strategies — fall Chinook, chum, pink




Key question — why do hatchery fish
have low reproductive success?

e Most RRS studies
are “black boxes”

e Most RRS studies
confound genetic
and environmental
effects

Some answers are emerging
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Evidence for genetic (domestication) effects
based on ‘common garden’ experiments

Number of published studies

Trait Local Trait Non-local Trait
brood difference brood difference

Anti-predator 5 5 4 4
response
Aggression 4 2 1 0
Growth 2 2 2 2
Other

3 3 -- --

farmed Atlantic salmon

See review by Fraser (2008) Evolutionary Applications

Caveats: i) maternal effects; ii) small differences; iii) negative results?, iv) does not include




Summary of causes

e Evidence of both environmental and heritable
effects

e Genetic architecture of differences unknown

 No general trend at this point in the relative
importance of genetic versus environmental
effects

Trend 2: measuring effects on wild
productivity
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Review of 7 published studies (RIST 2009)

e All reported slopes were negative

e Effects detected for both releases and
proportion hatchery spawners (pHOS)

* Intra-specific and inter-specific effects
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Extended Ricker Models
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» Each model assumes either (1) only wild spawners produce
recruits, or (2) all spawners contribute equally to recruits

» Fit set of 82 candidate models by maximum likelihood
» Rank models based on AIC_

Was there a benefit?
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Similar analysis now completed for
Snake River sp/su Chinook
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Time series of wild spawner density
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Time series of wild spawner density

Supplementation period
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Effects on productivity
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Summary: emerging trend 2

* Negative correlations between hatchery
influence and wild productivity are widespread

— But... causation not always clear

e Habitat or ocean conditions do not appear to
explain pattern

 Some evidence of ‘reversibility’ — reducing
hatchery releases can increase natural
productivity (Oregon Coast)

Opportunltles to ”test” trend 2
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A final nagging question — cumulative
effects in mainstem, estuary, ocean?

Photo credit: Walter Siegmund, wikicommons

Argument against density dependence in
the ocean
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Evidence for density dependence: Effects of pink
salmon on Puget Sound Chinook survival
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Vary Columbia River hatchery releases to
test for effects on growth and survival?
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Vary Columbia River hatchery releases to
test for effects on growth and survival?
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Implications for recovery strategies

e Current science indicates that limiting natural
spawning of hatchery fish is generally
beneficial to wild populations

— But... some safety nets are important

e There is evidence that reducing hatchery
production leads to increased wild production

e Quantifying the cumulative effects of hatchery
releases is very important — could be a factor
limiting recovery of some ESUs




Further reading

RIST hatchery report:
http://www.nwfsc.noaa.gov/trt/puget docs/hatchery report april92009.pdf

State of the Salmon Ecological Interactions Conference:
http://www.stateofthesalmon.org/conference2010/presentations.html




