Stocking of captive-bred fish can cause
long-term population decline and gene pool
replacement: A model prediction
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Cumulatlve Effect of Captlve Breedlng

A) Hood River steelhead B) General trend (y = €937 R = 0.963)
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.............................................

YES, IF:
1) Selection is very strong both in captivity AND in the wild (T >=0.9, «* <=5.0)

2) Heritability of the trait under selection is high (h2 >=0.5)

(h2=0.8)
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Carry-over Effect on Wild Population?

Loss of ~ 8% population fithness due to the carry-over effect

Male = (* P <0.05)
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(Araki, Cooper & Blouin 2009, Biology Letters)
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Two-stage Population Dynamics Model of Stocking
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Two-stage Population Dynamics Model of Stocking

DRAFT

tchery gene”

Satake and Araki (submitted)



_ong-term Consequences of Recurrent Stocking

Demographic effect Genetic effect

no or negative <-I-> positive effe/£t
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Cause I: Natural Selection against “Hatchery Gene”

No selection
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SUMMARY

1)Belowithe thresholdisteckingramounts
= SteckingrhasineenlittieldemographiGeriectantthelongitenm

2) AbeVethe threshold;
= BoSItve demoegraphicicontibution
= Gene pool replacement by “hatchery gene’

3)Arounaieratthertnreshnold;
= Neganve demoegraphic effect
= Gene pool replacement by ‘hatchery gene’



PDISCUSSION

= No ‘compromising point’ for demographic boost
andigene pPoeoIconsenatien LBy fishiStocking

=  Mitigatingithe hatchenyreanngeECHIS aseIUHon
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Mechanistic Understanding of Rapid Fitness Decline

Theoretical framework development

Detecting fithess difference among groups

Modeling the fithess effects to understand the mechanism

Empirical application

Stocking programs of brown trout (Salmo trutta) in Switzerland

Trout catches in Switzerland

Where Have All
the FISH Gone?

The reasons why fish catches

Catches have steadily declined since the 1980s, according to an-
glers’ personal data records.

in Swiss rivers are declining. 1500

Trout catch {in thousands)

Burkhardt-Holm et al. (2005)



Empirical Evidence for long-term stock enhancement?

species

fitness effects

stock enhancement

reference

Atlantic salmon
(Salmo salar)

ayu
(Plecoglossus altivelis)

barfin flounder
(Verasper moseri)

black sea bream
(Acanthopagrus schlegelii)

brown trout
(Salmo trutta)

chum salmon
(Oncorhynchus keta)

coho salmon
(Oncorhynchus kisutch)

Japanese flounder
(Paralichthys olivaceus)

rainbow trout
(Oncorhynchus mykiss)

steelhead trout
(Oncorhynchus mykiss)

lower survival

n.a.
not found

n.a.

lower reproductive
fitness/not found

Indicative of low
reproductive fitness

not found
not found

lower survival

lower reproductive
success

possibly negative
iImpact on wild stock

small proportional
contribution

n.a.

Indicative of positive
contribution

little contribution

n.a.

n.a.

n.a.

n.a.

possibly negative
iImpact on wild stock

McGinnity et al. (2003)

Pastene et al. (1991)

Ortega-Villaizan Romo et al. (2005)

Jeong et al. (2007), Blanco Gonzalez

et al. (2008a)

Moran et al. (1991), Hansen (2002),

Dannewitz et al. (2004)

Berejikian et al. (2009)

Ford et al. (2006)

Sekino et al. (2005)

Miller et al. (2004)

Reisenbichler & Mcintyre (1977),
Chilcote et al. (1986), Leider et al.
(1990), McLean et al. (2003, 2004),

Araki et al. (2007a, b, 2009)

2 3
2 3

?
JAN
2 3

2

(Araki & Schmid, Aquaculture, in press)
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