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HAEICLHOLNA TS, 2D OFAEIREZHERF LT < HE
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2 TABNIZZ NS AR ORHE, FEREZR EICEET AR O —H %
BIEATHEEHIT, BAERMEHAAATZERER, HEHEED R
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HAfroBI%, kT 2 HREEROBIEICEN UL LB X TWET,

MMRAl OFEREDER

£ R E =
BFHEA BRENTEEN-A. TOMBIIHFEALBE
(Wild fish) ADIIEHEL.
)i i SMEEMSTNICHRESNA-A. ATERZICAN
(Hatchery fish) FHRAXFEAMURANIMDHEL.
BEEA BIESTHEIN TS A, MtRIThEYEBTIATOSH0
(Farmed fish) ([FHEAER T RLELD.
XARA BEICABWERRDEEXIZLAEZTTEST, BiE
(Native fish) BEAMLEALTLSEA.
BAREIA FEANMURANNIRANTELEON, HFiTER
(Natural spawning fish) |EEFIL TUL\AA.

SEXR: FHEE. 2009. HAPCKRARA. PHEE-REEGR), pp. 18-19. FH 1B VTR

A BXH RE.
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O Male
& Female
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® Hood River steelhead
O Other studies (salmonids)

AT EEBT1EEEEY
AZIEERKEAILET

0 1

NI
P

wild F1

(* P<0.05)

0

4 6 8 10
PNEN-C)piisiv

(Araki et al. 2007 Science)

(* P<0.05)

1

HPAEXEPAE ROXEPE HEX

BRAEXEFAE BXBFE X
W[WXW]

T a» D

(Araki et al. 2009. Biology Letters)

HMYt=hot=C&: FD2

SMEBMRADFRTHAIFLEAFBAKIBEICHI LTSN ?

F
(wild-born)

Broodstock

(F3R)

e
> §

b
>

r®
>

P
>

/ 87%

(Araki et al. 2009. Biology Letters)

Control

HLALFDERENSWET

TR REY 2
Williamson et al. (2010) CJFAS 67:1840-1851

2 C2-83% D FAA B

Hess et al. (2012) Mol. Ecol. 21:5236-5250

Salmon River, Idaho

Jifii A A T80-123% D HH 185-122%)

Umpqua River, Oregon @

JRiE A A TA8-T4% D HH %} A T1%76-91%)
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species fitness effects stock enhancement reference

possibly negative
Atlantic salmon (ST Il F ly neg

. McGinnity et al. (2003
(Salmo salar) impact on wild stock v ) x

ayu ne small proportional
(Plecoglossus altivelis) contribution

Pastene et al. (1991) *®
parnfofincer not found n.a. Ortega-Villaizan Romo et . (2005) o
(Veraspermoseri) /
black sea bream e Indicative of positive  Jeong et al. (2007), Blanco Gonzalez N
(Acanthopagrus schlegeli) . contribution etal. (2008a)
brown trout lower reproductive

Moran et al. (1991), Hansen (2002), 2
(Salmo trutta) fitness/not found

little contribution e

chum salmon Indicative of low
e .a. Berejikian et al. (2009
(Oncorhynchus keta) reproductive fithess d ¢ )

coho salmon 20086
. (200€
(Oncorhynchus kisutch) not found a Ford et al. (2006)

Japanese flounder
ekino et al.
(Paralichthys olivaceus) not found 2. Sekino et al. (2005)

rainbow trout lower survival Miller et al. (2004)
(Oncorhynchus mykiss)
Reisenbichler & Mcintyre (1977),

possibly negative o
impact on wild stock Chilcote et al. (1986), Leider et al
I#i (1990), McLean et al. (200:

. . Arakiet al. (20072, b,
(picts by K. Morita) (Araki & Schmid 2010, Aquaculture)

steelhead trout lower reproductive
(Oncorhynchus mykiss) success

EHRAORYMNMEZETFA( ETILFA)
- R —

i

AEBERIRE B TS b T2 59 b D

HRFLE,

ﬁﬁ Yw

(wild-type)

(Satake and Araki 2012 Theor: Ecol.)

EHRAORYNEZETFA( ETILTFA) EHRAORYNEZETFA( ETILFA)
- - e

e - Pul, 1 Pul, 1
(- =5, (A-sx, m{(w w0+ z(pw 2);,,0)}::(:) T amiL <L zohm /
2)

s
5]
3

() =s, (L;:)x,,(z){@p,, 1 ] (z)+%+(p., 2 ] (z)Jw)

xe(t+D) = se (- ) 1) J{%(”—ZM & )y“ It} +(”—2“+ 2 ]y‘ (z)](/:(z) «— MusRERS

‘Threshold’ S/K / ’ LR
,[1 RGNS m]
o(f)=e »w: Number of wild-type adults

. 7 wild
i - hybrid
. atchery
vu : Number of hybrid-type adults
Y (€ +2) = 5, (5, (1) + 1= g1y, (1) - Number of captive-bred-type adults ] /./ .
(D) = sy (e () + L=l )
.: Fitness of wild-type . 0.1 1 10 1 10
yelt+D) =sc(uxc @ + =gl ) su: Fitness of hybrid-type R (unit of K) R (unit of K)
-: Fitness of captive-bred-type

8

S

BERVIX(N)

Model assumptions: Random mating — %E)i’\wmwﬂﬁb(ﬂjé I 7T R ERER ( ﬁ{f?j_)bw
Fitness disadvantage in individuals carrying “hatchery gene”

Density dependent mortality at the recruitment —_— T ¢F|‘a‘lﬂ’~]ﬂﬂﬁﬁi'c‘ltﬁilﬁild:trb6ﬁd& i!fiﬂ’i%#’b’l‘ifﬁ

Ricker-type recruitment function (Satake and Araki 2012 Theor: Ecol.) (Satake and Araki 2012 Theor: Ecol.)
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