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INTRODUCTION

Flatfish Fisheries

e flounder, halibut, turbot, sole, fluke, etc.

* desirable and highly priced product
e commercial and recreational

e catch of natural populations declining

e stock enhancement may help stabilize
and/or restore catch
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INTRODUCTION

Flatfish stocking efforts in JP & US
JAPAN US

(1977-2011) (1999-2011)
Japanese flounder Y2 billion X»Vi?t?r flotunde_r | 27494
(Paralichthys oIivaceus) seduopleuronectes americanus
marbled flounder 40 million southern flounder 19057
(Pseduopleuronectes yokohomae) (Paralichthys lethostigma)
barfin flounder 0.3 million  summer flounder 1546
(Verasper moseri) (Paralichthys dentatus)

+ at least 5 other species of flatfish  TOTAL = 48097




INTRODUCTION

Essential behaviors for released fish

release
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INTRODUCTION

Acclimation cage conditioning
may allow hatchery fish to experience:

e Substrate/sediments
e wild (live) food sources

e predator-free existence




OBJECTIVES

CAN ACCLIMATION CAGE CONDITIONING
IMPROVE THE STOCKING OF JUVENILE
JAPANESE FLOUNDER?

. LONG-TERM BENEFITS: field assessment
* movements
e recapture rates
e growth
1.

IMMEDIATE BENEFITS: experimental trials
e burying
feeding

predator avoidance
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METHODS

Marking methods
branding ALC dye

CONDITIONED -

NONCONDITIONED




METHODS




iIHAMA BAY cages/

M cease B

-

’ _-.-‘?.l'}"f'

Ne=42,700%
‘RELEASE _ _
JUL 042008




iIHAMA BAY cages/

M cease B

-

’ _-.-‘?.l'}"f'

Ne=42,700%
‘RELEASE _ _
JUL 042008




iIHAMA BAY

cages/ Q=1
M cease B

.....

J UL 07 2008



iIHAMA BAY

cages/ Q=1
M cease B

.....

J UL 08 2008



AMA BAY

] release 1




iIHAMA BAY

cages/ T
M cease ¥

J UL 08 2008



iIHAMA BAY

cages/ T
M cease ¥

J UL 09 2008



iIHAMA BAY

cages/ T
M cease ¥

J UL 10 2008



iIHAMA BAY

cages/ T
M cease ¥

J UL 11 2008



iIHAMA BAY

cages/ T
M cease ¥

J UL 13 2008



iIHAMA BAY

cages/ T
M cease ¥

J UL 14 2008



iIHAMA BAY

cages/ T
M cease ¥

J UL 16 2008



iIHAMA BAY

cages/ T
M cease ¥

J UL 17 2008



iIHAMA BAY

cages/ T
M cease ¥

J UL 18 2008



iIHAMA BAY

cages/ T
M cease ¥

J UL 20 2008



iIHAMA BAY

cages/ T
M cease ¥

J UL 22 2008



iIHAMA BAY

cages/ @WFE=W§
M ccase |

-

J UL 23 2008



iIHAMA BAY

cages/ @WFE=W§
M ccase |

-

J UL 26 2008



iIHAMA BAY

cages/ @WFE=W§
M ccase |

-

J UL 27 2008



iIHAMA BAY

cages/ @WFE=W§
M ccase |

-

J UL 30 2008



iIHAMA BAY

cages/ @WFE=W§
M ccase |

-

AUG 04 2008



iIHAMA BAY

cages/ @WFE=W§
M ccase |

-

AUG 05 2008



iIHAMA BAY o Cages/

release B —

-

@ sct nets

AUG 06 2008



iIHAMA BAY o Cages/

release B —

-

@ sct nets

AUG 19 2008



iIHAMA BAY o Cages/

release B —

-

@ sct nets

e 6
L
B 4
S

'-|_4 -__ 1 i . i -

- e

B ] !

AUG 20 2008




iIHAMA BAY o Cages/

release B —

-

@ sct nets

e 6
L
B 4
S

'-|_4 -__ 1 i . i -

- e

B ] !

AUG 22 2008




iIHAMA BAY o Cages/

release B —

-

@ sct nets

e 6
L
B 4
S

'-|_4 -__ 1 i . i -

- e

B ] !

AUG 27 2008




iIHAMA BAY o Cages/

release B —

-

@ sct nets

e 6
L
B 4
S

'-|_4 -__ 1 i . i -

- e

B ] !

SEP 01 2008




iIHAMA BAY o Cages/

release B —

-

@ sct nets

e 6
L
B 4
S

'-|_4 -__ 1 i . i -

- e

B ] !

SEP 11 2008




iIHAMA BAY o Cages/

release B —

-

@ sct nets

e 6
L
B 4
S

'-|_4 -__ 1 i . i -

- e

B ] !

SEP 12 2008




iIHAMA BAY o Cages/

release B —

-

@ sct nets

e 6
L
B 4
S

'-|_4 -__ 1 i . i -

- e

B ] !

SEP 15 2008




iIHAMA BAY o Cages/

release B —

-

@ sct nets

e 6
L
B 4
S

'-|_4 -__ 1 i . i -

- e

B ] !

SEP 16 2008




iIHAMA BAY o Cages/

release B —

-

@ sct nets

e 6
L
B 4
S

'-|_4 -__ 1 i . i -

- e

B ] !

SEP 18 2008




iIHAMA BAY o Cages/

release B —

-

@ sct nets

e 6
L
B 4
S

'-|_4 -__ 1 i . i -

- e

B ] !

SEP 21 2008




iIHAMA BAY o Cages/

release B —

-

@ sct nets

e 6
L
B 4
S

'-|_4 -__ 1 i . i -

- e

B ] !

OCT 02 2008




iIHAMA BAY o Cages/

release B —

-

@ sct nets

e 6
@
B 4
a

'-|_4 -__ 1 i . i -

- e

B ] !

OCT 13 2008




Ne=77,300
RELEASE

"JUN 30 2009

cages/ W=
] release B

beam trawl
a» collection
areas

@ sct nets




cages/ ==
M clease B

beam trawl
a» collection
areas

@ sct nets i

oL

+JUL 01 2009




h-“l.

+JUL 03 2009

cages/ W=
] release ¥

beam trawl
a» collection
areas

@ sct nets




h-“l.

+JUL 06 2009

cages/ W=
] release ¥

beam trawl
a» collection
areas

@ sct nets




aid

UL 06 2009

] release ===

beam trawl
a» collection
areas

@ sct nets i




aid

UL 06 2009

] release ===

beam trawl
a» collection
areas

@ sct nets i




’ JUL 07 2009

cages/ W=
] release ¥

beam trawl
a» collection
areas

@ sct nets




h-“l.

“JUL 12 2009

cages/ W=
] release ¥

beam trawl
a» collection
areas

@ sct nets




h-“l.

+JUL 13 2009

cages/ W=
] release ¥

beam trawl
a» collection
areas

@ sct nets




’ JUL 14 2009

cages/ W=
] release ¥

beam trawl
a» collection
areas

@ sct nets




’ JUL 15 2009

] release ===

beam trawl
a» collection
areas

@ sct nets i




aid

UL 16 2009

] release ===

beam trawl
a» collection
areas

@ sct nets i




aid

UL 17 2009

] release ===

beam trawl
a» collection
areas

@ sct nets i




aid

UL 19 2009

] release ===

beam trawl
a» collection
areas

@ sct nets i




i

UL 31 2009

] release ===

beam trawl
a» collection
areas

@ sct nets i




e

"AUG 03 2009

] release ===

beam trawl
a» collection
areas

@ sct nets i




e

"AUG 17 2009

] release ===

beam trawl
a» collection
areas

@ sct nets i




e

"AUG 19 2009

] release ===

beam trawl
a» collection
areas

@ sct nets i




e

"AUG 20 2009

] release ===

beam trawl
a» collection
areas

@ sct nets i




cages/ ¥
] release %

beam trawl
a» collection
areas

@ sct nets i




cages/ ¥
] release %

beam trawl
a» collection
areas

@ sct nets i







OBAMA BAY




T T

2 il

P

B clease

a» collection

@ traps

cages/

beam trawl

areas

shrimp trawler
collection

areas

sea cucumber .-

collection areas




2010

p—_

- = -
'._-,-'_.-.----_,_,-". -
i o ad
iV
,-'_,_.'_-_.ﬁ. -+
E e e
- s _l'-'-r g
2 X .a" .-'llIII
g

o

T T

P

._._::l

&
&

L
o

cages/
M clease

beam trawl

a» collection
areas

@ traps

collection
areas

shrimp trawlerﬁl

sea cucumber -
collection areas




2010

W

-y

! & Y i b
e w s e o e
- 5 k

P

N
A

o e
...|_||

cages/
M clease

a» collection
areas

@ traps

collection
areas

beam trawl

shrimp trawleriﬁ

sea cucumber -
collection areas




2010

W

-y

! & Y i b
e w s e o e
- 5 k

P

N
A

o e
...|_||

cages/
M clease

a» collection
areas

@ traps

collection
areas

beam trawl

shrimp trawleriﬁ

sea cucumber -
collection areas




2010

W

-y

! & Y i b
e w s e o e
- 5 k

P

N
A

o e
...|_||

cages/
M clease

a» collection
areas

@ traps

collection
areas

beam trawl

shrimp trawleriﬁ

sea cucumber -
collection areas




2010

W

-y

! & Y i b
e w s e o e
- 5 k

P

N
A

o e
...|_||

cages/
M clease

a» collection
areas

@ traps

collection
areas

beam trawl

shrimp trawleriﬁ

sea cucumber -
collection areas




P

cages/
M clease

beam trawl
a» collection

areas

@ traps

shrimp trawlerﬁl
collection -

areas

sea cucumber -
collection areas




5 Y i "
Lo s s e e o —— = m =
- " L j
'

LN

cages/
M clease

a» collection
areas

@ traps

collection
areas

beam trawl

shrimp trawlerﬁl

sea cucumber -
collection areas




3 ul
'
T
o
i F
_ e
o

P

cages/
M clease

beam trawl
a» collection

areas

@ traps

shrimp trawlerﬁl
collection -

areas

sea cucumber -
collection areas




P

cages/
M clease

beam trawl
a» collection

areas

@ traps

shrimp trawlerﬁl
collection -

areas

sea cucumber -
collection areas




P

cages/
M clease

beam trawl
a» collection

areas

@ traps

shrimp trawlerﬁl
collection -

areas

sea cucumber -
collection areas




o
i F
_— o
o
=

N ]
= ommm s m e e — - ——

T

cages/
M clease

beam trawl
a» collection

areas

@ traps

shrimp trawlerﬁl
collection -

areas

sea cucumber -
collection areas




2010

S |

-.-""-":r-.-"" At A

A ¥

e

T !

e J- cages/

e ' M release

,.- - ; Pgns? :

e A beam trawl

s I a» collection

- ; : areas

ol e :

L :

et . ® traps

- Pt shrimp trawlerﬁl

Cie L collection .-

e - areas -
= 5 sea cucumber

AL 20 collection areas




2010

S |

-.-""-":r-.-"" At A

A ¥

e

T !

e J- cages/

e ' M release

,.- - ; Pgns? :

e A beam trawl

s I a» collection

- ; : areas

ol e :

L :

et . ® traps

- Pt shrimp trawlerﬁl

Cie L collection .-

e - areas -
= 5 sea cucumber

AL 20 collection areas




2010

12

S |

-.-""-":r-.-"" At A

.r'_.-.‘_ ..':'_ o _I'

ol -y |

T !

e J- cages/

e ' M release

,.- re i | <3 :

e A beam trawl

s I a» collection

- ; : areas

ol e :

L .:

. - @ traps

- Pt shrimp trawlerﬁl

Cie L collection .-

e - areas -
= 5 sea cucumber

AL 20 collection areas




2010

12

S |

-.-""-":r-.-"" At A

.r'_.-.‘_ ..':'_ o _I'

ol -y |

T !

e J- cages/

e ' M release

,.- re i | <3 :

e A beam trawl

s I a» collection

- ; : areas

ol e :

L .:

. - @ traps

- Pt shrimp trawlerﬁl

Cie L collection .-

e - areas -
= 5 sea cucumber

AL 20 collection areas




2010

16

%
%
LN

-y

B m om omm mmm mp me mmm m—  m  —— = =

cages/
M clease

beam trawl
a» collection

areas

@ traps

shrimp trawlerﬁl
collection -

areas

collection areas

sea cucumber -




2010

19

- - #
o
L
.-:"-__ >
. -
-
o
= . #
o o
-~ :
i
T s
i
- F
-

i' o ]
-
E "
o
i
--. ]
- o
" e
i
=
a
o o
R
il
_
--. '
. -
F
F
.
-
N w B

-y

= ommm s m e e — - ——

cages/
M clease

beam trawl
a» collection

areas

@ traps

collection
areas

shrimp trawlerﬁl

sea cucumber -
collection areas




2010

19

- - #
o
L
.-:"-__ >
. -
-
o
= . #
o o
-~ :
i
T s
i
- F
-

i' o ]
-
E "
o
i
--. ]
- o
" e
i
=
a
o o
R
il
_
--. '
. -
F
F
.
-
N w B

-y

= ommm s m e e — - ——

cages/
M clease

beam trawl
a» collection

areas

@ traps

collection
areas

shrimp trawlerﬁl

sea cucumber -
collection areas




2010

21

- - #
o
L
.-:"-__ >
. -
-
o
= . #
o o
-~ :
i
T s
i
- F
-

i' o ]
-
E "
o
i
--. ]
- o
" e
i
=
a
o o
R
il
_
--. '
. -
F
F
.
-
N w B

-y

= ommm s m e e — - ——

cages/
M clease

beam trawl
a» collection

areas

@ traps

collection
areas

shrimp trawlerﬁl

sea cucumber -
collection areas




! =
- ke = e e . ——

beam trawl

cages/
M clease

a» collection

areas
@ traps

shrimp trawlerﬁl

collection -

areas D

sea cucumber -
collection areas




! =
- ke = e e . ——

beam trawl

cages/
M clease

a» collection

areas
@ traps

shrimp trawlerﬁl

collection -

areas D

sea cucumber -
collection areas




! =
- ke = e e . ——

beam trawl

cages/
M clease

a» collection

areas
@ traps

shrimp trawlerﬁl

collection -

areas D

sea cucumber -
collection areas




! =
- ke = e e . ——

beam trawl

cages/
M clease

a» collection

areas
@ traps

shrimp trawlerﬁl

collection -

areas D

sea cucumber -
collection areas




ll

e
o ___.-"
=
.- —
T s
i L
3 e
- o
o
s
- ' -
- = - -
-
._-'
-
- »
-
ull
'
[
= !
-
< »
-
'
<
[ 8
'l

R . e e - ——

cages/
M clease

beam trawl
a» collection

areas

@ traps

shrimp trawlerﬁl
collection -

areas

sea cucumber -
collection areas




ll

e
o ___.-"
=
.- —
T s
i L
3 e
- o
o
s
- ' -
- = - -
-
._-'
-
- »
-
ull
'
[
= !
-
< »
-
'
<
[ 8
'l

R . e e - ——

cages/
M clease

beam trawl
a» collection

areas

@ traps

shrimp trawlerﬁl
collection -

areas

sea cucumber -
collection areas




ll

e
o ___.-"
=
.- —
T s
i L
3 e
- o
o
s
- ' -
- = - -
-
._-'
-
- »
-
ull
'
[
= !
-
< »
-
'
<
[ 8
'l

R . e e - ——

cages/
M clease

beam trawl
a» collection

areas

@ traps

shrimp trawlerﬁl
collection -

areas

sea cucumber -
collection areas




ll

e
o ___.-"
=
.- —
T s
i L
3 e
- o
o
s
- ' -
- = - -
-
._-'
-
- »
-
ull
'
[
= !
-
< »
-
'
<
[ 8
'l

R . e e - ——

cages/
M clease

beam trawl
a» collection

areas

@ traps

shrimp trawlerﬁl
collection -

areas

sea cucumber -
collection areas




2010

13
.---"'. - .-'i
= : g cages/
L [ M release
- I ‘
i g r I .
= Tt beam trawl
o | a» collection
: areas
= ] ® traps
- i shrimp_trawlerﬁl
: | collection .-
] areas -
| | sea cucumber -
)( 201 collection areas




2010

13
o |
= : g cages/
L [ M release
- I ‘
i g r I .
= Tt beam trawl
o | a» collection
: areas
= ] ® traps
- i shrimp_trawlerﬁl
: | collection .-
] areas -
| | sea cucumber -
201 collection areas




2010

13
o |
= : g cages/
L [ M release
- I ‘
i g r I .
= Tt beam trawl
o | a» collection
: areas
= ] ® traps
- i shrimp_trawlerﬁl
: | collection .-
] areas -
| | sea cucumber -
)O1 collection areas




2010

13
o |
= : g cages/
L [ M release
- I ‘
i g r I .
= Tt beam trawl
o | a» collection
: areas
= ] ® traps
- i shrimp_trawlerﬁl
: | collection .-
] areas -
| | sea cucumber -
)O1 collection areas




2010

13
o |
= : g cages/
L [ M release
- I ‘
i g r I .
= Tt beam trawl
o | a» collection
: areas
= ] ® traps
- i shrimp_trawlerﬁl
: | collection .-
] areas -
| | sea cucumber -
)O1 collection areas




2010

13
.---"'. > -"i
.".. = y !
- A cages/
S | B release
= b ‘
e ) '
= Tt beam trawl
(o | a» collection
| areas
= ] ® traps
- : shrimp_trawlerﬁl
: | collection -
: areas -
| | sea cucumber .-
20 collection areas




2010

13
.---"'. > -"i
.".. = y !
- A cages/
S | B release
= b ‘
e ) '
= Tt beam trawl
(o | a» collection
| areas
= ] ® traps
- : shrimp_trawlerﬁl
: | collection -
: areas -
| | sea cucumber .-
20 collection areas




2010

=
- o - e e . ——

cages/
M clease

beam trawl
a» collection

areas

@ traps

shrimp trawleriﬁ

collection
areas

sea cucumber -
collection areas




L1

cages/
M clease

beam trawl
a» collection

areas

@ traps

shrimp trawlerﬁl
collection -

areas —
sea cucumber
collection areas




e

-y

cages/
M clease

beam trawl
a» collection

areas

@ traps

shrimp trawlerﬁl
collection -

areas —
sea cucumber
collection areas




L1

cages/
M clease

beam trawl
a» collection

areas

@ traps

shrimp trawlerﬁl
collection -

areas —
sea cucumber
collection areas




L1

cages/
M clease

beam trawl
a» collection

areas

@ traps

shrimp trawlerﬁl

collection
areas

sea cucumber -
collection areas




L1

cages/
M clease

beam trawl
a» collection

areas

@ traps

shrimp trawlerﬁl

collection
areas

sea cucumber -
collection areas




L1

cages/
M clease

beam trawl
a» collection

areas

@ traps

shrimp trawlerﬁl

collection
areas

sea cucumber -
collection areas




|. LONG TERM BENEFIT

Recapture rates

TOTAL RECAPTURE FISHERMEN RECAPTURE

(includes researcher beam trawling) (setnet, trap, shrimp, sea cucumber, recreation)
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2008 2009 2010 2008 2009

TAKAHAMA  TAKAHAMA OBAMA
44,700 77,300 12,700

m conditioned
A nonconditioned




|. LONG TERM BENEFIT

Growth (2010)

correlation coefficlants:
REDN= D-EE {N=EE}
Ruyon = 0.87 (N=32)

[ conditioned R*=0.78

A nonconditioned R2=0.76

correlation coefficients:
Roo = 0.88 (N = 49)
Ry = 0.92 (N = 27)

O conditioned R?=0.78

A nonconditioned R*=0.85
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50 100 50 100
days after release days after release

« N0 pronounced differences evident
e examine daily otolith increments




II. IMMEDIATE BENEFIT

Burying abilities (2009)
60 cm

sand bottom

» 20 flounder/trial
* 4 replicates/treatment
5 minutes undisturbed

* before & after cage conditioning
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II. IMMEDIATE BENEFIT

Burying abilities (2009)

mean % fish buried

AFTER AFTER
CONDITIONED NONCONDITIONED

BEFORE

m before conditioning
m conditioned
m honconditioned




II. IMMEDIATE BENEFIT

Feeding abilities (2008, 2009, 2010)

. fi
.f‘“ __j':-,
e 1 flounder/bucket

« 10 replicates/treatment

Archeomysis sp
* 5 natural live prey/bucket
— mysids (2008, 2009)
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II. IMMEDIATE BENEFIT

Feeding abilities (2008 & 2009)
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o wild




II. IMMEDIATE BENEFIT

Predator avoidance (2010)

e 3 treatments

LOW
e 30 CONDITIONED +
DENSITY
30 NONCONDITIONED
fish/tank
el . G000 | tank
2 adult 3 Asian paddle
MEDIUM Japanese flounder crabs
DENSITY ok
[ conditioned
B JJ nonconditioned
3 adult 11 Asian paddle
allCly Japanese flounder crabs
DENSITY [ oFf [l el >




Conclusions
« CONDITIONED > NONCONDITIONED

— IMMEDIATE BENEFITS: bury, feed, pred. avoid

— LONG-TERM BENEFITS: movements, recapture rates
e best recapture when fewest fish released
e |ocation location location

e researcher recapture targets “weak” fish?
e large-scale Japanese efforts as case studies
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