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Stock enhancement in black-spot tuskfish Choerodon schoenleinii

Taku SATO™', Yuuki KAWABATA ™, Koich OKUZAWA™®, Kimio ASAMI™*,
Masato KOBAYASHI ™, Hideaki YAMADA ™', Kouki FUKUOKA "' Kenzo YOSEDA™*
Takayuki TAKEBE ", Narisato HIRAI™, Yuichi AKITA"®, Atushi NANAMI""
Ttaru OHTA™®, Nobuaki SUZUKI", Masayuki CHIMURA ", Yoshimasa AONUMA *",
Masaya KATOH™", Takuro SHIBUNO ™", and Kazuhisa TERUYA ™’

Abstract : Stock enhancement, in which mass hatchery-reared juveniles are released in the
wild to help enhancing depleted stocks, is one of the fishery management tools of declining
resources. Black-spot tuskfish Choerodon schoenleinii is a commercially high value resource
in Okinawa, however, its commercial landings has decreased recently. Thus, we aimed to
propose the optimal release strategy to enhance black-spot tuskfish stock through the ex-
perimental release trials, field investigations and laboratory experiments. Our study showed
1) bigger juvenile size for release, 2) pre-release conditioning to natural environment and
their shelters, and 3) pre-release predator learning treatment will reduce post-release preda-
tion mortality by piscivorous fishes. However, these countermeasures against post-release
predation need to take large labor and costly if mass release is conducted. Therefore, we
further investigated whether release of small juveniles can be alternate way not only for at-
taining success of enhancement of the stock but also for economic feasibility. Our study
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showed the release of small juveniles to seaweed beds, acting as shelters and foraging habi-

tat, can be the optimal way to enhance the stock if we can estimate the optimal fish density

at release. A comprehensive understanding of the ecological interactions between released

juveniles and target ecosystem is important in developing effective release strategy.

Key words : Choerodon schoenleinii, optimal release strategy, pre-release conditioning, pre-

release learning predator, post-release predation, stock enhancement
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Fig. 1. Stomach contents of released black-spot
tuskfish (Choerodon schoenleinii) juvenile. a)
ostracod, b) a cheliped of crustacean.
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Fig. 2. Piscivorous fishes photographed at release
point. a) Caranx papuensis, b) Lutjanus fulviflamma,
c) Epinephelus ongus.
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Fig. 3. Temporal variation in appearance frequency of piscivorous fishes
photographed at release point. Frequency of appearance was estimated as:
frequency of appearance = number of photo photographing piscivorous fish /
number of photo taken within an hour X 100. Gray area represents

nighttime.
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Fig. 4. A total of 9 released black-spot tuskfish
(Choerodon schoenleinii) juveniles were emerged
from stomach of a stonefish Synanceia verrucosa.

AR R ICENLTW B 2 (R - NI
1981) R EVFIT LN G,

ZIZT, FTF07IRFIIBWCH BRI MK
YA RXERELT LI L L > TRIBH O LTRERS
RN ESE 2 ERTEL00E ) MI2onT
WD k& Lo b4 it A Ao AT 1072 (4
1565 - 120 mm) B 3R (F3I gy L 4a2k208 -
277 mm) % [l — KA PN [ 5 8 B KA FEBR & AT\,
I_JF'T HIG2 S 140 BN OLFE %2 Rk 5 2 LI &

, HEROMRY A XS FIRFELS T 2 B BIZ DO W T
pJﬁJ/\f_o ORGSR, RELMMIEIE L D AEKRL, ALK
IR TR AR &L UCRIMH L2k A Ao+ Iy
W LT, CREOR AT DR 4 X134 K98



70 Taku SATO, Yuuki KAWABATA, Koich OKUZAWA, Kimio ASAMI, Masato KOBAY ASHI, Hideaki YAMADA, Kouki FUKUOKA, Kenzo YOSEDA, Takayuki TAKEBE, Navisato HIRAL
Yuichi AKITA, Atushi NANAML Ttaru OHTA, Nobuali SUZUKL, Masayuli CHIMURA, Yoshimasa AONUMA, Masaya KATOH, Takuro SHIBUNO, and Kazuhisa TERUYA

14 X XX XX X

Survival (1) or preyed (0)

0

60 70 80 90 100 110 120
Total length (mm)

Fig. 5. Relationship between body size and survival
of black-spot tuskfish (Choerodon schoenleinii) in the
laboratory experiment. Survival and death of the fish
are plotted as 1 and 0, respectively, by X. The
logistic curve for the survival probability in relation
to tuskfish size is shown. The size at 50% survival
was estimated to be 98 mm in total length (TL).
Redrawn after Kawabata et al. (2011a) with
permission.
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respectively.
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Fig. 7. Typical pbst-release detection pattern of a
released black-spot tuskfish (Choerodon schoenleinii)
of 118 mm in total length. White and black bars at
the bottom of figure indicate daytime and nighttime,
respectively.
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Fig. 8. Relationship between body size and retention
of released black-spot tuskfish (Choerodon
schoenleinii) to Urasoko Bay. The retention and no
retention of the fish are plotted as 1 and O,
respectively, by X. The logistic curve for the
retention probability in relation to tuskfish size is
shown. The size at 50% retention was estimated to
be 167.9 mm in total length (TL). Redrawn after
Kawabata (2010) with permission.
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Fig. 9. A schematic drawing of the overhead view of
the three treatments. Treatment 1 (top): black-spot
tuskfish (Choerodon schoenleinii) were acclimated to
shelters prior to exposure to white-streaked
groupers (Epinephelus ongus). Treatment 2 (middle):
black-spot tuskfish were not acclimated to shelters
but shelters were available during exposure to
groupers. Treatment 3 (bottom): black-spot tuskfish
were not acclimated to shelters and no shelters were
available during exposure to groupers. Partitions
were removed at the start of the experiment.
Redrawn after Kawabata et «l. (2011a) with
permission.
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Fig. 10. Time-series survival and shelter utilization
rates of black-spot tuskfish (Choerodon schoenleinii)
under each treatment regime. Details of treatments
are shown in Fig. 9. White and black bars on the
bottom represent daytime and nighttime,
respectively. Redrawn after Kawabata et al. (2011)
with permission.
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Fig. 11. Time-series retention rates of black-spot
tuskfish (Choerodon schoenleinii) in three different
Groups. Group 1: black-spot tuskfish were acclimated
to shelters prior to release. Group 2: black-spot
tuskfish were not acclimated to shelters but
environments prior to release. Group 3: black-spot
tuskfish were not acclimated to shelters and
environments prior to release.
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Fig. 12. Typical post-release detection pattern of a
directly released black-spot tuskfish (Choerodon
schoenleinii) of 125 mm in total length without
acclimation to shelters and environment conditions.
White and black bars at the bottom of figure indicate
daytime and nighttime, respectively.
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Fig. 13. Schematic drawings of the experimental
tanks: (a) the experiencing tank and (b) the
behavioral observation tank. The sample black-spot
tuskfish (Choerodqn schoenleinii) in the behavioral
observation tank was the fish that had been
conditioned in the experiencing tank. The PVC pipe
in the behavioral observation tank was removed
when the observation was started. Redrawn
afterKawabata et al. (2011b) with permission.
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Fig. 14. Time series cumulative rates of survival of
black-spot tuskfish (Choerodon schoenleinii) in the
behavior observation tank. Redrawn after Kawabata
et al. (2011) with permission.
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Fig. 15. Time series cumulative rates of black-spot
tuskfish (Choerodon schoenleinii) that have not
entered the hazardous zone in the behavior
observation tank. Redrawn after Kawabata et al.
(2011) with permission.
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Fig. 16. Relationship between number of recaptured
black-spot tuskfish (Choerodon schoenleinii) juveniles
per 10,000 released juveniles and number of elapsed
days after release.

Fig. 17. A released black-spot tuskfish (Choerodon
schoenleinii) juvenile hiding in seaweed bed just
after release.
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Fig. 18. Post-release change in mean (£ SD) stomach
content index (SCI) of hatchery-reared black-spot
tuskfish (Choerodon schoenleinii) juveniles after
release to seaweed bed and the mean SCI of wild
juveniles.
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Fig. 19. Stomach contents composition (index of relative importance,
IRI) of wild black-spot tuskfish (Choerodon schoenleinii) juveniles and
the IRI of hatchery-reared juveniles at 4 days after release to seaweed

bed.
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Fig. 20. Relationship between number of elapsed
days after release and total length of hatchery-
reared black-spot tuskfish (Choerodon schoenleiniz)
juveniles that had been released to seaweed bed.
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Fig. 21. Post-release changes in mean (* SD) stomach content index (SCI) of
hatchery-reared black-spot tuskfish (Choerodon schoenleinii) juveniles that had been
released under various densities of conspecific juveniles and the mean SCI of wild
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