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Studies on the Stock Enhancement Technology of the Black Rockfish
Sebastes schlegeli

Masahiro NAKAGAWA

Abstract: Many species in Sebastes genus are important as a commercial and recreational
fisheries resource. Juvenile of six rockfish species (Sebastes schlegeli, S. inermis, S. vulpes, S.
pachycephalus, S. oblongus and S. thompsoni) are currently produced for stocking in Japan.
Growth of black rockfish, Sebastes schlegeli, is more rapid than that of other rockfish spe-
cies; also, their range of movement is limited. For these reasons, black rockfish is considered
to be a promising target fish species for stock enhancement. Stock enhancement is a man-
agement tool that might augment depleted wild populations of marine living resources by
supplementing or restocking the stocks. This study aimed to develop systematic technology
for the stock enhancement of this species which includes broodstock management, juvenile
production, nursery growout, marking method and release strategy.

Effects of rearing temperature on growth and maturation of black rockfish were exam-
ined in captivity. Rockfish were reared at three different temperature conditions, natural
temperature (control group), natural temperature + 12 in winter-spring (12C group) and
natural temperature + 15C in winter-spring (15C group), during the period from 7 months
after birth (MAB) in December 1997 to 48 MAB in May 2001 (4 years old). The lowest
natural water temperature ranged from 4 to 6°C in February. Rockfish reared at higher
temperature in winter-spring showed significantly larger total length (TL) as 15C group >
12C group > control group up to 15 MAB. However, significant difference in TL between
treatments was not found after 16 MAB. This was caused by higher growth rate of con-
trol group > 12C group > 15C group during the following warm period of 13 (July 1998)
to 18 MAB (December 1998). This phenomenon is thought to be compensatory growth of
fish whose growth was limited due to low temperature in winter-spring season. Female fish
grew faster at higher temperature treatment up to 2.5 years old, but there was no differ-
ence in growth rate between treatments for male. A slightly higher maturation rate was
found at higher temperature treatment in male and no temperature effect on maturation in
female fish. Four-year-old female at natural temperature and 12°C treatments bore healthy
larvae. However, those at 15C treatment had abnormal parturition. Within the present ex-
perimental conditions, the artificial increase of winter-spring temperature from natural one
to 12C or 15T is concluded to be of no use in order to enhance growth and maturation of
black rockfish broodstock.

The gonadal development in rearing black rockfish were monitored for one full year. Fe-
male fish began vitelogenesis from November and completed it in March. Gestation occurred
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from April, and parturition occurred in June. The reproductive cycle of female fish was di-
vided into the following five periods. Vitellogenesis onset period: November-December, Vitel-
logenic period: January-March, Gestation period: April-May, Parturition period: June, Resting
period: June-October.

Male fish began spermatogenesis from June, and matured in November and December.
The reproductive cycle of male fish was divided into the following five periods. Spermatogo-
nial proliferation period: March-May, Early spermatogenic period: June-July, Late spermato-
genic period: August-October, Functional maturation period: November-December, Recovery
period: January-February.

Five hatchery-reared female black rockfish (7 years-old) were separated from male fish
and reared in an experimental tank before the mating season in order to prevent copulation.
Egg diameter was observed weekly using a cannulation method. Egg diameter increased
from the start of the measurements and then decreased 2-3 weeks after ovulation. Subse-
quently, all individuals released unfertilized eggs. The prevention of copulation was thought
to be a cause of abnormal spawning of eggs during the birth season.

Developmental stages of intra-ovarian embryos in individual female black rockfish reared
in an indoor tank were examined using a cannulation method on almost the same day (April
24 or 25) for three successive years. The estimated delivery occurred near the predicted
date regardless of the year. This indicates that black rockfish have individually specific an-
nual cycle of fertilization and embryonic development. Understanding individual cycle of
parturition is useful for efficient broodstock management and juvenile production in aquacul-
ture.

Because size difference in black rockfish larvae induces increased cannibalism, prepara-
tion of a sufficient number of larvae with the same or similar daily age is necessary for ef-
ficient aquaculture. We developed a method to concentrate the parturition period of female
broodstock by examining the developmental stage of embryos using cannulation and select-
ing females, which are predicted to have similar parturition dates. We set up two groups
examined over a 3-year period: one for selected broodstock by observation of embryos and
the other as unselected control groups. The parturition period of selected group was signifi-
cantly shorter than that of the control group and greater numbers of larvae with the same
parturition date were obtained in the selected group over the 3 years of experiments. The
differences between the predicted dates and the actual dates of parturition were 1-3 days for
the day parturition began and 0-2 days for the day parturition ceased. These results indicate
that selecting broodstock female on the basis of the inspection of the embryonic develop-
mental stage using cannulation will enable us to obtain sufficient number of newly released
larvae for systematic and efficient aquaculture.

Effects of feeding schedule without rotifer on growth and survival of black rockfish larvae
were examined in captivity. Newly born larvae of black rockfish were reared under two
feeding schedule, rotifer-Artemia (control group) and Artemia group from onset of feeding
to 0 day after birth. There were no differences in feeding rate, growth rate, and survival
rate between treatments. Feeding schedule rotifer without providing was proved to be fea-
sible in rearing black rockfish juveniles in a hatchery.

Results of mass production of the black rockfish conducted from 1982 to 2004 were re-
viewed. Growth, development and mortality rate of black rockfish larvae and juvenile were
examined. High mortality rates were observed from 3-7 days after birth (DAB), 18-25 DAB
and 35-40 DAB. During the period from 3 to 7 DAB larvae died due to starvation caused by
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deformity in mouth and vertebrae. Larvae from 18 to 25 DAB were thought to die of gas-
balance disorder. Mortality of larvae from 35 to 40 DAB occurred because of cannibalism.
The highest mortality of larvae was found from 3 to 7 DAB indicating that prevention of de-
formity is essential to develop an efficient aquaculture system of juvenile fish.

The effects of rearing density and feeding frequency to hatchery costs were studied in
order to reduce costs during the intermediate culture of black rockfish in which fish are
reared from 40 to 100 mm in TL. Juveniles were reared at 200, 400, and 800 individuals
per kL, and fed formula feed once or twice per day. The experiment lasted for 42 days and
no significant differences were observed in survival rates (99.9-100 %) and daily growth
rates (3.3-3.5 %). Feed efficiencies, recorded as food intake per individual, in the once-
per-day feeding groups were significantly higher than those in the twice-per-day feeding
groups. Based on these results, once-per-day feeding and rearing under the highest density
(800 ind./kL) were determined to be the most effective methods for economic rearing.

Juvenile black rockfish were marked by fin removal method in four size classes (40, 60, 80,
100 mmTL). The survival rate and duration of the mark were investigated over two years.
The survival rates 2 years after marking was 95 % for 40 mm and 80 mm fish and 97 % for
60 and 100 mm fish. The mark retention rates 2 years after marking was 97 % for 40 mm
fish and 100 % for 60, 80 and 100 mm fish. There was no difference in survival rate, mark re-
tention rate and growth rate between treatments.

Effective conditions for alizarin complexone (ALC) staining of otoliths were examined
in black rockfish to establish the optimum ALC marking methods. Juvenile black rockfish
(45 mmTL) were immersed in three immersion concentrations (15, 30 and 50 mg/L) of
ALC for three treatment durations (6, 12, 24h). The survival rate, ALC mark visibility and
duration of the mark were investigated over two years. The survival rates 10 days after
ALC immersion for 15 mg/Ltreatment were 99.9 % in two water tanks, showing significant-
ly higher values than the 52.4 % and 81.7 % for 30 mg/L, and 13.7 % and 3.9 % for 50 mg/L.
In addition, the 15 mg/L treatment showed the highest value in visibility of ALC marks on
otoliths. The ALC marks were visible for over two years without polishing the otolith. Costs
of ALC marking per fish under the conditions of 15, 30 and 50 mg/L were 1.50 yen, 4.47 yen
and 57.0 yen, respectively. Among the concentrations used in this experiment, 15 mg/L was
concluded to be the optimum concentration of ALC for otolith marking of black rockfish.

This study evaluated the stocking effectiveness of black rockfish released in Yamada
Bay, off the northeastern Pacific coast of Japan, using three indices estimated from survey
data collected on all business days at the Yamada Fish Market over a period of 11 years.
Eight annual cohorts of hatchery-raised, marked juveniles were released into the bay from
1989-1991 and 1993-1997. During the market census, all landed black rockfish were investi-
gated for TL and presence or absence of marks. The census indicated that 51,512 fish out
of 447,400 hatchery-released juveniles were landed commercially and recorded at the mar-
ket. Of the returned fish, 1-year-old fish accounted for 61.2 %, 2-year-old fish for 30.3 %, and
= 3 year-old fish for 8.6 %. Return rates of each year class ranged from 9.3 % to 15.4 %
showing stable and rather high values. However, the economic return rate (landed sales
values/hatchery costs) ranged between 0.68 and 1.25; 5 of the 8 year classes showed rates
of less than 1, where hatchery costs exceeded their associated benefit. To make stocking of
black rockfish feasible, raising the market price of this species through fishery management,
decreasing hatchery production costs, and developing effective release strategies such as op-
timum release size are needed.
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Effects of size at release on return rate and economic return rate at fish market of black
rockfish were examined. Black rockfish were released at four different sizes at release into
Miyako Bay: 100 mmTL (control groups), 80 mmTL group, 60 mmTL group, 50 mmTL
group, from 1999 to 2001, respectively.

Return rate of control groups ranged between 13.8 % and 22.9 % (average 19.0 %) show-
ing stable and rather high values. Of the experimental groups, the return rate was 9.5 % for
8 cmTL group, 9.6 % for 60 mmTL group and 3.4 % for 50 mmTL group. A positive correla-
tion (# = 0.76) was observed between size at release and return rate. Economic return rate
of control groups ranged between 0.93 and 1.18 (average 1.03) showing stable and rather
high values. Of the experimental groups, it was 0.78 for 80 mmTL group, 0.58 for 60 mmTL
group and 0.29 for 50 mmTL group. A positive correlation (# = 0.93) was observed be-
tween size at release and economic return rate. Return rate and economic return rate in-
creased with size at release. Released (range 70-202 mmTL, N = 211) and wild juveniles
(range 47-198 mmTL, N = 522) were collected using cage setnet in the most inner area of
Miyako Bay. This indicates that juveniles used shallow vegetated habitats with seaweed and
eelgrass in the most inner area of the bay as nursery grounds.

Increase of catch of black rockfish was recognized by release of hatchery-raised juveniles
into Yamada Bay. However, compared with red sea bream and Japanese flounder, economic
effectiveness is not sufficiently high enough to support the program financially. One impor-
tant reason for the low economic effectiveness is low commercial value of black rockfish, be-
cause small 1-year-old fish accounted for the majority of landed fish. Although market land-
ings of black rockfish increased due to stocking of hatchery fish, it quickly decreased after
stop of stocking.

This suggests that stocking did not contribute to construct spawning stock population on
Yamada Bay because of over fishing of young fish.

We can conclude that appropriate management of recruited population and conservation
of nursery grounds are crucial for successful stock enhancement program.

Key words: Sebastes schlegeli, stock enhancement, broodstock management, juvenile produc-
tion, stocking effectiveness

=

glm 3 ES
B2 8 BRI O F%E
851 Hi
55 2 5
55 3 5

TR R AR Al O B 5
1

Jm

528 R A XA MINERIZE 2 % 8
Bom ruy A OPREORY

C

3 HR

JR R &
A BB
KR, WIS XU E

55 3FE WA PERAM D B FE

5 1 i

BIE

il

T LY BB TR R O R & R
FRAZH-R B 58

FINEEIHRGE L7227 2 Y 4 ORRR)

E2H HHEMORE, BEBLOHMHECHK
H4 T PRHTK & BRREEIT O RS

HLHET T L AR I L

H20 HMERRERR (BB AR

A3 PEREERR (ALC #Ed%)

FEH I L 2 EHRN 2 HEBROBE AL L O%
EEHBE L72REREOR Y M, 19634425
AR T N SR I 2 L IS S e
(Imamura, 1999) . AR, Bl A2 BEHAN D TR -
ThkA MDA RE - RS REE %2 1), 20044F 121



7 1Y A OB FEZ BT A0 227

fAE36ME, FURMH14ME, BHFE21M, Zoft (BiEZ
&) 8 BT A4 [E T AERE - WO & 7 OKBET -
KRG > 7 —, 2006).

INFTOFFMEOHMMETIL, RELRINE
WREMIHE D 720 OBMAELEAN, HonliFhaz
BRI T BN AR A FICEmINTE
7oo BEHUSE AR, MEEIROMARRLZELEN S
ZERHBME LTS, FTRRORFETIALZ I
ATREWNGIMRENLETH S, LirL, BALEED
LRI RRE T CoOLMEE & 0 F L OWIEH
BRSO, 22T, KX TlE, diEdEs L
FACHHIR DL { DR A ERBCRIE S, HEELRK
BENGRETH L 7 A TR ANVEDO 7 TV 4
Sebastes schlegeli 5L & LT, #IGH 2 855
EOFMBHZEIZ OV TELB L 72,

ANVIEASHIZ, dET A ) A TEREB X OV H AL
WO % H 254 L (Boehlert and Yamada,
1991), ThHofEITEL I PERONL L
D, BHENLME»S S EELMFTH S (Kusakari,
1991 ; Boehlert and Yamada, 1991 ; /iR, 2001), H
ARIZBUT B ANVEHFHOFREEX, 20y 1, X
NV S, inermis, ¥V A ANVS. vulpes, b T VA
S. pachycephalus, % 7/ 3 ANV S. oblongus 3B &
W7 A X3)V S, thompsoni D7l 6 Fi THEJi S T v
% OKENT - KEREWEEL > 5 —, 2006), 71
A ORI, ANNVEMBEOPTIERDHL GRIR,
2001), MiitEOBBHE b LB (Nakagawa
et al., 2004), F7z, AMOHERIIZITH VLD
D, FHIRICBITZEEHFEE LTEEHA ST D
(e AR, 1989)c THXHIZ, Zu Y f IEFELSED X
PNVIEBHFETIIRD EERPIEI LML LT, H
REHOHFTHIEENTE 7 (Kusakari, 1991),
EHIZ, ANVEAB O RS L OERIE, KRE
BLOBEICBWTOMBYICEmSINOOH L (HE
A, 1995 ; Lim et al., 2004) o

suv AR ELTH LD, R, KNSR %E
BRCHATHEING 2D, AEAIZITALSNRW
B REREREEZA LTS, S0, BAICET
%% { OMFRITI L 7RISR & 72D, R
LORERCKRIMBE R EoHFIR SN2 v, F72,
AMOMAT E OB, F 11T (FX], 1995),
RO HAHOFRTCIIRHEHEY, HA1EH 7
D OAFFFUZI0~3BTTREETH S5 (K - Uk,
1991)0 D7z, HEFEBIBCREN A % i 5 72
DIZIE, —EICKRBFOSMUFALESL Z EBLET
B, WEORFILIZEI S 2 Bl B 5 256 v 2E % B
DODEFEREL o> Tnb, T, BHOFKRLIA b

DI &, R 70 Bl A BEHAT O BAFE A5 SR ed
LNTW5h, MR EF¥EE LTRSS 57201
i, BEN D EORFAPLEE ENDLH (HRD,
1998), AMO PR RFAIZ OV TIL, BRI R
NIETHTHICBT HHEIFEE SN TVDICTE
vy UNERRES, 2001)

R, 70V A OFFEUESN LT 5720
2, FERTEAN B AR R E W FEY (B
SATEE NKFER A v 7 — e iRkt v ¥
—, UTENtys—) CTEliL7z—HOWJ R %
WY D72 bDTH D, 82 HTIIRES X OB
AGEAETR, R, Mo % I HED R
DIRE 7 & OBUAEBAIBE§ 2 BB 58, 45 3 BT,
fIELRY, R, HF, HERGCRZH#EN, ZBENB
X OB 2 M A B B Bl g, 4 W T
PRIE B X O ST 2 Bl RS, 5 ET
SRR OBE, AT CoORINERE X ORE R ER
e ORI ARTAE, 6T TIEZ 1oy [ OB
DRELEDONTHRRD,

BAE, TOEORR TR M FE T 5350 ER
SHOPIZIE, FARL T AD X ) ITHMEE, S
BN FAEE T TOFMAUNTIZMEL L, FELICHEA
b H Db, LarLl, —HTlRE L offl TRl
AT A R S FZ AR ETH Y,
BRI A ER S N AL RS Tw b, AT
FEORPITHAZ 7 vV £ 723 Th L, o AN VEH
HReEwAAFHICOWTDINHWREEZ 2 b, B
WSEHAM ORI HE G35 Z LN,

F2E BABNBNORRE

F1E BREMR
7aVAFANNVIBIZGEHEINDBEMTH L7
O, JIAM L IRz AEL, KRB, K
WIZH 2 R THATHET 5, 2070, KEOHiM
AT AL, FIRAR L 2BAES R E %o
T &7z (Boehlert et al., 1986 ; Yamada and Kusakari,
1994 ; Nagahama et al., 1991 ; 3A], 1995 ; FHH 5,
2001 ; Mori et al., 2003 ; Koya et al., 2004 ; Yoshida
et al., 2005)o —J7, AFEOF) 0 EE D AF i 1 HE T
2%, METIX 3 (EaR, 1979) &N TW5BH7,
AEEITHE O WEHE 2 & O BLR R G R & fEAI A 5
BRI IO DNV, IO R L 22
T 52 EiE, ERMFENARICE DS WA ORI
BAEREHMN 2T 572 DICEETH S,
OB ERE & KA, KR (BA - b,
1977 ; Newell and Branch, 1980 ; Jobling, 1983 ;



228 Tl

Carmona-Osalde et al., 2004), St (Thrush et al.,
1994 : Duncan et al., 1999 ;: Bromageet al., 2001),
# i i (Thorpeet al., 1990), £l H % % (McClain,
1995 ; Jarboe and Romaire, 1995), iz (Glebe and
Saunders, 1986 ; Ritteret al., 1986) 7% & DB % %1
%o MTHKIMAINSICH Z 2HBIIRNEL, %<
OMFETHIZESNTE /2 (85K - 1L, 1977 5 Newell
and Branch, 1980 ; Jobling, 1983 ; Carmona-Osalde et
al.,2004) 7%, 70V A4 TEENLDOAFIZZ L v,

FZTARIETIE, Z7av{ olEB I URRIZE
ABHRMDEEAZWLNMITHI L2 HMIZ, 0%
ST S 4% F T3 oDRL KIS T TAME
ZEE L, ElB L O & o BRI R R EIRT
7z,

Eat s Rasp:

HERA LHREOEE AL, gty sy —
THEAEI N7 9y [ #ifa CFY2EI7 cm) %
7z, WBRIZAERT A HE (07 D19974E12H
5, %k 5 X ) ICT X TOMEARIL 72484 H (4
) D20014E 5 H ¥ CHEli L7z, WBaIX & LT, Kii
AL ZWX GHRIX), £FoRfkinz zhe
n12C (12CK) BL 15T (15CTK) 12§ 51X
D3XEHFRELZ. BRAKRTFTCTHELZZZ20V 11
BEAFKICI5C CRRE L (HARBE fZEWw 2, 2000),
FICI2CTHIET S GEK - UK, 1991) Z &5,
REETIE NS ORI ALY FINCEE L 2o
T 5%, flE AR, INEAS] 22 10kL K48 (RC #)
ZZENFNORBXIZOWT LRITOH . &K
12132002 Dt 2 A L7z ST Lo B A fi
B N FVT7 ML, BOREEE) 2T, 1
RN 3 M3 % F T L7z,

wht vy —lZBIFs s L OMKEIE, a5~
6 HIcEigis s (HARBERMEN S, 20032) 729,
EREEIMZ A HIEZS HE L,

BAEL LV GSI A& E (GSD) 13,
METIZHEN D5 A, HETIIRKRBOIIAIZREh
RAMEZRT (FE2RE2H/). Do, HESH
BLUILAIZE, MEHEA D TI0ROMLE M % KA
ALY T, fhE, ApRERLZINEL, PET
AFHEIR A & ARG 2 B U7 MEMEL, i L 724
iR B CBIZ LT L7z F72, JRELIE IR
ICHERRCE DI, BRI EZ L L2lE%2, 2he
AU R & BT L 72 VAR B ST A AR R
DLEE (%) I TIIRBAE L EHK L2, GSIIZ
UTFoXxHWTEHL .

HEBL

GSI =Lt d 4 (g) / #RH (g) X 100

2ROBAE SRIIKARB L OGS #8157
5 HBXUIIHICIZ30E %2, Ao HIZIZb50212
DWTIEMEZIZHIE L7z, 2 O50RICOW Tl E R
VB AR R L CFE &k L 72

BREE »LHOVHEEZ 1 I AROFHERT
Brl7-ftiz AR EFREHL, DToUckpaEtL
726

HIEEER (%) = (RO /Wi 04EED
SFHE) — 1) x 100

TR EHEOHESR KEOFIIKIE, FEILA RIS
KA 15C Tl BE 35 Z L THIETE S (H
RERHFEW S, 2000). fE- T, KEPHTT 512
HIZ5RBT>OMZz Y HF, 1=alb—va i
X0 1F SN HPER & e B T (Nikon #,
Lobophot-2 : 400f%) THIZL, BWTOoHEEILXKRE
MR L 7o ML, SHERE2 SN SN SiEKE
200L RV TF L Y IRIENICEE L7-#E (40H -+ —7
=V 7526 um, 30x30%X60 cm) 2% T, HFAD
HBUIRIE A S HERE L 720

EtnE FERXHO2E, GSIHOFHHOEE
Kruskal-Wallis test # HH\WCTHiE L7z, ZEXFRD SR
72354 121% Scheffe @ Fitest # W T L EILEE % 175
72 (P<0.05) o [F]—3RBEIX A MEHE R O3 D 721,
Mann-Whitney @ U-test # I\ CTHE L 720 ELC
BUZHBEAOKHEE P<0.05& L7z,

s R

Kl  ARERIX ORAKIEIE, SIRIX Tl 2 A
124~6T, 12CXTIHBEIZH»SE4ED 4 HOH
1212°C, 15CKXTIREEIH DS HED 5 HDMIZ15
CHRRL7Z. EAKRIE T TORBX THE 9 A
22~24C%mR L7 (Fig 1)o RBHE»ORT ET
DEABRIX OKIEOFIfE (= SD) &, XTIk
12.3 (5.0) C, 12T Ti314.3 (3.3) C. 15CX Tl
16.2(2.2) C& 2, fHEXIZHARTI2ZCKIEH 2 T,
15CKIZH 4 CEWEE R L 72,

BE ABMHBEEOLER T ~9 7 ATk, REBEX
BoOERICHEEAIRO SN o7, L L, 10~
1547 A TIETRTORBX M OERICHEEAEVED S
n, I5CE P RKEL, 12CK, HEXDIETH -
72 (Fig. 2)o 16~267% A TIEAIEIX £ 15C XKD 4F12
HEENFEDOON, HTOHTHHEIX E12CK, 12T
KX E15CIXDOMICAH BADRD bz, 27~331 HT
X, TRTORBEKXBNCABEFRBDOENL L R oz,
ZNUBEIIFRX 2 12CK, 12CK E15CROMICH



7 1Y A OB FEZ BT A0 229

BENEOONDLHbHo72h, TOMOIEIX £15
CROMIZIIHEEN T 72K BOSNLED 572,
BREE WERZ 67 I EIHEFLEZRERIX
TLIRL7: (Fig 3)o BT ~124 H F CldAEE
RO N Lo b00, 15CK, 12CK, KX
DIETEHWEERIIREINT, L L, HE#EI3~18D
HTd, lERINEX, 12CK, 1I5CEXDIETHE L,
BT ~12DHE 3R SR E R 5720 197 HUL
BeClE, $XRTORBXTIRIZRURERTHY,
EREIED SN h o7

HHENORE MEEOEEDHER % Fig 4128 L
720 HETIX, 35MOXIX LI5TIX, 12CIX &15C
XOMICHEENRHO SNz TR L, METIZL5
W 525/ E TORNMIX L 15T IX, 3.5mDOR X &
12CIX, 12CX &15CIKX, 4 kFEn12TCXK15C X DM
THBAVRO NIz, —F, F—KILT TIiE, *HE
X C2.5M%, 12CIXT25%, 15CKTL®A 5 M A
FICKRE L, KROFECXIT EFWAEED S MR o
FEHDHBIZ % > 720

GSIfE Mo GSIfEIE, 1.5 D12TIX B X 0°15C
[XT0.03~0.08 & A 123N L 7223, xHHRIX TI1EZ2Ab
D SN h o7 (Fig 5o 258 TR TRTOR
BRIXT0.5~0.7, & 51235 TI30.8~1.0%0, K
TR Z2 B mA 8 Hisze Lo L, BERX o GSI il

25~

20 -

15~

10 A

Water Temperature (°C)

0 T T

WCIEA BB SN h o7,

Mo GSIfEIX, 2% T TEAPEDO O h o/
A, 3 TI30.3~0.5, 4 TIX0.9~1.627%Y, §
RTOREBX THE IR L7z RERIX [ o GSI
fEIX3.0% FE THBEENRDON LD o 72h, 4K T
1215C XA R IX B X 12T KR THEICHE W E
L7

BB M % # T IE GSIE & [7] Ak o 8 1) % 7R
L, 15@D12C X &15C X TH#FA6.3~8.7 % &
FEPZ EABEINTH - 7255, X TIEO0 % THho
72 (Fig. 5)o 2.5 B L 35K TIE, T XRTHORE
X CTHRBEARD D S, BAEII2.5m TIR77.8~
100 %, 3.5/ TIETRTORERX TI00 % TH - 720

ME D B DT GSI il & [FEE DI %2 7R L,
BAEMOWATIZ2HMTIE0% THolze LAL,
IR TIE T RT ORI A A TR S, B
FNE50~70 %, 4TI TR TOREEX TI00 % &
&of:o

TREHE TXTOMEABIAL 72 4 5 IEICIIHEN
DREFOF W Z FRTHR, FRXB LTI CX Tl
FTRTOMKIZ, 12CKTIZ5 R 4 RoMEIcEh
ZIETBIgE s, MEE3IEBLO4%D5 A
WX B £ 12C X TR HNzAs, 15CIX TldR
ZAEIMO A E N, AFRITFRD N o7,

12 18

24 30 36 42

Months after birth

Fig. 1 Monthly changes of the rearing water temperature. Closed circles
indicate control, open triangles 12°C and open squares 15C during winter.



230

40 A

Total length (cm)
) W
= S

| |

[y
(=]
!

Mfffﬂ

Il L

M

6

10 14 18 22 26 30 34 38 42 46
Months after birth

Fig. 2 Growth in total length of black rockfish. Closed circles indicate
control, opentriangles 12C and open squares 15C rearing groups. Vertical
bars indicate S. D. of the mean. 1; Total lengths were significantly different
(P<0.05) among 3 experimental groups during the shown period. 2;
Significant differences (P<0.05) were observed between control and 12C.
3; Significant differences (P<0.05) were observed between control and 15C.
4; Significant differences (P<0.05) were observed between 12C and 15C.

25
>
315
s
=
25
S
O
-5

+
44 b ped ol g

7-12

T T T T T T

> ] - =] o o [* o]

n <N o e i i

en (=) W) - o~ en

- v o en en -
Months after birth

Fig. 3 Monthly changes of the growth rate in black rockfish.
Closed circles indicate control, open triangles 12 C and the open
squares 15C rearing groups. Vertical bars indicate S. D.
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Fig. 4 Relationship between age and total length of female and male in the black rockfish. Closed
circles indicate control, open triangles 12C and open squares 15C rearing groups. Vertical bars
indicate S. D. Asterisks indicate significant difference between each experimental group.
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Fig. 5 Relationship between age, gonad somatic index (GSI) and ratio of maturation in female and male
black rockfish. Closed circles indicate control, open triangles 12°C and open squares 15C rearing groups.
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zZ =

KBHF7OVADRRICEZDEE A%10~157
AZToeEICE, TXNTORBRXMICAHEZEDE
HHN (Fig. 2), 78u Y4 TIHEAEKRIEEICE
BEGZDLZEDPHSN IR o7 LA L, HkI6H
AU TIRREICERBR D ED/NE L 7 B )
Blgsh, 2EeBI5 LR AEREEIEDOLN
Bl rofze THIUE 1RO WK #EE A Z SLLLH
CAFHITEKIERXIZ &R, S 5T PRI
HKIBHNE R R EDEDBBDO GNG L ho/eh b Th
% (Fig. 3)o MBOBIMEL, KROIZ2IERE M
(Thrush et al., 1994 ; Duncan et al., 1999 ; Bromage
et al., 2001), fHE%E (McClain, 1995 ; Jarboe and
Romaire, 1995), i#fz (Glebe and Saunders, 1986 ;
Ritter ef al., 1986) DE#EZITH I LML TV
%o L2 L, AW TIIFE CBERND? O/ LM
e v, SCEBREE B EIXE 0T THEM S
NTHH, ChHOEROFEIIZLEALEZONE
Vo BT, MEAHIRL-RICHUEEG2 5L

HHEDFELIEVEELZRT, WhW B HiERED
W I N TWwWb (Miglavs and Jobling, 1989 : Jobling
et al., 1994), ARFFETIE, TXRTCORBEX TR
NEZONTWAZ s, HENRHBEHEEZIT-
7obIF Tl v, = V< A Salmo gairneri T, &
WK Z R L 721212, KR Bk & b ICHITE R
BRT 2 ENHRE SN TS (Dobson and Holmes,
1984) o Z AUIEAKIRNC & o T R0 20 00 0 1) PR % 52
72, Ko BAE &S ITHEMANERIC R D, HK
WAL o 2R LD bRV ELRLHIT
Hbo 7OV AIIBWTHIKIRZ L 72 IXITEH
K] (13~1847 A) ICEWREEZ/RLz01E, A
IZoWVTH =TI R EFARROHEIIED X A = X L
72 B 2 RIE LT b,

SR ORETIE, HEOBR & KR E OMIZ—E D8
R SNT, 35ME RV THRBKRX oK
WCABZERD N ol —F, MTIZ2.5%F
TIRERIZBWTH X <12T X <15C X O#E[| A3 :2
o7z (Fig. 4)o 3L, Z OBIAIAPIR T4 <
HolzBHE LT, RAOBENEZ ONLH, BE



7 1Y A OB FEZ BT A0 233

BRI TH o F 72, HEOREHE 13K
I Lo 720123 LT, METIEAKRIZ EERE
TholzZ enb, FEAKRXIZEFR D O M
DERENHBEICE -T2 EZ N5,
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ML D KIS % 5 D B RENITIE KRB O A 1 AT
%o

JE AR - EAE30~60 umo MIBEIZH L, A=

GSI (%)
o
[—]
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Fig. 6 Annual changes in gonadosomatic index (GSI) and hepatosomatic index (HIS) of
female and male black rockfish. (a) female GSI; (b) female HIS; (c) male GSIL (d) male HIS.
*Significantly different from each other. #=5 in each sampling.
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Fig. 7 Histological observations of oocytes in black rockfish. (a) early peri-nucleolus stage (bar=10xm); (b) late
peri-nucleolus stage (bar=20 xm); (c¢) oil droplet stage (bar=50 zm); (d) oil droplet stage (bar=50 xm). Epoxy
section with toluidine blue staining; (e) primary yolk globule stage (bar=50 xm); (f) primary yolk globule stage
(bar=50 x m). Periodic acid-Schiff (PAS) staining; (g) secondary yolk globule stage (bar=100xm); (h) tertiary
yolk globule stage (bar=200uxm); (i) migratory nucleus stage (bar=200xm). Arrow indicates nucleus; (j)
micropyle apparatus in migratory nucleus stage oocyte (bar=5um); (k) sperm (arrowheads) in the ovary in
Febuary. A long arrow indicates chorine (bar=5um).
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Table 1. Monthry changes of each stage of oocytes and embryos in black rockfish

Stage
Month EPN LPN OD PYG

o)
=~
Q

TYG MN EMB

+ 4+

Dec.

A+

Jan.

FA++++ ]+

Feb.

Mar.

H++ + + |+

|+ + +

Apr.

A+ [+

Jun.

Aug.

Oct.

Nov.

e i | I i i o B L e L I B R i i i o S S RS
i o | I B B e o L S o s e e T R e o e R S

A+t [+

4+t

Existence in each ovary indicated by mark +. EPN, early peri-nucleolus stage; LPN,
late peri-nucleolus stage; OD, oil droplet stage; PYG, primary yolk globule stage;
SYG, second-ary yolk globule stage; TYG, tertiary yolk globule stage; MN,
migratory nucleus stage; EMB, developing embryos.
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XD MR L S RELT 5, Ml & DR ERIE AT
DI &L ) KA L, WELEEZ L5 X914 5,
PAS Btk O BRIEFN TE 2 R %, JIROE X 1X
35umé&7ib,

MBI 0 EA920~1040 ymo HLOMIALE L TWw
TAEDSE AR SR B B o IR ERISR R 2 S Bl &
LiGD, R TITA Y VICMFgT % 1 D08 E %
%o WROE X IIEDL LTS5 um TH b, B
HOIPFNIZIVFI A BLE S N D o IR O TP IL)IE 2
274 um EMIZHRTEL, MO OO ERIZ
4.5 um T, Y IZED L IZoNTABIHk L
b

SEADEFOITRIEE  filE KN TREITEIH
RONLIIAB L CI2HICIE, BB IR 1A%
KL TW AP IND, 12H OWR Rk 51
W MR TE L h o7 —H, 1ANS 3 AR
TIFBRERFICIN R Z RINL TH, ZohIcHT%
WRTHZLETERh o7 LL, ZORMOM
MO 2B L2 2 A, DK% T 2k
TS e, & PN & DFIZBA LTV S XD Z{§hsH
#gIZH SNz (Fig. 7).

IIEMBOREZEL £HICERELA 5SRO
T, RN TOLISEEBE ORI S L R oA 1t
%7z (Table 1)o 7272 Lt RERIE IZ /N
B, BEIEMICHRT 5 2 EPREETH - 72720,
KR D SIXEA L 72

JEBATRT B X ORI ORI, 1 4%
U TIRTOFEEKDOINENTHR SN, FHICE
VFBIETOIIRERIIBICOWT RS &, 121213, il

I OGP R A 5 A 2 AR TR S, 1K
B L O 2 WINEERI O S RE B 23k TBlg S h
7o 1HICHRZE, MERE X O 1 RIREERI 5P
FERIE RSN R, 13EA LD 2 KRINHERY
Elrotze 2H127% 5 L 2 RIS O IR 3
b 2R TOREINLETEL), boT
8 3 IR ERW DY REMI R S AR THERR S e 3
HIZIE, 55 3 RINHERI O IR R AT IR AR CRERR X
n, S SHICHBEI O RS 5 48 A 3 kT R
b7z,

4 JiiE, 5 fEfRH 3R TIRSIERR S, RO
BIAA R ENTz0 TR TIPS N TV ARWE 3Kk
BRI B X OB oI HR S, KD
O 1 EARITHEIR RS (— DI AP S Wit A:)
ThHh o720 5 HIZIZINE IR O I R I B S L,
4 I & TRAEF ORI RO, 6 Ak
ERER SN %Y, b o THMERE o IR B2
5 A 4 EUACTRERR S 7z 8 HB X UTOH I
BRI o U B 2SR CRERR S /ze 11HICR D &
HERII QIR 2., 55 1 RIPEEERI O IR FHH
AR THERR S L7z

HREORAEZL HAZEOREETOINLO
EEOFHERR, ThizEIZEHOFH %R
(Fig. 8)o UMD B AIZ12H12130.52%0.03 mm TH
5725075 3H (1.25+0.03 mm) F TR IZH
MLzze 20, Hikbo4 A (1.36+£0.02 mm) (2
SAEBEIWHMLZ. 6 H25 9 HE Tld, gV
FTELTOWIEMERIIEEZNET L2 LB TERh >
720 10H12130.26 =0.01 mm DU S b X 9

Table 2. Monthrly changes in frequency (%) of each stage of germ cells in the testis and appearance of

sperm in the duct in male black rockfish

Stage Sperm in
Month n SG SC ST SZ sperm duct
Dec. 5 - 98+1.78 11.2+2.13 79.0 £3.30 5
Jan. 5 04+ 026 17.6+3.68 329+ 1234 49.1 £ 14.75 5
Feb. 5 153+153 513+13.41 22.6 £6.55 10.8 £ 6.06 5
Mar. 5 57.8+1.48 422+1.48 - - 5
Apr. 5 71.7£7.09 283+7.08 - - 2
May 5 59.2+11.57 40.8+11.57 - - 0
Jun. 5 0.5+0.33 77.9+9.62 16.6 +6.77 5.0+4.16 0
Jul. 5 66.6 +5.92 16.1 £4.27 17.3£2.70 3
Aug. 5 35.7+3.47 18.5+3.94 458 +£5.74 4
Oct. 5 30.1 +30.16 13.8+4.49 56.1+2.57 5
Nov. 5 7.7+1.18 6.6+1.17 85.7+2.07 5

SG, spermatogonia; SC, spermatocytes; ST, spermatids; SZ, spermatozoa. Mean + SD.
*Numerals indicate the number of fish with spermatozoa in the sperm duct.
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Fig. 8 Annual changes in oocyte follicle diameters in black rockfish. Each value is significantly different from

those of adjoining months. #=5 in each sampling.
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BARANMEAE L T B REEAR STTw b (Boehlert
and Yoklavich, 1984 ; Boehlert et al., 1986 ; 4T #¥,
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HWERORB» ORBENAETTHO T I B LA
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Fig. 10 Water temperature used for rearing of black rockfish
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Fig. 12 Relationship between the required days to birth of
individual embryo and examination year in black rockfish.
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Table 3. Developmental stage and the expected date of birth from the inspection of embryos

7 1Y A OB FEZ BT A0

black rockfish from 2001 to 2003

selected control
Year Develop No. of Expected ™ : Develop- No. of Expected ™
mental fish datg of birth selection mental fish datg of birth
stage stage
28 5 10 May using for 25 3 16 May
25 6 16 May experiment 24 6 18 May
24 10 18 May 21 1 23 May
21 1 22 May 17 3 28 May
2001 17 3 26 May 15 3 30 May
15 2 28 May 10 3 1 Jun.
14 2 28 May  eliminated UE™ 1
5 1 30 May
2 1 31 May
UE*Z 9
Total 40 20
29 9 6 May using for 28 3 9 May
28 8 9 May experiment 25 3 16 May
25 4 16 May 24 3 18 May
24 5 18 May 21 3 23 May
2002 21 2 23 May 17 1 27 May
20 2 24 May 16 2 28 May
17 2 27 May  eliminated UE™ 1
16 1 27 May NT* 3
15 3 29 May
UE*Z 2
Total 38 19
29 1 6 May 29 1 6 May
28 9 9 May using for 28 1 9 May
25 6 16 May  experiment 25 3 16 May
24 4 18 May 24 1 18 May
21 3 23 May 21 2 23 May
2003 20 1 24 May 20 1 24 May
16 1 28 May 16 3 28 May
}i ? 3(7) Mg eliminated N?F*S :1,) 31 May
11 2 31 May
UE*Z 3
NT*S 1
Total 34 16

“IThe expected date of birth from the inspection of

embryos by a cannulation.
*2UE: unfertilized egg.

*NT: Embryos were not collected by a cannulation.
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Table 4. Total length, body weight, number of collected larvaae, and period and interval of birth (7°)of
black rockfish broodtock females from 2001 to 2003

Number of ~ Number of

Numb ¢ Total Body collected larvae per Period ~ Number of
mber o - . .
Vear aroups fish length weight larvae broodstock of birth birth day e
examined (cm) (kg) " 4
(Mean+S.D.) (Mean=S.D.) (X109 (X107 (day) (day)
selected 21" 49.2+1.9 2.3+0.2 573.7 27.3 11 9 0.52
2001
control 20 48.5+1.6 2.1+0.2 465.1 23.3 20 12 1.00
selected 21" 49.7+1.6 2.1£0.2 486.4 23.2 15 10 0.71
2002
control 19 49.1x1.7 2.0+£0.2 402.8 21.2 23 15 1.21
selected 20" 50.5+1.5 2.3+0.2 4374 21.9 15 10 0.75
2003
control 16 49.7+1.7 2.24+0.2 353.7 22.1 23 12 1.44
I Selected fish by the inspection of embryos using cannulation.
*2 Period of birth,” Number of broodstock females.
Selected Control
10 - 2001 10 1 2001
N=21 N=20
5 5
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S
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Fig. 14 Daily changes of the number of parturition in black rockfish females from
2001 to 2003. Arrows indicate the expected parturition period. Selected broodstock
females by the observation of embryonic developmental stage were used for intensive
parturition.
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Table 5. Expected and actual dates, and conformity ratio of birth in black
rockfish broodstock females from 2001 to 2003

Date of birth

Conformity
Year groups Expected™ Actual ratio of birth™
(%)
start  finish start  finish
selected 10 May 18 May 8 May 18 May 76.2
2001
control 16 May [Jun. 13 May [ Jun. 85.0
selected 6 May 16May 4 May 18 May 90.5
2002
control - - - - —
selected 6 May 18May 7 May 20 May 95.0
2003
control - - - - -

“ Expected date of birth from the inspection of embryos by cannulation.

* Conformity ratio of birth(%): The ratio of the broodstock females which gave

birth within the predicted birth period .
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B (st. 15) 2 OMAELFELED (st. 29) THo
72 (Table 3)o 2 RIIAZHIMEFAL Tz 2D
% st.25~29M21 )8 & MR X DM & L7z, HRIX
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Holze WEDOHMBEIHHT ETICHLZHKIE, &
BIIX TlE11~15H [, B X TIE20~23H M TdH - 72,
Z0 9 HIENER SN z0E, B#HXTIEI~10H
M, X TIZI2~15HMTH o 720 FHIIX I HX
WCHARTHEMEEM SN, 2221 HH72 D IHE
LBl L 72 (Fig. 14).
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HEBL
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Fig. 15 Growth of black rockfish Sebastes schlegeli reared in the different
feeding regime. Closed circles indicate control (rotifer-Artemia feeding group)
where fish were fed with rotifer from 0-10 days after birth, then fed wirh
Artemia from 3-15 days after birth, and open circles indicate Aretemia single
feeding group. Vertical bars indicate S. D. of the mean..

Table 6. changes in feeding incidence of larval black

rockfish
Feeding incidence™* (%)
Lot number
after 3 hour  after 6 hour after 24 hour

Control 1 23.3 60.0 100

Control 2 26.7 56.7 100
Artemia 1 16.7 53.3 96.7
Artemia 2 26.7 56.7 96.7

*Feeding incidence was observed for 30 larvae in each tanks.
Number of larvae with food in gut / total larvae X< 100.

Table 7. Results of the 15 days feeding trial of black rockfish

Initial Final
Lot number ~ No.of  No. of fish Total length No. of fish  No. of fish Total length Survival
fish (ind.) (ind./kl) (mean=+ SD mm) (ind.) (ind./ kl) (mean+ SD mm) Rate (%)
Control 1 5,000 10,000 6.8+0.2 2,674 5,348 13.1£0.5 53.5
Control 2 5,000 10,000 6.8+0.2 3,837 7,674 11.6+0.9 76.7
Artemia 1 5,000 10,000 6.8+0.2 3,822 7,644 12.2+09 76.4
Artemia 2 5,000 10,000 6.8+0.2 2,669 5,338 13.0£0.5 53.4

Total length was measured for 30 juveniles in each tanks.
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L7 AR 3 5 B R 2 JE L 7R o
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MEFEOOREHEBMOBIE B3 58 HITA
DIFIZE W BESND, £2°T, 70V 1 D730

FEEEAWEL, =2 BEE (RH, 1970)
DR E VTR MU OOFZHEE L7z, F
72, TVTITOEEBIVTLATYOBEREIZOWT
&, BEERTO0ERE 2 EllE L, FRoOFE
T 5EE %R L.

HMETLIE KABRXOEEOFEYWHO X%,
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BEE RBRHEBO3, 6, UMBEOEHEERE
Table 61278 L7zo ®IRIXICIBIT 5 3 Wi 1% 0B AR
1323.3 %, 26.7 %, 6 W% TIix60.0 %, 56.7 %, 24
MR Tl 2 KMl & H12100 % W E L2 TIVTIT
XIZBT 5 3 R OBEIHIX16.7 %, 26.7 %, 6K
Bt TI1E53.3 %, 56.7 %, 24FFEIHTIZ2 K E HIC
96.7 % \ZFEL 720 o 723.3 % DKL, AL Tw
BWTIVT I THOAREEE L Tz,

ERFE BX1, HBX2, TAVvFITKI,
TVTITR2OEKBREIE FhZh2674R,
3,837, 3,82212, 2,669 & &b, AFRFEIL53.5 %
76.7 %, 76.4 %, 53.4% T o720 MNEXET VT
ITXOBOEREIE, FREEIBRDLN R,
(Table 7)o

FEOOREHHOKRZE ZuvAfFfaoll
Zix, H (1970) @ FFEITH - THEE L7245 R,
0.94+0.05 mm TH o720 TIVT I 7 DOEREIX0.76+
0.02mm TH Y, FHDOIIEITH L T0.9% TH -
f_o TAYOWHEIIZ0.17+0.02 mm TH Y, HHaoD

FIZH L T18.1 % TH o7z,

z %

TLVRBEEEV-EREETEORET AR
THWETVFIT7OEEIL 7av A Faolx
W2 LC80.9 % TH o 720 fFA DI 2
BoEREZZONL 720 (fCH, 1970), KRRkBET

Table 8. Changes in feed composition on mass production of black rockfish, Sebastes schilegeli

Feed/Year

1982 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04

Rotifer

Artemia nauplii

v

Cultured Artemia nauplii
Egg of Pollock

Frozen of black rockfish larvae

Egg of Japanese flownder

Frozen opposum shrimp >

Frozen of water flea

Formula feed
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Table 9. Enrichment method of live food in juvenile production of black rockfish

Rotifer Artemia
First enrichment Second enrichment First enrichment Second enrichment
Year
Enrichmental Consent— time Enrichmental Consent— time Enrichmental Conf:ent— time Enrichmental ConFent— time
treatment ration (h) treatment ration (h) treatment ration (h) treatment ration (h)
(e/ k) (e/ k) (e/ k) )
1982 - 1987  Nannochloropsis sp. ~ 2,500% 6-16 Nannochloropsis sp.  2,500% 6-16
1988 - 1991  Nannochloropsis sp. ~ 2,500% 6 Nannochloropsis sp.  2,500% 1-2 Phaeodactylum sp. 50% 7 Phaeodactylum sp. 50% 20-28
1992 Nannochloropsis sp. ~ 2,000% 6 Nannochloropsis sp.  2,000% 1-3 Phaeodactylum sp. 100* 20-28
Phaeodactylum sp. 100*
1993 Nannochloropsis sp. — 2,000% 6 Aquaran 200 16-24 Emulsification oil 50 16-24
Vitamin AD;E 20
Phaeodactylum sp. 100*
1994 Nannochloropsis sp. ~ 2,000% 6 Aquaran 400 16-24 Emulsification oil 50 16-24
Vitamin AD;E 20
Phaeodactylum sp. 100*
1995 Nannochloropsis sp. ~ 2,000% 6 Aquaran 500 16-24 Emulsification oil 50 16-24
Vitamin AD;E 20
Phaeodactylum sp. 100*
1996 - 1998 Aquaran 250 17-25 17-25
Aquaran 250
1999 Aquaran 150 17-25
2000 - 2004 Aquaran 50 17-25

*: Unit are 10,000cells per m/ .
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YTICE S TOEET L (52 54 2 i), 451k6.8 m

WCHEL WA OOFER 7T IVT I 7 OERE AL

CERSHBOMETH B,
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FE2H FHAOKER, EEFHIVHERETCE

7 a4 OFENAEEOTEE, 19704FE RIS EFHREL T
Pla sz 20k, dbis, B, =i, LE
W, R, B, KRR, FREAS, Ao
HEFEICID LA 72 (), 1995), Edit v ¥ — Tl
19804 7> & A o0 il 1 25 2 5B & Bl L, 19824F LR,
50 kL KAl % v 7z KA IS E T L7z,

il Y — B A AFOMH A IOV T,
WA S Twa DS, BIEICD- TES I
TEINETO—HOMRE LD T LDOHFITS
T, T2, FENAEEICBT 2FHAOKE
FBHEBERDB X O HRBECEZ IR T,
DO ER % FAEETHE L2 2 idk v,

Z T, ARETIF1982~20044E D234E M E i & ~
¥ —CEMINTE2 0 4 OFEHEEOR % %
2L b, AFREAOEE, BEEKBLY
HBZEC R %2 FRC, M4 TRICBT 2L
FEC BN & 3 L7z

A&

HABECEABTKE MEAEIE Tty y—T
fH SN TP 5 ME SN vz, fil
HICIIERRRE B X ORI T 2 DD 7w
Oy FOFMARACD ZENLEFT L, IO
I SN TV S R S N 7ATA O IRTE A9 1 A= g
W2 5 EHM S N2 GEITIE, BAEEIC L - TFA
ZEHBL7:%, 50 mm OH A K h—RAEHWTZ
NS % il F RN L7ze flHKIEICI350 KL A
ofila ) — FARM (8.0x4.8%x1.6m) %2~
A FER Iz, TNHORMIL, AT —BEFHL7
g, 7u7—1lk 85, B L OCHBEREEOME
HD e & > T be &, 19944EDIREIZIE
ok 7 CRifE400 um) OELEFFZ Vw2700 H
BAGEERR2S K ARAC R E S e,

BERRE 7 a v ARG 2 R ofE (D
T, BERESRY) #ET LR LA (Table 8)o

8 T (1982~19934F) : Z oIz, ¥+ I XY
R N Brachionus plicatilis (LLF, T AY), T
737 Artemia / — 7)o A (LLF, TVTF3I7T),
TVTFITEML2mm ETHELLZT VT IT, A
% %5 Theragra chalcogramma B &L Ve 7 A D
BE, WLz v A4, IV aBlt7rIiny
DOEWERZHHE L 72,

I (1994~19984F) © ki ¥ O BLE f kL %2 5 2
5 2 EDSRE HENREIRRASEA S, SMHEOH 25
B R OO REE T o7ze TAY, TAVTIT

BIUEATEO 3 >OMEER E 20, EWiHE %
F & LR RV O ELA R 2 £ & LSBT
L7z
I (1999~20044F) @ 7 AT OfpfH AR E, T
VT I T OISR ZEHLTS, 70y
AFHROFBIEETH L RSN (E3TE]
fii)o VAT, TVTITBIOREFED 3 >0
BEHVERS2 S 7 VT I 7B X OB AHE O
2 DD % W ERRYIANRAT L 72,
EYEPOXRERE 723 BL0TAVTIT
O %A b J % Table 9IZ/R L 720 1982~19924F
FTIE, IhoogERLIZE S/ ruunT
¥ A Nannochloropsis sp. B L W7 =4 ¥ 7 FF A
Phaeodactylum sp. B\ SN 7z, K2, 1988~1991
EDOT LAY BILUT VT I 7 OXERINE, FEEANR
35 FTENEN 2T OME S N7zo 1996~19984:
2, 745755 EHlRoRERILAO 2 FikH
% IR L7248, 19994F DL Tl T IR 0 52250 b
HOAERY, TEERIZOVWTY, BIMEBED SN
72
ERFLBMEERY ARREERELTHVWTH
WL BTRE (DUF, £ERK 2IERKT
B L CHERE L7zo REUKME 2 iV 7-Fi i pE T, 2k
FEDII DR RN OB »r s, Rt 2
LR ERTLENDH L, €I T, RETIIEE
REEZHEKEOERETHRLT, 1kL H72) OAME
¥ (LUF, AL AEERE) 2T LR L7z, B,
Hil U728 RRINC X - TR L7z T (1982~1993
i), T (1994~19984F), MHI (1999~20044F) @
AFRR B X OHAA A EREIC OV T, Kruskal-Wallis
test & W TRERLRIIM CHE MG Lize 20500
5N 72344 121& Scheffe @ Frtest Z W C L H LK %
To7: (P<0.05). ZFEOHFBHENERL 5720, A&
RABEZERZILKT LI LIETE v, T07D, I
BN, BOBTRE N, MENMofiz Fido
KIZHTIEHT, BHEETE » 25 HHL TR Jd 2
L, HHEAEKRSEs 28X KL 7,
7= (Ln NyLn Nt) 't
d=1-exp (-7)
s=1-d
2RAEH LURBFEBOBRE 7oV Ao
ERWET— 7 BLUORFERBOBIZEIZOTIE, Ih
53 RTOEERDGE SN TV AH1998~20034E D 7 — ¥
Wz, BRIZOWTIE, filH ARG & #AEZ 1230
ROFHEMEZRE LT, FHEMG»S 5 HERETlE
L7zo BEBEREIZOWTIE, 5% V=Y v THEEL
ToBEAR%E, kiR (2001) 129E-> TH BRI EL 5 H
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MO LR L2 Thbb, FHEEmALEL T
WARWHETE T 27—V A, FREND EE
oM E 27—V B, FREMO FRSET
LT 5, HiEB L OO RS IS A4 0 IR
PoMbE AL, mER Y - HHEAOb DI
ZAbE IR 5 oAz A7 - C, H
i L B e DRI IGATANE B2 B L T 558
ST E 72 b F TOLRBIMF A AT —Y D, §XT
DIREDAOEEIGEL, HMifil LTomER s
— VPR LA EATF—VEE LT, BB, W
E 2 ~ 4 OB AR Z VT s ay A A S

HEBL

NTVDH, FAEIZBU 2 6H B A TR

LAz R L2200, EROMWET -5 BILU%E
BEBOBISHERE, FFEORFHLLTIHOT—
¥ &Lz,

FHADFETRRE (OO TRNE AL 720
2, fBEPEICBT 2O HELB X OFE Ak
DFRF B Rz FETEITOWTIE, 1998~2003
EOMW B 2% H ORI TS 5 72 sE M
RAEEREFICLVEHL 72 ToMEE R HOERKT
BRL7:ME%, HEETERE Lz, BEERO S E B R
DOBEICDOWTIE, 2000~20034FE 12906 L 5 HFkE T

Table 10. Results of mass production breeding experiments in the black rockfish, Sebastes schlegeli

Number Initial Final Survival Total Average
Year  Period oftanks \ of fish No. of fish No. of fish No. of fish Rate length rearing
(SOKI)  (ind. ) (ind. /K1) (ind.) (ind. /Kl ) (%) (mm)  period (days)

1982 3 498,000 3,320 306,000 2,040 61.4 20.3 32.7
1983 3 543,000 3,620 294,000 1,960 54.1 N.D. N.D.
1984 4 782,000 3,910 383,000 1,915 49.0 282 38.0
1985 3 1,054,000 7,027 453,000 3,020 43.0 28.4 42.0
1986 4 1,424,000 7,120 633,000 3,165 445 30.2 42.8
1987 I 3 1,165,000 7,767 499,000 3,327 42.8 32.1 443
1988 2 1,346,000 13,460 652,000 6,520 48.4 30.6 38.0
1989 4 2,631,000 13,155 774,000 3,870 294 253 33.5
1990 3 1,870,000 12,467 1,207,000 8,047 64.5 24.5 37.3
1991 3 1,659,000 11,060 667,000 4,447 40.2 26.6 39.0
1992 3 1,348,000 8,987 967,000 6,447 71.7 25.1 40.0
1993 3 3,642,000 24,280 1,305,000 8.700 35.8 243 41.0

Ave.' 9,681 4,455 48.8 26.9 39.0
1994 3 1,569,000 10,460 899,000 5,993 57.3 26.2 39.0
1995 3 651,000 4,340 559,000 3,727 85.9 30.8 37.3
1996 I 3 1,680,000 11,200 1,257,000 8,380 74.8 284 40.7
1997 2 890,000 8,900 219,000 2,190 24.6 31.2 44.0
1998 3 1,302,000 8,680 777,000 5,180 59.7 29.4 43.7

Ave.' 8,716 5,094 60.5 29.2 40.9
1999 2 1,080,000 10,800 444,000 4,440 41.1 31.8 46.5
2000 3 1,718,000 11,453 518,000 3,453 30.2 31.0 49.0
2001 m 3 1,500,000 10,000 749,000 4,993 49.9 33.8 433
2002 3 1,550,000 10,333 766,000 5,107 494 35.8 46.7
2003 2 1,034,000 10,340 828,000 8.280 80.1 28.8 40.5
2004 2 1,193,000 11,930 631,000 6,310 52.9 34.0 43.0

Ave.' 10,809 5431 506 32.5 44.8
Ave. 9,766 4,848 51.8 28.9 41.0

N.D.: Not data

Ave.':Average of all data
Ave.zzAverage of all data from 1982 to 2004
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Table 11. Developmental-stage composition (%) in larval and early juvenile Sebastes schlegeli
DAB™
Year 0 5 10 15 20 25 30 35 40
Stage
A 100.0 3.3
B 96.7 100.0
1998 C 13.3 3.3
D 86.7 96.7 100.0 10.0
E 90.0 100.0 100.0
A 100.0
B 100.0 100.0 16.7
1999 C 833  30.0
D 70.0 70.0 66.7 10.0 6.7
E 30.0 333 900 933
A 100.0
B 100.0 63.3
2000 C 36.7 133
D 86.7 100.0 26.7
E 73.3 100.0 100.0 100.0
A 6.7
B 93.3 100.0 933
2001 C 6.7 40.0 6.7
D 60.0 933 30.0 6.7
E 70.0 933 100.0 100.0
A 100.0
B 100.0 13.3
2002 C 86.7
D 100.0 100.0 73.3 10.0 33
E 26.7 90.0 96.7 100.0
A 60.0
B 40.0 100.0 40.0
2003 C 60.0 3.3
D 96.7 100.0 80.0 10.0
E 20.0 90.0 100.0 100.0
"' DAB: days after birth
Table 12. Developmental-stage composition (%) in died larval and early juvenile Sebastes schlegeli
DAB"
Year 0 5 10 15 20 25 30 35 40
Stage
A 90.0 83.3
B 10.0 16.7 93.3
2000 C N.D. 6.7 66.7
D 33.3 16.7 20.0 6.7
E 83.3 80.0 93.3  100.0
A 93.3 86.7
B 6.7 13.3 90.0
2001 C N.D. 10.0 83.3
D 16.7 13.3 10.0 3.3
E 86.7 90.0 96.7 100.0
A 90.0 93.3
B 10.0 6.7 83.3
2002 C N.D. 16.7 90.0
D 10.0 83.3 66.7 13.3 6.7
E 16.7 33.3 86.7 93.3

"' DAB: days after birth
N.D.: Not data



258 Il HEBA

=
—
|

y=S5. 6902 1843
R* =0.9961

()
=

Total length (mm)
ok [\
< <

0 I I I 1
0 10 20 30 40

DAB

Fig. 16 Growth in total length of black rockfish. Closed squares indicate
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shows the average of these years.
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Fig. 17 Changes in the mortality rate per day of black rockfish larvae and juvenile from 1998 to 2003,
respectively.



7 1Y A OB FEZ BT A0 259

1t

ZH]|

i

7z

S

ERFREBGEERY ERF0NY (HE) 12
DV, 41 W TI1348.8 (29.4~71.7 %), # I
TI360.5 (24.6~74.8 %), % WMHITI250.6 % (30.2~
80.1 %) &7, FELRYE AERFOMICHBEAILFE
HoNGDo7 (P>0.05 Table 10)o 3 XTOHIR
DHEFRRDFI1351.8 % T - 720

WAL AR EREONY (FPH) 13, 451 MTl34,455
J2 (1,915~8,047)2), % T HIT1x5,094)2 (2,190~8,380
), #MMTIE5,4312 (3.453~8,280) L% 0),
SR RS & BALE RO MICHEEZAZIIRD e h
-7z (P>0.05, Table 10)o 3 XTI D HLALA: i
RO V39134, 848 TH - 72,

2ROEE JuvifrfifioeRofg %t
Fig. 16127/R L7720 K HEOEEDYY (£ SD) i,
0 HiT127.0 (0.2)mm, 10H#<139.7 (0.7)mm,
20H #h T1x14.4 (1.3)mm, 30H # < 1320.6 (1.9)
mm, 40H # T1329.3 (3.7 mm & % b, &£ (V)
EHi (X) o I2id Y=5.6902¢" " (R*=0.9967)
DBRAPESNT TASDENEL LY ¥ —12
BUIBLAMDO PN EEETH S Z LB SR>
725

RBAT—JOHFE  1998~20034E 12 BT H17HEH
DOFBFERE DR = FHE B Z L 1Z/R L7z (Table 11),
0 H i DFEH B F$131998~20004F 35 & UF20024E Tl 3
RTOMEES A RAF—IThotzo LA L, 20014F
BELU20034ETIE, BAT—IVITELERETHIES
NIAFAAERD SNz 5 AR TIZ1998EZ R &3
RTCBAT—=VTHY, I0HMTIEB~CAT—7,
I5H#TIEB~D A5 —Y, 20H#TIZIC~D A7
—Y, 2B5H#TIED~E AT —JIT#EL 720 90 % UL
FEOBBEN AT =Y EISET 5D EIMAR0HETH
o720 T, HEAT—VOMMIZA AT —VIE5H,
BBXUOCAF—VIZI0H, DBIUPEATF—Vi
15~20H TH - 726

FHADOIETIRT  1998~20034E12 B 1) BIETHD
HWRZFABFH T IR L (Fig 17). FI2X > TH
FoFhdBlgsnes, Ha3~7 0 (LT, #i
W), 18~25H#H (BLUF, will), 35~40H#s (BLF,
B TR OBEIMAFED HNze 1998~20024F 12
BB L O EHEORKMEOTY (FEPH) 13,
i CT1d5.4 % (2.3~9.5%), W Ti1x3.1% (0.2~
6.2 %), HMITIZ2.2% (0.1~6.2%) THY, RO
FECHDEAE S EIT 2 7R L7z 20034F 12 1 401

FICEWIBCRIZED ONT, ZOmKMHEIZ1.8 % T
Hol2

2000~20024F 12 BT AL CRIA D S H B RS 0 e %
Table 121278 L72s 0 HESIZIXER bR %2 256 L 72 22>
72720, WEMEKROEREZMLZ LN TE R 572,
5 Hilids L C10H O CHAKIZI A ~B AT —Y T
HY, EFERLTVLAEKDOB~CATF—=TIlEXRS
EHOSDIZRBIENL TV, IS OIETHAEI,
08 X OHFHT IORBRESFED b, T XToOfEE
OHLEFIIZE R RO SN WEFIREZ R L7,
15 HE DD IE T MRIL, EFR L CTw Ak E 1313
CHREERTH Y, HILENICIZERPSRIZED S
N, 5 HiEds L 100 #oFE AR & X & 2R
WHT 5 Twize F72, 20004E8 X O20014E 025 H i
W2, EERL T ARSI TEAE L B LT
W AR SBIER SN2 T OTH D SN AERIIC
i, FBEKRORMIEIRE LIS U TREEICHERT S
AR 2BIZE S iz, 30HEPIETIE, HEunhigigs
n7z.

z =

FHADETER 1998~20034FE 12 B1F BETRD
R ZRRIRER, EICXoTTINEH 555, A3
~ 7 Hiks (A ), 18~25H i (7)), 35~40 H i (12 1)
D 3 DODORHIIETHROHINATHRD & N7z (Fig. 17) 6

AT OFECARERIZIE, TR EHES OTEIBEE 25580
L. 72, ZOREENIER L TWw A REORE B
BEiE, 19984E 2 PR & T RTBAT—VIEL TW iz,
L L, Sk D83.3~93.3% I3 AATF—VTh

, ZHRETEREOERNAD 5N/ (Table 11,
12) TOZEDS, THODIFHIZERERE IS
BEARRICEVHEL2EZA5N 5, 200341213,
ZIEFE CEFE HECL 20053, BB TR
¥ T2 - 72 (Table 12) o BB PELZ IV B AFFUICIE,
TR ARG NI T B AR E TR SN 525, 20034F
WCRENOHFE 72K BIESNT, ZOHROIETFIC
DWTHRD TP o720 TNEDT ERS, Hilllo
IOV TiE, WMESINFAaOEIGERNT S Z &
AR R E N, BUARIRRIC BT B AR T 5
DOYHEEED, BRERTHENS 720 OHAMRSE %17
I UEEDD B o

I OFE ROV T, AR L Th AR5
HEREIZIZF LD A7 — YV OERBRBTATH - 72
HLEPIC T 2R ABE s h, miE 3825
ZEHRTHECLTWBE EEZBNSL, ThEDILTAEAE
X, B LA L, MBEKORMIETZ Rl
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TAGEIERT RSB E I N TS, ZOBK
IR OAFEOR B A EICB W TIME IR TS
(BEA, 1995), Bty ¥ —Tld, =¥ v OMMNARE
THARHDOIENRD btz (HARREGS,
2000) o 200147 LAREIZIE, RS L 72K % S B KIS H
WTW5h, ZORE, KEIZOWT BN 5 1H
R L2 s (Fig 17), # AHO W HENED
iR R S 7z,

B OLTHEICOVTIE, HEWIBIgE SIS
ENS, FRARDPRENEEZEZ BN, TDXHI,
RO EME TR TIE3IDDE /Sy — VB D 5
N, BB CIZ OV TIFAOE, B X OB
WZOWTIIEE HEICHRT 2 ERPHERE S N7z,

70v A DIEEEFEDOHE  KAUKW % H w7 FE
HFEDYEIE, B L EREEES 720 0P
FITMAT, ®BEMICEET LI LIRDEND, &
sy y—lBIs a4 OMEAETRTIE, &
WEROAZGZ T T, T4, TVFITH
LOEEER 2527210, 7TVT 37 EEREFHEO
AEMOZZIMNICHET A ENTE S, THICI3AE
MR ORAE B L O EOERICE K12 L Tw
7oo BERLRY & AERRE, M AEREOMICIE, FE
EDVHDO NG oTze SO ENS, Bty —
WZBUT 2278V 4L OREAEIIDOWTIE, mEuARksE
MEREL DD, XD RDERM e Bl A RIS RATL T
o2 b rb, —T, BAEK HHEEBID
FHEROKZ TRERBOENGLOAL L, ThEh
33.4 %, 43.6 %, 16.8% &7 (HJII 5, 2006), Fi
WA E LRI O 2EERE . 72, o Hii %
RS 5 720121%, AFRF o LAy EE MG HE
D1IDEZEZHNDBH, REOAFEH1329.4~85.9 %
DOFPATZEE L7z (Table 10)o B DETIZEIC X
DEBAKRE L, FEAENHOBTL 20T
ENWZERs, ZOMRMORTENHIT S L%, K
MBI AEOREB L KX MEEX 5 L TH
BEThHbo

FBAE HHEBEKCFHRTORRE

F1E HEERICH T ZEFTEE CHRERBORE

B AL S 5720121, BEDHIRE D
TEBURDOR R ZHERE T 5 Z EBVETHY (HARD,
1998), MU DKL T &H, VbW 5 &L T
DI|FEDO1oLEZ LN TWwS (JLH, 2001)., &7
A TIIAERF IR (e ke ) 28 s &
B 720020&, Bk E Tl 2 2 O & i o
IR EAEEE S (GRS, 1998), 71y

HEBL

A THABDRAPLETDH S,

AL TIATORZAMD P HF AR D % <
X, AERFomEEZHME LTEBENTEY (&
FIR, 1989 : [LHHM], 1994 : fi /& U%, 1984 © BTk,
1984), #EH OEIRALD )7 %2 REs L 72 Hhiplidalo 5
N\,

ABEZEIL, HOR E TICED» 2O E HiY & L
T, WHBERRICET 2 NEHE LR EE 2L
NHlA G DR, AR, RERR, SRS L U
%R LRI 2 P R RO B MRET L 7z

AFETE

HEAASJUOHERETE HBICHW 7oy A HEH
&, 19984E1CE T v 7 — THRFE X N/265H# o [Fl—
T, &k (P £ B2, DT 1346.6+
59 mm, HEIZ1.7£07gTH->7

il B lR13100 KLRC KAl %2 2 AV, 1 KK S 72
03.0x3.3x1.5m (FEK®EI0KL) O/NEHE%E 3THak
BL, 6 TITole, 70V A4 DNEHEEIZ, it
kEd Yy =L LT B I E 2002
/KL 3 HRIX & L, 20 21504002 /kL X, 4150
800/ /kL X ® 3 D DRERIX % % E L 720

1/hES 72 0 oINEREIZ, 200 /KL X 252,000
&, 400 /kL IX $%4,000)2, 800)2 /kL IX %%8,000)2
ThHb, B, 1996~20004EDMIZEd > & —037
Ty A R R A L ERE, ST, EIRE o
FOERTSFEBINC BT H/NERE - B RO
PPN TR X661 /KL TH 0, ABRo % & #EPH
WNEZZos>TWh,

FEEERN O 3 RERIX IR LT H 0 9 FEIZH
T5HX (1 FFGEIX) &R 9 ReB KOV 3R 2
A3 5 X (2 [IFGAEX) @ 2 D ORERIX 2 3 E L,
Gt 6 ERIX & L7z WA BEEA2002 /KL T1 H 1
G L 72X %2 1-2001X, [%EEC 2 [mlfa il L7z X
% 2-200X, BLAFRARIC 1-4001X, 2-4001X, 1-800
X, 2-800X & L7z, Zed, MM ZEALAHEOK
80 % Tix, 1 H2MULOHKEEZIT->TW5DH,

BRI O G E R TIT Vv, RTROATRE
B RED S B ORIE T2 2 LT[z
% 72,

KREROFIHIZ19984E 7 H22HTH Y, HTi2w§h
PORERX T 0y A f 0P EEHH80 mm 12
FELAHELAZEZA, 9H2HE R S72(42HTH),
BRI 1 B 2 [0 HK SR % HERE L ERKIR
TCHEHE L. ZOMOFEKILE ZO#PIZ, 18.4
(15.7~20.4) CTH o7z K/HEMWIIZZ T — A b
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Fig. 18 Growth in total length of black rockfish. Open circles indicate 2-800 treatment, closed circles 1-800
tereatment, open triangles 2-400 treatment, closed triangles 1-400 treatment, open squares 2-200 treatment,
closed squares 1-200 treatment. Vertical bars indicate S. D. of the mean.
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Fig. 19 Growth in body weight of black rockfish. Open circles indicate 2-800 treatment, closed circles 1-800
tereatment, open triangles 2-400 treatment, closed triangles 1-400 treatment, open squares 2-200 treatment,
closed squares 1-200 treatment. Vertical bars indicate S. D. of the mean.
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Y& AT ORALTE TROMRAZITo 72,
RO EEE N~FH2 77 H&E
F149 % : WAFER) 2 Hv, BHfEET 5 X T
L7z AABRICHB T pa LI, 70y L FEAHE
B L 7B S RHC A OB 2R S d e o 72RTE & L
720 AREEIIDH 5A LORME L Th HEEHFOHE
PORMOK THOEREZAZLIIWTHEL L, B
LTWwa I, KN O Z ko THOE SR INE]
MASHI LWL I RE L.
BREMRRES JOERAE RG2S 1A
CITKRBRIX ORI 2 20§ O MAE A ICH L, &R
ERERZWEL, —ICEESHEOHIC LD RERXH O
O WEME L7 (P<0.05)0
AUBRBH G & TR O R E D S, HEDRESR (X1)
& TR OREB IR ST SR RO S TH
LR (N2) 2R
H RS = (W,— W)/ (D -
((W1+ Wz)/Z)) - 100 (1>
Wy« BsGRAE (g)
W« ¥ THHMEE (g)
D : #HHE

AR E = (Wy— W) - N,) /W (2)
N, - B B R

Wf: #iatE (9

FHEEREEORE AlBcHohzkE, 45k
B LOREROMED S P HERER L RAE L7, &
HIZH 72 TUIH B R DS LI M
WERLL0, MBXIEiZ7uv, 1BH7-) o
B A E D B R E 2R L7z B AR Crh & R
T HEEIE, KOOI, BB X OSBRSS
FZREETRZY, HRBOREIWETH L, 207
O, TITORBERORE, —MMZiE s/
He Hw A s HE LRE L. $72, PHERK
OBBIII0T RO 2 AT 52 L a ML
720

BRESRE ANZE TR L7cE Bk 1 1
HdH7-101,322565H (F£13E: 6 x 6m; 1,135,690
B, /NEIME 158 : 6 x 6 x 5m: 100,000, #E 4 %
76,0001, ©— 7% 10.875M) TH Do —MIMIZIK
MEHE I TRONB)TH Y, R TR
01CEEE L7,

WATE I E = (U5 — FRAFATAS) / T A% (3)
BHRE 1 D720 OWMEENE L, KB X Ok
Ot HAEKZ104E, Zofz 548 E LCalHT L
143,344 & 72 5o BHUGRE L, AT 0
YV A107 RO BB LB R B0 % e U TRMNC
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Table 13. Results of intermediate culture breeding experiments in the black rockfish
itv  weli Total Dairy Feed
Feeding Density Total length (mm) Body weight (g) ‘q a Total feeding (g) airy ee : Survival
No. weight ; growth rate conversion o
frequency (ing.  47) Initial  Final Witial  Final i (o) (g/ind.) o s )
1-200 1 200 792+7.1 93+25 15,200 9,241 (4.62) 33 1.6 100.0
1-400 1 400 774+175 93+28 30,400 20,083 (5.02) 33 1.5 100.0
1-800 1 800 81.8+7.8 10,6 £3.1 71,200 41,477 (5.18) 3.5 1.7 100.0
466 59 1.7+0.7
2-200 2 200 82.8+8.8 103+34 17,200 12,326 (6.16) 34 1.4 100.0
2 -400 2 400 81.0+5.1 97+19 32,000 25,379 (6.34) 33 1.3 99.9
2 -800 2 800 82.8+82 10,6 £33 71,200 47,436 (5.93) 34 1.5 100.0
*1:Total weight gain = (w ,-w 1) X N, w 1: initial weight, w ,: final weight, N : number of fish
*2, Dairy growth rate=((w ,-w ;) / d x(w ;+w 5))x100, w ;: initial weight, w ,: final weight, d : breeding day
*3. Feed conversion rate= (initial total weight—final total weight)  total amount of feed
Table 14. Estimate of expenses in intermediate culture of black rockfish juvenile
Initial Required =5 connel  Total : :
time for Total Unit cost  Unit cost per
number of Number of . expenses  personnel  Total feed - Total cost . .
No. . . feeding +, facility cost o per ind. size
Jjuvenile raft operation perday  expenses cost (yen) ( )*3 (yen) ( )*5 ( )*6
. P y en y en mm, yen
(ind.) P ) (yen) (ven)™! ye ye > Y@
1-200 25,000 4 4 2,400 100,800 231,000 573,376 905,176 9.1 0.28
1-400 50,000 2 2 1,200 50,400 251,000 286,688 588,088 59 0.19
1-800 100,000 1 1 600 25,200 259,000 143,344 427,544 43 0.12
2-200 25,000 4 8 4,800 201,600 308,000 573,376 1,082,976 10.8 0.30
2-400 50,000 2 4 2,400 100,800 317,000 286,688 704,488 7.0 0.20
2-800 100,000 1 2 1,200 50,400 296,500 143,344 490,244 49 0.14

E Ct*Nr+Ff+D, Ct :Personnel expenses per time, Nr : Number of raft, /f : Frequency of feeding per day, D : Culturing period (42days)
2 Wf-Cf, Wf:Total feeding (Table13), Cf:Unit cost of food
3 ((Cra+Ca),” 10)+((Cn+Cro),”5)*Nr, Cra :Cost of raft, Ca :Cost of anchor, Cn : Cost of cage, Cro :cost of rope, Nr : Number of raft

443

Soxy Ny, N :Initial number of juvenile
%5,/(L L), L,:Total length of start (Table13), L ,: Totala length of finish (Table13)

Table 15. Estimate of expenses per juvenile from 40 mm TL to each size

No. 50mm 60mm 70mm 80mm 90mm 100mm
1-200 2.8 5.6 8.3 11.1 13.9 16.7
1-400 1.9 3.8 5.7 7.6 9.5 11.5
1-800 1.2 2.4 3.6 49 6.1 73
2-200 3.0 6.0 9.0 12.0 15.0 17.9
2-400 2.0 4.1 6.1 8.2 10.2 12.3
2-800 1.4 2.7 4.1 54 6.8 8.1

Unit: yen
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X OHEML7,
C,= ((Cra+Ca)/10)+ (Cn+Cro)/5) * Nra (4)

C, : B
Cra : OB ANE
Ca : DAL H
Cn : /NEIRE D W A H
Cro: U — 7O AR
Nra : DB
AEE BFHMiZ 1 D720 0 1 A OB %2 1
B EEEL, BMH720 OBEEIZ20014EDE TR
JE AR E 4 (6001 / KER) & L7zo AfR# iR
L72B&IEEH, BB LOHEHHERL T
RONTL D EH L7,
C,=Ct-Nr-Nf-D
Cy: AMEE (1)
Ct: Wl 4 (1)
Nr: OB
Nf: 1 H O %
D: fAHEH
BIRE AR O R % B A RO BT (0.5
M /g) #FUTRONT X D FREZEH L
Co=Wf- Cf
Cy : kM (1)
Wf: #iaiE (g)
Cf - BEA RO HAG (1 /g)
BYMIXIET2E TCOTEHERBEOAE ik
R OBGRY A4 XHK & W ERTRHROAFERE O
EAFAEND T, HRHEEBRRE ORIINAE S &%
FRIPCEOK T A SN L, FEIICEZHEET S
HZTYH, MK A AT DhEBEREE LMD 2
CREETHL, TDD, Hiak L7 EEX T & O
BB RRE %2 £ B o ER (mm) THRL, &
Ilmm H72) OREICELREZX (7) 12X &
MWL FHEEAOmMmMm LT, EE1lmmd720

(5)

(6)

I HesA

DODRFEICELIREr EhEhoaR Lo ak
DEZF L TABNT L Y FH A XETH F TOHR
B EZ AR L7,
C= ((CH+Cy+Cy) / (Ly=Ly))
Cyt Imm H72) OWEICEL/RE ()
L, WEHO4E (mm)
L, #%TkKo4E (mm)
C;=Cy+ (L-40)
Gt & A XIET L EToORE (M)
L: &k (mm)

(7)

S

BREHLIVCEZRE KlBIX 04T 1E2-400X
2399.9, ENUA DX D100 % & %0 2iEhd o7z
(Table 13)o HZkEBXICB I L2 EEB L OMEEICD
W, RBHETRICARREZZIRDON L) o7
(P<0.05, Fig. 18,19)c 4K (TL, mm) &fk&E (BW,
g) DIZIZ BW=T%x10°% TL>* 0 @Rk % £ 72
(Fig. 20), KBEX o H MK EFIX, 3.3~35% &
HTOERIEFEAERD LN D572 (Table 13),

WREECEMME FHBRICBI1RBRHZHVO
MR 1 H 1 RREFIX Tl34.62~5.18 g, 1 H 2|
X TU135.93~6.34 g TH D, 1 MFAEFIX 25 2 AlkG
FHIXICHERT 1 RBH 720 ORI D e WER DA S
N7z (Table 13). —JF, filflzhaE L&Ak T1.3~1.7
OFPENIZD Y, 6 CAGHT 150 SAER X [ Tl %
FEIZE B EIEALONL o720 L, [ CNERE
TR OR L 5 B 235 &, 1 H2 MG
FH X A5 1 AT XA e CHEERD =R AT E WA &2 7R L
7z (Table 13),

1 H 2 MHREX O 3REIX T, 1 HOMMRERIC
95 FHI O R OEEHHT0 (68.9~72.2) % T
HY, 2EHOBEAEIZ 1 BH & LR EHEECD R

Table 16. Changes in survival and mark retention rate in black rockfish using fin removal making method

Marking 1 month 3 months 6 months 12 months 24 months
Total Survival Ma{k Survival Marlk Survival Mar}< Survival Mar}( Survival Mar}( Total
Number retention retention retention retention retention
Date length rate rate rate rate rate length
rate rate rate rate rate
(mm) (%) (%) (%) (%) (%) (mm)
22 Jul. 1998 41 100 98 100 98 100 98 99 95 97 95 97 261
18 Aug. 1998 58 100 100 100 100 100 100 100 97 100 97 100 258
7 Sep. 1998 82 100 100 100 100 100 100 100 96 100 95 100 262
13 Oct. 1998 98 100 100 100 100 100 100 100 99 100 97 100 268
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"oz
FHERBES LU A IFOEHEMORE
107 RAEFEIC BT 5 £BRIX 1 Bd 72 ) O HH ke
1%, 1-8001X <2-800[X < 1-4001X < 2-4001X < 1-200
X <2-200XDNHE 2 1), filE S < K8l s
Viwiil, 1RBH7:0OREIZMKL 2572 (Table

14)

FNZFNOBERSMT T, 4540 mm 25100 mm
FTIOHRZHNHBER LB ED 1 RS20 oy
B E %10 mm Z &2 Table 15127 L7z P4
RI00mm F CHERLHGOREZHICT L L,
1-800X 28 e b W73/ & & ), 2-200X 2% b 7
W67 TH Y, ZoMIZiF2.3E0EFED SRz
(Table 15)

E T

HENLPEBRGE ARBOKE, SR L
WIS 5L, KREEREE 1T H 2R25 1 HIZES LT
b, AEREBIUBRERIETREDONT, BHIZO
WTHREL BT ERBREIN, T2, 1THIZLH
RS A XA 2 MG 9 5 KIS IR CTHUB R R DS
<, MIFITHARERED ) OEREIE N LAUR
SNz, RFRBRICBWTL H 20 (Faf 9 k& 7%
3WE) R L72¥E, TRioKEREIE 1 HoBEH R
DRIT0 % TH-o72DITR L, F%I1TH30 % LKL %
5720 WE - K (1980) 1EAM OHRM=R (2HEC
P95 —ERE T L oPRkOES) ZMWE Lz, Eh
12 & % &KIRI8~20T TIXEM 2 & 6 FEf % ORI =R
EH10 %, 24KEREI%ZTIE50 % TH D, ZHIFEAFL
7o BL A R 255 2524 1 2 D AL PISERAE L T
HZERRLTED, 1H2NOMETIETaICHEAT
L7288 2S i b S B ENS, RO % BT
HTlbh,

= U< A Oncorhynchus mykiss Tix, 1H6~7
D% A 2479 & 2 M ORI R THE R
L, R OARS, K, 8B LR oRE T
H5HZ MR E NI (Robust, 1934), F72, R
L 4 Odontesthes buariensis T, 1 HO#KE K%
1~5HD5BEICERELZE A, KBRS N
L= U R L FERRICERIRERAMR T L7ze LArL,
HRTHERANLA TIE, #MENEATH 1 ETIEE
fIEAARETAHILBFWMINTYS (FH - B,
19) TNHDZ ENS, M RILRICLELRKH
P MAEIC L o THRE DD, 7V LI2BWT
X1 H 1 EFRESEIECTH B EEZ Dz,

KRB OHE, R4S mmor vy [ #il%

80 mm F THHEK T 24, /NEENONEHE
13200~800/2 /KL THEPB X OEERRIZEN LWV
EVITRENTze SRIIIEREZHELRRY B b 2
X oT, KIER/NEMEE R RBUCHMFIHL, &
LKA MEE X B LEND S,

SRI - REA (1995) &, A% B E KA N CT100~
500 /KL OEETHE L& 25, AFEFRIZ100 %
TARRER L FBOMREE R L. LaL, HREBES
131.13~1.17 %, FRHI120.95~1.01& % b, TijIA
HE DICARRBROK R Z Tl - 720 )11 - HiA (1995)
ORBWIH h D KIRIZ12.2~182T TH Y, ARABRD
15.7~20.4C L Wi $ % LK o720 2 0V £ OFFE
TiE, ARMEAERIZ25C, HBERESR2T, FER
RKIZ0C TRGEMHZRT Z ERME SR TS (-
H - W RE, 1997)0 SO EDS, B -HiA (1995)
DGR EARRBOFERDOEDF R E LT, KiRDOHE
NWEZONL, AFOPRER T, K2 X - THl
BahEE, HREBERDIEIT 22 L 2 EE T 2 LED
Do Fiz, B LA CTHHERZ KT 25451211,
BAOREINC L D HKFDSHI SN D Z e h D, KE
DEALB X OBIH OB Bt 5 & R L CUNAER L %
ETLUEDNH 5.

H2E HEREE (BEEREEH)

MW O R 2 E mICHAT 5 720121F, K
TR OFNPATKTH Y, IR Sz
WEENALLHEINTE, HEOLZWEGRITRD LI
o Bk Yy —TRRID XD hE&treii+ L
EN B E U OISR % v, 19894 LLRE (X [H]
P & AEGRGR L iR T A G bE T YA
O F 2 e LT & 72 Mg EE L, A
TNPOWEEE 5 T F R F DB % F v CThEILED
MO ERNTEFRETAHHDT, TNETIIYFA
e s, 1983 m¥, 1986) 7o A4 (ergl,
1984) DRHEAERICB W THEI R STV b,
—77, WEORFNEE ARG 2 D EIRE W
D, Ny FY Y ZIZEWNITERIZIZIZE A LHEH
nNTwhv, Bty s —1cBnCd, 7oV 1M
NOWEEERFEGRITEREIO mm DL ECEBI N TE
2o LU, G507 0y £ B EAMB I B v T,
W REE OB E M2 720, iKY X% TE 57207
INELFTAHZENRET L,

Z 2T, AWETIEY A X DR 7% 5 AR 25
WFAER ML, AR~ L FeE o i A & 1
e Lo E AN TORTE RS XL D REL
720
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Eat S Rapp: 3

EtgtRE A E  RBRICIE, 19984E Ity ¥ —T
EEINZ7 a4 YA E iz, W—AEFO
5002 % 34 £30 mm (50H #5) TH00L KV
IF L YARBICIELCTEE L, FH4E40 mm (60
Hik), 60 mm (90H #%), 80 mm (120H #s), B L
100 mm (150 H ##) (23 L2 BT, Z#hZN1002
T HAERIHNN U 7z B RAERICIEA T ¥ L AR
DEHRE (EX12cm, HFOWLS cm) 2 H VT,
Hit vy —kH 2% C50R T OF00E % MLE L,
VESEDFTERER &2 WE L 720

BEHEORERIZOBE Bkl L Coffitz
AT 5720, FIE4E40 mm THEERE L 72H#
(LLF, 40 mm X)), 60 mm CTHEIEHE L 728 (L
T, 60 mm [X), 80 mm THEEEH I L8 (LT,
80 mm [X), 100 mm THE gk & L 728 (LLF,
100 mm X) #ZNZFNER_H2500LK) =FL K
RN U C, Mg 5% 2 SRR DMK E % 47 - 72,
JEgRFA B 1, 3, 6 A%, 127 ABBIORT
RRICAFRE L T 723 RTOMKRICOWTHRZE L 72D
AR ZBIZE L. ZNENOBIEREICHE L2
BEASEAI A L7 2 R, BEaRsRAr 3 (8
SRR — NI ATE AT AR LR S BRI ED

HEBL

2RI L7z, &b, HEMRADOHWIEEIZOWTE,

1 tRELERE o 72KHEL TV RY, 2 1%k
L7ZBEDHAE L TO A 25N HE s, 3 -tk L7k
7390 % DL b A U INEE, 4 @ Rk Lo gD e A
A LABIATRED 4 BERFIZTL, 1B X021
R DFRAFIAR, 3 B XU 4 3RO LA & L7z,
FRBRHE T IR L 13 & BRBR DX 1] D L e 7 % — JC L 14300
Fric &k #eE L7z (P<0.01)o

S

BREOEEE HABRXOEEIREFEOTFYEE
1%, 40 mm X1 mm, 60 mm X %58 mm, 80 mm
X %382 mm, 100 mm X298 mm TH» ), 407
N LNz d 00, ZITRBEEOT A XL —
L7z BRI IIHBMGRE 3 VA E T, §XT
DRERIXT100 % TH 57245, 40mm X TlE6 4 H
21299 %, 1 4EF£ITIE97 % (KT L72s 60 mm [X,
80 mm X, B & U100 mm X Tix, #EKTHIZD
WD EERRFRAFERIZ100 % TH - 72 (Table 16)o

SHREHICRER 40 mm X Tlx, HEIEHEE %
L72BHIC 2RO TEHFRED NI, Enliso
RIRX TIIHE ORI L ZEZ ONATIIEL
5720 K BEIX O FRERHE T I 0 £ 5L H1340 mm X 28

100 - e o o o o
~ 80 - h—D—D—D—A
R
%60-

S N—N—"N—"—A
T 40 -
S
=
v 20 -
O—O0——0—0—=0
0 O—0O0——0O0—_0—-—0
0 2 6 8 10

Days after marking

Fig. 21 Changes in survival rate of black rockfish at different concentration
of alizarin complexone (ALC). Closed circles indicate 15 mg/L, open triangles

indicate 30 mg/L, open circles 50 mg/L.
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Table 17. Visibility of the mark pattern in juvenile black rockfish after otoliths immersion in
alizarin complexone (ALC). Maximum duration of marking was 24 hours.

Coniﬁtfation 6h 6h 24 h I month 6 months 12 months 24 months
(mg /1)
15 0 25 100 100 100 100 100
30 25 50 50 50 50 50 50
50 50 50 50 50 50 50 50

ALC mark visibility on otolith was evaluated as follows; 100: very good, 50: good, 25: faint, 0: absent.

95 %, 60 mm X %97 %, 80 mm [X 2395 %, 100 mm
X297 % &) WTFROKX D E L, REEXE oI
BOLNL Do T2,

Z R O R T R0 F 4RI, 40 mm X
T 261 mm, 60 mm X T258mm, 80 mm [X T
262 mm, 100 mm X T268 mm & 7 1), KERIX I
HRELREZIEDON LD o7,

IEEEREIERDEEMERE SR BRIX Ok EE
WZE L IEREREIE, 4 mm XA330%°, 60 mm X 7%
1945, 80 mm X 251645, 100 mm XA%1455TdH - 720
100 mm X O P ZERER 2 25 #E & L 72854, 80 mm X
TI1.14%%, 60 mm X T1.366%, 40 mm X T2.14£% ®
RERI 2L, A AN 513 EVEER RIS
L7zo WEBEIRFSICHE L -G 2 212, 1EZEH20A T2
T A 1JRICHEE T 2 SR 2 A L /R, 2
7Y 4 OFHEEH100 mm OE12137045, 80 mm
T804, 60 mm TIX95%r, 40 mm Tix150% & 7%

Of:o

£z ¥

SEoORBEICE), 70V A B CEIFEHEERE
40 mm O/NUFEH IR EE R L EA L T, B
WA, MEB X OAEROm A S HE R W2 & HSH
PN T o Tz NEEEIRFAETR O /NRAE M~ o 8 F 25 T]
HEWC 2 &, R E TOERMMIE, 100 mm TG
LTHmd 28561 2HRT, 80mm CldBLZF1H
H, 60 mm Tix 2% H, 40 mm Tid 3 # A ®%iED
Wiffc& % (Table 16). fH WM O mEHMHIC & 28
RF N OEHWRIRITIEFFICKREVEEZ b,

S EOREICB VT, 40 mm X2 A JEER D
WBL HbN LD LN s, /I A
AT, MENORMEERT 2 L FEE RS LE
Wb F7z, YA ZAWVNENT T %13 EAEERER % 5
L7z72%, AT 5EREIORE S 2AKRITEDLET

INMET 2EDTRIZEY, HEHREOEERMOE
MITREE E 2 5N b,

il =R FRIIBEBCERL7 0 A
ORI, oo —E% 1ERSELTE
GEPR B O IRATR ML LTz TORE, 19954
ViEE (B g REBIZ1.9F R, EEROTYEREIX
102 mm) DRERFEHIXT76.0 %, 19964E i (F2 5
F2, 102 mm) TI383.9 %, 19974E it (2.9,
87 mm) TI390.0 % TH O, KRB E X DALV
BBAERTH o720 ST VNS P EELRIEDAN
BCREOMTICEEKE 2177228 T, REek
WEPELR T ot tELbND, XD
PALBEDER L7201, WIEEOREN R 57272
DEEZHND, MEETRFREEE FBE O RO B 8
T 2580203, IWEEROREPSKT Lawvw X )1,
TEEHEZIRT 2 LEND D05, KREWHEELTH B
DERFAEOD LBEOR T IR L2/ 2 VTH A
Yo fo T, MEEEHIAEIRZ v Ot xR % e 3
B, B0 — % Mkt E L R
WEDMWIETALERD L, 4B, RkHoD40 mm
X Tl b NIRRT 1L, gk 1 4E
PIPNCIEAE L, RO R =L (1988) TH D
LNTWh, TOZ s, BEOFHEDS 1dHkE:
BIFEDHICB I 5 2 LAVRE SN, ERERAROH
ED 2D OFEFFIE 1 AER DY & E 2 Sh/z,

F 7z, B BRRRE IR T 5720121, Bk
EEIC X BT A MR T2 I L VEETH Y,
WA IE R OB B Z LA F L,

Lk, NIRRT O IR AL T OB
BRICHEA L, Mg oRERLaticomiIx, ki
FIC L AR ROMEZ ML T, AR R LR
ALY B LD D Do

$ 38 AR (ALC #=3%)
Hil i Tl N7 PR AL, FEARITAE A 2 A
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LAFIHTE Rz, F—FEECRIEE#ESM (B
B, W), WA X)) SFOMEERAT I, R %
N B F 7 e BEERDRERE DL B b,

KN (2006) &, bR OMATIE, HAYIZH
GL7E#REH LI LERFL, 2o 0Fpl%if
frL7ze F72, ZOHCTHIBEER & NIE# 2 LA
bbb ET, ENENOEHTEM, R P
ETLIENMETHLILERLT VS,

PHEEEE D 1 D Td A Alizarin Complexone (ALC)
WX, 7 L Plecoglossus altivelis THWEDSHIE S
(Tsukamoto, 1988), TN F TIIF A =Y U &
EOLZ L OMBTHAERE LTORREDPBD LN T
W5 (ZEH - A, 1987 WA S, 1993 ; Yamashita
et al., 1994 KA - T4, 2001 : #4F, 2005 : A H -
FEH, 2006), L2°L, ALCAEZFRICIZ, RERREA5HRIC
Bz RETCoEBRE CKH, 2003) &I A b
(Blom et al., 1994 ; g - AR, 1989) 7 & [E
PRI TV,

KRB TIE, 70V A ONEREKEERICHAG D E
LR E LT, £ oA TEEDODH S ALC K
WAERVCRER L 720 4L, ALC Bk 2 A HRE
NEEE, PORBENICEETAIEM EMHE T L
ZHmE L, 3ERE (15, 30, 50 mg/L) DOFRIHIERE
FHRELT, RBXITE 0AERERLEHRE L TOME
Pk & Otk &2 i~ 72

Eat s Rasp:

HABREOBRESLVCHEETRHSE ALCZHWAHA
OEEMITEICIE, B X 2055 GRO%S5)
ISR (REE) 280N ENH L. R
BHEEIL, ALC 2 &5 AZPEAHFR 2 G ~RET 5
T2, NV K v IS X BB TY R (HE,
1994) A%, KW ALC # &A% 5 2 ik
57 ) 21T, EALKREEIZ X 5 TiZ ALC OHLY 3AA
BV LA RERD 5. 200, KRB TIE
FEIMH CHEFEIC ALC B DS 2EETRE L E 2 b bR
HEERHE L7z,

RERIZ20024E 10 2 v 7 — CAEE I N4
£ (= SD) 45.2 (0.8)mm ® 27 1 v £ 15,4002 %
v 7zo ADEMZE TR ALC v, BIERES
15, 30, 50 mg/L ® 3 BeREICREE L7z iBRIX & L
TENZN 2K (100L KR »—KRA A MK %
WmEL, 1K 7209002 (10,0002 /kL) o FfE
FWE L. b, RBRI[IEOFELZNEL T
DA —FNANTERL, Kiix15.3~15.5C THE
W7

HEBL

ALk M OFRIENFINE 24 & U7z RIS X %
FBROHENZ B 72D, 21 2 HaiA S At~
OffEERIE L7z, 7B, BEPoEKIETOT—0
ATEML, BMEIFEHL o7, BERTHZD
FEI AR EEH L, 1KEH-0 3 iz,
HoOEEGTHEK L. AR (SURER, WiEY 7
MERHH C) ZIKEAIGE Y O HEM L7z, R
IGH H10H 100 L ARFE CHE L CTARE MR L 72
%, FHBRIX 2 5 30RO MM & MAEA i L <,
500 LK) = F L »KRIET24EMEIE L7z 500 LAk
W OFE FMH13100 L AKEICHE L 72, &b, AFRIL
FHE A 2 i3 5 &, BIRS Lz
82.1~93.9 % 232 F TIZRIH~KEZBIT I N2
Ens (BB5 B 1), BEHROFiM % 2T 510
L 2 EHTTaeEEL N,

EOFHE ALC ke L CoORHIiE, EK=,
Fewelk, HRMLB XN 1 BdH 720 O REAMO 4
HH 2 S L7z ARSI H oL Clk % $z,
AT IT BB A2 10H B IS X CToftEa 2 LD
B CGRBX Z TR L7,

RO R IEL, RGBS 6 REH], 128, 1
AR, 6FH, 120 AB X 024H A%RICERERX 25
WAEZ IS AR ZBRE L, RHICL > TR ONHA
(W¥h) %, HHMALHEME (Nikon ECLIPSE
E400, G ili#te 7 4 v % — BM520) FOBIZE0 55 L
726

Tk OBLERME, ERRoOHOLRMOESVWE [N
BT LR 3w, [HEATE 5], [ TH
BLICC W, [HEEC& 2w o4 EREEL, ZhE
112100, 50, 25, 0 OFHliM % 5-2 2 HEE (1999) &
FEZHE, S5 EEROTIfEZ IR L7z,

T 1 BdH 7D OBEREMIL, FRBRX /AL
ALC OEH (1,000 /g) % EREROFIHME TR L
THEIB L,

s R

E£%E ABX L oEEREOHE % Fig 21ITR
L7z 15mg/L Ti&, 2KM& QITREEZMIBL T
MO2UREBE T TORTIZ 1R TH- 7

30 mg/L Tld, BIEZMHIBL THh H24MEM % £
TORECENM2ESB L V7R, ERFIIENEN
62.0 %, 89.2% Td > 720 LTMMAKIZ5 HEE TR
Do, 10HBEDERFIZZNZEN52.4 %, 81.7%
ThHo7,

50 mg/L TlE, SHIRTEEILL R, Rifkz
B L T2 52405t £ TORTEEATTTR B X U865
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Pacific Ocean

20m  40m

Fig. 22 Geographic features of Yamada Bay and the black rockfish release sites. The open circles indicate
release sites used during 1989-1993; closed circles are those of 1994-1997.

Table 18. Release statistics of black rockfish in Yamada Bay

Fin
Year of release Number Mean TL Release site Date of release Marking method ™ Mari( rte regencration
released (mm) (%) rate
(%)
1989 62.600 89 inside of bay Oct.26 fin removal (L) 483 16.7%
1990 180,200 81 inside of bay Aug.31,Sep.18 fin removal (L) 50.4 16.7"
1991 27,700 105 inside of bay Oct.16 fin removal (L) 100.0 16.77
1992 0 - - - -
1993 59,000 98 inside of bay Oct.7 fin removal (L) 100.0 16.77
1994 50,000 129 mouth of bay Oct.27 fin removal (L) 100.0 16.72
1995 19,000 102 mouth of bay Aug.31 fin removal (R) 100.0 24.0
1996 20,000 102 mouth of bay Sep.7 fin removal (L) 100.0 16.1
1997 28,900 87 mouth of bay Sep.4 fin removal (R) 100.0 10.0
Total(Average) 447,400 (99) (87.3)

"I(L): Left ventral fin, (R): Right ventral fin

"2 The average of mark regeneration rate from 1995 to 1997 was used.
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Table 19. Changes in the mean total length and SD (in
parentheses) of released black rockfish from 1995 to 1997 year
classes at the Yamada Fish Market.

Age Month N Total length(cm)

June 0
July 4 22.5(1.9)
August 14 22.4(1.7)
September 74 21.7(1.2)
October 536 22.1(1.0)

| November 435 23.8 (1.4)
December 455 24.4 (1.9)
January 208 26.2 (2.2)
February 14 26.9 (2.1)
March 6 30.0 3.2)
April 11 30.0 (2.6)
May 10 274 (3.1)
June 70 26.6 (3.1)
July 32 27.7 (1.5)
August 50 27.3(2.5)
September 29 27.0 (3.6)
October 99 27.8 (3.5)

) November 177 30.3 (3.1)
December 261 29.6 (2.8)
January 111 31.5(2.8)
February 0
March 3 30.7 (1.2)
April 9 35.8(2.7)
May 49 36.0 (3.2)

J&, ARERERIZENENI29%, 34% Tholo LT
fEfRiE 2 HigE TRO LN, 10HHRDOAEFREIZ12.9 %
BLU34% ThHolze EFEFIL ALC EHHIRED L
AE D %o TKT L7
EEAOE B RPN E3 T J AR AOF Y R IN
% Table 171278 L7zo EBRBHAG DIRE, 6 IEfH, 12
i, 2415 W& OREBMEOFHImAL L, 150 mg/L 2% 0,
25, 100, 30 mg/L X£%25, 50, 50, 50 mg/L [X %7,
50, 50, 50& 7%V, RFRENEWITE, HEEHTH
ANOEEEREA ORI BO SNz L L, [EHE
IR THERR L 97\ 2R 9T RHIEfE1001E, ALC i
JEAIR &K\ 15 mg/L X TO AR S Nz —T7,
FRERIX I BT B RS & OFHEIZ1E /YT F 5332
WONLRDoTze T2, BakOFHNE 2 MRS %720
WCELZ, 1, 6, 128 X0240 HROBIEETIE,
FTRTORBIXNZDOWTHA DI B X OWHELE %
7% < T, ALC Bk 2 SOLBMET T CH S (i
BYLIEDPRTH o7, T2, 24 HBRETOH

FAPEIX15 me/L KIZBW TR D Ho 72

BEIEHLUOEEBEM %R 1AKHED:
DIZHE L7 ALC o #H1E, 15 mg/L Ti131,350H,
30 mg/L Tix2,700, 50 mg/L TiZ4,500 T& - 72,
INLDOfli%E ENZTNOERBEO M T L 728
Ak AN, 150, 4.47H, 57.0M & 7% Y, 15 mg/L
X330 mg/LIXD1/3, 50 mg/L XD 1/38D 1 %
L7z

z =

J7OVAEHICEL - ALCRERE 4£KE45 mm
D7 vy AHEEIZ, 15, 30, 50 mg/L OiEE ALC £
A EAELHEE HAOoMBLAREL S 2T
b, 2EBFEFTIRTOXTALCE#RZMERT S
CEMNUWHEETH o7z (Table 17)o A=, HAMB
& O HAM A S FF i3 % &, KRB g o i
PTIE, ALCIEE L L TI5mg/L2%HE L Tw5 &H)
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Wr Sz, fafiilcBir s ALCIREREIX, 54
TI1Z80~160 mg/L (HEH - A, 1989), =T a7
F Carassius auratus grandoculis T 1216~32 mg/L
(g JE, 1999) v 5 X Paralichthys olivaceus T &
80 mg/L (Yamashita et al., 1994), <~ % 5 Gadus
macrocephalus T13100 mg/L (P9 - FAI, 2001),
A N2 ¥ F Theragra chalcogramma T 1325 mg/L
(FFA& S, 2003), /% N% Arctoscopus japonicus T
1340 mg/L C)KH - ZEH, 2006) THH, za v A1
R EEWETHRESNTWS, 72, 4£K19 mm
D= ¥ A Fil TiE50 mg/L 7 5200 mg/L ~ ALC ®
RERELHOLZLICL), HBEMEI EEL L
ARINTWAD (HEH - HAR, 1987), 7av (Il
W30 mg/L B & U050 mg/L @ ALC i FE T, 24
RO T OBMAED SNz Lh s, K
@ ALC O#IE I ARE L DAL, ZofipHidsk
WEEZOND, —T, Hilit ¥y —TIF20014E12
50 mg/L, 6 R DRESMT ALC Bk 2 $45 L 72
2, BEZOFLCHEKIIE > BDONLh o7
(HAFER 2, 2001) o ARERIZBWTDH, RiF
B2 S 6 el b L V12K I % 7 B TR
FLTHRTEZRRIZE 25, TXRTORBX CHRTH
RO N o7z TbH, 30mg/LBLY
50 mg/L @ ALC i1, 12 INORE STl
BRI E L G2 hnwEEZ DN, BRIERELRE
B OSMEOMAG LY, EFEREIE L L1t
TBHIEMPRIRENT,

INHDOZT LD, BERE L CoBRMES L ORbt
P RENED LN WHIPEIT, ALC ORIEIRE %
TIFAsZ LiE, 7u v AR ELREROEERS L
TAE I O AT OMKIT KR E S HIKT 5 L& 2 b/,

SHEDRE ~FARNT 77 ETIEALCE
kA EET BT A XL - T, ALC OBIEREDS
ZBALT HZ EDRHL2ICENTWS (FEH - A,
1987 ; HEJE, 1999 ¢ 24, 2005) 7z, NFNY
T ALC U o pH #0359 5 2 & T, Hafkk
OBBENEE S Ehmm Sz O - 32,
2006) 0 E BT, AR H Y T ETIEEADIENIZ,
L HEBIC O VW T D ALC ORGRRI RO 5N T
W5 (il - A3, 1993 Wk - 2, 19945 RIA S,
1993) o ARRERTIZ R4S mm © 27 v v A fili % Hwv
TREE L7248, R A AT & o7 ALCIRE DI
B, ALCHL o pH M EDEA, 15mg/L LT D
ALCHRETOBREMMEL RFEIZOWTHIHRDE Z LA,
S HIZRIHEN 7 ALC R OEAE X EB T 5720124
BThHb, T2, AHICOWTHIELLUS O & T
MR AHERE S X, ALC B2 fERR T 5 72

WZAEY 2 AT B0 B, KIEZRREE OHIE A
RihdbZ b,

INFTOEERY Y —I2BITA 7Y A ORHR
Becl, BIPEERBEBERIIEEAHE T 572012, EiEE
WEEHA T, BEIRERmMLTE (Fa48
B, ARBRICX o Ty A flcEIF 5 ALC
T DA RIVED R SN 72720, AHER % IR S
e ABDET, B A X, BErs L ORI & v
o T2 SR8 B 22 2 T AR BRI X B LIt skl
DERHTREE 225720 TN S OFKF DO EHERY]
RSB SN BHMEE IR, HHENZ2 X 51250
TW ZEPEETH S,

BE5E MAMRBERMORSRE

E1E AFRUAZICKALAEZ7OV A OREMHE

wiik v ¥ —TIE, 1989~19974F F T F UL LI
R E LT a4 H A R L7 sl
EEINIIRT 5121, ARG Sz
BERARDLENDH L CEARDL, 1998), £ZT, f
THCHERZRE L, KEFshizsxToray
A2V THINTz, AR TIE1990~20004FE D 145 D
AR RS, 7uv A/ oifEs, RAOBE), H
Wk, ML X ORFERINEEEEL a4 O
RN 2 5 L 72

Eat o Rasp-

FEERREESEE Sty sy —CcHmAESR
727 1 A #1447 40002 % 1989~19974F (2 & F I 1L
B L7 (Table 18). 73, 19924121,
WAEFEDOATN L ) ARFEEREFT AT SN h o 720 1K
WL 0¥ 4eREE, 99 mm (81~129 mm) T
BTz FEARICIZE 4 B0 2 {i Tl 7 I AE AR
kA V720 1989~19944F B L UN19964F Htit #1213 /2
MG AR %, 19954E 8 X ON19974E Ui #E (2 1345 i
LA 275 U 72o 19894E 8 X U19904E D 2 D Dk
WHEICIEDWTUE, FNENG L 721 048.3 %,
50.4 % \IHER A A L7z TNUSNORGEEICIE T
RCOMANEE# A I L7z MEEEI IR,
TEEATIH B EWENEEIITHAEL, KRR LR T
Bl b, FZT, 1995~19974E AL DWW T,
W% B U 72 O I BT O 2 & IEVE 2 1210008 &
LT, 14ERMPE LK CHTE L TREBOERAELY
Rz 2B, 1989~ 19944E T HE I DWW T, 1995
~ 19974 E DREFR D FRAT R O3 % Fi v T EL
REEMIE L7,
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Fig. 23 Annual changes in the estimated catch in number, weight, and landed
value of hatchery-reared and wild black rockfish landed at the Yamada Fish
Market. Closed bars indicate released fish, open bars wild fish.

BRI Wi L 22k o (LB, A TR
FERRO R YA T 2 OB TH 5. BOBEENK
4km, EIHBOMEA1km &V OM#EN R EZ
BLTWwW?S (Fig. 22). EoHYLERa & 1l o R
IR TH 225, BEHORM L BEIEE L BT
FTRTCHMEILTH 5o KFEIZEO PRI THL0 m,
BHE TR0 m TH 5. BHHNOKIRIE, 416 ~20
CORPTLER L, HAUKIRIZ 2~ 3 HIC, Rk
29 HICEN S N5, 1989~19934E D Atix, 1hH
BRI SN2 Lo L, ThooBTld, Bkl
Bh B IFRECTE { OB L D 8ED R SN2 7
%, 1994~19974E R EEL, D HEN LN EE 2
B NZZBIRICH L7z BOREHT & $ak 3 %
DOBMRERETINCHERT 5720, 5 RAEIZILH -
Jem (1997) 12hEvy, WIERZ# L, ANOVA %

WC 2 BB OZEEBoE L7z (P<0.05).

THAE  1990~20004F D 114ER 111 a3 T8
SNTAKBEDTF— % &\ AR TIZRRA DR
IOV THHRD 720, WK TH % ILHER” L
TSN 7 0 A HKREGTFTE N5 ILHATEM
AT, IHEOIMI B 2 ¥l i s L OiH
B BT 2 MBS0 3 7 A C RIS AT
L7

NSO IR ENE 71y 4 Difi
FEHPH L, HHEOIL 50 km A 5 5 4520 km O i
Bt L7270 km OISR TH 5. 4B, Enfadlins X
OB AR TG DV TUE, 1990~19944E 0 5 4E B o 7
— 7 MV, HaGICE, 1T o0RERZE
BL, A5 OTXToOMZE GER280H) 12
AEEFER L7z RAEFHBIDTO3IHATH %,
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Fig. 24 Contribution rates of released black rockfish to total landings by number and weight. Closed bars
indicate weight of released fish, open bars number of released fish.

1) z7avALEvA - ANVEE LT X 8 Vg
BEHEBAELOKGTENL 2D, 70V 40
RN RS (RGO % HRISHEL
720
NG IR AR D A fHE & GBI L 72 g O % FERR
L7z

3) &R#EWMEL:,
1989~19914F ICILH AT IS KRB T e hizr7ay
L DWEF—% ZHNT, TL (ecm) & BW (g) O
A BW =0.0113% TL** (N=4,586, R*=0.98, 7 <
TL <44 cm) %47z, fEERIE, ZoXE2HT
e S NIAREOREMIC L > THIH L7,

1995~ 19974 G i, RERkOAE & &R H4F
WA TET A ENMEETH S, LI L, B4ER U
BB, L 721989~ 19944 MU b T, Bk & 4F
FRETE WD, UTORETHEHERHRE L,
1995~ 19974 It O -3y ar ke & 2 DOREHE(R 2 % 4F
WRB X O HNCEIE L 72 (Table 19), ZDfli%z kK
WA S (1998) (ZHEVy, AFRaBII 0 L7z. Ao
HHEOHLIZ L ~ 2K TH L7120, AfloFHeRE
ZORERANEOND 1| EBL O 2EMAZITILDIC
WL, TRV 2~ LT3 MU EE LTHE L
FHeR EERRAENE LN 2> HIE, FOHO
HOTF—% %Az aTRpRo 7 vy 4 oW,
5~6HTHAHD (BE2EE 1M, AEoray
A OEROMERZ 6 H1 HE L7z,

BikE, OINESICEEOREOHE HE2
KIBIFENTFTRCTOr 0y £ 120 5 ao#s
LEHRL, AKBTREB L OKGTERZE IR L.

2)

[ENREAEY/ 7k R N 1Y &F AWl =% &/ &0 N
L7fECTH Y, BRmHEOBEEN LM OILED 1 D
ThHb (FHARDS, 1998). FFMIEIL, Kkt &
DRGTEHEE HRBE TR LAMETH Y, ZOfED
IOBAIFHIEIZE L RS (JEH, 2001). KT
SHOMFEIZ, 70V OHMALETH LA, 1
HATETIE 7 v A Bl BAGOFLEA R\ 7280,
Z 2 TI1990~20004E DV A F DI HAL (7048,
kg) ZMHL, #REHEORNERICE L2, —)
B o2k (X, mm) EFFEAM (Y, M) o
MICiE, Y=0.1267X+4.5351 D BRRHE SN TV 5
(TS, 2006) 0 45Ut BE D HE 2 B Rl i BT % 76
U 724l % BUomids s & L7z,
®w 7

BRADIEE  1990~19944E @ 5 4E [ o (1 H £ 17
Y, el b X OB T K S 7o Rk
filx, Fh2N18, 740, 1,782, 4 BDO47120,526
RBThotzo TDHH, HHEDNIE D S 270 % iE
(427 %) 12X BRBITREIZ16908ETHY, D
99.3 % (2 & 72 516,787 AT 1L B O & 1 & 38 T g
ANz, IS MO E#PHIZ13~50 cm TF
BWeREIZ24 cm Th o 720

KBTFTRE, KBTFTEESLVKBTIEEOEE
E)  1990~20004F o I L H AT 583,207 D 7 1
VA KBTEN, EERD61.9% %5 5515122
PRI TH > 720 RIRB L OHGRA O KRG T RIS
X OKREGFEBEDOELT) % Fig. 231258 L7ze Bk
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Table 20. Estimated number of returns and return rates of black rockfish released in Yamada Bay from

1989 to 1997.

Number of returns (%)*

Year of release Number Total returns Return rate
released 1+ 2+ >3+ (%)

1989 62.600  4372(69.4)  1.802 (28.6) 124 (2.0) 6,298 10.1
1990 180,200 14,915 (75.0) 4,873 (24.5) 98 (0.5) 19,886 11.0
1991 27,700 983 (36.6) 1,271 (47.4) 429 (16.0) 2,683 9.7
1992 0
1993 59,000 6.455(71.2) 2,138 (23.6) 469 (5.2) 9,062 154
1994 50,000 4,012 (63.0) 1,844 (29.0) 508 (8.0) 6,364 12.7
1995 19,000 946 (53.8) 467 (26.6) 345 (19.6) 1.758 9.3
1996 20,000 1,249 (56.6) 694 (31.6) 263 (11.9) 2,206 11.0
1997 28,900 2,078 (63.8) 1,008 (31.0) 169 (5.2) 3,255 11.3

Total (Average) 447400 35,010 (61.2) 14,097 (30.3) 2.405 (8.6) 51512 (11.5)

"The percentage in number of returns by year class.

Table 21. Hatchery costs, landed value and economic return rates of released black rockfish in Yamada Bay.

Landed value of released ﬁsh*l(%)>X<3

Year of release Re]e:sQe Total landed Economic
cost 1+ 2+ >3+ return rate
1989 1,360 503 (54.0) 349 (37.4) 79 (8.5) 932 0.68
1990 3,654 1,767 (56.5) 1,329 (42.5) 32 (1.0) 3,129 0.86
1991 681 145 (23.7) 329 (53.8) 137 (22.4) 611 0.90
1992 0
1993 1,378 877 (50.8) 573 (33.2) 279 (16.1) 1,728 1.25
1994 1,446 552 (44.6) 540 (43.7) 145 (11.7) 1,237 0.86
1995 457 144 (29.3) 151 (30.8) 196 (39.9) 491 1.08
1996 481 181 (34.7) 190 (36.4) 151 (28.9) 522 1.08
1997 617 205 (40.8) 198 (39.4) 101 (20.1) 503 0.82
Total (Average) 10,074 4,375 (41.8) 3,659 (39.7) 1,119 (18.6) 9,153 091
11000 yen

*zNakagawa etal., 2006
“The percentage in landed value by year class.

DORBFRENL, 19914E121316,717)212 5% L B 12 1Y
ASERD B I7z75, 19934E12131,369)2 & 72 b WA L
720 512, 20004E121%, FAHIE A o FCRAKAE D
169 CTH - 720 —F, RIKMOKIGFTREIZE, 1990
8372 TH - 72 4%, N LLFEI9974F F TH24~
2. T1TROFPH N TR A M D K L 720 19984F 1213 —
BRI EEM L 7228, & LA O AME AN s U 7z
AR L ORI & RO AKGITRBO I,
BEOMRIZED 5N o7z (N=11, 7=0.46,
P>0.05),

HWRAORBRE, BERELHLICBERRE ki
FREBOEBEO I (FPH) 13544 % (5.0~
97.0 %), /Ki5F H & TI1345.2 % (9.2~78.4 %) T
B o7 (Fig. 24) it B & Bt L 72 345 o 5k

EOMIZIE, AFEZIEOBBRIRD LN (N=11,
R*=0.86, P<0.01)

BN L2 o mINEOFY (F#EH) &,
11.6 % (9.7~15.4 %), EIIERIHR S B o [T
KON (H#PH) 13111 % (9.3~12.7 %) THYH, W
B ORI O M EATFRD SNk b 72 (P>0.05,
Table 20)o ZHEHO T TORIBEISED S 1
WA O oEE (HPH) 1361.2 % (36.6~75.0 %),
2 7% T13230.3 % (23.6~47.4 %), 3 TI138.6 % (0.5
~19.6 %) 720, 1iEADEID R D mVEEZR
L7

FIR R OREF IR O (#iPH) 120.91 (0.68
~1.25) T#H 72 (Table 21), 8D H b 3}k
WElE (19934F, 19954F, 19964F) X1 #MBR 7245 %
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Fig. 25 Geographic features of Miyako Bay and the black rockfish release site and
sampling area. The closed circle indicates release site, open circle sampling area.
DMWO TR TIZ 1 K TH o 720 HITEE DK ] MEWEZ R L7z 2O 3 D0HEE, EWITHE S

WEAZED 5 1A OH GO (HPH) 1341.8 %
(23.7~56.5 %), 2% TI1339.7 % (30.8~53.8 %), 3
K TI1318.6 (1.0~39.9%) &7, 1ik& 2on
WEAXIZIFW U2 R L7zo

z ¥

IS & 7z 8 D o ikt o BRI, 9.3
~15.4 % OHEPH L HEE SN, (ZITLE L 72 BIPERA
FoNie MOMEHIZIHB T 2 AMOFILERIL, FE IR
TIiX0~0.3%, HHREKTIZ0.2~6.5%, FHiklkTid
0.1~2.3 %, AtilEiEoAFHE Ti32.7~13.4 %, =
R oERNINETIZ1.3~15.1 % TH 5 (Ll - F#%
WL BRI - ARIEIR, 2000) 0 IIHITE & AR
BB L OEENBITHR L7227 7y 4 ORI

n, FHE EEBIOCRIEETE, FHECEWE
T TR SN TV 5. AFEO ML, BElKELIO~
100 m OAMEICH L 72 A U AER L Tw b, L L,
BRI 72 5 & MEBUAR D AASEN ORI BE LT
D (B, KIER) . 2, BRADOIZEA LN
I OB LB o il < Tl s iz, 25
(2, AREERESUL, EAORBOESEEFHL TS Z
ENRFREINTWD (EAARS, 2002; 5 5 HE 2 Fi)
2D, REIIE L FOR/IE EAL L LCANESR
HERE LTV B WM E R SN b, 1Eo T, AHD
BRI B W TR W IR 2155 72121, IHHE,
FFHBE, EFRNEO L) B2 FH LT BT OH
AR S 7z,

—77, MAEZ BT 2 HIERIE, BT ATIE0~32 %
(Ishino, 1999 ; Okouchi et al., 1999 ; Yamashita
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and Yamada, 1999), < % £ TIlZ8 ~12 % (53,
1996) Th b BRI R EH 5 720121%, Bk
T AR Y A X, B, B ZhZhiZonT
R Z EAHEETH A (Yamashita and Yamada,
1999) BN EBELFRD 2 7 A ZNZ R L 728
OEPEFRIIEAFEAIBEDO N L o7z (P>0.05),
Lo L, BHNICHE LTI, BTl E? o #iiE
WX B8N SN, BT 2 BRI Lo
DB 5o MIFFES (2001) 1F, HEJIRETIZATY
KT SN2 TR D 7 1 v £ pSitEfE e LI
FoThTmiGBz@BS TSN 2HE L. &
DHEIETIXI914ER =212 7 0y £ OKGITEIA
W L7225, ZORRAERBRINA 155 %l L 72 A TE A
GRRICHHDOTIE R L, TSN HOZIETH S 2
RO L7z, AWFZETIE, BRRRDOA R
IR ST, R E & UM SR ORE - &
HASRD b5,

FEE M A RE WIS S A 7-0121F, R
A TARDLENH D CaARS, 1998 ; Okouchi et
al., 1999 ; 2004) o fFELZ 31T 2 FF RO (4
FA) &, K& FHATiE27.9 (0.5~310.2), > ua¥r
T139.8 (7.0~11.8), % 1 Ti¥5.1 (3.3~8.2), t
J A Ti¥2.1 (0.5~3.6) THA (dLH, 2001), AFf
DOREF MR IZ0.68~1.258 %0, 8 DODMHEHED H
L5DODMMAETILTEZ/RL, FHEFHEL L TR
FWICHMNTEDHMBEIBON LR » o7z TR,
A D KT HiAfi 23704 /kg TH Y, & T X D2,235
M/kg CAAR B, 1998), <% 4 D4,3801/kg (53,
1997) ATl 2 EEHTH %, AFEDOKY;
eSS 5701213, Afliofev 1 sz R
L, 2MDETHMET S 2 EOWMEROLTAD,
SHBMET L T E % 57w,

HEBL

INHE IR L7227 2V A4 Tid, 1 ZIFRELE
WS T E 225, HEL L TERLT 5 /%%
RIS SN o72 L L, EEIE IS
L7z7av AT, #FEOEORINT X 0 EIRHH
L7720, REAMEZEZT Ch % @S 32
T AWML FE L EMONEIE L o7 UNEFED,
2001) o HARTIIIREE WS LTl 2e & O3
ROl ShTwZwizd (I0F, 1999), 4% Ih
b E S MEOTHE S LEL LD THH I,

FB2E HWHEYA AHPEIREICEZ ZHE

MR EDOIRIED 1D THLHINFEEED L2
DI, RIS A X, BT E £ Ot
ML z2f{5 L PHEETH S (Yamashita and
Yamada, 1999). L 2L, A5 O KT IEH 10 cm
TEMS N 5 TE 1H), B A X 2Rt eE )
ZEZTC, BT A BT g L 72 0F2E I R2
LN,

FIT, AETEMHES A ZICEHL, ZhET
FEESNTERI0 cm 2L LT, £K8, 6,
S5cm A ENZFNRIE L, RS A X 3 fiigom
IWHRIZE 2 2B E PR, 3518, HEMAT 5L
Hi O 0 O BERB D2 155 72012, 7 THEGA
T L7z H THECTIRE SNz & i
WK SN RS E 0B &2 KL, Buif
DIFEMH % e L 7z

HHEFHE
RREELESR Sty —THhESNIZ70

v A #£093,5000% % 1999~20014F O 12 & T IR B i i
AR L 7zo HAEARL0 e DIRAEZ R IR E LT,

Table 22. Release statistics of black rockfish in Miyako Bay

Marking method i i
Number Total length ¢ Mark rate Fin regeneration
Year of release Date of release rate
released (cm) " o (%) N
External Internal (%)
1999 12,400 93+0.8 31 Aug. fin removal (L) 100.0 12.1
1999 11,800 8.0+0.9 20 Aug. fin removal (L) ALC 100.0 14.9
2000 14,800 95+12 8 Sep. fin removal (R) 100.0 20.7
2000 15,000 6.2+0.5 4 Aug. fin removal (R) ALC 100.0 12.1
2001 21,000 95+09 7 Sep. fin removal (L) 100.0 24.7
2001 18,500 48+03 16 Jul. fin removal (L) ALC 100.0 19.1
Total 93,500

*I(L): Left ventral fin, (R): Right ventral fin

2 ALC (Alizarin Complexone, Concentration 15mg / /)
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19994E121& 8 cm, 20004E121X 6 cm, 20014E(21X 5cm
ENTNRAEBMEE UCilE Lz, gL E ALC
HHA W TENZNOREZ I Lz (Table 22),
19994E 3 X U20014F o i e 13 A2 e g4k 2, 20004 1
FIEEEE I L) T RTORGmAICERE L, B
BEDRIEI & BRP O MAEERFETE L LHITL
oo B, BEEOTEROMAEZE S BHE 1 /M-
THRTze F—FEITHIR S N A ADERL 2 2 it
B2 RS A 720, SRBRTE I IE IR B3R N 2. C,
54 T 3O IIEIIHE > T ALC Bk 2 2675 L 72
BREE R Lo s hEg, aFRoIZIE
FULZfZE L, EOOIEAY5 km, BATZ10 km O
HEWHNBETH D (Fig. 25)o EOILMNE 0P BA 1<
LB NTHEEMHDL 25, BOWMB X BRI
Y L TEBED > Twhe B SEMI TR
THEEHRTH D, KEIZERRITETHI0 m, EHLH
T4 mTH b, BHNOKIRIZ, FH6~22T o #HipH
TEHL, mokiiE2~3H 2, meEKiRiZ8~9
HIZB Sz (HARRFEMERS, 1999b), 71
VAR, TRTEEENOHFRIBOKEN 8 mD
PR L7z (Fig. 25) 0

HHEHEE  2000~20044F 0 5 FE I e AT T
LNAKRBFTOT— 5 27z, A1 A0
FHEZESE L, o3 XToOMEH (FERFI280H)
WA 2 S L 7o SARIHE B X N E R O E s
P, EOBELIMEMBETH S,
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Fig. 26 Percentage composition of recaptured two groups with

different size at release.



278 Tl

ERES LCRFOREOHE FoHE1MEH
eI g L7z,

METLEE 7/ THEB L OTIG CREA L 7o f &
R DOEFEDOEHHED 1, Kruskal-Wallis test %
JAWTHE L7ze 2RO L N8 1213, Scheffe
D F test ® W TEHE LK E 1T > 72 (P<0.05),

HEBL
#w R

HIAWBLCETBICH T 2ERRBE » THEHA
B LTS ORATETH S 2R % Fig 26&
Table 23127" L7z0 07& (7 T/ BILO 1R (il
B 2B AR A ADRR B 2 00RO E S
&, EE—F L7 F72, OB IO ORI

SNTh, 2ODRHEHOMIAEZ LR SR
30 -
y = 3.2092x - 12.166
R?=0.7551
[ ]
e
3;20- b
3
[~
(. [ )
=
; 10 - ° °
~N—
<P)
=7
0 T T 1
4 6 8 10

Size at release

Fig. 27 Relationships between size at release and return rate of black
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Fig. 28 Relationships between size at release and economic return rate of
black rockfish at Miyako Fish Market.
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Table 23. Number and total length of released and wild black rockfish caught by cage-net sampling and from
fishmarket samoling

Release Recapture
Cage net sampling (0 year old) Fish Market (1 year old)
Year of release Total length
Number (cm) Number Total length Number Total length
(cm) (cm)

1999 12,400 93+0.8 56 16.3+1.3 194 22.1+34
1999 11,800 8.0+0.9 31 158+ 14 125 212+34
1999-wild fish 101 15.7+£2.0 257 20.1 +4.0*
2000 14,800 9.5+1.2 78 11.4+1.8 203 20.1+3.4
2000 15,000 62+0.5 34 10.8+2.4 102 19.8+2.5
2000-wild fish 352 11.3+£3.2 489 19.8+3.4
2001 21,000 9.5+£0.9 10 11.6+1.9 273 212+24
2001 18,500 48+0.3 2 9.0+ 1.7 41 202+1.9
2001-wild fish 69 10.6 £2.3 346 22.1£2.7*

Asterisks indicate significant difference between the other groups in the same year class.

Table 24. Estimated number of returns and return rates of black rockfish released in Miyako Bay from 1999 to
2001

Number Total length Number of returns (%)" Return rate
Year of release at release Total returns
released (mm) 1+ 2+ >3+ (%0)
1999 12,400 93+0.8 1,445 (84.5) 206 (12.0) 59 (3.5) 1,710 13.8
1999 11,800 8.0+09 923 (82.5) 168 (15.0) 28 (2.5) 1,119 9.5
2000 14,800 95+1.2 2,736 (91.2) 209 (7.0) 55(1.8) 3,000 20.3
2000 15,000 62+0.5 1,327 (91.9) 93 (6.4) 24 (1.7) 1,444 9.6
2001 21,000 9.5£09 4,211 (87.7) 510 (10.6) 81(1.7) 4,802 22.9
2001 18,500 48+03 579 (91.3) 44 (6.9) 11(1.7) 634 34
Total (Average) 93,500 11,221 (88.3) 1,230 (9.7) 258 (2.0) 12,709

*The percentage in number of returns by year class.

Table 25. Hatchery costs, landed values and economic return rates of released black rockfish in Miyako

Bay
Release Landed value of released fish"(%)° Total landed Economic
Year of release ab a
cost™ 1+ 2+ >3+ value return rate
1999 278 192 (70.3) 68 (24.9) 13 (4.8) 273 0.98
1999 237 123 (66.8) 53 (28.9) 8(4.3) 184 0.78
2000 337 235 (75.3) 53 (17.0) 24 (7.7) 312 0.93
2000 253 114 (77.0) 24 (16.2) 10 (6.8) 148 0.58
2001 479 436 (76.9) 97 (17.1) 34 (6.0) 567 1.18
2001 265 60 (76.9) 13 (16.7) 5(6.4) 78 0.29
Total (Average) 1,849 1,160 (74.3) 308 (19.7) 94 (6.0) 1,562

#1000 yen.
bNalkagawa et al., 2006
“The percentage in landed value by year class.
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