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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 + 12C in winter-spring (12°C 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 6C 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 12C 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 12 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 30 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
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Closed circles indicate control, open triangles 12 C and the open
squares 15C rearing groups. Vertical bars indicate S. D.
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indicate S. D. Asterisks indicate significant difference between each experimental group.



232 o

Male
1.5 -

1.0 -

GSI

#
0.0 -sFes &% g %0

100 - .A L m
X
- = 0
> g
2% 5 -
™
~ 2
2

A

) e —eN—eNI—eN]

1.5 2.0 2.5 3.0 3.5 4.0
(18) (24) (30) (36) (42) (48)

Age (Months after birth)

CiTIN

Female
20 A
V%
£ 10 A ﬂ}
0 ICDICD‘5E|+%+.AD
100 - o0
;\3‘ ®
-t .
g€ 50 °
= =
& Z
«
£ 0 -enNleNl-eNT——eNT+——

1.5 2.0 2.5 3.0 3.5 4.0
(18) (24) (30) (36) (42) (48)

Age (Months after birth)

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 15T rearing groups.
Vertical bars indicate S. D. Asterisks indicate significant difference between each experimental group.
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(Thrush et al., 1994 ; Duncan et al., 1999 ; Bromage
et al., 2001), FAFEE (McClain, 1995 ; Jarboe and
Romaire, 1995), #f% (Glebe and Saunders, 1986 ;
Ritter et al.. 1986) DR, %15 I LML TY
5, Lo L, AMETERA AR, OHEONH]
ArHv, BRAHPEETREIR LT TERX
NTBY, TNOOBEROEZEIIZEALELONE
W, AMETIE, BEZHBLABICHUEYS 2B E

BELVELCBVEEEZRT, Wh smMERED
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et al., 1994) o BHFFE T, T RTORBX THEE
PEZONTWAEZ Lh, HENZBHEHTIREEIT-
72bhlF Tl v, =Y A Salmo gairneri T, K
WIKIREREEE L7221, KO LR E & LICHERE
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1984) o T AUIRARIKEIC & o THIBN R BESRZ %
F7:t, KEO LR & & DIWCEBEINERICR D, HK
BERBEL o2l L ) BBREERLAHT
Hho 7UVAIIBNTHEAKBLBRL-KIZEE
Kif (13~187 F) ICBWEEZRLzDIX, KHE
[ZDoWTH IR LAEOFHERED X H =X A58
B R R LTV 5,

SEORBETIE, HEORELKREDEIZ—EDME
MR 6NT, 35MEBRVWTERBAERBOLE
WWHEEBZIROLN ol —F, MTIE25RE
TREECBVWTHEX<I2TR <15T R OMEAI A5
oz (Fig 4). 3mLEE, ZO@EmIHE TR
HolHBlE LT, HAOBEINEZONLD, Bk
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MBI ARETH S, T/, HEORBEHEEIIKRIC
MG Lo/l LT, MTIEEKEREZ SR
Thol=Z b, BKRRIEEECWERD SRR
DEREFHBEI L EZ 5N 5,
xRS (2004) &, Jp#EE@mCRESNI O
VAZDWT, MEMOBREZEZ#RE L TWBHH,
ERBES CIMEROEROEZEIRD LTV EW
(BFS, 1990) RAAICBITAMEOREZIZOWV
T, I OREFELED, S OHICEHMICRAN
LLENRD L,
PEBRTELZEIC, 20V 4 OBAERRICEW
THREKIRZ12CHHWFISTICHBELTH, KED
REDREEIWR 2RI TTH LI H»D, NEHABTD
BRI & WX NS,
KBAIVOV A DRFAICEZBDHE RAERE R
EFTAHANZ AL, EYFNERSE L UREEMEC
Lo TRBEZZTAZEMLNTS (Glebe and
Saunders, 1986 ; Ritter et «l., 1986 ; Chadwick et al.,
1986 : Duncan et al., 2002)0 7 < I Oncorhynchus
masou T, LZBORKBLED L & T, fEIKH
DEFPELPAT I EPMEILTVE (FHH -
Je, 1987), KRB BT A7 1V A O E R
&, T2 MTEImEINTYE (ke Kk
1979) s AR L 7212CH L ISCTR T, 1580
HEV A BRI L 722 (Fig. 5), M
B RTORBRTIRP» S TH oz (Fig 5)o o
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SR RET BRIRIZIFEA W Kl S Rz,
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RRIGERT 2 EHBEINTE (E2EE3H),
—7, Mori et al. (2003) &, Bty —i2B1T5
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19974E12B 251998411 B £ ToORIZITAIC 1 H, M
ML DS RTOWELS, BREBICITEEB I UK
ExMELZ. ROTHEBREZHEL, EErxllEL
TR (GSI = 4EBREE /FEX100) %
Kbz, FMICOVCRIFBREEZIEL, F&EE
¥ (OS] =FRER /FEX100) 2RKD/z. %8B
NAPS 3B FTiE, MAEZEHEHT HECIRRERY
HEEOPS A =2 b= a3 YIZE YIRELLT, 35
WME L VB TORELRI,

HEBYHBE £HEBEO—3% Boun K CRE
L, 8974 YEICLDHEBERZER L. 2h
12 Delafield DA< X3 V-3 ¥ O 2 Bt % M
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=) UTREE LR, BEREEbN s RE O
A OWTERZZEE L7,

HERE 2HBMOEHEOEOEEITI,
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Pl E OB E121% Kruskal-Wallis test # W THRE L
720 EWERD L NIHE121E Scheffe @ Ftest 7 Fwv
THELEZTo7 MELBUIEEEOLEL
P<0.05& L7z,
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SHERAERSLUIFEER Mo GSI (Fig. 6)
BREZRBL12H (3.620.3 %) 258 LD,
HIRSHEZE SN2 4 A (31.3£3.5%) LIFEL#EmL,
HERT O 5 BICREE U2524.1%) 2R L7, 20
%, WV 6 BICEaEcEP L (1.8£0.1 %),
TA»S12B 2T TiEL1~1.8 % &R WETHR
L7z, Mo HSI (Fig. 6) 212855 3 B £ Tid2.2~
24 % EENETHERL, MERERFICEEICEILT,
HERO 5 FICEHKME (1.2+0.1%) &R LA. £
D%, 6 BICIEBUEERENERL, 7HH»5108
FTI31.3~1.8% TR L, 11AIIZESIHmMLE
(19+0.1 %)

EMEORERER RIT%ETiE s oy A5
TR 0 5B B % L 2 3 )L o0 5P R B o) 434
(Takemura ef al., 1987) \2#: U C 8 BRI 448 L7,
BISEBRBEOBREUTISR L. 28, o
BEETHBEDRF THELMETH 5,
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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 GSI (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=20um); (c) oil droplet stage (bar=50 zm); (d) oil droplet stage (bar=50 xzm). Epoxy
section with toluidine blue staining; (e) primary yolk globule stage (bar=50 #m); (f) primary yolk globule stage
(bar=50 4 m). Periodic acid-Schiff (PAS) staining; (g) secondary yolk globule stage (bar=100zm); (h) tertiary
volk globule stage (bar=200uxm); (i) migratory nucleus stage (bar=200um). Arrow indicates nucleus; (j)
micropyle apparatus in migratory nucleus stage cocyte (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 SYG TYG MN EMB
+ + + + +
+ + + + +
Dec. + + + + +
+ + + +
+ + + +
+ + + +
+ + + +
Jan. + + + +
+ + +
+ + +
+ + + +
+ + + +
Feb. + + +
+ + +
+ + +
+ + +
+ + +
Mar. + + + +
+ + + +
+ + + +
+ + + +
+ + +
Apr. + + +
+ + +
+ + +
+ + +
May + + +
+ + +
+ + +
+ +
+ + +
Jun. + + +
+ + +
+ + +
+ + +
+ + +
Aug. + + +
+ + +
+ + +
+ + +
+ + +
Oct. + + +
+ + +
+ + +
+ + + +
+ + + +
Nov. + + + +
+ + + +
+ + + +

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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WX h#iREE L S REMLT 5, 4 QP BRITHT
ORH L) RELL, BEABEEZED L)1k 5,
PAS B DBERIZFHANTE R 22, NEOE X
35umé&hi s,

HREH © BA920~1040 ymo HLMIAIE L T
TR BRI BB B, IRE BRI D & B A
LIR®D, RRCIF ¥ VT 5 1 DO HERE %
%o ENEZIIEHL LTS5 um TH S, B
MOIFBI XTI PREE NS, I OIREITE S
D74 um EICEHRTEL, RMOBOHOERE
¥45 um T, PPERBEICESICORTEABIIHEL
b,

SEANOBEFOIBEIE SAFEKENTERITE
RoNAIIAEBLUI2BICE, IPREIEE IR T208
KL TV AOPBEBEINY, 128 OS5I
R CcELd o7 —H, 1AL 3BT,
TIRRERITINEERZHFNL TS, TOPFITHETFE
BERTEZ LW TE ol LML, ZORHOM
MUFRBE L5, BTPEREIERT 5 ER
EAR & MR & ORISR AL TW5AH &5 R Eal
ZIZR o7 (Fig U)o

SRMABORELE £FHIHRELLSHEKICON
T, BN TORIGEEREOIBEHIIES & O o £
#7: (Table 1) 7272 LEgAAZEI O IR EEMALIZ N
L, HEFEGLBRT A EPREETH - 727290,
FEP BT L7

BB RT B X OSBRI oL, 14E%
LTI RCOMAOIIENTHR SNz, FAICB
T BEEROIMZICOWTRS &, 12811E,

KoM S EEP 2EATRON, F1Kk
B LU 2 RINEF O AT SEETHE SR
720 1R DL, JHEREAR L O 1 RIFEERE 5P
BEBLIZ R SN2 20, 13E A LD 2 RN E B
Lol 2P D L5 2 RIVEIREIOIRRINE
b EDP2ERTOABRENLET LR, RboT
5 3 RINE BRI O R S e ER CRERR X hizo 3
FTiE, 5 3 IO I SRk CREFR X
N, ESIEBEIOIEMLAT 5 EETh 3 EATR
L7z,

4 Fi2iE, 5 EAkR 3EGTREIHER IR, HIRD
BAIAASR SN TEATEHIEBEN TR WE 3K
PUE BRI B L OB B O R S h, &Y
O 1EESHIVEE (—HOIOANHEIN S NFs4)
TH o725 IR ERHOIMBIIBEI T,
4 BiZB & CRETORIR NS, 6 Hilh S
ERIER OB 2, Kb o THMEREIOII A
5 AT 4 EAR TR SN2, 8 AB X TI08 ik
ERE OIS el TR I . 1L B L
IR QIR 2, 45 1 RIPE BRI o 50 -BEHT AL
AR CRHER SN,

NREOAEEE BAEILOREETORBO
EEOFYERN, FNERICEAOEYERDL
(Fig. 8)o JRMBOERIX12A 12130.52£0.03 mm T
o72b0%, 3H (1.25+0.03 mm) F CTHEMAYICH
Ml7e 208, HEFO4H (1.36=0.02 mm) 2
DEECHEMLZZ, 6 A5 9 AT T, IIIVNE
TELT-DICERERIBEFZNET S LN TE LD
720 10A12130.26 £0.01 mm DIEAFRA EN B K5

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 32.9+12.34 49.1+14.75 5
Feb. 5 153153 513+£1341 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 05+033 77.9+£9.62 16.6 £ 6.77 50£4.16 0
Jul. 5 66.6+5.92 16.1+427 17.3£2.70 3
Aug. 5 35.7+3.47 18.5+£3.94 45.8+£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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P TRBEROSEHA L, §NTOREETH
HEB LB FsR SN, £/, WEEICHETFIR
SN BMEESEB L7z, 105 3B FOEE»HmL
(46.7~61.8 %), TNTOMEETHREEIIRKTPRS
N7ze NAKRBEFOREF2HIML (65.8~
88.1 %), HWEEORFICL MRS RLNIz,

£ B

MOEFERLE 7oV { oMo R (GSD
i, 1285565 Bzl CHEECEMLY: (Fig 6).
CORIIIERRINEEREITo T B 2 L 25H#
MBS, SRS, HEDERNICHEALTY
7o (Fig. Mo F7z, FEFDO4AH 55 BT
GSLIZHML, 6 BIZHEIC L ) &8I Lz,
Z0%k, 108 TIHRETIHER L, SNEBBABG
TAHUACEBHUCEIMERNZR L. 2OLHIL, &
HOMED GSIEDEALIZINE OEHAELEZ L B L
TWwhbEwz b,

MOFEIEE (HSD &, ERAMEERZ2T-T
WB1ZHDS 3 B TR IE WETHER L7-78
HIRFO3IBE»S5 BT THISBEAEEIRRAS L
72 (Fig. 6)o —MICHEAEA TIZERP B IR E
EVRAL, JIUIEES S BFNOFEEMRBICL S
L#E 2 5N Twh (Korsgaard and Petersen, 1979 ;
Takahashi et al., 1991 ; Koya et al., 2000), 7 1> A
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DET B ANNVIEE, BERWRIPEERIKFEORE
ERREF L HEEZLNTE 2D (Wourms, 1981),
FOE DR T4 F TE L2 LN TE L RICEERIC
BN LT A WA VR ST w5 (Boehlert
and Yoklavich, 1984 ; Boehlert et al., 1986 : 47 47,
1989) s fE- T, AFFETHERIZI TV 4 O HSI A
BAL0h, FRCEZEESTE~OFEME
WO DITHEB L2 L ICHRT AWREESE LN
Ho

SEOFE T, WERPOMEMREe BitRohn
B, 8 AT RTOERTHESINDS L)%
72 (Table 1)o 11FIZIRB BRI QIR EEIE SR S 1
1%, BRI OEST & o R o h a2 EEE
WEAL, 1ACEEdRoni kol 2D,
PR ERII OB o THREL, EBEM
~NEol, FRBETONROEELALHER
& B ORI LENE—ThH Y, WEEELLHICE
RS R L7z, fEo €, AMIEFER OB
o TINEER AT, PR NnG, JNERREE
HMow (B, 1987) #& bl \wzib, /2, B%
EPEART L ICRBIOGEE -2 &, KETIIT
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5o
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MPFEET A& (Mufioz et al., 1999)s 2D L
KR L7 A5 TRIBEATUIBTORFEERBIIEIC
ToTERDLIHITH D,

zuv AT BRETESROLNZIIABLTI2A
Wi, IREEERE AT ANER L T A ORI
7278, ZOBHOMBRID A ST RERTE 2 h
5720 SIUSABMBIEAVER OB T, JREME IR
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T, 79V  TCRIFENCEBALETE,

LTHBENLZEARBRENT, 2OXHIZ, HFT
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AREFRIZE Y, 7ay A MEOAEFEFINILIT @ 5 4
NGNS EF (AR
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HIPLIZINE B Z BRIAT 5. 2 ORISR T O N,
FRBIZE Y AT NBFRINEEALBALTW L,

REE R (1~ 3 ) @ IREEMINa bk 4 1P
FERL, IRV ERN R EORT, BT
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Takahashi et af. (1991) &, A NSNVEREAOINE
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70V A4 TRIVEEROBRBD O RERAT THL A
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FEFE & # o Tz,

HOLEBERE 2oV AHOGIRIZA»S 1A
FCTHEBICHA L (Fig 6)o I ORI AER
B OB RBI OB TIICH 2, BTadh
L7272 GSI A Lz b £ 2 5 hiz. F0O# GSI
EVCETHER L, 8 H»S10BIchd TEEREM
wRA, ZORMITEEZBEFREMTbL TS
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Asterisks indicate significant difference between each other. Arrows indicate observed date of ovulation.
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Table 3. Developmental stage and the expected date of birth from the inspection of embryos

a4 OFFERFEBANE SIS 8%

black rockfish from 2001 to 2003

selected control
Year Develop No. of Expected™ : Develop™ No. of Expected *!
mental "o e opbirt  SeleCtion mentel a0 T O 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
12 ? 2(7) Mg eliminated N?F*B é 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

Total Body Period  Number of

Number of . collected larvae per . -
Year groups fsh length weight larvae broodstock  Of Pirth birth day 7o
examined (cm) (kg) 4 4
(Mean+SD) (MeanzsD)  C<10) (X107 (day) (day)
selected 21" 49.2+1.9 2.3+0.2 573.7 273 11 9 0.52
2001
control 20 48.5+1.6 2.1x0.2 465.1 233 20 12 1.00
selected 21" 49.7+1.6 2.1£0.2 486.4 232 15 0 0.71
2002
control 19 49.1+1.7 2.0+0.2 402.8 21.2 23 15 1.21
selected 20" 50.5¢1.5 2.3+0.2 437.4 21.9 15 10 0.75
2003
control 16 49.7+1.7 2.2+0.2 353.7 22.1 23 12 1.44
*1 Selected fish by the inspection of embryos using cannulation.
*2 Period of birth,” Number of broodstock females.
Selected Control
10 - 2001 10 2001
N=21 N=20
5 5 -
0 I — 0
S
S 10 7 2002 10 1 2002
oy
72) N=21 N=19
o -
S
S 5 - 5 A
L
IS e lluley
o O I Il I T T 0 i
QO
E
10 10 -
= 2003 2003
Z «—> N=20 N=16
5 ' 5 -
0 0 _M
=) =) > > s ) > > ) e
= & < < [ ) = < S <
= =2 =2 =2 =2 S s s 5 =
~ % o oq q ~ % = § 3
Date

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 Expec’ced*1 Actual ratio of birth™
(%)
start  finish start  finish

selected 10 May 18 May 8 May 18 May 76.2
2001

control 16 May 1Jun. 13 May 1 Jun. 85.0

selected 6May 16 May 4 May 18 May 90.5
2002

control - - - - -

selected 6 May 18May 7May 20 May 95.0
2003

control - - - - -

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

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

birth within the predicted birth period .

Wb,

HWEKEIE 48P0 FETEHRKE 5.4~8.0T)
&L, Eilx#z/o4 ATAUBEICRE (0.3C/ H)
B LTISCE TR Lz, SOKIBERIE, B
ry—oruv A EEAERBRT, 58 LECT
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13.0 (9.6) T, 20024E 2%6.4~13.0 (9.7) T, 20034
%6.5~13.0 (94) CTTHY, FEHMTHEHELET R
RN A

HiE SN AMUFEE, KEMEZEKT 5720,
HERERETOBEAROPr ORI ERkE L DI
500 L KAE 1z CEIL L 720 BUX L 72 SR a2,
HEHBIOKES L ICEBETHE L,

HEORAMOFME HECRRAMIE SHAEMN
WEOHB SR TEITICEL-BHED %2, NEL
oBAH (BHRXRCEENZROBREIN TRLTES
NAHEHHMERE T (= D/N) & 0 FHE L7z,

BONLTOSEMOFHEDE %,
Mann-Whitney @ U-test % I\ THSE L 720

HEDEOHE S KURIRE BN (1995) &, K
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32) LHEFTOMERR Y & OBRIE,

V= —-0.00142X*+48.0028 CTHEENBH T L WEL
Too —, AFEOHERIIIARIZE > TELT S
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X220 MET TORMERR VI29.8C % F UKiER
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Wizo TP b st. 24~28021 R % X Ot L
L, BYGKEPSHREL FRETIZ20RED 9
LR TRELEPED LN, T ORARRITWH
fE] (st. 10) 2 oM EFEILEY (st. 25) Tdho
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2o 1 BIEKRZHEIMEZAE Lol $XCOMKRE
X OMHMA L Lz, 200241, BEIXD3ZED )
L3R THRBENEDO LN, TN 0ELEREIIRIE
HIRER (st. 15) D OMREBBFLRE (st. 29) TH-
7z (Table 3)o 2 BIIRZFHBI|EAFL Tz 2D
5 st 25~20021 B xR OMHERMA & L, WHRX
TRIVED ) LB THREEIEDLN, FRoDR
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Hol. 1RIEIKRZHBIPZAEL, BYO3IRIEII=2
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2003, EHIRXOMED ) LR THRELELFD
b, FNSHORARBIIHHRES (st. 1) 25
HRFROELEY (st.29) THos: (Tabled)o 3B
WRZEHEMWEZEL, BRI — 3y THRER
WT&Lholze DB st 24~29020 % E X
OWFMAE Lz HEBEXTIRIED ) I3 THRREE
PRED LN, TNOOREERBIIEEEEY (st 2)
POERFRELEFY (st.29) THhotze 3EBEI=
2= VTRERINT A ENTELRP o720,
TRCOEREE SRR OMRME L L,

B, TRTOEET, WRABRXoLRAOTY
EEIEEZIZD LN h o7 (Mann-Whitney ®
U-test, P>0.05 ; Table 4)o

HESLIUHEANE LEFROMEL Fig 4R
L BEORBTHOLNIBHMUTFARL, B#BHEK
TI3437.4~573.7H &2, MK Ti353.7~465.1 5 &
Tholz. BALRDZHOFEHLHUTFEEZ, EF
KTi321.9~27.35 B, WX Ti321.2~23.3G T
Hol, HEORBEIPOHRTETIZE LB, &
X CIZ11~158 M, FIRX TI320~238 M TH o 72,
FDHHIMEIERI N0, BHXTIZ9~108
M, WREXCIZI2~15HHETH -7z, BHRITHERER
WCHARCTHEESERE SN, o1 HBd0IcHE
L7zBEHEb ML (Fig 14).

B, KEMIPOFHIE, 20014EB X U2002FE0%F
BXTE1IATOHREIN, BOBEEBRAETES
&R CoBae—3 L7z, BHKTIE, *
ZEMZzEHOBATILP LOKRETELLD, o
BHIEF -7 BDoN ol

FEOFHBERE (T) &, #HIXTEELER
0.52,0.71,0.75 (F350.66), #FRX Cix #ih£711.00,
1.21, 1.44 (F#51.22) Lol EHIRO T IEXHE
RIZHRTHEIELS (P<0.05), BX #1210
&Nz (Table 4)o

HESHRBORNSE TTOREAPSBREBEN
H 6 N7 PREIE & BREUT X 722001 ~20034E D #EFIR,

ML

B I U20014FEOFBRICOWTHERE2HE L7
20024E B X U20034FE DM BR T, MEEFA LN
GREIRSHRM T E 2 WEEE 3BT O>EEN 5720,
WEMRIIHEETE b ol, £, FHOLENHY
DEIHERILT76.2~95.0 % LIEFICE L, HEH & ERE
DOWEHLOZEINERKBEHBLORTHTRE, €h
FN1~3H, 0~2HTHYH (Table5; Fig. 14),
HEINHENMEEROBE®RE L —H L7

B, BEHEOHEHMONTERIZT6.2~95.0% &
FEFICEL, HEHLEROHER & o= M ERR
BBLIUHVTHTR, #N¥Fh1~3H, 0~2HT
HY (Table 5 Fig. 14), g S /- I EILER
DL L —F L7

£ =

BAUOHME HET LI T BH50kL ML LoXKE K
xRwizruy 4 OBEAEETIE, SMuFasrgEdh
WIS EICERLT, HEHOEZBFA
LD THR—KEINET LD TH L,
DL BRI TREAELITH &, SITADRDEN
R L THEWIEMT 57012, ERFBOKTRE
FORENPMELE 2o Tn5D (JFK - A, 1991),
AREBTHIE L BAENRIC X )RR SUF
BREONINE, FFRESKE CTHEMMTHA
PNETHIENMTEICE S, BERbryy—nruay
A EHAERBRTIE, BEO~0BOBAZHNT,
1K 00FROFEONELHEL TH,
1990~20004F 12 S 1l U 7= IE33E O S EH H-FI TIZINE
WCEHL8H, A5 H (HAFEEMERS, 1992
1993 ; 1994a ; 1995 ; 1996 ; 1997 ; 1998 ; 1998 ; 2000)
FELL, L L, RFEETHATENL 22001~
20030 3FITIEHRATD 20 (EHLLIA) ICEME
Sz (AAEEE N2, 2003a 5 2003b 5 2003¢) .
BHI, MORBZEETHILT, REHIELE
DHEEDH LV LDOBRETE 570, HEKE~DIE
FRORAMI L AREEAITHETELREDIRD LN
720

ARRBOBFNIX TIE, EHRFORIEAEL, 20014758
st.24~28, 20024F A% st.25~29, 20034 2% st.24~29&
5~6AF—TYDIEHNE L/ (Table 3), fE-T, &
D& OBEL BRI L THRREEREE L ) BEBICH 2
HE, BLLTORABZESIIETY, HEI S
UFEPELND LEZ LIS,

FHBEEOHLEERGIREF EAOHEDH
KB EDOHEMET TRD SNEA (1995) O
X%, BMEKETToOREERICHEARL, 5~13C
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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 Arefemia 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 16.7 533 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

Lotnumber  No.of No. of fish Total length No. of fish No. of fish Total length Survival
fish (ind.) (ind./k!) (mean+ SD mm) (ind.) (ind./kl) (mean= SD mm) Rate (%)

Control 1 5,000 10,000 6.8+02 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 122409 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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72 1TH®H720 OAZEES HilE TE50%, 6~
10H & F Ti2100 %, #NLAETIE150 % K3 E L7,
BREEMEE L, FHEAOKREL EDIEREML
yA

2ROAE 4ERIIOVWTIE, HEBEB BE»S
R TOISHEE T3 HILIZERERH30BT2
ORBAZHEEE B LT, KRB LBICHE
L7z

EBEEE BEEIIOWTIR, ABRREBO 3, 6, 248
MBI, KD O MIEAIZ0ROTAZERIL TE
B L7, FEREECET 2808 % 88 LB Ao
HerEEEL L,

SREOHT KSRBRoAERIL, HEBERTHEIC
ERERTHCCEREREZERL, 2OMEE2NERK
TRLUTHELZ.

SMEFEOOR EEHOBE EHT 2HIT A
DOOFICEVHRES NS, £2T, 70V A4 DFHAI0
BoLEEFWEL, OF=y2 LFEE (RHE, 1970)
DEBRETHWTHRED MuFAOIOFEZHE L2, £
72, TVFI7OEEBIVTLATVOERERIZONT
i, REERONEERT ENEHZEL, FRODOF
T AEEER LT,

Hatane fRBRoeRoTBHEOEZ,
Mann-Whitney @ U-test & i\ THeE L 72 (P<0.05)

WREETVFITROEREY KBS 2720, &

AZREC LV FEEZME L2,

wOR

S£EDOHE Z£ABEROEEOER % Fig 151K
L7z HEF 02515 CTHERBRKOMIZEEEITRED
SN otz

BfEE REBHEBO3, 6, UEHBEOEHEEY
Table 61ZR L7ze MEBXIZBIT 5 JEEHHZEOEEE
1323.3 %, 26.7 %, 6FEMHETIX60.0%, 56.7 %, 24
BB TIZ 2K E HIT100 % IE L, TAFIT
RiZB 5 3 BHHEOBEHEFRIZ6.7 %, 26.7 %, 6K
M5 TI1353.3 %, 56.7 %, 24BFHEIETCIE 2K E DI
96.7 % \E L7z B0 723.3 % oMKk, HELTw
BNTNFITIHOALTEEL Tz,

EEE FEE1L, $EK2, TVvFITEKI,
TVTFITR2OEBRERIZ, FhEh2674R,
38372, 3,822, 2,660 &Y, AFKIEII53.5 %,
76.7 %, 76.4%, 53.4% TH o770 WRE ET VT
ITROBMOAEREBICE, AEEIRDONE o7
(Table 7)o

FEOOFELHBOKRKEZ 7uvAFAaoQ
1%, fAH (1970) O FRICHE-> THEE L 72FER,
0.94%0.05 mm TH o7 TVTIT7DOEEIF0.76%
0.2mm THY, FAOOEIIHLT0.9% TH-
776 TAVOFEREIR01720.02mm THY, FAED
O LTI81 % THols

£ =

TLVREEEV-EREETIRORF REBR
THWITVFIT7TOEER, Z7ueviFaoli
WXL T80.9% TH oo FHOOEIZIEHE T LA
BoLBReEzoNL20 (RE, 1970), RAREBT

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

Feed,/Year

1982 83 84 85 8 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04

Rotifer

>

Artemia nauplii

Cultured Artemia nauplii
Egg of Pollock

Frozen of black rockfish larvae

Egg of Japanese flownder

A 4

Frozen opposum shrimp

Frozen of water flea

Formula feed

v
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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
e Enrichmental Com.:ent— time Enrichmental Conc':ent- time Enrichmental Con?ent- time Enrichmental Conc.:ent- time
treatment ration (h) treatment ration () treatment ration (h) treatment ration 0
(g/ k) (g/ k) g/ k) (g/ k)
1982 - 1987 Namnochloropsissp.  2,500%  6-16 Nannochlorapsis sp. 2,500% 6-16
1988 - 1991  Nannochioropsis sp.  2,500% 6 Nannochloropsis sp.  2,500% 1-2 Phaeodactylum sp. 50* i 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!.

W27 V7 37, AMEMTFHROBIISEEL 52 %
WRXEXTHAHLEZONG, /2, TVTFITIXT
W ERERBA IR D245 R 12 I3 BT ER5396.7 % 1ZE L 72
(Table 6)0 &5, FWEXETVFITROEEIS
i, 1I5HEE CTHEEENRD bk b o7z (Fig 15)0
AERFIZOWTD, BBRHEICARZIRAOONE
Mol (Table Vo INED T ENL, T ATOKE
EECCTVTITRHEFIHL LKL TS, K
FHROFETIE+SICTEETH S Z EAR SN, ERE
WWEEE Y7 —Tik, 7AY %280 ER5% v
T, 1999~20044F DB ATE DR & (50 kL 7K
MIGPIER S iz T ORRINC X 2H) H17k
(£EMH30 mm) OAREOFYE (HBE) &, 506 %
(30.2~80.1 %) %R L72e —7, 1994~19984F @ i
2, TAYVEACEERIIC I 2 EEEREIZ14515E
E iz, ZOEBREOFY (FHE) 1360.5 % (24.6
~85.9 %) &R LA, 2 0DRIRREI MR
WIE, ARERRDON oz, Bty ¥ —Of
WEETE, EBRICEI0HEH» SESFRZ2MEH LT
Wb, o T, AEOMEAE TREOMERINIE, 7
ROTLAY -TNTIT -BEHAFOFEIIMZT,
TNF T - BEEFEBOFEFPRNT S Ebho
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T LY EBEWIERRYTIE, TAYOEERBLIY
WMEAREEL I EICRY, sav 4 oBEEETRE
ORFALERDZ N TET,

BRaAN/-BE AEBTHOW L 7LVTITIE MU
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b 0D, EPCHEo N EM L FANEES N
720 &R75 mm LT OFANT VT I 7T ZEHET
5 &, HILBEN TV E ) ERTAEEIBESN
Twa (P, REE). £-oT, SEOKNT L
FI T EAEOBEEAREICHWESEAIE, 7T
I 7 IR AT A A OB S, FERAEC
BEFEZLIEHEZONL, TAVERAVWREWT
TNT I THOEET ARV OBEICE, EmE
DTNFITIEFERAL, SHMLELZHIIEDHAE
ZHUDLLEND B,

KRB LT, TAYEE0WRERRTZHV
Th, FEFEOREEI ML Z LARENZ, L
L, < OMEEEERETIZ, 79V 4 OREEEN
RO EE L BT L CERINLIZEDNEL, T
LAVIFEIEEISNTVWLDOPHKTH S, o T,
SHIFABOMMAETRICB T 2RO &
LT, PVFITERELZVT LAY -BEAHEROMH
BRINZOWT HWEE MR B LEF D 5,

RFEBICH W27 2y A FAOFHE£ERES mm
Tholzh, AEFAOERE, BAOHEDNS A3
YKo THEHT L (F2EE 2H),£K6.8 mm
WWELLZVWHFAOORR T VT I 7TOEBEREZFARL
CLRSBOBETH L,
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F28 FHAOKRR, EEHLUCBHEETE

suy A OFEWEEOTRE, 1970FERICHFRRET
Rl S iz, 208, bl FRHEE, ZE, Wk
B, @EER, HBE IKBE, BRES, AEOME
ERECED AL (A, 1999), Bditr ¥y —Tik
198048 20 & AT OFE R A RERER 7 1A L, 19824 DLR%,
50 kL K W KRBEEEBICETF L2

BEHEy ¥y —1lBAREOBEAEICDOWTIE,
KR ANCHRE SN TwB0S, BREIXDIZ-TERBSH
TELINETO—EDOHRET LD T L HMEILS
nTwirwv, ¥z, FEEEECSTATHAORE
EEBREB L UHMIE TR EMNICHT, A
DRCER % FEFETHB L2 Lidhvy,

F T, RETIEI982~20044E D23 EMIZEH &~
F—TEBENTELI7OVAOHBEEOKRETE
WY 5EEHIC, REFHAOKE, FFEBEBLID
HEACRL AT, BEAETLRICBY 2/ AD
HCERZHEE L7,

it Rarp:

HEBCHEEARE BRAEIL BEHRryy-—7T
HEINTHAHAIOMESINIATFRALTH W, M
FICIARREE B X OARLEITERT 2 02D 2w
Oy FOFEEFHAVEZEPLETLL, Th5ERER
FICHI BN T WD, HME SN A OREI R A E
B2 B E B S NEEITR, BEEILL - THFA
FELE S0mm OV A -y E—A2H T
No 2B REICNE Lz, HEAMEICIZS0 KL B
O/Ba Ly ) — FKE 8.0x4.8X1.6m) %2~
4RV, ZhoofiEi, K47 -BFFRHL:
MR, 7u7—lisER, BIUHBERREOME
DT e L o T b, 5B, 1994EDKICIE
PRLF (400 um) OEESHEEZHVLLOOH
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ERRS oy AFHEACES L ofMEE (B
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FIT Artemia / — 7V 7 A (LT, TAFIT),
TVFITEHI2mm EFTHELLTVFIT, A
) ¥ 5 Theragra chalcogramma B LU T X D
9B, W L7V A Fh, IVVaBIOTIRE
OEER T ER L2,

H I (1994~19984F) @ Mk T OB & FH % 5 2
B LN HEREERSEA S, WEWE,S
A FEOBHEAITEEE 2ol TAY, TUVFIT

BLUOBRSGERO I OOMEBERE 2D, LYER %
F & LRI S EAaE £ L Lo FRcBsT
L7z
HIE (1999~20044F) 1 7 AV O EE, T
VFIT7HhoRETHERFIZHEELTY, 70v
A FARORFIITNETH L ERBEEIN: (EIEE]
Hi)o TAHY, TVTITBIURAFRBD 3 OOH
B2 HWRRNrL T VT I 7B LUREEHBD
2 DOREELE v BERFINEBAT L2,
EMEEORE®RIE TAVBIUTTAUTFIT
D FFEEAL J7 % Table OWZR L 720 1982~19924F
TTR IhooEERLIZE Fr2oooy
¥ X Nannochloropsis sp. B L 7 =4 ¥ 7 F 5 A
Phacodactylum sp. 3V H N7z, H1C, 1988~1991
EOT LAY BLOTIVF I 7 OKERILIZ, NG
5 aETcENEN2 BT OMEINT, 1996~1998F
IZIE, 740552 EHROFEERA O 2 FEIE
Z [FRFICABEE L7248, 19994 DL Tl R o szt b
FOAELY, FEMMIIOWVWTY, BTHEINED SN
720
ERBLIBUEERY ARRIEERTHVCE
MLy BFRE (UTF, £ERE) 2INERMT
Bl CHEE Lize REUKIZ - EHEE Ty, &
FREBEOIIPICEN AT AEOBENS, LR
BLEBRBEPRTLERD L, £ T, RETIIAE
BHEEBAEORRETHELT, 1kL &b okiE
B (DT, B AERRE) 2T IR L. B
Rl U728 RN X > TR L 72 TH (1982~1993
), T (1994~19984%), MHL (1999~20044) @
AEFRERE L OCHEAAERMICOWT, Kruskal-Wallis
test & H W CTHESRIIB THEBEERE Lz, Z05F0D
BN HE121d Scheffe @ Ftest # IWTE EILE %
To7z (P<0.05) HZEDOEHEMRHPRLE D20, 4
BELEBELETAZLETERV, 2020, IUE
RBEN, WOBTRE N, SEHM oz TEO
RIZHTEDHT, BB CE» 225 HFETER J 23
EL, HEARE 2EXRBELL,
r=(Ln NeLn Nt) /¢t
d=1-exp (-r)
s=1-d
2REES LUOREEROBRE 7oV FHAD
EREWETF - BLURFTEBOHEIIOTE, Zh
59 RTOEARDE LN T H1998~20034ED 7 — %
FHV, £2RIZOWTE, SFEKED S EERIZ30
RBOFHEAZREL T, HERE»S 5 HEBECHlE
L7z BEHEERBICOWTIE, 5% AV <) Y CREL
7oA %, KR (2001) ICfE-CHEMSICHEL 5 H
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BRROMEBER LI, Thbh, BREBEISLELT
WHRWHIEBPF AT AT -V A, FREBILE
hoORMETFAaE AT — Y B, BEEROEENET
LChb, FiEB X OBHEORBIRHSEI TR0 IRRE
PoRbEBBL, Ay -y a0 DI
EALEBBT 5 CORBRBTAZAT -V C, ¥
% & B EEORBIBHSEAWANE B E BB LT O5%
EIE 25 T TCOERIMTA® X7 —Y D, §XC
DIREPHABOERIGEL, Ml LToaER Y
—UERLIMEERATF—VEE L BB, B
2~ 4 BOFEEE Ty OV A FEEAERE X

ML

TR B, HEICBT 5 HFRBRIIKERTIZIZRE
CHRzRL7zZ e, EEROMET—5BIU%
FEEOBEHRE, SFEoREHLLTIHOT—
&R L7z

FHEDFETRE FHAORTRIEZRARSLD
2, EHEICBIT AR CHD AEB L U CHEE
DORBER TR, BTHICOWTIE, 1998~2003
EOHEHERIIBIT2EFHOERBETELNABTCHE
HEAREBEICIVEH L, ZOEZIHOERKT
BRLER, ARECRE L, TR EFER
DEFHEIZDWTIE, 2000~20035FCEE L 5 BT

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

Number Initial Final Survival Total Average
Year Period of tanks No. of fish No. of fish No. of fish No. of fish Rate length rearing
GOk (ina.) (ind. /& ) (ind.) (ind. / k) (%) (mm) period (days)

1982 3 498,000 3,320 306,000 2,040 614 20.3 32.7
1983 3 543,000 3,620 294,000 1,960 541 ND. N.D.
1984 4 782,000 3,910 383,000 1,915 490 28.2 38.0
1985 3 1,054,000 7,027 453,000 3020  43.0 28.4 420
1986 4 1,424,000 7,120 633,000 3,165  44.5 30.2 42.8
1987 I 3 1,165,000 7,767 499,000 3327  42.8 32.1 443
1988 2 1,346,000 13,460 652,000 6,520 484 30.6 38.0
1989 4 2,631,000 13,155 774,000 3,870  29.4 25.3 33.5
1990 3 1,870,000 12,467 1,207,000 8,047 645 24.5 37.3
1991 3 1,659,000 11,060 667,000 4447 402 26.6 39.0
1992 3 1,348,000 8,987 967,000 6,447 717 25.1 40.0
1993 3 3,642,000 24,280 1,305,000 8,700 358 243 41.0

Ave.! 9,681 4455 488 26.9 39.0
1994 3 1,569,000 10,460 899,000 5993 573 26.2 39.0
1995 3 651,000 4,340 559,000 3,727 859 30.8 37.3
1996 it 3 1,680,000 11,200 1,257,000 8380  74.8 28.4 40.7
1997 2 890,000 8,900 219,000 2,190 246 31.2 44.0
1998 3 1,302,000 3,680 777,000 5180  59.7 29.4 43.7

Ave.! 8,716 5094 605 29.2 40.9
1999 2 1,080,000 10,800 444,000 4,440 411 31.8 46.5
2000 3 1,718,000 11,453 518,000 3453 302 31.0 49.0
2001 - 3 1,500,000 10,000 749,000 4993 499 33.8 433
2002 3 1,550,000 10,333 766,000 5107 494 35.8 46.7
2003 2 1,034,000 10,340 828,000 8,280  80.1 288 40.5
2004 2 1,193,000 11,930 631,000 6310  52.9 34.0 43.0

Ave 10,809 5431 50.6 32.5 44.8
Ave? 9,766 4848 518 28.9 41.0

N.D.: Not data

Ave.I:Average of all data
Ave.Z:Average of all data from 1982 to 2004
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Table 11. Developmental-stage composition (%) in larval and early juvenile Sebastes schlegeli
*
Year DAB 5 10 15 20 25 30 35 40
Stage
A 100.0 3.3
B 96.7 100.0
1998 C 13.3 33
D 86.7 967 100.0 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 70.0 700 66.7 10.0 6.7
E 30,0 333 90.0 933
A 100.0
B 100.0 633
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 933 1000 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 100.0 133
2002 C 86.7
D 100.0 100.0 733 10.0 3.3
E 267 900 967 100.0
A 60.0
B 40.0 100.0 40.0
2003 C 60.0 33
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
1
Year DAB 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 333 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

"l DAB: days after birth
N.D.: Not data
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FEARE KT 5 EAEETRONEAS, 20034
WKEZNORE o BEENT, ZOBOILLEREC
DWTHRDTEDP o7, ThH50Z E2s, Bilio
FETIIDOWTIE, HESINFAOBICERTSZ E
AER TR SN, BAERICBY AEPHETEES
DYEEZRY, BREARTAEED OOFEMBEELT
IVEND 5,

RO TEEICOWTIE, ERL TWAEEROSRE
FEBLIEZERLD AT —VoREEIFHaTH o720
HALENIZZ o 2R BE s, fifieidR8%5
BRTHRLCLTWSEEZONRD, 2 5DIETMEAK
X, ErZE LB L, ABKOEMICERE ECL



260 ol

TARZEIERT 2EEPBEIN TV D, ZOHL
BB 0RO AEE BV TIHREINTVS
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2000) s 20014 LIRS IE, BRA L 72k % SE KICH
WTW5h, FOREE, AEIZOWTHEDORT 5
FARWA L2 & h s (Fig 17), HAHEO T REHEH
RN R (A

BHORTEAICOWTIE, HEVEEINLS
EDG, BEAEREREEZ LN, TOXHIT,
AEOHEAEETRTE I DOWE/$Y — VHRD 5
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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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Table 13. Results of intermediate culture breeding experiments in the black rockfish

i i o Total Dai Feed
Feeding Density  Total length (mm) Body weight (2) otz Total feeding () airy eed Survival
No. weight ; growth rate conversion o
frequency (ing. /1) Initial  Final  Initial  Fimal  gpyp (o)t (g/ind) @2 rateopy 2D
1-200 1 200 79.24+7.1 93%£25 15,200 9,241 (4.62) 33 1.6 100.0
1-400 1 400 T774+£75 93+2.8 30,400 20,083 (5.02) 33 1.5 100.0
1-3800 1 800 81.8£738 10.6+3.1 71,200 41,477 (5.18) 35 1.7 100.0
466x59 1.7+£0.7
2 -200 2 200 82.8+88 103+3.4 17,200 12,326 (6.16) 34 1.4 100.0
2 -400 2 400 81.0+35.1 97+£1.9 32,000 25,379 (6.34) 33 1.3 99.9
2 - 800 2 800 82.8+82 10.6+3.3 71,200 47,436 (5.93) 3.4 1.5 100.0
*1:Total weight gain = (w ,-w 1) X N, w ;: initial weight, w ,: final weight, N: number of fish
2. Dairy growth rate=((w - ;) / d x(w ;+w ,))x100, w : initial weight, w ,: final weight, d : breeding day
* . 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
. Required
Tot . .
Initial time for Personnel ofal Total Unit cost  Unit cost per
number of Number of . expenses  personnel  Total feed - Total cost . .
No. . ) feeding ., Tacility cost “ per ind. size
juvenile raft operation € day  expenses cost (yen) - en)”? (yen) *5 +6
() p oy " yen (ven)* (o, yen)
0
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 5.9 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 2400 100,800 317,000 286,688 704,488 7.0 0.20
2-800 100,000 1 2 1,200 50,400 296,500 143,344 450,244 49 0.14

ot eNr - Ef+D, Ct :Personnel expenses per time, Nr :Number of raft, Ff:Frequency of feeding per day, D : Culturing period (42days)
Z Wf+Cf, Wf:Total feeding (Table13), Cf: Unit cost of food
((Cra+Ca)./ 10y+(Cn+Cro).”5)*Nr, Cra : Cost of raft, Ca :Cost of anchor, Cn : Cost of cage, Cro :cost of rope, Nr :Number of raft
4 a]pa04%3
*> %4 ,/N,, N,:Initial number of juvenile
"6 %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 83 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 4.9 6.1 7.3
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 5.4 6.8 8.1

Unit: yen
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L hHEML 7,
Ci= ((Cra+Ca)/10)+ (Cn+Cro0)/5) - Nra
G BRER
Cra : BEOWAREH
Ca : FEOHEAE
Cn : /NERADEE AN E
Cro: u—7HOBAEZH
Nra OB
AEE FHMZ 1EH7-H) 0 1 BEOREERZ 1
B EEEL, b2 0BL£II20014E0EFED
BRRKES 6001/ KH) & Lz AFEIEFTR
L7-B&ICEEE, HHEHBLIUHEIHERELT
RGN L DEHR L,
C/=Ct- Nr-Nf-D
Gyt AMEE ()
Ct: RHE« (M)
Nr: OB
Nf: 1 HokfER %
D:fEHK
FfE B ORBEEZ EA oM (0.5
M/g) #FELTHRGICE DABBELEL L2
Cs=Wf- Cf
Cy: FEE (M)
Wf: #iafE (g
Cf : BEfF O EAM (H /g) ;
BYAXICETIE TCOFEERBEORE —#%
AR OB A AR E WIZ LR RO EFRFR O
ERRAEFNE—FT, PEEFEREEOBMICES &
FEPEORTIRES S NG, BEENE2HEET S
AZTH, I A AT LT HERREZMD S
CREETHL, TOD, HiLZREBRIE oW
BEREE > £ B ogERE (mm) THL, &k
Imm&»72)ORBICELZREFA (7) Tk E
Wl ¥HER40mm & LT, €BEIimmdil

(4)

(5)

(6)

)|

HEBL,

DEEIELERE 2 TN FhoeR LBREO2R
DEZFELTRON L ) FH A XTETHETOPFH
BB ERE L7,
Ci= ((CHCHCy) /7 (Ly-Ly))
Cot lmm B OREICELARE ()
L, PERHROER (mm)
L £THOLE (mm)

(7

C=C,y (L-40) (8)
Cs: &¥ A XETHETORE ()
L:%&E (mm)

e

REFLVERE KFHBXOAEKREIT2-400X
7999.9, FHUNDKHI00% &%) EZED o7
(Table 13), H#RBRIZBITHELEB L UHKEICD
Wi, BB THRCEELEIR D N, o7
(P<0.05, Fig. 18,19)s ©&& (TL, mm) &{KE (BW,
g DOMIIEBW=Tx10°"x T HER 2 EB 72
(Fig. 20)0 BHBE O BHEEERE, 33~35% &
H0ERIFEAEED SN 572 (Table 13)s

WRHEELEMYE SHEBRRICBUIA1IESLVO
BRI H 1 ERER TI34.62~518g, 1 H2MH
HEEX TI135.93~6.34 g TH Y, 1 EREXD 2 EH
BEXICHRT 1 RS 720 OB WEFAR S
7z (Table 13)o — 7, fAR#ITITE&KTLI~1T
OFHEMNIZH Y, [ UM E ORI B TRINES
EIZ L BEIIALN o LA L, FUIREEE
THEBROR 25 B 25L&, 1H2EE
R A 1 BRI R EI B WEHmEZ R L
7z (Table 13)¢

1H 2 EFHEXO3HBEX T, 1 oKz
BT BFROMREEDOEEHIHT0 (68.9~72.2) % T
H, 2HEBOBMEIT ] HEEESS EHEICDR

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 Number Survival relt\:ztrilf)n Survival relt\:strikon Survival relt\:i:il;n Survival relt\:r?trilfm Survival retention Total
Date length rate rate rate Tate rate rate rate rate rate rate length
(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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o7
HEERBES IOV XAOEEEMORE
WOHRABICBITAERBX 1 BH7- 0 OFHEFRE
%, 1-800% <2-8001X < 1-4001X < 2-4001X < 1-200
X <2-200RDJiEE &0, MEBEEDE GBS
vz d, 18720 0BBIIEL ko7 (Table

14)o

FNENOFEREMT T, 2840 mm #5100 mm
ITCIFRAHTHERLASBADOIEH ) b
FREE %10 mm Z &2 Table 151278 L7z 34
BlIO0mm FCER LG EORBELHIIT AL,
1-800X 23 DI W7.3H & & D, 2-200K 0 D &
W16 7THTH Y, TOMICIE23EOENRD LN
(Table 15),

z =B

SENEPEERAE ARROFRrOBAEES
WHETAHE, BIEEEE 1H2EH2S TEICHS LT
b, EREBIVRERICEERD LT, BEIID
WTHEL DI EARBRENZ, £z, 1THICZLE
T 5 X 2 EAEE T 5 KICHRTEBAIENSE
{, FIFGHUBERD LY OREREIEW LAUR
BENz, ARBICB VT H2E (AT 9 E 72
JEE) BE LSS, THoREEd ]l HoRGHEE
D70 % TH-72DITH L, THRIFH0 % L%
o7ze WE - AJE (1980) ABoOPEESE (&
Y5 —EREE I L oPREOEIE) ZWELZ, £
12 & B ERIRIS~20C TIHEM 2 & 6 BB OPRIESS
135910 %, 24BFHIZTIIS0 % THh b, THUFEHEL
7o EEEEE O B aH 24 M S TEE ISR L Tw
AHZERRLTED, 1H2HEOKHETIZNEE
L7285 F b S N B8N, FREOEZIEES
LI lltkh,

= U< A Oncorhynchus mykiss Ti&, 1H6~7
BOZERE 4TS & 2 WOKEICHRTHESRD
L, fERRIEGKL, B, FHBIUHEHBORET
HHIEIEFHENI Robust, 1934). F7z, <A
U 4 Odontesthes buariensis Tb, 1 HOMKMEE%
1~5HOD5EMICHEL-E A, MERHHITS
EZ VR AL FARRICEBRESMET Lz, L L,
BRTHLRALA T, HHEEALH1ETIE
FEFARARETAZLOEHsL TS (FH - O,
1991) ThoDZ b, FHEMLZREICLELRG
HEEHTABICL-TAIELRDL)Y, 70V41BNT
F1H1IERENEIETHL EEZ BN,

ARBOHER £EB4Smmorsuy fHEY %

80 mm F THHEERT 254, MEW~NONEEE
13200~8008 /kL THEB X AR IZEIN LW
EVTRENTz, SHRINERELTRLERYEHDLC
WX T, KRN B RBRICERIFEL, &
Shbkaz MEERBLEDND S

BN REAR (1995) &, AHE % B BN T100~
5002 /kL OBEETHE L5, AERRIZI00 %
THERABE ABROFBRER L, L2L, HHEERES
131.13~1.17 %, SRR I20.95~1.01& % 0, WIH
& DIIARMEBOBREL THE 20 R - A (1995)
DR B DKIRIZ12.2~182C TH Y, AR
15.7~204C L LB T2 Lo iz 70V A4 ORAF
TiE, HEEMERII25T, HERERE2T, fR
REFNCTHESELRTIEIBREINTH S (-
H - MEERE, 1997) SO E0 S, R -HEA (1995)
DR EABBOMEOEORREE LT, KEROZE
HEZ OIS, REORMER T, KiRICE - TH
B, BMRERIEILT AT L 2EET HULEDN
Hbo £z, B LA THMERE E-T HIHEI1TE,
BMORINC L VPRESHHENEZ &, D, KE
DEALB L OEHOEMR K& R L CARE Lk
ETHLEDND Do

B2E HERER (REETREAER)

BERROMNELZZENIAET L2010, K
MAOBMBDATRTH Y, BHBHITIKGT SN
WAEHAP SN TE, REOLRVERIKD b
bo BEEVI—TIRI DL hflhri-4 & B
SNAHEMRE UCHREREEE v, 19894 DI IL
P X AR L TR E T A sbETru YA
O REHE L CE 7, BiREEL I, RV
FTNAOWEESY TV F R FEOBRB % Vv THERER
PO EHCTERETHHDOT, TNETICFA
(AeN 5, 1983 &4, 1986) 7 uv A4 (EHE,
1984) DR AEBII BV CTHMEATEER SN T b,
—7, BEEEOEREVEEZARICEZDEEPRE VL
B, N RY 7 WNITEEIZIZIE LA CERE
N, BHtry—iiBned, 7u0v /fHEl
AN IERFIERIT 2RO mm PLETEHINTE
2o LU, SBO 7 1Y 4RI BV T,
BB OB E 5720, B4 X% TE 57727
INELTBHZENEE L,

FIT, KT A XOEL 5 AR I JEIE
WEERBREBL, AR~OBELBREOME L HE
e LTCORMMELZKERNTORTRBICL DHETL
720
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ARt EGE

EEEkRERE R, 198EICERLY Yy —T
HEINZ7aY L YFAEH T, F—AEEHED
FEEL002E % e E30 mm GOHE) T500L &Y
IF L YRBICIAE L THEE L, FH4LE40 mm (60
H#), 60 mm (Q0H#), 80 mm (120H#), BIwr
100 mm (150H &) [CE L BT, FRZFNI1008
AEAEA I U7s JREBRBIERICE AT v L A
DEHRE (BEX12cm, HHOMWL5 cm) #HWT,
BEhtry—E 2/ T0RTOFMN0Ez ML L,
TEZEOFTERR 2 M E L7

EREOERFERREOBE ER:LToEREZ
WRT 57280, FHEEA mm THEEE L -8
(BLF, 40mm X), 60 mm THEMEEE L8 (2
T, 60 mm X), 80 mm CTHESEHE L8 (LT,
80 mm X ), 100 mm T &gk £ L -8 (LT,
00mmKX) 2#FNEFNELL00L K ZF Lk
HICINAE L C, JEEE % 2 EMOMBRHAE 217 720
JREEkE 2o 1, 3, 67 A%, 120 BBBIURT
REIZAEFR L T2 T RTOERIC DO WTHRE L0
BERREBE L, TN EnOBISIRE LS
SEMSEITHE L ERE e R, ERERaEE ((#
BB - B EEEE U2 BAER) e

L

RN L. &b, EREFOHBEEICIOVWTL,

1 HELLENTF - EELTYRY, 2 1 EE
L7-EEPHAE L TR 053RS, 3 1 wELLE
H390 % DL LA URBBIREE, 4 @ $RELEBITEE
WA LBIATREO 4 BREICHEL, 1B8XLU21
TEROTRAERE, 3B X 4 IEBROWEBEE L,
B T IIE BB B o R K% % — TR E 58
ML W RE LA (P<0.01)o

BERORTFE FRBRROBEZREROFEHeE
%, 40 mm KX »%1 mm, 60 mm X%%8 mm, 80 mm
K 4%82 mm, 100 mm X298 mm TH Y, £4 07
NEBEOENZL00, FIFRBREOT A XL —
B L7z FRREARIIRBHBRIIAET, §C
DHREEEXTI0% TH o725, 0mm X Tir6+ A
1299 %, 14EHIZIET %ITET L7z 60 mm X,
80 mm X, B & U100 mm X CTid, HERETENICD
W DR EIL100 % TH o7 (Table 16),

EERBHELIUHRE 40mm X T, Bkt
L72BAIC2RBOBCHEZD b, Fhllano
ABE TR EORE L ZZ oA TEREL 2 h
o7 HREBEX OBER T RO ABREIZ40 mm X 2F

100 A o900 —06—©
— R0 - A S A
c)\080
%60-
S N—N—N———A
S 40 A
>
5
»n 20 A
O O—O—O0—0
0 O—O—0—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.

Coné:LmSation 6h 6h 24h 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 2397 %, 80 mm X %95 %, 100 mm
K297 % &) wThoRbEL, BEREEOER
HOLNEh o7,

FRBROXBRTHROFEEHE£EE, 40mm X
T 261l mm, 60 mm X T258mm, 80 mm K T
262 mm, 100 mm X T268 mm & 7% 0, RHEEMIC
BELREZIRDLNE P07,

RS A IEROREMERE SRBREROBEFEE
WCELUEAEERIE, 4 mm X2%304, 60 mm X%
1947, 80 mm X 48164, 100 mm K 21453 TH o 72
100 mm K OB ERE 2 Z¥EE L7258, 30 mm K
T1.14%%, 60 mm X T1.36%%, 40 mm X T2.14% @
M EEEL, A4 AH/DENC R 51T SRR RITEKT
L7z JEEEHERICE L -RH 2 &I, fEEB20ATY
OVAITRICEETAMERMERRELER 7
1V A4 OFH4LEEDL00 mm OBEITIET05, 80 mm
T804, 60 mm TId95%7, 40 mm TiE150%5 & %

27

£

SEORBRIZIY, 7uaVABETCITEH4LEE
40 mm O/NRIFET I IE R EEREEE L CH, B
HEAE, REBLIUHEROMD OHER W & H5H
DD TR o Foo MEEEREBLRO /NRIFEE ~ 8 F AH51]
BRlIC AL, WE COERLEIL, 100 mm T
LTHRT 2BEICERT, 0mm TRBLFLA
H, 60mm TiZ2 % A, 40 mm Tid 3 » B O4EHEA
Wf#FT&% (Table 16). BB OEMIC L 2 RE
RFTIOHHEMIRTFEFICRENEEZ SN,

SEOBEBIIBNT, 40 mm RiICOABEEED
HEEEDNBZRTREDO LN &0 h, NEYA
AT, BAE~NOBWMEERT 5 L) FEEENLLE
Bdhbo Tz, VA XDVNRIC T BT LVRER 2 5
L7272, HETH2EREOKRE SEAKIALET

AL T 2EOTRICE Y, HHBREOIEERMOE
MEIXTREL E 2 bND,

BEhtr s —FEFRIUBHBECER L0V A
R CIE, Ritao—i% 1 EMET LR
BRI OBRGFE LR Lz, TORAE, 199555
B (EmEEREIIIONRE, EEHROEYERI
102 mm) DOWERFEIIIT6.0 %, 19964 FHE: (F 27
B, 102 mm) TIX83.9 %, 19974E i (R2.95 &,
87 mm) TIi£90.0 % TH Y, AL L HEVE
BBHETH o770 TNETUNL bEELRBDOA
BCREOEMMIEEREEZT-7:2 LT, A’AEehk
HWEFELRT L holthbEZONL, FITLD
BAAEDPEB L0, REFEEORBENR R o727
DHEEZLND, WEIERFIAER T KB ORI E
BT 556003, EEFEOBEIMET LRnwI ) I,
EEETINET 2LEND 50, KELEZTHBE
DEBBEREODIBREOKTERLEBRNTHA
o TEo T, MEEEHREERE H W ORmMAE L HEET
AT, RAO—HE AT L CE#RAE
WEWHETALEND S, &8, ARBED40 mm
X CRO O NIERBEAROET I, Bkt 1E
DIPNZSAE L, RBEOMBEERE (1988) TH3D
ENTVb, TOZ s, BROBEDS IFHEE
BLEDRIIB IS Z EATRIBREN, EREBEROH
EDOTDOFERTIL L EMIEYL L2 5Nz

¥/, EREGHTREEICET 2720100, Bi#f
ORI L AREREHRT LI EPERETH Y, &
BN EBORRIZET 52 EAZEE L,

S5, NFEE A ORIEREER T EBRORETR
BICEA L, MRBORRELATH TOEIN, Wik
FILL A ERERFEOHELZRBL T, ARBEELHR
HYBLEND D,

5 3E AEMERRE (ALC 5
HTES Tl 7 AR R ARG, FARIIC /e 2 AP
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LR TE R W0, B—EECTRRE#RSLN (5
ar, WL, A X)) oM EITH I, R
M LB REROEENLEE R D,

A (2006) &, BRRIBROMETIE, HYICHE
ELIEREACDLZERIREL, TNLOEMZE
M l7ze 7z, EOHRTHEBEER L PR 2 M AE
bbb LT, TNENOERZHY, AR IE
ETAIEDNTRETHAILERL TS,

HEBIEFRD 1 DT S Alizarin Complexone (ALC)
BEEL, 7 L Plecoglossus altivelis THEDBEIEE 1L
(Tsukamoto, 1988), TN FTIITFL =T Vi
EDE L DBETHAERL LTOMENFRDONT
Wb (ZEH - B, 1987 0 lA S, 1993 Yamashita
et al., 1994 ; FGAIPY - “F4F, 2001 : 84, 2005 & H -
FEH, 2006), LA L, ALCEEFRIZIE, kg
By s RERTCOERKRE (KM, 2003) #HI A b
(Blom et al., 1994 ; ZEW - HEAR, 1989) % X OME
AR EN TV 5,

REBETIE, 70V 1 OEGHEIERI ALY
HNERIEGRE LT, £ DA TEREDH D ALCHE
HmERACTRE L2, 40, ALCERk % AN
NREN, PORBEIEET AR AR T AL
FHME L, 3EFE (15 30, 50 mg/L) DEEIEE
FRELT BB I oERRREHRE LTOHRR
MR X ORGP,

HEtEHE

HBREORESLUEHERE ALCEAHVWZHA
OB EIL, B ARO%E BEORsE)
EEERICRYT (BEE) 28 ONENRD L, B
B53EE, ALC» ARG HAE 2T ~BETS
Ted, N Y U I K BRBIIED Th L v (BE,
1994) 25, BREIM ALC # A2 52 2irhds
57D 20T, BRI X 5 TIZ ALC OBLY 3AA
WEWHEELLTRENAD 5, D, RREETIX
SHHIMTHEE I ALC BB REEZ ONDLE
BEETRA L,

HERICII20024E 1B v 7 —CHEE I NS E
£ (£SD) 452 (0.8 mm D7 a v { FH5,4002 %
Fwvie, FIGHETERO ALC 2R, BEEES
15, 30, 50 mg/L @ 3EREICREE Lze REBR & L
TENEN 24K (1001 KY) A—FH AL bKiE) %
FEL, 1/KHEH7Z000E (10,0008 /kL) D
AL 28, RBRKECEEL /NI L
B F—FNZARNTEBL, KEZ15.3~15.5C TE
B

HE 5L,

a0 O E 24 & L7, PR SEIC L B
FERDOBEN R 72012, BiE 2 HE» S A H~
O FIE L7z, 2B, BEFOBKIITOT -0
ATEBL, BEIHEHL L7z, BERTHD
FB IS BEARE AL, 1KESHD 3 EE/
HoO#ETEKA L, BAEREN GRAEE, HEY 7
MERH C) #IRKBAREL SEHGHE Lz, RIERM
MG H10H 100 LK CE L TR 2 MR L2
#%, #FBX 2 530RoMEMA T EBIEREICHEB LT,
500 LR TF L vkRMET2EMAF L7, 500 L K
W OFFLMIZ100 L AKISIC#E Uz, 2B, HFEL
HEICABET 2T 5 &, BRSMRERED
82.1~93.9 % M2 F TICATBE~KBTFIN
Ehn (BESEEHE), BRORRMELER S 58
B2 EMTHaEEX LN,

Ol ALC OB E L CoRMEIL, A%E,
Brfitk, WEMB I UMY 1 BH 720 OESEMO 4
HE A SHM Uiz AREIIEH O KL $Z,
BRI B BIA R I0E Bic T RT oA 2 1Y
B THBRE Z L IR L7,

R OFHRMEL, BEMG, S 6 KR, 1288, 1
HH, 678, 127 ABLU2UNABICERBE LS
EEAIC S BIREIREL, MElc Lo THONHER
(R¥A) %, HHEMEEEMESE (Nikon ECLIPSE
E400, G2 7 4 V% — BM520) T OB, SFEL
720

EROEBEE, ERoEtBaoEa e [IFE
ICHHBECHERR L], [ T& 5], [REHBETHE
BLIC W, [HERETERV] O4EREEL, Fh?
Mi2100, 50, 25, 0 Oz %5 2 AHEE (1999) @
FECHE, 5RO EE R L7,

HH 1 Rd7-) OGREME, SHBECHEHELE
ALC O%H (1,000 /g) #ARBRBOTFHETHRL
THH L.

B OR

ERE ABRRILOEKREOHR % Fig 211K
L7z, 15mg/L TlE, 2/KBEDCEEEZHEGELT
O 2URFEBE TORTIH I ETH o7,

30mg/L Tk, BELTHHBEL THrO24EMET
TORTCEMNM2ESB L7, EBREEhFh
62.0%, 89.2% TH o7z, TMMITS HEE TH
HHN, I0HBOERBIZZFNFNG2.4%, 81.7%
ThHo72

50 mg/L Tld, EHEHTENELLARY, BiFr
BlE LT 524K F TORTEMTITRE S L U865
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Pacific Ocean

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 2111;’;1::; M(ii;nj;l‘ Release site Date of release Marking method"! Ma(r;) ; ate regel;:f:tion
(%)
1989 62,600 89 mside of bay Oct.26 fin removal (L) 483 1677
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 16.7°2
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)

*YL): 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)

1 November 435 23.8 (1.4)
December 455 24.4 (1.9)
January 208 26.2 (2.2)
February 14 269 (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 50 273 (2.5)
September 29 27.0 (3.6)
October 99 27.8(3.5)

) November 177 303 (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)

B, ARBRENEFNIZIN 34% Tholz, LT
A2 HEE TR LN, I0HBEOARERIZI29%
BIU34% ThHhols EFEBITALCEHBED L
izt bhoTKT LA

BEHEOBEES LURRYE HAERoEERE
% Table 171278 L7z, RERBAGLIRE, 6 KeR], 128
M, 24 ORBRMEOFMMEIE, 150 mg/L 2% 0,
25, 100, 30 mg/L X%325, 50, 50, 50 mg/L X725,
50, 50, 50& %0, BERENSWILE, EEHETHE
E~OBEREZOMENED LN, LL, [FHEF
B CTHER L3 v, 2R 731001k, ALC#E
EXrRdDEVISmg/L K TOARERS N, —F,
ZRERX BT AEET L OFEEICIZ NS Y R A5
WHNGPoTze £72, BROEREEZHEET LD
WZEmRLS, 1, 6, 128X U240 ABROBE T,
TRTOBBERIZOWTHREOUE B & U ELE %
X2 ThH, ALCERTIHGHEMET CTESICH
AT LI ENMEETH o7 72, UVABTITOM

IS me/L KicBWTEDLED -7

BEIEHAVOEREM B0 1KED:
DICE L7 ALCOEHIE, 15 mg/L TIE1,350MH,
30 mg/L T1x2.700M, 50 mg/L Tid4,500HTH - 7=,
INLDEEZ ENFNOERBROFETH L&
FRELM L, 1.50H, 4.47H, 57.0M & &0, 15mg/L
Kid30mg/LE®1/3, 50 mg/LX D1 /38D %
RL720

£z =B

JAOVALIEEICEL - ALC ZEAEBE £F45mm
Dz a4 FEEIC, 15, 30, 50 mg/L D& ALC iZ
RAEEFLIHER BEOOMBLEELHS 2T
by, 2HBIFTINTORTALCERZHERT 5
ZEMAWRETH o 72 (Table 17), £, HEMS
S ORI A SRl T A &, KRB ORE O HE
PTiE, ALCIBE L LTI mg/LASE L T\Wwab &
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Wiz, AFEICBITA ALCIEEREIZ, 54
TI1X80~160 mg/L (ZEH - HA&, 1989), =7
+ Carassius auratus grandoculis T 13£16~32 mg/L
(BB R, 1999) ¥ 5 X Paralichthys olivaceus T &
80 meg/L (Yamashita ef al., 1994), < % 9 Gadus
macrocephalus TiX100 mg/L (PR - BA|, 2001),
A NU ¥ 5 Theragra chalcogramma TIE25 mg/L
(FFE 5, 2003), ¥ \¥ Arcioscopus japonicus T
1340 mg/L CKH - $2H, 2006) THH, ravAfi
B EBWVETHRESNTYS, ¥7, 4E19 mm
D= A4 FE TI1E50 mg/L #5200 mg/L ~ ALC @
REBEZzSOLZEIICLY, s b
PRENT WS (W - K, 1987), 7uav4IlB
W30 mg/L B X U0 mg/L » ALCIEE T, 24
BERBZEORTHOBMATRD LN &b, R
O ALC D@ IEREIZMAR X VK<, ZofHITk
WEEZOND, —F, Bty ¥ — TIH20014F 1
50 mg/L, 6 M ORESMT ALC e 2% L7
A, BEBEORCEBETE L EDON o7
(B AR ER S, 2001, ARBICBWTD, 2K
Fla2 5 6 WEf B L OV 120e I % & BT
ELTHTEZHRLEIS, TXRTORBEX CHTM
RO ol bbb, 30mg/LBLY
50 mg/L @ ALC iEE X, 12BN OB ESMG T
ERBIIBER S 20w EEZ DN, BIHEIBELEE
B OEMOMAEh LY, HERENE L EAL
T 5 EDITRIEE NI,

INLOT ENE, e LToORRES X URH
P ENRD LN WHiE T, ALCOBEREY
TWbsZ &k, 7uv /B ~REGEROEERE LK
WA ORATORBICKRECEMT 2L E 2 517,

SHEOEBE ~FVAR 77/ ETRALCHE
BEEET LAY A AW Lo T, ALC O IFREDS
AT HZ ENFELPIZENT WD (EH - B,
1987 5 MR, 1999 A, 2005), F iz, NI NS
TIX ALC 3o pH #3952 & T, BERER
DHRBERBE S EPRBEIN (KH - FEH,
2006) o E B, T F A R h T ETIREROIENI,
BEREHEBICDOVWTH ALC DESMEITDOLNT
W5 (- S 3F, 1993 WA - ZEH, 1994 A S,
1993) A TIEEES MmO oY S BEZHEV
TEREL7A, KA AT 0BEL ALC IREOIL
B, ALCHRWE O pHEDEA, 15mg/LUT®
ALCBETOERNMEERFIIOWTHIRE Z 225
EHICEIEWN L ALCER OS2 EET L0240
BThHb, Tz, AHEICOWTHHFRUNDEER ET

WS I L, ALCE#REPHRT L0

WM R AT A LTS B, KIBREEOHED
RAHDBLZ LR 5,

INETOELE LY —ICBITA IOV AL ORRR
B, BEIERSLRERIGEZHEET 572010, i
WEE#REH T, BEIBERKELCE (B48
BLE). AHBRICE o Tru v A HEICEBITS ALC
WO REITER I N0, RE#RZ E iR
EMAEDLET, BT 4 X, BB IOEHE W
o 2GRS B A Z TR EURR B & B B R
DERITEEE Tnotze TN O ORIEFHEO BRI
KB LESNAERE L, WEHNZE5ED
TV ZEHEETH 5,

FL5E RAMRAZRMORSRE

BA1E EFEUABCRALEYZOVAORKDE

Bt vy —Tid, 1989~19974E F CEFEILHE
RRGTIERE LTy oy 4R % W L. HORAE
RREIICIRET 5101, AHICKIST S i
BERNLLENSHE (BEL, 1998), 2T, f
WHICHERLREL, ABIFshiTToray
AN DWTHRART2 o ARETIZ1990~2000E D A HiI D
PEMLESS, 70V 4 OWMER, MEAOBE, B
fkEE, EINEER X OREEINEREE LT VA D
TRl 3% 554 L 720 ’

Eat s R alip:

BERAREESEE SNy —CHEEESR
727 8V 4 fE447 40088 % 1989~ 19974E 1 5 R I 1
HE A~ L7z (Table 18). %43, 19924F 124, &
WAEORTNC & O ARFEEW SR E N h o720 T
LY oFEeER, 99 mm (81~129 mm) T
Holze BERRITIZE 4 BE 2 BTl ME R EE
ATz, 1989~19944E B & UN19965E e BE L2 ik A
PEOETRFAE %, 19954E B X V19974 Ui B .2 13 F g
REBR SRS L7z 19894 B X UN19904E D 2 DO
MBI IE DWW T, FNRFNHGE L /-8R 048.3 %,
50.4 % ITHERE A R L, TNUAOFEEICIET
RCOFEW IR L 7o IBEERFERRIL, RS
REETH D LENEEIIHEL, RB(MLBUTE
Bl b, T, 1995~1997THEMFEEI DWW T,
TR A IS L RRER O A O EEEIZ100B %
LT, 1 EREBE MK TEE L OERoOBRFRE
PRTzo 2B, 1989~1994FE B IC DWW TIE, 1995
~19974E R AR DRR R O BRATER O % F v T EIL
BEEMHIEL:,
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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.

BEREE R L Eso LHER, AFROE
BEROPRIMNETLIHEOETH L, BOBEENH
4km, EOMOMWEH 1hkm V20BN RTE2
BELTw3 (Fig. 22). BOFH» oM OBEE
BIHE TH 595, BROEM & BB X UEME
FTRCEEETH 5o KIEIXEOFRETHA0 m,
BOMHTH0m TH b, EROKIRE, FH6~20
COMETER L, BEKRIZ2~3HI1C, BEKE
129 HICEBHI S N b, 1989~19934E Dt dki, 1M
BRICHE SN, LrL, INo0#ETE, BKE
Bh o RBETS  OWHE I L HHENER SN2
B, 1994~19974E MR, HEDBEN L VEE R
DN BT Lz BOURSET & Bk $ % EIER
DR ZRRETECRERT 5720, BohEIIH -
bl (1997) ICfEvy, MIEREEL, ANOVA = H

WC 2B OEEZBE LR (P<0.05),

HHHEE  1990~2000E D11 ERICILHA TS T
SNKBOT— & % Fviz, REIFETIIRKAOR
BCoWTHHRE720, RS TH 5 LHEEL
THEEEI N7 0y 4 95T S s AT
A2C, B OHICHEE T s EHATSES L UH
BOWENCHERE ST A ANRATH O 3 2T CRIKICHE
L7z

INHO3DOETFIAKBTSINE 70V 1 D
B, IWHEE OIS0 km 5 58 720 km O E
BeL7270 km OIREETH B, B, EEATERL
UHEBAETEIRIC DWW T, 1990~19944E 0 5 EM D 7
— 7RV, HFAHHICE, 14TOoO0REELE
BL, S#ATHOTCoOMEE (ERH280H) K
FEEERLZ. HEHBEZUTOIHETH 5,
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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.

D 2uvAidvA4 - ANVEELTHO ANVE
EHEBAELCKEBTEShAELD, 7010
RN LY (REOBOR) % BRHEL
720
TESEIR ST O A I & 6B L 72 S5 O (L8 & iR
L7z,

3 ZEEHzELL,

1989~ 1991 F IC I AT H I KB Ehi-7 0y
A OWEF—% T, TL (cm) & BW (g) M
3 BW =0.0113x TL**® (N=4,586, R*=0.98, 7 <
TL =44 cm) %157, MEEREZ, ZoXeHWT
xS NTAREORBEMICL > THB L7,

1995~ 19974E U #E I, RO E & 2B, HE
WBEETETAZLATMEETH S, L L, BER UM
BB U 721980~ 19044 E U B ¢, B2k B4R
RHETE LW, UTOFETERZET L.
1995~ 19974 M DO P ek & Z OERRE L F
B L O HBNCEIL L 72 (Table 19)0 0% K
TP S (1998) 12ftvy, SFERBNIAHR L, ARiEERO
HEOHRLE 1 ~ 2B THE7D, ANoEELEEL
ZOHERENEOND 1BBLU2BAZIILDIC
FEaEL R s -8B LT3R EE LTHEL,
FHEREERRFEENMEONEP AR, ZORO
ROF7F—=% 2 Hwiz aFRiEgo s oy 4 oMER,
5~6HTHB0 (E2BE1H), AE0ray
A OEROMERZ6A1HE L7

BEE, ERESICEBERNEOHE HEWFEL
KRBT ENTTRTOZ 0y 41287 HRKAOEE
CEHRL KBTREBLIUKBITEEZ ISR L.

2)

S O & & A & e R EOR o RSO RR
LETH Y, B RoEEN R FMokiEn 1o
THbH (BARL, 1998), BFEINHEIE, REHETE
OXRBTEEERRE TR LETHY, FOED
IOBEIEERIFIE LR 5 (kH, 2001), KT
SHOMER L, 7aV L ORI LETH L5, 1l
HATRSCiE s oy A Bo BRI 2720,
2 ZTUE1990~20004E 0 V) 4 FHOFIGHL (70419,
kg) ML, SRHEOERNES IR L, —F
B O£k (X, mm) HEEEM (Y, M) @
BZiE, Y=0.1267X+4.53510BFERBE SN T WD
(B, 2006)s & BCHEHEE O R R IR 1 BARL % 5
U7-HE s e L,
#® B

BARBDOEE 1990~ 19944 0 5 4 o> (L H £ 77
%, BilATNSED L ORBATS ORGSR
UL, ThENI8 7408, 1,782, 4 BDEE20,526
BThole COHH, WEOMNBEIHL N REER
(A2 #%) X BKRBITREIZI698RBTHY, T
99.3 % 2 d 72 516,787R AN 1L & o 1 L& 30 Tk
ENtze TNODOERMADOEEHPIZI3~50 cm TF
BeEid2d cm ThHo720

KEBTEH, KBUEESLUVKBTILEOEE
& 1990~20004E O B LA 5~83,207R 0 7 1
VA DKBTIN, &EFED61.9% % 5o 551 5128
WIIERTH o720 KRB L UK AOKIBTRES
L OKBGTEEDOELEE % Fig 231K L7z, A
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(1) /N

Table 20. Estimated number of returns and return rates of black rockfish released in Yamada Bay from

1989 to 1997.

Number of returns (%)*

Number Return rate
Year of release Total returns
released I+ I+ >34 (%)
1989 62,600 4,372 (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) 3,255 113
Total (Average) 447,400 35,010 (61.2) 14,097 (30.3) 2,405 (8.6) 51,512 (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.

Year of release Relefllsze Landed value of released ﬁSh“(%)*s 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.
*2Nakagawa et al., 2006

“The percentage in landed value by year class.

DOARBVTREIE, 19914E 121316, 7172 2% UEE (b
MSFED H N 7278, 199341013 1,369R & 2 h A L
720 61T, 20004E1C1E, FAEHMPOFTREMED
IR TH o720 —T, RBMBOKETREIE, 1990
832 TH » 7248, FNLIKEI7E £ TH24~
2NTROHEHENTHME Y K L7z 19984121k —
REAGIZIEIN L 7228, 2 AR ONAME NI 8E U7z,

PATAE O L OWRA L KRB OKGITREOBICH,

BEOBMREIZO LN G o7 W=11, #=0.46,

P>0.05).

HAAOENRE, BNRFESICRFERE K
TREOBEMEBOFYME (#HE) 13544 % (5.0~
97.0%), KBITEE TIE4H.2% (9.2~784%) T
Hotz (Fig 24), MHBE LMK L - BEOER

FOMICIE, FEL2LOMEFED LML (N=11,
R*=0.86, P<0.01),

BRI L2 HoRINEOEY (#F) 11,
11.6 % (9.7~15.4 %), EIERICHCH S 7= B HIX
ROFE (HF) 13111 % (9.3~12.7 %) THH, W
B ORNEOMICHEEZTRD S d o 72 (P>0.05,
Table 20)0 ZEMHEHOTCOREPNERICED S 1
HAOFHOEE (FF) 1361.2 % (36.6~75.0 %),
2B TIE30.3 % (23.6~47.4 %), 3 TIiE8.6% (0.5
~19.6 %) &b, 1EAORIIIEDEVEEEIR
L7

FHRRHORFEINE O (#PA) 120.91 (0.68
~1.25) TH o7 (Table 21)s SHHEHDH b 3K
VB (19934, 19954, 19964E) X 1 ##A 7278, %
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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.

DWMOWFHEBHETIE I RBTH - 720 FSHHBEOKE
NEFIEHD 5 1 mAOEGOFE (HE) 1341.8%
(23.7~56.5 %), 2 TI339.7 % (30.8~53.8 %), 3
BTIX18.6 (1.0~399%) &7 b, 1L 2KOME
WEHIZIZER CMEE R L7,

z =

WHBIZRE SN S oo EOEINEIL, 9.3
~15.4 % OHE L HEZE XN, FIFTREL ZEILED
BoNTzo MOWEHRIT BT AAREOEIERRR, RHAE
TIE0~0.3% HFHRETIZ0.2~65%, HHEETI
0.1~2.3 %, diEEOHFHE TII2.7~13.4%, Bk
EoEENETIZL3~151% ThH b (uiFl - FH
B maEIR - TBIR - RHE, 2000), ILHE & FHER
BB LOEENBICRE L2227 9 4 O EIER R

BEWEZ R L2 20 300, BRICHR S
n, FHRE, MBEBIOCREFETE, JHRICEVE
BT TR EN T D, REORMAIL, BElkiE10~
100 m OFVEICTH L2 B BERICER L T b, LA L
HEEIIC 2 2 M O ADENORBICBE) L TH
BT D (B, RER) . T MIEADIZEAEN
VB OB AL O R Tl s, 25
2, AREREAL, BHNOERBOBREEFABELTWAEZ
EDPHESNTnDE (Eeks, 2002 555 B4 2 #))
ZEhn, REIIB L ZOREE A BAL L U TEESR
MEERE L TV B REEDSZE R b b, it T, AHED
BEEBEIBVTEHVRIEELZH 2 720120, ILHE,
FHE, ERNBO L) RETAH L EERROE
B ARE STz,

—7, WAEICBI ABINEE, T A TIEH0~32%
(Ishino, 1999 ; Okouchi et al., 1999 ; Yamashita
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and Yamada, 1999), < % 4 Tix8~12 % (&3,
1996) TH bo BWREAREZHAH7-0121F, WK
TARBLEYA X, B, Bz ELEFRIZONT
FARBLZ P EECTH S (Yamashita and Yamada,
1999), BREBOE® 2 W FNEFRLRE L8
OENRIEFERGTOON LD o7 (P>0.05),
UL, BNICHEGE LTI, RRES) S ERE
Wk ASEFED LN, RS EORHICE LR
R D Do PNEFFS (2001) 1, FENETIRATS
NHKIBT ENLHO2. D 7 0y 4 PSERE R &I
Lo TATH 2B THEINALZLERE L, &
DT TIRINELZ E— 727 a v 4 ORBTEIE
W L7205, ZORRPERENAE S 2@ Lo A BN
GBI HHOTIE R, RN ROERTHS
EEBELPICUZ, AL T, BRREOARED
RIZENTD, R EEUTHARLERAORE - &
HASkDH N5,

BRERELRFNICEY SE 50010, BFH
PEEZWMRDLLEND L (BAL, 1998 ; Okouchi et
al., 1999 2004) . fUFEIZ BT BB EINEOFY (i
B &, k744 TiE279 (0.5~310.2), Y a¥s
Ti£9.8 (7.0~11.8), =% A Tix5.1 (3.3~8.2), t
5 ATIE2.1 (05~3.6) TH5H (LH, 2001). AH
OFFFEINFIX0.68~1.258 %0, SODMKEHED S
LE500ORMBETILUTEZRL, FEHEL LT
FWICHLTEAHBRIBONL o7 TR,
AHEORGITEMAT04ME kg TH Y, &7 AD2,235
M/kg ARG, 1998), < ¥ £ ®4,380M/kg (43,
1997) \ZHARTEAi 2 L BERTH B, REEDKE
FEEEBHINEEA 0101, AR 1k 245
HL, 2AURTHET AL EOWMBEEHOEAND,
SERELZINER SR,

£} LN

WHABCHRE L7y 4 T, BERELLSE
WEHIRASRFCE 5, FEL L THRILT HEH
FUERIER S N hoize LA L, BEINBICHRK
Lizzay 4Tk, BEEEORIC L &R M
Liz7z%, KA I %@ S it
THEBREELBEEOWNRE L 2ol UNEFS,
2001) 0 HARTIRIFEEICH Ll d EORER
BEFFMME T wawnze (0T, 1999), 4% h
L EEUCHEEEOFMIVLEILETHS I,

E28 WEYAXHEREICELZEE

BEHMEOEED 1 2THIRNEL S L1
DI, BB A X, RSB X O e
el afl~n 2 LPEETHAH (Yamashita and
Yamada, 1999), L 2*L, AR IZHEAL0 cm
TEBS (F5EE 1), BT A X R B s
FEZTC, AT A EIERE I LB
D LNV,

FIT, RETEWHEI A ZCEHL, ZhET
ERSNTELIOecm 2 EHELT &8, 6,
S5cm #EERENFNRIL, B4 X050 HE O 6
INERIZH 2 B BRIz, 3612, WEMAT L
HOORADORMADEREZ B/ L7290, 7 THREALE
ERETEHELZ, /T TRES NI A S AT
BB SR o aE kL, Rk
D FFERFE % e U7z,

bt & &
HWREBHEES =Edtrs—ThEESMZ T

v A HEF193,5002 & 1999~ 20014F O MG I8 i
AR U7z BAEARL0 cm ORREEZ W 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 (em) 1 o (%) o
External Internal (%)
1999 12,400 9.3+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+1.2 8 Sep. fin removal (R) 100.0 20.7
2000 15,000 6.2+05 4 Aug. fin removal (R) ALC 100.0 12.1
2001 21,000 95+0.9 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

"UL): Left ventral fin, (R): Right ventral fin
2 ALC (Alizarin Complexone, Concentration 15mg /1)
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19994E121% 8 cm, 20004E121E 6 cm, 20014Ei21% 5cm
ENETNRBEEL LCERE L. BigkE L ALC
EHT BT EREFNOFEZEI L7 (Table 22)0

19994F B X U20014E O i B 13 A RE BB R, 20004 1
AREBHECI VI RCOBMAICERLBL, B
BOHWERMNEERPLNRELFETESLLIICL
T2o 5B, BHEOBAEROFLE®ELBE 1HIHE-
TRz, B aNzr 4 AOR LR 5 2 K
BER B 57200, BB IR FERRICIN 2 ¢,
EABEIWHOFTEICH > T ALCE#T S L

BRES RELCEROETEE, BFR0IZE
OB L, BOESOIEL 5 km, HATE10 km @
BEVWHETH S (Fig 25). Bl sEmic
& B NTHEEW L W25, BOMUE LB oRIIC
WFBG L TBWEN->Twd, BOE»HEBEMITR
THESTH Y, KEEEFRETHIO0 m, EOH
T mTH b, BHNORKIRIE, FH6~2CoHHE
TEBL, REKREIZ2~38I1C, REKEIZ8~9
Bt s hs (HAZREEEDS, 199Db), 71
VAR, TRTCEHENOHEIBOKEN 8 mD
W L (Fig 25),

HIHHEE 2000~20044E0 5 ERICE HATS TH
SNKBITOF—y iz, AHHICIE1L0H
EEAXEEL, ATHHOTXTOMBE ERJH280H)
WCHAEZER L7z, RAEEB I CHEZTEOHES
B, ESEEIHEFAKTD 5,

AOMBRE EENAT LU O 0 BREOREAD

Percentage
U
e
1

1l

TEMESL -0, H T (B0 cm OMH#E) %
JACTRERAEZ2000 1 A~2002483 5T, 1~
2W B OEETER L. 1 TWOBRELTE B
HERHOBESEFERTAKEL2 ~bmOMETHS
(Fig. 25) o BREE E NI DWW T, BH (R¥EA)
FROBL, EEOERKBICL > TEBEEE L 0
AW SRR AIC DWW T ALC B R
L, RESNLTRTCORBAICED S ALC EZi#A
DEEEWTze T, WAL RARBEOSEE LI
L7z

BHHICE T BERDBARE F—ERICHITS
N2 00OBOENEZ BT 5720101, ATTEC
KT EN-FnFholmBEoRERz#E LR
TR SR, F2C, 20004 9 755200340 3
AET, 1~28BILICEHATRICRBTS:
Wi f20~30B 2 A L7z, HBAIZ oW Tk ALC
EREHERL, 3 XTORHMAICHD S ALC EiRfA
DEEERRIze T, WRALRARBOEET I
L7

HRBZEORNEROME BEEEEROME
EERPOLMMELTHFEL, HRETLoRNERY
HH L7, BMARETESN ALC E#AOS &0
5, Bl—ERICHEE S 2 o0 o RIUBE * HE
L, TNEFNOFEOERBAR T HCTEIUBE T #
El7e 70V 4 OERBOMERAIL, HE5EE1HEHE
FREZ6 B 1 HE Lize & THETHRE S M 0
A, WIEBAREL L EAZOTONRE L,

1999 1999 2000 2000 2001 2001

0+ dH

a+ oy aH

Year of release (age)

Fig. 26 Percentage composition of recaptured two groups with

different size at release.
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BEUES LORFOIREOHTE H5EL1IHLE
B JiETfEE L.

GEHIE ) THEB L URTISCIBA LA L
FhBOEEOFEHMEDZER, Kruskal-Wallis test %
FVTHE L7ze ZWRO LN HAEITE, Scheffe
D Ftest # W TEZERE 21T -7z (P<0.05),

2N

HOMELCATBICE T AERREET 1 THEREE
BIUANHOBARECHE O NER% Fig 26L&
Table 231ZR L7z 08K (7 T#8) BXO 1R (A
) BT AWK A XORLD 2 O00ORKHOEE
i, EE-FH L, T4 0mBIU I EEOEER
DVTH, 2OOMKHOMICEREEZIRZD LN H

30
y =3.2092x - 12.166
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Fig. 27 Relationships between size at release and return rate of black

rockfish at Miyvako Fish Market.
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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 cagenet 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 56 163+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 95+1.2 78 114+1.8 203 20.1£34

2000 15,000 6.2+0.5 34 10.8+24 102 19.8+2.5
2000-wild fish 352 113+£32 489 19.8+3.4
2001 21,000 95+0.9 10 11.6+1.9 273 212+£24
2001 18,500 48+03 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 o
released (mm) 1+ 2+ =3+ (%)
1999 12,400 93+0.38 1,445 (84.5) 206 (12.0) 59 (3.5) 1,710 13.8
1999 11,800 8.0£0.9 923 (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£05 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*(%)° Totai landed  Economic
Year of release ab a
cost”™ 1+ 2+ >34+ 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 (1.7) 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.
1’Nakagawa et al., 2006
“The percentage in landed value by year class.
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