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Abstract

1. Control of rearing conditions for black rockfish breeders and

change in their sex steroid hormone concentration

Total 370 adult fish of the black rockfish, Sebastes schlegeli were
used as a broodstock for this experiment. To set different rearing
conditions, the breeders were divided into four groups, two for the
treatment and two for the control. Each fish group was cultured in a 5-
ton fish tank which was facilitated at Marnne Research Institute, Cheju
National University.

An artificial control of reproductive cycle has been performed based
on photoperiod and seawater temperature. In the tank with treatment fish
group, day length was maintained on 9 hr light per day (9 hr light and
15 hr dark; 91 : 15D) during the copulation period and then it was
gradually increased to 14 hr per day (14L : 10D) during the parturition
period. Meanwhile, water temperature was maintained to be 12~13T
during the copulation period Later, it was dropped to the lowest water
temperature of 9~11C and was then gradually increased to 14~15T at
which the parturition was initiated.

Radioimmunoassay (RIA) for monitoring sex steroid hormones in the
serum indicated as followed: in the female, when the ovary was filled
with oocytes, more than 400 gm in diameter, having yolk granules, the

maximum values in both testosterone and estradiol-178 concentrations



were observed in November from the treatment group and in February
from the control; in the male, when the testis was mainly occupied by
spermatogonia and spermatids, relatively higher values in testosterone
concentrations were maintained between August and October from the
treatment group and then abruptedly decreased in November when

copulation was finished.

2. Reproductive cycle

Gonadosomatic index (GSI) of male was maintained about 0.12 from
January to August without remarkable changes and then reach the
maximum value m October from treatment fish group (GSI 1.27) and in
November from the control (GSI: 1.36). On the other hand, GSI of
female was 1.8 in January and 4.3 in April, and then maintained
relatively lower values until August. Later, it was increased to the
maximum value in February from treatment group (GSI: 42.0) and in
April from the control (GSI: 46.5).

In June, the testis was composed of numerous seminiferous tubules in
the medullary layer, which were branched at the basal region, and groups
of spermatogonia and spermatids were distributed around the tubules. In
August, spermatocytes and spermatids were actively developed within the
testis of the treatment fish group. Duct deferens located at the basal

region of testis was filled with numerous sperms in October, but only a
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few remaining sperms that were not ejaculated yet were observed from
the semuniferous tubules in November. In February, the testis came to be
a resting stage and was occupied by spermatogonia. In female, young
oocytes were distributed within the ovary observed m June and the
number of young oocytes was increased i August. In October, yolk
granules were accumulate in the oocytes and group of sperms were
sometimes distributed at the germinal epithelium which was located
among oocytes in November, The development of the fertilized eggs in
the ovary was observed in January and then newly hatched larvae
having a yolk sac were appeared in the ovary from the end of February.

While approaching to the copulation period, copulation organ of the
black rockfish male became larger and the color of its edge was changed
from milky white to deep red. In female, the color around genital
opening became purple as a result of congestion and a few sperms were
located at the interstittal germinal epithelium of the ovary. Thus, copulation
time was predicted by the change in the external morphology of copulation
organ, as well as in the color of the female and male sex organ.

When considered spermatogenesis in the testis, and egg development,
copulation, fertilization, and larval development in the ovary, the
reproductive cycle of black rockfish could be divided into the following
successive stages from the control: in male, growing stage (June-~
August), mature stage (September~QOctober), copulation stage (November),

resting stage (December~February); in female, resting stage (May),
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growing stage (July~ January), mature and copulation stage (November
~March), and pregnancy and parturition stage (April). The pattern of
egg and testis development was not much different from between
treatment and control fish group. However, testis development in
treatment group proceeded one month earlier than the control fish group,
whereas fertilization, egg development, and parturition in treatment
group did 38 days earlier than the control from the first trial. During
the second trial, parturition in treatment group occurred 78 days earlier

than the control.

3. Parturition condition and growth of larvae and juvenniles

The abdomen of black rockfish females which were ready to
parturition became swollen into soft curve centered on the part of genital
pore and slightly hang down to the rear. Also, opercula movement
became fast gradually. At the water temperature of 135~13.8T, the
number of opening and shutting opercula movement of the large female
(22~29 kg in body weight) and small female (1.6~2.0 kg in body
weight) was 4748 times and 50~54 times per minute, respectively. The
young black rockfish have grown to be 13.1£15 mm in total length 42
days after the parturition when the rearing water temperature was
maintained between 13.5~14.2°C. Seventy days of culture after parturition,
large size group reached to 52304 c¢cm, medium size group to 3.4%04

cm, small size group to 2.0X0.2 cm in total length.
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232 Sebastes schlegeli& L3slE 2% olfes SHHYE FHL
2 AAA 106%Fc] Tty dAA gleh ol F FopwlEH(ulF 3 vt
HRAgte] 69%, &AM et FEAde] HAH RF|(THL 19F)0l £ X8
o, EiAcels 4% oz dukyed 150 42 Bxsta vk & # of
die W58 L& dEAAE dolA Fo oAfHe2 FaY HAE A
S (Kendall et al, 1984). 2&RFE S emphaeus®t o] £Ho]l #Fx, Al
ol A8 o)F9 S marmnus, S. alutus 21811 S entomelas$t To] FHo] A
I, WE Ao e WE oj¥e2 &7 dvHMoulton, 1975).

Z9ESe JAE, G, B Hao ofFEAM Fdor dd, F
o) Az ool B dE Rlelm oy, FF At £XsH, £4 100 m
ool A& gy ATz Fo MAste M7E $r ofF ol (Chyung,
1977).

Bl Sdts AFES APAY ojlely, WA dEdFoz dEREE
ARk glo] wFE AT oldAYeRA EFFA iy #AHol ixH
of Rz, AABE 9} odgibel] #F AFE o] FojX 3 Ut (Boehlert et al,
1986). YoMz dAdAdg B aty] sk Aufoifel #F A7 e
AYH T dom, w3 FHols ol £t o urtuide] AFHo| ¢
AFFE ZhA oA o] FoiAa gtk -2 et M FEez e Aty A
aZE &4 5 7bTE Aol Be] o]FojAx stk EFFY AA ojFFgL
19713 768481 A 1986\ 4837332 o= FAsIA #ddte ZAFE Holi
ATHFAO, 1977, 1988).



Sg et AT AP BBF Pabd A Zhse oE, FHAMN £
gF9 Aateko] F718te], BehRel Azt Al 5500FAM 65008 o2
T givh zu2ee] A4 g AaFe] 19R2d9FH dd oF o2 AYUAEA
o A7 AFstgen, 19923 66684 1995 98582 AitEko] F7t
AT, a9e ZEFe 17482 Zade A¥E 2ol vH(Korean
fisheries yearbook, 1995)

270 dalde AAALE @4leo]l Eot S marinus®] AL Hiol w
gt Eolw|e)7tel A Sebastes sp.oll B AT d#oz Al13 Sebastesel
g ZA AEAEol AHE vk A (Trout, 1961). E3 At AYo.2A E28F
of digt #Aol Frlety, Bk dHE AF7H A ZE AT (Phllips, 1964) 53]
Folvglgl MR dckolA Aok AehAle AL BEXN 1 FLA ] AAF o] A
a7 AFHAD 279 27 AFE= W9 Aod T2 (Fuita, 1957,
Shiokawa and Tsukahara, 1961), #}o]¢} X/o]¢] AJej(Ahlstrom, 1961; Sasaki,
1976, Hoshiai, 1977, Moser and Ahlstrom, 1978), 943, 433 A5 (Mizue,
1957, Harada, 1962), ®i-%-2} #A4d& X gsts A2 F7|k H 24 (Moser, 1967,
Igarashi, 1968, Boehlert and Yoklavich, 1984), Ao <43 Ay=l(Larson,
1980), &l AAM Aoje] Aejet oA A (Boehlert and Yoklavich, 1983)
Tl #HhE A7V EEEA o] FAHT

Zygge g UFd AFE &Y XTtolm FAAGZANA ol o
Foj M tH(Kusakari et al, 1977). 29 &g ¥ ¢e 559 2a87 A& T4
o7 g} BAYW Aojo] BE HAHo] Sasaki (1974)e] <] AFHIU 2w,
g zyEge #A4AF Aol BAL BE F19D) s AHF olFAH
t} o|% Yamada and Kusakari (1991)¢] ®} 24} #Aeol #& -+, Hoshial
(1977)9] A} & ool @eE A7, £ AR1977), B F(1979)8 S4F Auldl #¥
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AT, a2 A8 TR S B ATE FotE 7 A

ZUold BEFo] did @F2x £uel, Sebastiscus marmoratus®] A%
7} A4(Chang and Kim, 1991), B8, Sebastes inermis®] @@ 3} 47 (Kang,
1982), 29 2% Aude(Lee and Kim, 1992) #3 A7 &L Fot 2
g oo ¥ =g EFd 3 @F= Kim and Han (1991)8] %7] &AL
Park et al (1993)e] #}o] F4bd Z7] Ao &% A7, Lee and Chang
(1994)2] oj& Al71¢] A% 2 AL =4d AT v9 A7tz 4894
3o @ g7, Chung et al (1995)8] =M EZ Ao 2 FAE A4
TR 25 A3 RNA #5838, Lee et al (1996)9) A&£3, Yang
(1985)9] Mo g ¥h-g Fo] RuHo gt

B3 Ao g ATEA JAlA HEE z=dd dstd gAEH, S
taczanowskir® Zv|EEre] AR #EE Y =289 F= Fo #F I
7} B F(Nagahama ct al, 1991), 445 Al7lel we& wr 3 AW 74
aglm AW Aele ey} Eibolgtal st Y WA HAd s 2a
g om, 1g Kang et al. (1998)& Zu|Eero] A& . 2470 AN Z2E
2 A4 2EEoE 3229 Wi haM R HH(Takemura et al, 1995).
A #dd HER 71 A3 it B ZAEo R R Fa89
9 E AT QA (Turner, 1942, Wourms et al, 1988). B&FHolA S
melanops®t M B2 M GFo)E Y &8 x Yot =a-ud A¥d
A A Zojet vustd dHoz XA dAZ HaE3 glth(Boehlert and
Yoklavich, 1984; Boehlert et al, 1986).

o AAdgd F%e vAE @FLde #F £ dFE 19379
Hooverdl ojated 2%, %4, Ale §¢ WAA7]o] 8 v optzxw A

T A FAIE dol, F9], Oncorhynchus masoust Ao F < A Akl g



FAAgE A SATHES, 1982). olF ¥EF AT/ IAFEHA @A F59
g ATolFAA BHLRY F71H Wl of{o AAFr] AL At
o, §3] FF7|et o] 4FF BFE AA Al ULE Ruda 3
t}(De Vlaming, 1972a, 1975, Nishi, 1979; Nishi and Takano, 1979; Asahina et
al., 1980; Shimizu and Hanyu, 1982, 1983, 1993; Asahina and Hanyu, 1983,
1985, 1991, Nakari et al, 1986; Razani and Hanyu, 1986a, b). %3 o|5 A=
F HFS 2d3e #AAAE e U &9 g FHo me o] Fe
WA Aol EAMNGEY, FaANEE, ALY, FAMSYEor FE.-HAn
23 90 (Shimizu and Hanyu, 1983).

T Ul Az o &4 20T YW Fo] AAF7] ATl v
t 9% B 487 d7EE B 4 Ui(lee et al, 1984; Baek and Lee,
1985; Lee and Kim, 1987), 3] Min (1983)2 #F7] =HE Fatod Ao A
Adadg fFEste 472 e, Kim and Hur (1991 %57 % A5
& ol &8ty Z7IARE FEIL ARAZIE 2HIE 475 & v U
A2 oF TEAMS AT I dTFoA Muray (197D AMS&
7 FAME WA 2EE 55 dAAA, AALE € JEA4N 2E AY-F
84 983 FEA Ay S S e FLT 9908 By o §
3, 22 olF9 Ze HIFEY uAFEd 2 JE wA7] W& (Fry,
1971; Hunter, 1981, Herzig and Winkler, 1986), %4 & TEHE MARBIAY %
dete d oA 7 94 AAFLE ool o o8 ofFe £ o
& A€ (Britz and Hecht, 1987), 474 42 (Hoornbeek et al, 1982; Bry et al,
191)& wvlEstd 23 HAE AR E&A439 BA(Corey et al, 1983;
Goolish and Adelman, 1984) 5o &l @ 77 o] gt} agx A
ofgt =2l a0l & Ab&Ete Wl AolM AFe B HAS F

O
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AES HAAZ FFste Ho] Fo8tm, Aoj7t Hel& HE F e THO
7171 Rl Holg FA HW, W ARte] A#AF F Aoirp Holg A3
e Al7ldE F3E HolAEY dYavE sty HoladE goid ol
Ut =29 4385 =357 4otz A FHs . o} (Johnson and Katavic,
1986). whebA] #polo] A "ol FgFo| Zp wEAG AlZje EE JNATL A4
o Foste AZIZAM, HEYE 5 g 7lodH(ireversible starvation)7} A1zt

ml

H = point-of-no-return (PNR)o| ©]&7] Ao FFaoF st} (Lasker et al,
1970; May, 1971). =& #-xoje] FuA4 #4 F iy #HAste 9971
(critical period)7} Tk A7ASo] s Bad ub Jqoh(UT, 1967, WA,
1969; Z¥7, 1969; Lee et al, 1989). oj2igt 8<¢1e & wolo a7], B, o
¥ R FE LE T Holo &R} A g5 FLEd e FRAN 71E0]
LA A o] Yol o FAHol AA M= critical periodZ}
A8 EAEJAGEEM %G, 1975) IoE EFstn ¥3 =& &4 109
oyl Aole] & 7] HAIEYU S d&E iR F4E Ao HEd 9
ol MHASA ZFAV] Wi delus FALFE HIAIATGIA, 1969 PE,
1969; KM - &€, 1975),

ZoEge g oFy 28 AF2ed A% v, qFFH neel ool
535 289 nF27)e #A7E §7) digd sbedtd nfr] o)A AE
dol de ZVE ZHA E3E ¢ dv Ve Mol A a7HT gk
meby 2 EE g BA4BE YA AN odFEY mEI} JhA
B ¥0]7] 9ste Foo uer ¥ AP FEH G AVl dHA SRS
A At 7lEN o] YAad Aot

o]l d79 EAL ZaEge {Agd TRE LA Ao Aoz F
#3871 $jeted, AAso] A9 AN(FFr].F& ZE)E T on #HE



Az dg, 5o AN, AN Rl 27] 24 23, IR 4 45T
Wge) vA B389 Tk ANH BALQFFI- RS W) Aol
we 4 A= 2R g4, ofrly E3UR 43 % 7] B4E
A Aoje] WejS e 2L 2T,
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Zy| 2 Sebastes schlegeli %7] FRAMAE 93 W7 FTe AH40]
AL ATy fdTaolA 1996 19 195 H 549 3047A dv] A}
€ @ F, 1Y #F7] =4S 69 1YFH, £2 24¢ 89 19RH
AAES 19979 49 30971A] zAE T 23AE e 1A FHd A ol A}
of whel woejAl71E 409 ¥" 7 19973 89 20Y2E 1998d 2€ 28U7tA A
A) 8} o}

L ofvlsal @ #7758 24

1) ojm] &=

Aol AbgE ojul= 1995d 1249 3097 1996d 4€ 8Y AFE FAF
ol fAete NN 4 pRAM ASFA AF 421119 cm, AF 1234+
171 g9l &2 1807H=] ¢k 1996 3¥ 30Y ANdE 92 Axde s
FAT4 sYTHEEAA ASFeld WA 322415 cm, AHF 584+79 gl
T2 190vtE 2 A¥d2 Ty

TYE olnle BoAE ol&d AFHTE HEAFLR wralgoen,
S m e A2 55 9% FRP 234 3 m X o] 1.5 mol &
4atgt, & F omEL gukg
Aot FAA L 4FA AJH-E dAutFE 100~150 ppme] FERE 247 F
&E o, 108 T AT F, PR LA 3FH Tl 7

1

.39,
e

N AEY AEe oAy

A3t FAL EFF &5t 75, Alella macrotrachelus7t A X L o}7hu)
oA o AN oH, o] FEFE Qs doeo] BFstn HALstE AAsL



gdsch wed o] §5& TAS7) 989 formalin 100 ppmelA =Y
1AM 397F A% &t ot aust glo FdA 30~40% Helstd F
& ¢A3 FAsGY B F3E FAS F AT 2EE AW A9
A oxytetracycline 100 ppmel] 1A]7F F<t ¢f&3ted A7 oln|& AP AHE
gk ot

2) AHEAAE 9 B

AENAE J4E AdAl e TE ojme Z7)EA4E FE&Y A8d
AAAA BAAN(L-42)7F 7H5 e AN Bl N2dS o) gagon,
A& FR(AL Ay, Ay A1) R AFZ( C, D, E, F)e T wA= Fig. 13 2

AFS4Z(A)E A7 3 mX$4 1 m FRP 9842 470(A), Ay, As AYE
AT (AL A9 HET(A; ADE WFo] ALEsgEh. 2 vige oF 6%9
A TR FURI, FF ey FYde d8Y wsFAE AAsHU.
o 7t R %S o 5BLE ZAYLD ASFR AL As HIAFE
M #F7] (light/dark (L/D)]) ¢ +&& ANHL2 221G & IEE, 39
AFES olF ABLoz 29 AF9 do] AYHEE s} FF7] 24
AT FHL 200 W HEET UIE ASFE F99 A 4 2 mol g,
BHFEE Fx T4 £EHO] 250 lux, £2 /M vz ZEoe] 200 lux’t =HA 3
A3, BFE7)¥ timer® A zAeY; aem £ 2HE heat pumpE
ARG T @, dE2T Az AT AGEAFE XU 3H F4ed, 34
FF7I AdFLo] AdE FAHEE 39

FHzB)ME FRP 9385Z2(A7 1.6 mXFA 14 mEA 2719 ASF
ZAET, AL AA Udere 189 980 /FHUEE sgen, 459 g
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Fig 1 Schematic diagram of closed recirculatory rearing system for
cxperiment showing plain view (upper) and side view (lower).
Ai~As rearing aquarnums (dia. 3X1.0 m), B sedimentation chamber (dia.
15%14 m), C, D, E, F. biological filter chamber (C. 2X6X1.2 m, D,
E, F . 4X15%09 m); G storage tank (4x15X09 m); H. hole plate;
I' dramn valve; J' inlet pipe (dia. 50 mm); K. chloride vinyl plate; L.
rotating discs; M: supplementary pipe (100 mm); N main pump (2HP);
O ultraviolet lamp; P: heat pump, SF: sand filtering sea water



2 9 AR2OF FH £V sttt 9F= C= FRP A £(2 mX
15 mx09 m) 27424 FEHd AAGA#(18 mx09 mE 2 cm HALE &
d sty A Ee] RFY = JUEE sYY. o3z DelE A FRP4
mX15 mx09 msz22 F= fo d3vd FBE& A4 09 mo 4 discg
HEo] B@e FEo] AZ Ao HER 168ME 122 ZYY AL 422
AAERen, qax ClX e & 2 IPHZE o489 PVC pipeE ¥
dto] dpAA FAdue] £9 5~6dAHESE Aty ¥z D9 Ex FY
g A7]9 FRP AH 224 WHHY 2/3 E2(K)S 934% Cg Ze 7=
oz, vox 1/3 #&(F)2 2H(AA 02~03 cm) A2(3A 4 3~4 cm)ZL
TEol o A3yt HEg AXste HFHOZ JAF o7 7S HE3Y
AESH oA ZEgsdct. 429 Az AX I 22 AFRGE
HEE dglon, fFdHT FEO0E AHGE0 W, ))& A A}
HAF S

AYNES AgFzde] $A34e WY oA 1048 TRz Fe

1:9.
—L_u

o]
T

1]

O A
;T

%, DO, pHE ZASIAY 422 BAe=A2 pH 2 £&44% pH meter
(HANNA Instrument HI9321)$} DO meter (HANNA Instrument, HI 9143) %,
e DA=HEA(T S.-digital lab. salino meter model 3-G)& AR&&le] =
Askalct.

A2 e dBALES F3d el fli, FEF TAZ Bd 292
F g ojul g A¥atd 68vtEj(dH 26vhe], £AR 42uE)y zZH ) £F
(7%, 58) FL3Au.

AbRE A AT BE FdsiA 17~183)/1Y &AW, HolzE
W HAol, Trachurus japomcusE oln] AFo] 2~3%4A 2 7tHAO R Fo

ahgi o}
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3) FF7) - 24
HA% AAANE AT BARAERY £ Foiety) Ay z29E
g HAAl7|E ERE 3578 2 2 F time tableS WES o] =4

obeflell A AbS3ttH(Table 1), ¢l1d ez BAHL xojste] A% s &
8 3~44F0) 248 vk AAY SRS AHEEY zASHACH 12 FOlA
BF57] 28L 69 195 15L © 9D FdzAA 108 F<o 9L © 15D
wgzdon W18 29 F tHl R ¥7E 29 149 Fode Adaw

Z749 12L : 12D2 2439l

Table 1 Conditions of photoperiod and water temperature for artificial control

of reproductive cycle duning the experimental period

Months May Jun Jul Aug Sep. Oct. Nov. Dec. Jan. Feb. Mar.

1 t 1 t
L/D treatment | 15L/9D 9L/15D 121,/12D 14L/10D

Temperature Natural 20C— 19 167 | 14C | 9C | 12T | 14T |

treatment temperature 8 15 12 10 13 15
17 10 11
i 1 i 1
Induction Start Copulation  Fertilization Parturition
L/D : Light/Dark

_11_



FREALE 7TY97A ADEAA 20TE FAMGLH, 88EEHE £&5 19CH
A 99 16CTE HA £2& ZaA7a, 1082714 14T 8 248 F, dZRAT
o] Azl 108 F¢FH 129574 £&% 12~9T7 Hd F A
&5 A3 22 29 F&o 14~15T7 FAHEE ™8
234NN E 134N dolx A wel wEA7E 409 @I
1997'd 849 20¥%H 23 FF7]E tume tabled] 93tq 1apdxe} FUd

des At

4) 4% R AEE

22 ¢4 ojnle 4FE 272 0¥ 13 ANAh AFL o 4
BE AHEEY 01 mm @H7HA ASsgen, AT HAA & (Satorius BP
8100)& o] &3kl 001 g BH7ARA At 22l vl L (condition factor)E
e 4g olgste Fald,

g% = (BW /TL® X100

BW : body weight, TL : total length

2. AN A Ee] BEd Y A AHROE 5E2E 4

1) 4o
AH BHzAseNA AgTe F9U 2HEG ojvje Y& 44 FEE

5
&7l f1ete dfzo gA WY g 5~6utE (A A 425719 cm, AMF



1234171 g, 3 A% 322%x15 cm, AF 5479 g)& FAYE FE39
AF 2 AsE ASE O Adsden, A8 3 4 AdE 4L A53H
ol Abg

g2 dHwe F14T, 3000XG, 15 min) 4359 FHE A3 st Wiy
SEES BAE g7pA] 70T A ¥F 2BASAG.

r”l

ZHRZOIE FEEY FEFL 4 EAWY TE2E B ¥4 260 pE AAT

, 2 m9 diethyl ether& 78l 2 TS & 5~1083F AAAZ H

70T WA 1583 AYAIFHD, ol F 439 F7]&v)F(free steroid)wt

S Agdd &4 dAdFE71E2 #4d dAzAFeH, 99 FEAAHE 23] WE

AAEY g4d Azd 2HZEOE FEHEELS 1 mY 01% gel-PBS (pH 7.5

of oAl & & ¥ Ada et al (1984)¢ W] uwel WAPAIESAY
(radioiommunoassay, RIA)2. 2 ¥4 &g},

He7-d gF A 2HRolm FEERY FE WHE 4R S
progesteron, 17 @ -hydroxyprogesterone (17 a -OHP), testosterone (T),
estradiol-178 (Ep), F3 & 4% T Evto 2 FAsoh

Progesterone, 17« -OHP, Tol W3+ 33 Sigma AF & A& o, E
o W3 A ZFx: INRAGSEFHETR)ENYH AF¢e 2L A8
=2

WA A 242 00075~3.84 ng/mi7tA] 102412 TE0] 3 standard$t Al &

J

g 77k 200 wel ‘Ho g WA EAE 2820 =(Amersham #AE)E 100
(°F 12,000 cpm)¥ F7F F 34 FAE 200 w0 W1 FWAA 4TAAM 1242
T4 wbE Az g, FAY A9EH FHU¥E 2Es7] 938 DCC (dextran

_13_



coated charcoa)& 250 w® AH7bste] 4TslelA 1587 2 F 4 E
4T, 2000%G, 15 min) & #H, ZFE Fede FH3A 9471 3 w9
scintillation cocktail (optiphase, WALLAC)E 41 HAHFAZ7|EZ FAH3R
o

3. W4 7]

D A7) #z

(1) A&
FA ALY WETEE Y29 ASHEE @7 A8 oY FHAHR F
% 5~6vtele 2 EZE dFoz AEINT ALY ARFHe dFE

dol gotoz ZAY ¥ AW BIL FROH YRTEE 2ARLS AAS
SEENEY-

(2) g

AR AATI R B da YETEE AL HSHEES D7) 94
WY FAAL F2F 5~-6niele 292Re WAos AT 4479
dugee §Uon 24 F, A1 29L Bio] 2ASHLH, vy Yy
gy B TxE AYE oo 4dow BAE ¥ FAREE Ve AR,

(3) mn) 7]
SR EZo)7)e B AN HEALE ZAEZ] Y8 ud Fag
F&3 5~6vtg)e] ZuEegS UYN2E vAE7], Asrl a8 mvAy] 3

I

12 whrold zASIYITH ZALRES @ulzle EE4W, mrzlel Fdste
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A, PPAEE ALY AR #EE sglen, B3 2P g8 A
Ao IR 2AREE TEC AT

dRY A7) AZE nAdg7), AulA7], A&7 g3 E4A7] 49A=

=

<

oM AL o, B3] WuAZldle 4R AAF FEEde ¥R ¢

2709 ARG He 2HTLE B 2AA

2) WA rF AT

A7 dETe] AA4L PEHEE 47 Ystd Y FRAYE F23
5~6utel o] =HEBHES U= oA AFH AFE AF & F ¥F 2=
2 BAS f3 298 AHUY IS A F ANLE FHsq HHa
% ¥ A4 (gonadosomatic index : GSDE T3t GSI ZALE 8 A4 F
AL M A& (Satorius BP 810002 001 mg @74 S, A& o
439 GSIE Fshglth

AN LTFATGSD = WXL TF + AF - V4 FF) x 100

3) w2} B HA

v et WA FAAHAE Aetslr] 93t aAnArlE FHHE 109
I 114l 159 PF o= 23¢) AA MJYAAL, 2 Aele Y ¢-FE 5
vl ) F3le], ethyl aminobenzoate® Wt AA, A& AHFL 2Asm, A
HAiE AHFT F Boun £ 2443 QG g nAHALT HF FASEC
AN2E A2 2 ethyl alcohol Fx 2 S44-H4E AR F xyleno
2 paraffin =& 39k 2 F paraffindl] Evjdle njola2ECE 5~6 m
HHE WEY slide glassol #231%lth o] % Hansen's haematoxylin®} 0.5%

cosin® 2 ¥l AAste] ZAREE ALY G& BRunFes AFsHu
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4) mv 2 AW A

zgee] woAy] dete 4% FEE A £z A5FQ FAH
BN7) EEAH R AN7Y B At ANZA ZARFLH, BaRol
d&AAe £ 5 ZAREL Fool AR wUAY)E £3 x6)7)
Aed 38 A2 dpzide] 4AES of 9 mnAF FRe wt &
a1 AP Bol EHete A7l B AMY dRE AESA GALGU A
ARG AR A Lo A7)E FAsAch

AW e @n) F il S8 450 24 W 2EAe RrHe
2 24 gestron zAdstgon, £ @n ¥ wd 1~2vlelE TR
2239 ool AT Ul FAIE Adetd day 28 AFAstd AAe
Ao,

5) HAF7|

N F7|E 58 9% FRPFZR(AA 3 mxX¥0) 15 mald A&FQ 23
2% Y Subey Qs 4R A9 WA AR e RAEA.
A F7] 722 Bae et al. (1998)8] el meba i ANAE TP
A AU F=A 2 9gg EWE 447 (growing stage), Ad%7)(mature
stage), &4 % 37 7|(ripe and copulation), L& FA]7](resting stage) 4%
Az FE8E stk &2 Afde 437, 2u & 4d%7, agla 94 %
&X17](gestation and parturition), FA7] 49¢AZ FEIUT. D@l A"
oqule GAGHH 421~474 cm, AF 1217~1840 g)2 337, $H(A% 325~

379 cm, A F 584~756 g) 229l A}
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4 2% 24 2 AR} A

N

(1) 3FF &4 948 &2 4

-8 AAH AN AAFFTA ouFA Eato] kA BE-o AR Y

FL oFEFE HEY F2d BYI}HAL, ASdE &4 09ARH, 2
g &4 8Y HFE FAFE A 9 ZEFFI 63 odHE WRH
Wl 108 =g 273 £FFLE FAste AAY WUt TE,E DAY F, 2
4 olste W&ty AFE2 FASUT FH ojule] Al ntE TEF
el & €7 At AFE 2 kg IR AT o) FA TN AYTE WUFY A
Tttt JBY BV Atdtn TESF7E 3638 o] SHRAMTE oY A
9 ojujttg W2 FE &Vl & F, off] AMERY £&& 130~140T2
48l

(2) FF7]- 72 - g3 &4

Z7)1E4E Hote] EAZHPEEFV]-F2)E A A% N7
A FE2AAN AFE dZ2TFAM EFEHE ZA

FAENE ojnY BRI AFHID x4 3630 ke fAES dx
o] $44&(UY FRP & A7 15 mx1 m)ol 2~3vle|¥ 8§38« dd &
A ou et &4 Atojo] A E ZAMEITH

N

(3) &44 71e8 9
LR RN A% Aol WE ojmle zr1&Ae fEI Sl
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AAHA BAAN(FF7]-52)8 & AT dE2TE AT 9o UNFE
MEge FEotad Yo FHol dojue oF2 AFHE AV L&
10~11C2 NAF, F7he] 7hEuto g £2& Al WA &2 7o &4t
MAE e 2ARIG Adolzt AT, BT, DRNERAA 47t 53
ale], 41vhe), 52rka o] ol n| & A48t

19989 244 WAN 27154 FEE AT BF7]-5e 2P A F 4
ANZIE B 42377 Y8t F2xAE 12~106CTE 2A4ste &daI%E
ZAbatgl o,

FH E4bA sh2o] ojnlg &4 mAE FEFE 2AMEY] Hdtd FHF

£ 13CelA FAe] WYFY ofulE L 149TY &iUdFEE $I F 15
5CE vl £2¢ 28 § SAaHE AU, olw HelFe 430, dE
T2 100 & AMgEgt

2) Aol AL

D & Ao HolAd

E4kg Aole] Hoj2= Fig 29 2ol 4 F 4~5A% B FHE rotifer,
Brachionus plicatilise w3 4~5MA& FFatA L, o|F AZg wet 179744
5~157/0MZ At Z7AAA FUAY Arterua naupliis £4F F 5~69%€ 107
A/meE T8t A Fg Rolrly Ha F& AMAFE T2 (10~2070H/m)F
A 24 F 10975 B = rotiferst Artemia nauplii 7)o MFHE v HA
AFRE AF(U-53/Y)H Fosted, 43 et R arY Als
Ag Adgsty shFel 10~53 FH skt
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Artificial food
e

Artemia nauplii
-

Rotifer

L—

0 5 10 15 20 25 30 35
Rearing days

Fig 2 The feeding regime used for rearing black rockfish larvae for 35

days after parturition.
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(2) & X o] ALK

Zp 0] AR L ZALANEERE 58 =3 8389 rotifer, Artemia nauplii
aea WPAIEE FFEEEA AuezoA heaterd o3l $% 147~172T=
Z2AE B o83 FFHLE AMSEHAT

27 AHSAHL 24 F HU7A 28 F7) AASAELS 24 F 100¥
RE XgE AR Arle wa AEFE F 19097A ARk 2 Ao &
Z|AMGE 20 AT 1, 28 Wrol 2 AYFEE 2 1 3000007, F= 2
550000012 9] #}o] & &3 ALFEATE XIAMEE AFT 19 200 AR
of & LU Fobd E4F 1594 Z2z 270 ¢ 1-1, 1-2; 2 @ 2-1, 2-2)
sz E&3to AH&3
27194 &4 F H£ARA A4 A FAN F3AY F23 & Ao 5071
THEF G719 caliperE ©€3td 01 mm @712 ZQsPon, YELS
F& AW FHieh @A wid A 1049 2F 5A4 AAE £AdY
10% %4 formalin®je] LAZ A F4 HAAMZ P&}

£ e

(3) M E

Z27) AAERRAA ARt o3ty LAY Ayl Adad AP
1A @3 232 vhpo] AT 1A PN E 4% 2294 HE
A% 6.0~16 mme A& A& 28ln WA 1563 mm He Hd &
L&E o] gda FAE £RAA 5 10, 15, 20 cm¥ FoIA siphono 2 FQ
He A FAdHA g AAZ Al adn AEF 3597 A8ty
AEEE T3A

224 el e AYolE 4% HYA He AP 13~27 mme #HolE of
ez AEEINE AR AEE A8 siphond WAl 25 mmE & Hd
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Jidl

5922 ol gsto] YAE 5 10, 15 20 cm# Folx FARE AR FUHA

e AR AEHYT dem 48 F 237 A 4EES ool ¥x

f

it

3) A-Aof =9z}

(1) Z]olA] AEBHA

ot AEFEAGE FAHATY HoIB 10 ¢ FeAFR) 50vhely

1

5T, 17T, 19T, 21T 470 ATl F&3le, Ho|& FF3A & A

Aozt BF AAL & w7z ZAbegioh R TE AdelA g ofu)e]
A 2k & Abg-ste] QER YR S (survival activity index © SADE Tt ot
2 A Y 10473 Aoz £AFAR, AASFE i 50%Y 54U

29 2 FFagon, oy 4xFFL 3 otk SAlE e A& ol &

she] gt

k
' (N-hi)Xi

SAI = _L
N =

N . zpoj4
h i dAl7A 9 3 HA} Aol

k : Aot BF SAG WAR e 9%

(2) F7\=2 R4

&

=
e
A
G

AR B4 AN 44 AW oP|ZRE 27 W Aol A



dol| A o]FH olm2RE FAd 2ol 7] =&o] wE WAL ¥t
Agels Z7] &4 Aot AdzAAA &89 AolE 7 Supeld 2E 1
mme 28 Aglds £ 28 Algstd AL T paper towelE F7E

AMABL, F7] FolAl 10, 20, 40, 60 FX =&AL F, 2 £ FHYFERA F
B8to] 247 £ AETEE W TEAT

5. FA A
BE Age 23 utEsld HEs ALgslgey, dojx Ade BAH &
A& SPSS EAHIIAE o] & EAMEAM I Duncan’s multiple range test

(Duncan, 1955)2 H#zte] 94 82 HASH
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gRzA(zF)a =& Y@, £4, FHE A3 AS
19} F&¥3h Fig. 39 vebdoh
FF71= 19969 649 19 15L © 9D9) FdxojA 84dolE 13L @ 1ID2

2
o
i

~J

B717F £0om, ALH 12484 @dxd 10L ¢ 14D7HA] 717k &)
129 o] Fole thrl xtd dF7)e wet NA3 W7t solwd &2 19%6
d 7TEEA 789L7A 19~-20THARY o] gdxde AU AR s
H1 29-30C7HA L 2 Aeg BAAY olF 10¥9&7X& 20~25C9
F2 WAE BT 11¥elE B £LEA7F 14-15TReH, 19979 294 &
11~12C2 7b wston, 392 ee MM 45387 Alztstdd 49 15~
165Ce ¥ HHrh

Al oA HA AAAAE 98 FF7]- L 2HE d%= Fig. 49
Ve 1A EA A B 242 1996d 649 1Y 15L © 9D9) FA=H A
10~15Y3t4 o2 3084 W& €U 9 1049%d= ddx49 9L : 15D=
Hot olF vdXe HHA FYe BFez FUdxEste 19973 19 F4
£ Al 121 @ 12DE Fdslgon, 29de 4L 1 10D7HA H71E =k 234
oM FF7E 1A wuA7]AM 409 422 F3 1997d 99l 9L ¢
15D9] vz e|en, 19989 1¥el& 141 : 10DY] AUz o] KA =AUt

1AHd@e] A 19979 78 B¢ F2HHE 19~20C HIH T, 39
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Fig 3. Changes of water temperature and photoperiod under natural condition from June 1996 to September
1997.
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Fig. 4. Changes of water temperature and photoperiod artificially controlied from June 1996 to March 1998.



10874218 $£2& 18~12THT 28 11953 129 FE£7AXE 713 ¥
11~-9C9 Hegen, 1974 1€ F¢de dA 22 243 93 2497
A 14~15TCTE A3k @8 234 oAl e 134489 AnA7E 409 ¢
32 A3}, 89 F&9 13ColA 98 F&9 12C7AA 2Few, o]F A3
& £ 19989 190 = 14TE +28 dAHA FX8e.

2) AH&8A

71T F298E Fig. 59 2ok A7 dz7oa d48e] AFE
(AT FF7] 24d) 19969 6€8 195%EH 749 0UARE L0 17ColA
24THA dedtdd. Az7E 79 1986 79 30971 $££2 20TE A
3 2@sglon, 89 1958 HFe Table 19 vebd #& FHEo o
ZAsgch 48 dxTe 89%H 9¥971A T 20 B~28TE EXA
T 99 o] FRE AAME Westr] Agste] AL 12850 247X E BF
10~12C2 Y2 & 398 4o, 345E 49 304714 oA 15C= 4
sshalrh 22 19979 59 o] Fe = M Te UERP BF 2349-E AFE
€ 8¥8&a7tA e 15~23THH.

Hee A9 2T 2% 79 097A€ BT 332%F FASAoY,
88 FEole FEIHEZFE AGEY AF7 AT FIEAN 20%7
A AA dolAE dAAHd d4E RYAIT, 98 Y tEFE oA 30~33%
W2 vzy ddd ¥HE FASED &8 A7 A8 cgodaszd
M A E A AR AMSFE ngd o JEgEe sFvt 8Y F&d
dF EUdH] 1Yz FEO] 2% ~2B5%2 B FEL BYAT, 1192
o AL&eE L@ F o]FREHE YT Hu & 35%-36%9 FEL £4
&9 ch(Fig. 5).
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Fig. 5. Fluctuation of water temperature and salinity from June 1996 to
September 1997,
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SEMLFL AT dxzrt EF AdYol AFHT 199649 64FH
TEE7HA 52~69 ppml.Z2 AAE £ HHAT, 8YFE 1AHY] F8
HAE 19978 4874A 2 AT e dET BF 62~75 ppm FAAUT 134 E
o] $85E olFFHE 224 g ANFHE 19979 YA 9 {ENAS WEe
F AT 25 W 64~74 ppmE frAE A tHFig 6).

pHE Fig. 6o e RAMY AW Z7)d 82~849 HHE F A+ &
F AR #E FASAA, 1996 8¥1dFH 119 30d7+x], 232 1997
d 18l A 29 FEtA A= ToA pH ko] 844 712 Azte] AR g
S @ B, Wy o] thad Aow, 19974 39 ASFE Q¥ o

FE dYo] F5E WA B 839 WA wEA M {HE Bk W
thzTelA 199613 8YHE 129714 81~859 WM eH, o e HHPel TR
4 W7tA) A dAsATH

3 AT NES

BRAAN(FF7) F2)E AXNE A7 AAZAQ dz2Td doA 14
HAE717Et F29 A AF e Table 29 2o, HFo] A3 1996 69
A+ H Rz dF L 325+15 cm, 329+1.9 cmP @ Aeo] 1997d 144
E AYTE 354107 cm, WETFE 365502 cmE T HEF 25 Y A
FE BRPom, olf 1A4dgel FEHE 19972 4¥94E Zz 379403 cm,
317107 cm= 124 Y 71FS T AT EF 5 cm AE9 4AL HY
agin ATk ERTY A4S A FAY 43e RAY §9 1449
71 F< AFe] Mg Bd dgel AlFEHe 19%9 694 AuTs 584t
78 g, HETE 585116 g oUW o] 1997 14€el= M T 718190 g, o
FTT 68*13 g 22 AYTAAN Thx =A devdz gidh aga 13
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Fig. 6. Fluctuation of dissolved oxygen (DO) and pH from June 1996 to
September 1997,
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Table 2. Growth in total length and body weight of the male during the first

experimental period

Total length (cm) Body weight (g)

Month
Treatment Control Treatment Control
Jun. 1996 325%15 329*+19 584+78 585+ 16
Jul. 326*1.2 332+2.2 59579 598+ 81
Aug. 329+0.2 338*1.3 64579 63081
Sep. 33132 34.1%0.1 650124 65017
Oct. 33.4%0.1 345+1.8 684+ 14 665112
Nov. 34716 347102 69025 69270
Dec. 34716 354+0.2 69517 67771
Jan. 1997 35.4+0.7 36502 71890 698+ 13
Feb. 361+02 36.6+0.1 725*19 704124
Mar. 372%03 370*15 74318 712+23
Apr. 37903 377107 756+ 14 728+13
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Aol FaEE 19979 4¥ole= A2+ 756114 g, thET 728+13 go B ¥
Al 25 48718 ¢ & AFE/E B adn Hedyd dzygd
o] AFF7te AT/ 7o vE ozt gtk

G A A% 2L AF HFL Table 33 go] Afo] A== 1996
W69 AETF 421F19 cm, HET 42320 cm W Aol 1997d 1¥9eE A
2T 456102 cm, HET 448102 cmZ 27t st on, dgo] FuH:=
4ol AT 474103 cm, HET 457107 cmB A Y7L Fobo A
g7t dE2T vE £ P Bk AF Wt YqME dFo] Al
ZEE 19969 69 HE e 1234£171 g, H2TFE 12171736 g ol9" Aol
19973 1€9lE Z+2F 16902190 g, 1458+134 g2 A 77t fxFo) Hl&) 2
Zbeel Btth mEm Agel FRHE 19974 4¥E A FeA 1759+721
g, HE=TFAME 16741133 g2 2 27 AFY 718 B whd, A&7l
Me AFe] Fae BRAd olg #ol HEFdME dau Farole Zae
2 A% QAo % P22 AFo] XL e BYTh

dH IAAYE T A gAY AELAA Y A AT
985%, &T BLEXE F AT EF HIT 5% ol AEINAY. 2F A
o] Afddz MeFd 2P EF 94% oA os AE o] Egkvh o4 7
g FTEW AFAE BA FHANFFV-F2)E F AYTFY AAEAL W
ZT0 ojue] AESL BT 94% olFoE Fol MR zo|E Holz gt
t}.

AE71NF 29 Ee] vtz Wd HAIE= Table 401 Yebdth WA
R A¢ Aol ARAEHE 19969 69 HelTe 279 HnsE 2z 1.70,
16459 Aol #3719 &0 2AHE 64 olF AYToA AR A ] S
3 W5 8YFE FMety) AlFste] mwu|gh ol Rojxe 10¥9¢] 1842 F
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Table 3. Growth in total length and body weight of the female during the

first experimental period

Month Total length (cm) Body weight (g)
Treatment Control Treatment Control

Jun. 1996 421£19 423%20 1234+171  1217£736
Jul 423+1.2 427%22 1245+183  1267+253
Aug 423121 432159 1265+370  1345%+431
Sep 428%£23 43.4%0.1 1280+£145  1346t147
Oct. 43.0£23 442+1.0 1366152  1384%170
Nov. 434*17 441%+1.3 1468+ 251 13891263
Dec. 441%+01 44.4+0.1 1542170  1403+240
Jan. 1997 456%0.2 448102 1690+190  1458%134
Feb. 464+0.2 452101 1840190 1499+ 248
Mar. 472+0.3 452%15 17544183 1563231
Apr. 474*0.3 45.7%+0.7 1759+ 721 1674+133
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Table 4. Change of condition fector in male and female breeders during the

first experimental period

Male Female

Month
Treatment  Control Treament Control
Jun. 1996 1.70 1.64 1.65 1.61
Jul. 172 1.63 1.65 1.62
Aug. 1.81 1.63 1.67 1.66
Sep. 1.80 1.64 1.61 1.64
Oct. 1.84 1.64 1.72 1.60
Nov. 1.65 1.65 179 1.62
Dec. 1.66 1.52 179 1.60
Jan. 1997 1.62 1.44 1.78 1.62
Feb. 1.54 1.44 1.84 1.62
Mar. 1.44 141 1.66 1.69
Apr. 1.39 1.40 1.65 1.75

_33_



Dgkel gstgen, wuyh ¥y 1ERHe ¥ @& 1Yo ¢4, dET9
Ao HEto vs) 1Y £ 11499 16658 Hughs detilen, an|
7 B¢ 12958 A7 /A 2R gg Byt

ke oAl A4 19964 69 Aot g7 25 2 165, 161°)
fqom, olF T HYTF BT MM FrEy) AlFste] d@gAde] ojFoiAE
1ERE FAo] o|Fojx= 1997d 1¥744 A& 178~1798 o &
#& B g E4be] o]FojxE 19973 2¥ol e 1.84F Hujgtdl 28
ow, Fito] By FA7] AdEle 1997 3¥3} 49 166, 1.652 THA] Ro}
Aot ¥, dxye Mg o HE 270 =™ 1997d 449 FAA7Y) 1L7BR
Hogrs BEACh

2. YHAE) BT Y A SHZEolE 32 9 W

1) 3

T AR BE HEH 84 32E FEE T s=9 #gw
02 A% BHEE ZARIEGY A9 A% 208 F£ 19964 89FE A
Fo M v 2 =& (3119 ng/mb)E& A3 1099 ) 1gh(1.998, 4.082
ng/m)E& B 3 1149 F23 2ol th0.117 ng/mb).

g8 2T+ 8 999 Z+Z 0571 ng/m, 0.892 ng/mE A @]l v]3| H]
W3 v Fe ey, 1080 1190, 1.537 ng/mE 8, 9¥el Wl thi ¥
kA 9k(Fig. 7), AAH 22 & o) M Fo] vls] Aoz gkt FFE].4

28 AT A7 AGERAY dE2FelA T s ¥ge 453712 A4
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Fig. 7. Change in serum testosterone of male black rockfish measured
with treatment and control group.

ND : none detected.
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A# AAFEUE olFE 8HA 10¥27A TY FA7t okF = UrhFig.
8-, @, ®, @). 53] 108%A 1182 AHe]TAA TR A2l &
B AAEAET g HHd FAFEE] 79 AaLdHA PH
el (Fig. 8-®, @), ol A1717F A& FM F3e BrA 72 YzEs, gz7
e 1182 (Fig. 8-@)e] wriA7]|2 AZdv 22n FRAL Au|A7]¢ A
gl7et 27 BF T 55 B¢ /M & #E By

2) ¢A

T3 FF7) 20 % xHEF] JAS FEEJE AFAFH 1€
AFE AARFZAM 88 @A F, 19963 69 B9 88 £
€ A =9 §H2AL AN, 439 A9 s B8 UREY 84 &
BEoldtn AZAEE 4FFY A 2HEE TEEL 2t

¥4 progesterone®] ¥= Wale A FoME F3E WE Holx ¥
I, WE 225 ng/mE ¥ A dAH @& JeReu, d2ToaE AT
of Hla] thd £& F714 @S Holwa, 2¥dE HHFHB8359 ng/ml)S
et AtH(Fig. 9). ¥8 172-OHP g4 A TRt} g2FolA F3lo] &
& Holn, 2% Hug(2997 ng/mt)& JEFAHFig. 9). 281 T} B9
38 RY, Ae 79 27 2T 8¥95H 10497 vind wgArt, Agy
T 11€el k7654, 5007 ng/m)& JEIRLH, HETE 29d H3gt
(3.280, 6.543 ng/me)& YEFATHFig 10).

oldel A T EW zuEge Ao Hdse T2 W
de AT dxr BF TS B9 vE7 6% o F3384 vgasged,
8 A7 izl da] wel s =gt

FF7 2L 28 AYFAA T B, vEs dou Bl 250~280 m

2

)
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Aug. 14, OcLS. | Oct. 16. " Nov. 2. Feb, 14,

Aug. 14. Oct. 8. " Qct16.  Nov.2. Feb. 14.

Fig. 8 Comparison of gonadal development between control (D~®) and treatment group (&~00) of male
black rockfish. Scale bar = 200 um
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Fig. 9. Change in serum progesterone and 17 ¢ -OHP estimated from
treatment and control group of female black rockfish. ND: none

detected.
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Change in serum estradiol and testosterone estimated from
treatment and control group of female black rockfish. ND: none

detected.
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= UBT7] GRAEY 50~70 mHE FHAY] GRAEEC] EAEH 3
e %7l A2l F(Fig. 11-0, D)%t 2T (Fig. 11-O~®) 25 way v
e e Beh HAFE Hole AV A FdAE 1149(7.654, 5007 ng/
m), WETE 29(3280, 6543 ng/m)E, ©] A7l #Ad daud v el
480~ 600 imoll @& ge@dEo] oA LT (Fig. 11-G, ®), AEXEL %
A dgTY FFEE ZyEHY ARG =Y o] ge HHT Y dE2F 2T
24 2R AR wA FAHAT, P71 E471(Fig. 11-Q, ©, ®) ol F
e A @& e EHr

3. HAF7]
D Y7 =
(D A&
2y EE H4e gRFre 1Y Jtex I Vjger Fd gdM AG
RARE7A vggs] Ak #- Axe FVE A 2E ¥, 22 T3]
AL, M2 ddsHY UAA &1, 47 FHH AU A4 YEE dFHE
ML e PHRE Ao JEL 2 AP UHE] A8 olol4 AU
1 #99 $HRe FE ke AN Uz FAA, ¢¥ vz 5%
oA @dRIHE dEz FE HFo &3 M EV(ZYI)EA A
oA 773 EH(Fig. 12-D).
Fao UF Pow TE(Fig 12-O)F ¥, A5327 gdgoln, $4%
B AY AAEeldt. Aago]l A& FaU|Rde FFHAA FEH FaF
W, AhAg AR SR oAU o] Aol FABAM Jhe FrY F
B Aando] Ao R AFE AT
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Sep.17. Oct. 8. ~ Nov.2.
Fig. 11. Comparison of gonadal development between control
female black rockfish. Scale bar = 200um.

Jan.15. Feb, 14.

(D~®) and treatment group (®~@W) of



OO um

Fig. 12. External () and nternal (@) structure of testis in male black
rockfish Cop' copulatory organ, Sd: sperm duct, T: testis, Ub.
urinary bladder.
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zZ38ee] ¢a JETEE UE 2RSS gA2) oFe dad F
QatA A 149 A BoE 22 durpdAd stz FAAA s
A%l Ues oold AATHFg 13) M4E vat WHEe Ren 4
Sgol weh wgEos NI JUAFAE olge] 53 Ade WRRE A4
fok daAvTe o ve AYIASG 449 4F0R Wl YR
B FFE2ol F WA Fe THFNA AAUD WAL E FUAE 2R
£ o553} o] WHE VAT Ba YA &I FelE FAL UAF
W3 dagHo] MEE WU o] 713§ FHLD FALselN FHE Y
#e et BgEFo] ARG st

gae WETEE 4447 0 ol TPHIAE ALAEG WA wa
MHO T o]Fojd YUk YD AU FALS Y27RE AdHn va

o

vt e] 2L{ 9 (free surface) e X Fsts FAFH Ao Moz HH,

(3) 1m 7]

TR AFAN7 Y WEE Adoje e FdE Fud FE wE F, ®WA
ejn @Fo] Y% R EERMRAYEYG BYEd o] 257 9B
AR E7IH o] EEHY N EL 2R Hol glow, FHRY AFRE
249 249 79 FHE HoUdAW o £ FH2 nA%7|d 1994
447tA e 2n FaAE g, 29 Ha @ wEge] A chFe. 14
D). 88 A&7l AAZ77 nAd&7)d & da 8 whESe] §% ol
TR, A7 YolAE 1~4¥el vlal i w s A (Fig. 14-@).
Ay A&Ete welAz7E A E 1088l AAE HEE AVEA
AHEVIL obF widistn B3 Agydr FRIA dHeMoez @y

(Fig. 14-3)).
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Gp

1.5¢m

Fig. 13. External morphology of the ovary in female black rockfish.
Qa: ovary artery, Gp: genital pore
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Fig. 14. External feature of genitalia in black rockfish reared under artificial
control of environment. An! anus, Cop' copulatory organ. @O
immature stage, @ mature stage, @: copulation stage. Scale bar =

15 cm

- 45 -



A Ay gEFR E EAS BY, 4R BHFTL FEH 1 HEF
o HxAA7] Atold HAEAT. 2 HTRE IR EF417] o9 ¢4A
Fojk mldsold e FElatA BolA it HixErle A4FT AFd B
ol &I, 2 FHE AoldA FEA HW, 2 452 HxTrt 9
APk, a8z fEE 4R Aol FEL2 i HERAa, 2 AFFE
A o Fads Ha duFig 15-0).

FAYEI O FEEYHe EAL ditgoE o] 4&E 3d §E,
BAEF R HxEZY ATEH7 AAH s HEad, =3 vjgAde] AYgH
of wet AREL] & BHF FHEd AXF YA o) wITh olE
5AE2 Fig. 15-@M Yebd vks} o] 1996 6~88 HHMAA 439
EAeE ANFT H MnErle O HEIHW, £ RN HxErd A
FHEA7F 4o FAH AL b7 dEd, 7hed Bee FH Ame 4
Az o] 23R ge A= ik

Fig. 15-Q+< 1996d 1042 mujA7]e] R o2 FEAA HxE7l 2
HA gdzdoe] $Eo] oA, 1 4¥& Fig. 15-QEU aA FRIAE &
I, AN PHFY FFEo] FT FEO LB a: FEAA HxE
7ol AAA 2 FHERE A wet 2 B2 dH e Mo o4F Wt
dH By}

wrZb Eua £401997d 249 2290)e] AN, dAld g 3E,
AAE 2 BxEZ)S ATFRAE AANA BES, =3 0 FHEY Hy
= g3 B g4 B 53 EZo] o8 AT ¥¥E Filo
2oz Yite Aol ARt g FAHUGY. o]E I EAE Role ¢l
E gwtHog FEN WxEr)Y dNFol ¢HNE Hu ATsE A ANY

A (Fig. 15-@). 1A SHEL Jalole] HluAyr] ATRANA Hole
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Fig. 15 External feature of gemitalia in female black rockfish reared under
artificial control of environment. An anus, Go: genital operung, Up:
urinary papilla @' external morphology of genitalia, @: immature
stage, @: copulation stage, @ gestation and parturition stage Scale

bar=2 cm
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ARNEG 4R GSIY Wsle Fig. 169 JeEdd |94 dzF94
HA 9 GSIE A& F20] 11TRl 2478 AMAM3] F7letr] Algtsted, A&
o] 1565CQ 4€o) W 4652 Huge BAch FH 19969 69%E FF7)
P& 2T AT dlM gAY GSIe 4L ¢ 10D, 2 14T F74<Q 1997
W 2ge] W 42008 Hugtel getd
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Fig. 16. Monthly changes of gonadosomatic index (GSI) estimated from

treatment and control group of black rockfish.

_49_



Hagkol FARY 444 dA debxdw 28T M7 dapdA G
GSl= 247t 2¢ %} 44l HaugolRn, 39 Aede 1093 114 H3g
& HYrh

3) M2 FAHA

(1) A=

Aol AHgE FARY FaE 19963 AF27Q) 19644 44971+ B4
a2l BEste 42 B AAEEC] HI-FeHE FA7] HHEZA i
B Ay Aol AMEE] B AATHFg 17-0, @). TH A¥e)
AAEE 6¥oe MET9 &Y B Fie 27 A7) dARA Al
T wel YT EEFH0] olFolA 1 JNew, EH ALLH Yoe
F RS IYTRE AL AU AYATES AX o] wlad Hlefaut
o] Fglsta, Hld= el o] £Astn AT AIHEARZE £F, &
T 2FS Ao X3tz USlt(Fig. 18-, @)

BHES AT Bhe AIFRAE, A2HEAE, AAE, Ao o] 27)
7HA) 7 R HEY EPESe] EEFI glo] ey A dAE U
A AR HFg 19-O, @).

19969 108 FR9) Fadels Hed AAE0 FHE YAsd A
el 2P UARNeH, o]5 HA(FR: 3X25 um, M 25X7 /) FRE
& haematoxylindl F¥ ¥l Fg}os AAHYHFig. 20-D). 114 e
Ao Ao ZE HAAZo] i@ Exsn YUz, 2@ A
iz = o] AATHFig. 20-Q). 197 2¥9F w9 AihE A2ad Ad9E we o
To JAAEEe] XL YchFig. 20-®). 1Y dxTE= ¥ A4zt
699 Hast FAME FAMILY REFANFE Hola JNOoW(Fig. 19-G, @),
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Fig. 17. Spermatogenesis observed from in the control group of black
rockfish. (U, @ Testis composeda of mny seminifercus tubules in

January to April. Tt. testicular tubule.
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Fig 18 Spermatogenesis observed from both control (D) and treatment ()
group of black rockfish. @), @. Spermatogonia are distributed in the
germinal epithelium of seminiferous tubules in June. Sgi sperma-

togonia, Psc’ primary spermatocyte, Tt: testicular tubule.
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Fig 19. Spermatogenesis of black rockfish from treatment (D, @) and cotrol
group (@, @). @, @: Spermatocytes, spermatids are distributed
with the testicular cyst in August. @, @: Spermatogonia and
spermatocytes are distributed in  the germinal epithelium of
seminiferous in August.

Sg'  spermatogonia, Psc' primary spermatocyte, Ssc’  secondary
spermatocyte, Sp spermatid, Sz: spermatozoa Scale bar = 15 m.



Fig. 20

Spermatogenesis of black rockfish from treatment (D, @, ®) and
control (@, @, ®) group. @ Ripe and spent stage in early
October @. Mature stage in early October (3 After spent stage
mn late November. @' Ripe and spent stage in late November. &
Resting stage in mud-February. ® Resting stage in mid-February.

Sz' spermatozoa, Sg! spermatogonia, Psc’ primary spermatocyte,
Ssci secondary spermatocyte, Sp: spermatid, Sz: spermatozoa. Scale
bar = 100 um..
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108x00= A 7o vla) 1€ 2A Ahld FERAZ AAE 293 I8
AAEo] Ha2TUA AE5A UJHFig. 20-@) 11€3Ede A4T YIS
et AT HAgo] RIS Ao BRI giler, FriFdde Fa
So] A% E¥san URTHFig. 20-@). 29 Fwde Aie Axaxd 4AE
upel AU EE] MEdxo] AAHFig. 20-®)

2) &

Aol A4 g dadele 19969 1~39e AA 373 480 m AF
o] $&@a 50 m WY oJd dREAEI £X&n YUt =T AxZ
o dREE G437 FFEC] AXI}L UL, AL S A HHM FEF
Zog olFstin YUt 2 §HAVY AR AE eosind]l RA @M=
AR ot AFEAES0] wEdtn AT oW JdRAHEE HF Y =4
Ao Eige] iy FHUY) dEAMEE] hF-EE AAstn UATHFig
21-0, @). 499 daE =¥ Eo] BF HTHI, AAA9E] EAA A/}
on, Ao FHY] YRAXET B¥3 UAHFig 22-O, @). Yol
ANFEEE 689 dae ARGl AuAARA 373 50 m Y FAd
7] dRAZEC] dHEE AAsn AU olE Y JERAIZY HEHL
haematoxylin®] HHH A, 3H714 AFHLF AL g mat DASA
g ol AATHFig. 22-Q).

AeETe 19969 88 A7) 52 e 22T YT daE dEzTe A
g dggAe] dRAZXER 100 m WY /7] dRAEL 50 mo] FHS
7] dRAEE] X5 glen, AAYHE w2 27 Eg g Fo i
BAESo B¥aa YAHFig. 23-D).

108 Fedv daud ¢4 250~280 mE e F77] dRAZe @3 50~
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Fig. 21 Oogenesis observed from treatment (0) and control (@) group of black
rockfish. @, @ Ovary are filled with mature oocyte and oocyte of
peri-nucleolus stage from January to March. N' nucleus, Od: oil
droplet, Yg' yolk glouble,
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Fig 22 Oogenesis observed from treatment () and control (&) group of
black rockfish. @, @. Ovary composed of many germinal epithelium and
oocyte of peri-nucleolus stage from April to June Ge: germinal
epithelium, Oc: oocyte
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70 mQl FWA7] FRAXEC] EAFT YA 2 FHZFo] 250 ym AT|R
AR dRATEY AEAWE F7E] AT FTES Adol Axd
HARR Fe & 22X YR vER o F GRAXY A3 ¥4 #7

ES AXAHLE O 7t FUEEA "9 8 A7 SA4EdY. adn
¢ g FolE X Fo] FAEAHFig. 23-Q).

HExdE 430 WeE dRAXY NEAd= W79 F750 323
Adom, WAL 400~430 im FFE gt 28 GEALE Aol hdd
Ao AAHFR 3X25 mm, B 25X7 m)E0) FEs 1 YA THFig. 23-Q).

1195 ¢e] dRALE dAo] 550~600 m AFe] &3 ez, A
¥AL 344 d#Te FFERE RF UM aga gsde THEAe
A eosindll AA GNE WA NS dZAEF) WFEn AT GFTE
< A9 #AAE e JAAT o] A7l Y et AXNFHUA §5H
2 e, o AEA Foddd HAD Jd Ho| FEFE ¥t o FIHA
AR H(Fig. 23-@).

19973 19% 59 dadee v wgdle] == FAHRER
FEaE ek ARG Axd e FHEH gn FEFFHA dEe] do
Ut Asteh olwlel ) 2 DAE 16HET| oA 2AE7| oj2x AT
(Fig. 23-®). &9 298329 229)d = d&FE F& AoE0] 7153 ARz
o] Aj7lell Aol W& MALT E4to] dojwthFg. 23-©).

HEzTE 19969 84 WET9 daudE 100 mHe F77] GRAXE
gt 50 me FHY) GRAXEZe] EXIPor(Fig. 24-D), 11€xEe v

Ir

el dAo] 180~220 mE+ %7] 7] d2AE B4 50~70 m HE F
Hel7] YRAEES] EA3tn 9 ohFig. 24-@). &9 11¥Fwodls AFo]
E YREAEE X daTE 7kxv, we] 400 mel o232 YA cHFig. 24-Q).



Fig. 23. Qogenesis observed from treatment group of black rockfish
@ Many oocytes of peri~nucleolus stage were distributed within ovarian

lamallae in August

: Ovary composed of the oocyte of peri-nucleolus stage and yolk
vesicle stage in mud-October

: Qocytes of yolk stage and spermatozoa are distributed within ovarian
lamallae in early November,

. Qocytes of migratory nucleus stage were distributed within ovarian
lamallae in mid-November.

®. Fertilized eggs were distributed within ovarian cavity in mid~ January

® Larvae were distributed within ovarian cavity in late February.

Prio. peri-nucleolus oocyte, N: nucleus, Od: oil-droplet, Yg volk glouble,

Sz: spermatozoa, Yv' yolk vesicle Scale bar = 50 pm.
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Fig 24 Oogenesis observed from control group of black rockfish.

@D: Many oocytes of peri-nucleolus stage were distributed within ovarian

lamallae 1n August

@ Oocytes of peri-nucleclus stage and oil-droplet stage were distributed within
ovarian lamallae in early November.
Oocytes of yolk stage were distributed within ovarian lamallae in
mid-November
Oocytes of migratory nucleus stage were distributed within ovarian
lamallae 1 mid-February.
Fertilized eggs were distributed within ovarian cavity in March.
. Larvae were distributed within ovarian cavity in April.
Pno® peri-nucleolus oocyte, N' nucleus, Od oil-droplet, Yg: yolk glouble,
Yv yolk vesicle Scadle bar = 50 mm
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19979 295 UEAZY Axdd 544 HTs $7E0 AP U
T, BHL 550~600 mol G OH, of Avje] MEE FET Bog oFe
T AUTHFig. 24-@). 38l HolBo] Yamole 4 uBo] REY] Al%HA
LR 24-G), 49 1UYRE A% QA9 davele W3 £ golgol &
"3 n AAHFg. 24-6)

4) @ol R A GEA

(1) im)

FF7) L Z-d A% A5 FES od wE =7, an F v
W e e 3 a3 27 28-S 23 Qs oz zASET 357
g F2& JNHes 24 A0t Ad2AY dETol vlE] mulF FH
A EAA 1A E(1996 )M E 38Y, 24PN E 7804 WEA A%
€ FEE 7 AT F 1ALEAA dxTFe wrA7]E 19963 119 279,
TAAIZIE 1997d 3¥9 49, E40A1E 19973 49 149 ol vhale, FE
718 #2E EF AeTolA ZuA7lE 1996d 109 27Y, A A 7119974
149 15¢, 24701 19973 2€ 2299 deojwith agln wrjA7) g 1443 s
O 409 9493 234197 E 99 Fao] urEAE ANy An 2
0] 1998\ 14¥ 12U AZHUH(Table 5). #¥ Z3 &gt AnA 7| B
3t7] fske] o5 FgejstH oz AR Ad Fig 25-Q0lM e A HE 3R
o AHE7IE AN 77t AR AE v &) wE AAEYIL o} F B hE)
a2 &, A R0 AELN2E HEY) 2da FAe A2l BE3
Ao gl Wel EAstL AL, oju Hxuel YT FAY A7) FR
7F 3%X25 ym, 37} 25X 7 ym W A (Fig. 25-©@). WA 717} So] mu]7} o

Foizl 43 AALdole GRALE Alele] tAe A% HREo] X
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Table 5. Conditions of photoperiod and water temperature artificially controlled during the course of copulation,

fertilization and parturition

Centrol group

Treatment group

First experiment

First experiment Second experiment

Copulation  Fertiization Partulition Copulatton  Fertiization Partuliton  Copulation  Partubiion
Date Nov 27 1996 Mar. 4. 1997 Apr. 14 Oct 27 1996 Jan. 15 1997 Feb, 22 Sep 15 Jan 12. 1998
Photoperiod {Light/Dark} 0/ 14 12712 13/ 11 9/15 12 /12 14 /10 9/15 14 /10
Water temperature () 14 12 15 12 12 14 12 14




Fig 25 External morphology of male and female sexunal organs in male and
female black rockfish observed at the presumptive copulation time.
Spt spermatozoa, An' anus, Go' genttal opermung, Up: urinary papilla,
Cop’ copuiation organ,
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1 e Aol BEREHANFig. 26-@). T A ARYHFT L w7 =
FRE SA0 AT AT Fod el FE Y A EE AN A3
e JErdol(Fig 15-Q), ¢ #2Y 9% Fugez= urArE &

T AU

(2) AR e

wu)lFE £ 2 A HEAAe 19973 149 159 FFr]) 130 11D, 72 1
3CAA $Ho] o] FolA L, A te] B daPolA 1P qon o A7
o W F GAE 16MFE7)A 324 E7) ) LN Table 5). 13 FA0|
o] Fo7 o], 2AA7IL ARYAE YT ARL AT FHE FHLRE
G BRI gorsie] EZEHAWEA Foz ot AR WHH AYE vE
itk aEn gAY G A4 2 amEVY ATFREAE XA BE
shol, gk 1 FHRYY Iy ¢HM Te dAAE HAD(Fig25-0). 2L
G3 &) AAGAE AaveE dHE FL Aoz sE A 3,

R o] Aj7lell Aol wWE AAFE &Aiko] dojwttH(Table 5).

5) M4 F7

AAAE ddke] 28] #@y GSIY ®EE TPt FAY HAF
71 FEEAT £329 A5 A7) (growing stage), A% 7] (mature stage),
¢t 92 3] 7](rnpe and copulation stage), “1#l 2 & 32| 7] (resting stage) 497
2 TEIFALFig 26), A Fede A7), 2v 2 A, g g
2 &2} (gestation and parturition stage), #-)7](resting) 49 AE TRt

(Fig. 27).



G Treatment: 1
Control: N

I | |
J JI Al 'S5 )" TN 3 Sy J F M A

Fig 26. Monthly changes in the gonadal phases of male black rockfish. G’
growing stage, M. mature stage, R-C: ripe and copulation stage, R:
resting stage,

_65_



R Treatment: T
Control: IR

Fig. 27. Monthly changes in the gonadal phases of female black rockfish. G
growing stage, C-M: copulation and mature stage, R' resting stage. G-

P gestation and parturition stage.
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1996 69l 8Y7HA diRTo Ahe AAVEA Aidde FUATS}
AEAEEC Ed€ata ANtk e 1089 Hie K728 JRAXL, 3
AX aga degd Aol oj277tA 74 AETEe]l #Xda AUTHFig.
20-@). 11€d= g% 2 un7|z2 Fiude AiP 49E wet ZAEY
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AH(Fig. 20-@). o7k B 12904 19979 28714 & HHEH £59 4
A5 o] FALANA X ddon, AHie AN FLAXE
ol @ddte FA7] AHAT W FFr £ JdHHF Ao AT
T ETo vl ofgk TE A2 duHAe] 1/4Y e JYPHA

(2) &A

HzTY drdAde dedse] ZF WEs1 AAduidd 4£49 o
GEAZY FEA7] GEAZET] FXIL = FA7) dAHoH, Y
T AR7E dEAEY 2E4FAH dEe] 50 mife] FHEAY] GERAEY
100 pm W&ol G827 YEAFEI £HAUC 1125 19974 397X =
el R A&712A 550~600 m W f&@H £ABE AE AAMEC] &
oAk (Fig. 24-Q@~®). 4¥€ 94 2 7|2 dadd: Jdi& 7Ha
ol Aojgo] EAAY S stk @H 57| £EL AAXLRE A
ogk M 19966 69 AF7IelA 1997d 29 A R A7 e A&
Aol izl vl 2709 $X 270 o] Fo] A Th(Fig. 24-®).
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4. &3 24 4 2-Aof AL

1) &4

1) &5 F4d g 24 &

Z29ESe AV AAAAR AT FHE FHLE 3 W ¥
o AYL ZEvh WAFE Edste] 1 FW HoZ HmEV|7F ANA &£
ol Em, 1 FWAI GHHE HE, ol A ojne] A4FL A=
BaHm, O See 29e 9 Aojg AXxgo] #EH AR (Fig. 15-@).

A 298 SFFE 303/E o)A, da Aojrt FAa A
et HE SEFFE YASA WA 7] AlFstd, A FE Tt Aol ¢
Tyt edoE gf RAYE AJdE LEFFE 42~438/22 @K Table 6).

EFAA71Y TESE AASE2T oA Azld wEld i Aoyt e
t}, Table 694 *# 42 135~138ColA AF 22~29 kgHE ov= F
F7b 47~-488)/% AE7F A &ito] dojwten, 16~20 kg &% ojuld
AE 5¥47F 50~543)/3 WY uf FAsEoh

olg g TEFS E4dHY BAL 5~64 o4 nHT, §3] o AT
A 2deld AFAEE A&E diF ou oA ALY Xelzt flol Al
T2A eER,

(2) FF7)-#& Td 93 &4

Ad BAZAMZ TN AASFERNY FF:I) -2 I ZIEBEHY
an), F£4, #42FE Fig 289 2o 29 @A AN z2mEge] uns
19963 1149 279 #F7) 10L : 16D, & 14Tl doltes, @ ¥ £4&
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Table 6. The relationship between the number of opercular movement and davs required for parturition

Days required
for partuntion

Fish 20 19 18 17 16 15 14 13 12 11 10 S 8 7 6 5 4 3 2 1 Partuition
groups
divided by
their mean
body weight
A (16 k) -~ - . - - - - - - - - - - 5 5 52 53 53 53
B (19 kg) 0 30 33 35 3B 3B 37 37 4 4 45 47 48 49 49 51 5L 51 52
C (20 kg) - -~ - - - - - - - - - 3 3 38 42 43 43 45
D (22 kg) - - = - - - - o - - - 3603 40 4 43 M 47 47
E (24 kg) - = - - - - - - - - - - 36 38 40 4 42 M4 47 47
F (27 kg) - = = . - - .- oo - - 38 40 41 42 4 45 47 48 48
G 25 kg - - - - - - - - - - - - 35 3% 39 4 43 45 47 28 48

Water temperature : (13.5~-138T)
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Fig. 28. The dates of copulation, fertillization and parturitionn in black rockfish reared under natural conditions
of water temperature and photoperiod.



19979 39 49 #FF7) 121 : 12D, & 12Tl A #Asn, &4 19974 4
4 149 #3F7) 13L : 11D, $& 15T A o] Fo} ] c}(Fig. 28).

A2 ol A Time table (Table 1)& o]&3le] W49 QA (ZA], +4,
e FEY A3 Fig 209 2ok 19969 69 19 15L . 9D Fd=zAH
1996 7€ $& 20CTAAM AR 1A FF7) 2 £& 2AL 19963 109 279
#F5F7] 9L 1 15D, & 12CeA mu7t o] FojF o, olF £4& 19973 14
159 B57] 121 @ 12D, = 124 AUt #Ao] Fdd F, 19974 2
4 22 #F7] 14L ¢ 10D, & 14TelA 3 &4bo] o] Fojzict 1A A¥ZA 7
2 Edz A% 398 24 #5752 2HL 19973 8¥ 209%Y 13 A¥
23 Bo AvA71E 40Y A A AR vl 1997d 99 169 o] F
ojH o, £2h& 1998 19 12958 AZH A

o]4¢] Aol A R (Fig. 28)& uwlol A &4H1996W 119 27 ~ 1997
49 14d)74A) 13840l A whate, M T A e 1xEPeA 118Y(1996\d
109 279 ~ 29 229), 23 A¥olME 119419979 99 179 ~ 1998 1€
129)e] ztzt 4 9 = A H(Fig. 29)

(3) &4 7hee] 9

s 3 weA7)Y Ao}, dad Aoje 7] 2A wE &4 =
S fstd g g 2 ARE zEge 197d9% &4 A
Table 73} &t} FF7| #2285 22T A FodA ojug R &4 1997
29 2290 17te]& Ao g 3Y 3047HR] 53vbE]7t 4R a, thE oA
19979 4€ 1958 49 309744 1A ZA 419ke)7 A8t doh, @
E79e R gl AHAHAM o] dold o|FE AZtHE 1Y
£ F& 10~11ToAA 728 A&t d gA0A Bt +2& waA &

rlr

&

rr

£

P
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Fig. 29. The dates of copulation, fertillization and parturition in black rockfish reared under the artificial

control of photoperiod and water temperature.



Table 7. Comparison of parturition dates observed from black rockfish when
parturition was artificially induced by environmental control at

commercial hatchery and marine research institute (MRI) in 1997

MRI Commercial hatchery
Parturition date
Treatment Control Treatment

Feb 22, 1997 1 0 0
Feb. 23 ~ Feb 28 6 0 0
Mar 1~ Mar. 14 34 0 0
Mar 15 ~ Mar. 30 12 0 14
Apr. 1~ Apr 30 0 41 38

Total 53 41 52
Imperfect parturition 4 5 15
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d A% 19979 39 15~309 Alelol 14vtElsl FAbEH i, HFE4AL 49 30
do dojyrh, o] 4s) Aol M 1P HHFAA R FAL hTol ¥
3 409, Wzl wikol ®late] 239 wae &4k

Fig. 302 FAolF @Ao] AgFa ofnd oM =7|&dE Astd 5
22 279 HE 9 uFAHY F44g 2 AHE VR

AET 1€ FL£ 13TAA AFFY 24707 7M+(E&FF 36~373/8%)
ojul 10viE]E 149C¢ &8 &7 F, 34 #2% 155TE &HE o
64 1vtel, 745 3utelrh & AR HAFAA FAte] otk TUA A
F2S 132TE S9A713, 545¢ AXZ F md 02CY +2¢& ¥ Z
7, 1290] A 19 239 £ 143TelA 2ve], 14319 2 151CAA
quigjoll X AAFA Q] F4to] dolyth

AP T 28 AP 19 FAF oy 4t E L 130T A wid 02TH
A8 7hestEd da wiAe g «&2FA DYEe] 7L 84 14 12
dHE JA4HA R Fibe] dojyow, o]F 249 199744 A ojuleA FAH
o7 FAego

22 gl 27) E4 REZY F FF7)-FL 2HE 5 u9F 3
N71E 43717 93t B2 e - 93 FEH& 120~105TE =
st 7] 2348 fradvh o AR 1AAVIEG o 409 ¢ 19984 14
129¢] A &4te] doy 1AEPET AdFA 27 F40 7MeIRed, £
F4ke] YR Eo 19 2395 FH 2¢9 2297X 1MEEL JFeHdog o F
o} Z t}(Table 3).

&7 2A gaiete] 9 Fdedse ¢4 oF F29E 7H3te &4t
S FES AfE 39 199 A £4do] dojgen, AFSAHL 449 4 o
o} %k},
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Date Jan.
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15.1 PL B8 P9

149 l
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145 PQ

143

141

139 Normal parturition

137

1356

134

132

13.0

Fig. 30. The effect of water temperature on the parturition of black rockfish.
I : imperfect parturition, P : perfect parturion. Numbers is individuals
of parturition adult fish.
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Table 8. Comparison of parturition dates of the black rockfish when parturition
was artificially induced by environmental control at commercial
hatchery in 1998

Parturition Commercial
Adult tank 1 Adult tank 2
dates hatchery

Jan. 12
19
20
23
31
Feb, 14
17
19
20
22
24
26
28
Mar. 1
6
13
15 T i -
16 3 ¢
18 - -
19 - -
20 - -
21 - -
23 - -
24 - -
25 - -
26 - -
28 - -
29 - -
30 - -
31 - -
Apr 1 - -
4 - -

I =Dy NSO | — D
I LW | OO~ Oy =N
I

il 3« SR QSO SR R

[
Tl 0 O 00—

Abnormal

[
N~}
[y
ot

parturition
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4) FL4AZG

Z9 8] 48 F2 #7E J F U 8A] o[ FFE AHY Afold] doiyt
o, O FAAE # 10258 MY 44] Aol 91%7F E4tstin, 53] W 12
AFE A 24] Abold) 78%7F E4tEtth 28 AR ojnjE W MZdx
YA, AR HAAHA ENoEA L AoE sy dF
ARAAE 248N, dF HEe ALY 5 U= AR A F£2 A #
4-& gA4stE deUE 248 4 $7 BtH(Table 9).

Table 9. Parturition time of black rockfish, S. schlegeli

Parturition time
Total

Year
08:00 10:00 12:00 14:00 1600 18 00 20:00 22:00 24:00 0200 04'00 06:00

1997 3 0 0 3 0 2 3 10 26 38 9 0 94

1998 0 0 1 0 1 0 2 3 34 41 2 1 85

Total 3 0 1 3 1 2 5 13 60 79 1 1 179

Mean 15 0 05 15 05 10 25 65 300 395 05 05 895

Rate
(%) 1.68 000 056 168 056 112 279 726 3302 44.13 6.14 056 100
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2) Ao A&

(1) 3%

Ztzte] ojm2RE Z7] &A% AolE FYE 27]9 FRP 4FFE(RE
3 mx08 m) 27 = 1el& 3000007ta], & 20+ 55000072 & zHz &

459 &9 7] AFAxe Table 109 2ol &4 1949 &2 1(2¥

179)9] AA4L& 59703 mm, £2 229 19Y) 58104 mmE Z FF =
3 19N E AR AAAE B olF AL A¥e] Fade 4
F 597 Fx2 10 A% 149+14 mm, % 2& A% 130109 mmZ &4t
T Ado)l AREFE AP T AT v TR WA ST Fo] WA
st BFE RAHP 005 2T 45Y o F, AMS4 & 160~17.0T7
A 7hEate] ALE R A M QAL FRE JFAE BAT

Table 10. The growth in total length (mm) of black rockfish larvae after
parturition

After parturition
Tank number

Day 1 Day 28 Day 35 Day 45

1 59+0.3*  91+06° 125%08 149+14°
2 58+04°  91+05° 112+0.7° 130+09°
Mean 59+0.4 91+04 119408  140*1.2

Values (mean®*SE of two replicate group), in the same column, not

sharing a common superscript letter are significantly different (P<0.05).
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FH AT HFAE fol7] 98 594 Hdg I 2% growpdH WY
groupl. 2 o] 89712 AMS§ A Fig. 319 JEbWTh A8 A
ol met AbS 1Y FA 68ole dETH 23Tl gloiA Zhz 81+143
cm, 45122 cm2 AFAsHen, 3744 FA Ago] FEEHE 8¥dE 136+
2.0 cm, 9015 cm Fo ¢ HAFAE B oHP<0.05).

(2) A&E

5 A48F &4 15UAREe 4 sxug 434 g 7t FolA
FZ 1, 29 AoE 7zt 27 F£F(1-1, 1-29 2-1, 2-2)0] BArele] A3 A
E4 F AS 15, 13974 AERE F2 1 826%, 5F 2 633%E £F 0] 2
of H&l FHRE AolE HITHP 0.05). 28z &4 1595 £z F 459, 43¢
7R FzE AEge U 1-1: 722%, 1-2° 70.0%, 2-1: 81.6%, 2-2 78.4%2)
AEEE B (Table 11). wtebA] d A&7+ B8t £4F F 45, 43971 9
B AEEE PR 1o] 587%, £2 27} B0B%E Ff WEI FE& 2 o] 4
Z 2¢) Hla] o B AESE BAHP 00)

(3) AEEf

E F 2297 A% 60~16 mm = AojE WAe] 153 mmY & siphon
o]&8te HAE 5, 10, 15 20 cm¥ FoAA FUAHE AMG FAHA e AA
2 Qs Ade e F¢ AEY TIPEY &FHdoz dy) [
AUstA 9AE € F e dadd EAHE JAAY, A2 IHE 24 =4
5 A% AAZ FUARUH(Table 12). 38 Wxe o SdaE F9lalo
Add JRAs AdE A ¥ A, & 4P 7Y dERFR Yo 35Ut AL
& BEEE Fig. R He uvieh Zo] U 5 emTY YrTe PELL
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Fig. 31. The growth in total length (cm) of both large and small
group of black rockfish after sorting.
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Table 11, Survival rates of black rockfish larvae reared at three different

experimental tanks

Tank
No. 1 2
DP 1-1 1-2 DP 2-1 2-2
Date
Feb. 17 1 300000
19 3 295668 1 550000
21 6 294563 4 522693
24 9 264501 7 438436
27 12 256033 10 385963
Mar. 3 15 247875 13 348311
Survival rate 82.6° 63.3°
Divided into two groups
123937 123938 200000 148311
Mar 7 19 98236 97682 17 174965 128945
12 24 95572 91004 22 170410 122604
17 29 95465 90697 27 169640 122184
22 34 94712 90083 32 169199 121106
27 39 93998 88730 37 166766 117360
Apr, 2 45 89426 86755 43 163179 116212
Survival rate 72.2 70.0 81.6 784
Total survival 55 7° 50.8°

rate

DP : Days after parturition.
Values (mean®SE of two replicate group), in the same column, not

sharing a common superscript letter are significantly different (P<0.05)
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Table 12. Relationship between total length (T L) and number of inhaled black
rockfish larvae, day 22 after parturition, siphoned from different

water levels using the vinyle hose (153 mm in inner diameter).

Water levels (cmn)

Total length Not
(mm) inhaled Control
5.0 100 15.0 200
6~8 132 129 14 92 118
8~10 13 25 36 37 5 62
10~12 1 2 12 6 39 28
12~14 : 3 36 16
14~16 25 9
Mean 7.2 74 7.6 78 125 10.9
Maximum 11.3 11.4 115 128 14,9 158
Minimum 69 6.5 69 6.8 9.5 7.1
Number of inhaled fish 1235 1412 1464 1310 233
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Fig. 32. Survival rates of mhaled black rockfish larvae from different
water levels using the vinyle hose of 153 mm m inner diameter.
A water levels 5.0 cm, B! 100 cm, C 150 cm, D: 200 cm, E:
not inhaled, F° control.
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235%¢ 225%% 7t Az:sA detwd, R dPFME 37.3~56.3%2A
Azbo] Hale] AXEA B 4B B A A7 A AP <0.05).
Aojo] AH A AA FAHE Fds AR, A0 Xold o F
AR Fa FEeiA A debdth WA 25 mme siphond AS-3te] &4t 469U
Ao xols A¥d ¥, He) 25 mm HE FAE AMEE9 siphon HE #
Gate] 98 F9 A HE AFL 5 omTY WEFYTE AJsade BF
FAERR T 2y 27 AR A zlele g AT HEe 7 A
s tH(Table 13). &8 068 FRP d85ZoA 257 vl AHS3tde w9
AELES XY 93 5 10, 15 20 cm® HIEFATFANA 824%, 90.0%, 832%,
80.4%, 86.9%=Z tiF&#o HAHTAA 80% o4 =& YELES HYt. 2y
AEEA] G2 2T AS o] 77 T 394% @& YEL S BYHFig. 33).

3) - Ao &}

AAAACFFI]-F2) el A 24g 2p Zoje} 2L} ojm 2 RE F4He
A E WFLR oF 71 @H 80 wEAIA 2o W WAE A vwE)
ok,

(1) 7]o}A] AESEHA P

Hol7t e FHelAM F4d Aol AEdee #23 A o i
Apolzb glevt Ad FAZAAM ALEE ojnl2 Y F4atd AAAE 150CTHA
9~109, 17Tl 9~104, 19TA 64, 21 CAA & 5dol gt 28} 3%
A(EF7]-52)2 ASE &7 @379 AELFE 474 8~12Y, 7~10Y,
6~94Y, 5~74dEA Z7] 24T 2T BT 0] FolAFE YEV|To
Fen, 2L AYTAANAE 24 onlg AALAE tha zolrt A e



Table 13 Relationship between total length (T.L) and number of inhaled black
rockfish larvae, day 45 after parturition, siphoned from different

water levels using the vinyvle hose of 25 mm in inner diameter

Total length Water levels (cm) Not
. Control
(mm) 50 100 150 200 inhaled
13~156 46 29 34 32 42
15~17 33 23 46 27 53
17~19 57 46 62 24 39
19~21 28 38 37 19 12 27
21~23 8Hl e S BT Alig 25 20
23~25 2 S D 42 11
25~27 18 4
Mean 17.1 179 178 179 234
Maximum 223 248 247 23.8 268 178
Minimum 132 138 149 14.7 19.8 26.9
Number of inhaled fish 842 694 772 596 468 134
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Survival rates of mhaled black rockfish larvae (45 days after
parturittion) from different water levels using the vinyle hose
of 25 mm in inner diameter. A 5.0 cm, B. 100 cm, C: 150 ¢m,
D. 200 cm, E not inhaled, F* control.



wCHTable 14) Z& F&27IAARE 4@ FH A o g8 ojnlg 24
MAE HELF7E 271 4% Zojd wig v A H oYY Y &7
2408 Aojo AEAFE WEe YA IA dew,

T AYTTY F SAIFES WA EE Table 159 Webd AXNH, jx7
A AA FAEANA AFE{E ojn] g &4t Aoj= 150T A 13.96~20.22, 21T
oA 3.06~408 M7 £7] S Aojg Afde 44 18943818, 0~
4828 o] 15T oo i F2o] ERAFE SAIRte] HolAE 2% A
2H(P €0.05), 24k sjAol wetM e 47e AolE EATHP <005). 2 i
Z77F Aol v A @2 GE BAow, gef M =Y AAHHA vE
Wt

(2) F71=% WA

7 mE A me Al o2 REH E4E Aole 2U|EAL Ao 4
Z&3S EH Table 16, 1738 Zo. 27] &4 A9 F7|wZel s WAL RE
AHTFAA 1025 ZFsd A8 Z4E Byon, Ei4dale] ©a 74Azke Aele
AAHA R AAAA HAA S A 2 on o} A ojn] ZF-H FAE 2o

Apolol M= ARzl Aol AGHA Wkt
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Table 14. Comparison of survival days of the newly delivered black rockfish

starved at different temperature

Survival days

WT. (T)

Treatment Control

9 8

10 10

15.0 10 11

12

9 9

10 7

10 10

17.0 9 8

10 7

10 9

6 6

6 9

19.0 6 9

6 7

6 8

5 7

5 5

210 5 6

5 6

5 7




Table 15, Comparison of SAI in rockfish larvae delivered from the artificially

and naturally maturated female black rockfish

Water temperature (C)

Adults Date
15 17 19 21

1998. Jan. 31 21.38 13.02 8.40 4,02
18.94 12.92 8.42 3.14
20.70 1350 12.10 482
Feb. 17 37.86 22.96 11.78 0.58
Treatment 34 80 23.82 12.12 1.84
38.18 11.64 10.74 2.72
Feb. 19 27.38 17.20 7.34 4.36
23.08 20.72 1.98 0.42

24.10 19.28 6.72 0
Mean 27.38° Tr23° 8.84° 2.43°
1996. May 10  16.98 17.24 7.12 3.16
20.22 12.74 7.40 3.12
Contral 1960 12.40 7.36 3.06
May 12 15.66 15.28 6.48 4.08
13.96 15.30 6.12 3.66
18.44 16.16 754 402
Mean 17 48° 14.85° 7.00° 3.51°

Values (mean*SE of two replicate group), in the same column, not sharing a
common superscript letter are significantly different (P<005)
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Table 16 Survival rates of newly delivered larvae from natural broodstock

according to the various exposed time to air

. Exposed time o Survival
Date of birth Individuals
(sec) individuals (24h)  rate (%)
10 5 5 100
1998 May 4
40 5 2 40
10 5 4 80
20 5 4 40
1998 May 17
40 5 4 40

Table 17 Survival rates of newly delivered larvae from artificial broodstock

according to the various exposed time to air

.. Exposed time Survival

Date of birth Individuals
(sec) individuals (24h) rate (%)
10 5 5 100
20 5 4 80

1998. Feb 19
40 5 2 40
60 5 1 20
10 5 4 80
20 5 4

Feb. 20 2 0

40 5 1 20
60 1 2
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1. ojvjgte] 2 F57] -2 24

A Fol Aol AABFe WaE Aojdts &deZE Ud g% A
FF719 2E7 Zo) /st Age] Ha ol FolAM vEE el dHA X
2t De Vlaming, 1975; Breton and Billard, 1977, Nishi, 1979; Lundquust,
1980). De Vlaming (1972a, 1972b)e] H.iel ]3td #5717t dojfe} 7HA| 3
7159 MAFEI ) A 2HAEL 1 Jon, 2EE SFAEFY 448
58 2dde 9 olF Fod 4oz FHEEFE AAEz Y Bullough
(1939)= 7Heol ARE Jol# o F, PhoxinusT A4 HF Ha dANA
47718 482 Iz WHew, w w& Y43t oF Notemigonus
crysoleucas® HMAF718 243 e 5719 2= &0 $9 8R1e=
ZAggvn RaPdtDe Viaming, 1975) 83 Notemigonus crysoleucase
A8 7tA FF7)-£% At A wat gekstA dehde, ™ £9)713%
T AU - aeAEE AGAA A daed dEd ASdan dnan AH
ot FAH FFI)e LE7F oFY A g nmAE ¥ dste] FF,
Pagrus mgjord %%, AR $&& 12T dAsta A3 AzF9 19CY =
AalrE AY ARG AT Atolo] AR7IE Aol Atz & wk Aot
(KRR %, 1972), itv & $(1973)2 FA 7F2AbS0] 4H371HS 15709 432
F AN dHed, 53 4E7|t F 16C o)4Y WE AdEA ¥edn
H skl

WA s FHE F(1986)S FF7|7F A A fA AT At
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AoiM e &o] o ZHo] #AAGREZ FIANG A F2& AY HF24
14~18C2 #FA 3= o] EFddelgtn stk 2EFF 4, Rudarius ercodes
9 7% Lee et al. (1984) & YD HF7|(13L o])ellH A2 B4
@A e el2A Hu, ojuf £AES BRAH &X198E vt Busy
th o] d7olA 3 FFVE HPste AHHeR 2HT A, AFAA
4~6Hl A, &48td AL 67049 oY 4F 28 FEol A7 FAEL
2R, &3 FF77t A5H E4ddd 2HEA FAS L &S &+ Af
#3 FG4 Fole] A% FF7)7 9L : 15DA 14L : 10D2 2A &
Aol o] FoJHutn gk vl @lvH(Station Experiment d' Aquaculture de

Palavas, 1984) welA ZujE&e] wuv} &40 Pl &4 8928 F29

)

T2 B9sta, 377 RxH 9¥E Ve AR Az

2. XA was BY Y AvLol= sk d s}

29559 Wz AT 40 e AHZo s S2E9 AW ®
& FHo] vetygd 439 B-$ progesterone, 17¢-0OHP, T ez E;¢ ¥
3}E MEgEAH R 2AG ZAF, T Bt ¥88A 933t T 7
+ GSI7t MM s F7ket7] AlEbste 10838 2 358 Bo)7] A&sdd 11
gl HAE JeArt GSIZF 7H B 290l M e Ge Relm 3]
O E:= T FAH 4% Bdh G F3807] GEAL dAA B3
400~430 ol ©)2& FBRT) dRAEL wad@ Wi E9 T &Aol =
A el o8 g FANE B9 T7 94359 4o 2L BAE o
el 1tH(Kime and Grove, 1986; Hara et al, 1986). Z&lub Au] QA7)
t FLAE B TS 840 wig wA Jehda ged, ol e A4
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o €A A ZoIHQ Cymatogaster aggregata, Hysterocarpus traski®] 2.31%}:
A3t JH(De Vlaming et al, 1983, Nagahama et al, 1991). o12{ & ZH o]
A B o By WEAXY Jd&EF g4 2 A7 ey, AW A
e ddo] AL AeZ AZEY Ishii (1961, 1963)= Gambusia dfinis®] &
A E AgolM F7] EFabrl F4 AREPU estradiol benzoated: A E P&

= uje] #HA} 279tz Rufck, 18l Korsgaard and Petersen (1979)
& A Zoarceso| thale] progesterone®-E ©Eo g AL AF 37 o
A7) Fob 24 FEEHA FHvtn Rafo, ol AFAEY AT ZAFANA
E EE £ Agds 9 4 ASAGAAT, BHe 95eE HHAWS A
9 F7] dA7] T 24 FEEHA FRTL iy ol A7AEY o
T AHAANME Et Holk Ao dAd A& q¥E A @ ALeE o
Bldo2 ) o] AY A A9 A J'E ALE YAHE.

ARG g AHZO|E S22 BWHE Dol HE T EF
=& ZAsAch T €42 GSI7F 787 Al&EE 8€dl 3119 ng/ml
R, aF FepAnrt GSUF 7Hd 2 #E HAE 10¥9] 4082 ng/mE
M BT AEoFodA ARAYAE V)9 T, F7lole T, 1ll-Kestesterone,
adga F7lee 17¢-208-0OHP7F 8% H¥& @38 Urk(&m, 1996).

o] Ao AHelFelA 8¥9 Fidde AIAFEAE, AARBERAE, A
AZ aEa HAEe]l 8o &3 FAFH ZUlAA F7IE olddE
GAE T &40 A vewm, 1084 T7F 7MY & E& Hole AL &
u oo FutEe Adoeg A offol YoM Ad AFAY FRY F
4 GTHe 4% FA T9 17a, 208 -OHPE 2 W3lg gozldxn ®Bn

e A FAY AFe Boln v

tlo

el

olf

o
H
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2atfo] Wgk FA Aoy A4y w2 wE nngEre IR
Wt g4 Hste] 2 #Ee Aty 539 diElA v AES ek
(1975) ¢ &3} AAE] Buee] a, Eg ATE(1968), i (1985) Soll 23
iAoz HuHdn 2HEH 31 Aol HmAEVIE FEE F3d
&8, o] AHEVNA Hole WA ol disted #h~ K(1975)9 Kusakari
(1995)9) B.a7}b vk o] AHE7Ie #AY 2r7ZA, Ausde A IR
o ANE FAE FY3ks 9L st o] AAEVZL S 7Y ¥ o
A Hdgta B wAle mAjRl A FEeE dF% 2 2 ¥ R HY
AEedorn ¥an, olu HAL Fuge Hiygo] L Holgz wEAY
(Kusakari, 1995). ©]213 AN E719 vge} M) st 5L xyjEete] iin|
7124 ClAMg AL vEln o] dAeA ZIEY £3l9 Aie 49 b
T Eger R 2 A% FRA A vk Ahe FadeA G
=& BHYY, F452 A A4¥E ok 2dn HiddEe Fo2 wd
H FRE ARABOR o]Fojx Q1 ol AHLLW 5L Air TR 52
3l

TAL FAw dEs] glen, A4 e FABL SR FHAL,

rr

TH vk o] AYEVE FRY BHVEA ARFAE 7] 98 <R
AN AAE FHste ddE @23t 222 Yeh) g Rug @
A 3R Tt

FWolt B ANETE muAl7)e e Fgle] e m wdsxw, @
S BHF BAEFHA Qlolde a8 WElyl Holx et rRastgd
(KL, 1958). &a&8 #7319 An|71& 559 B2F9 vmsle] 23, =27),
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R 9 R 2A ] zpelzh Role AL #AY BadAe 2dFd M xE
F72¢8 wel7le 2 nfe dFL stAH, of an ri#e yege ATEA
B= BAZ §lx, 474 WAz 5" ¥dd e RustgohAtE,
1968).

o] AFellA zHEHLE 15~16 cm2] vl Fole] oM E 38 AHE
71ol A% -4 gde] Fadste] Kusakari (1995)9) Bk dA3tHew, o]
AL Fol wel b zel7t de Ao2 AZsUAT

zyEee dae ¢ 4 FE7Hes 74z 8 REd ¢4 &
Ao AAFgoz dZAH At Plad das Ury, 5T vt o+
3, 392 gAFY dis BAEH AAY dFELg AR R4
FE FI v xgH 7] Atold A BEH, AT B vy w5
o #&Zselr|7t ol 4o e wel EF Axs dwdin 53 §
A4y g HxE7)7F B&Er, a8 298 A3 oo R4
= 35 vuxEr] Aleldl 9low olAL Moser (1967)9] S. paucispinisol o
A3 Aot Fdstnh A5 A48 AF FA= s Al
ol9) 8] Aol Mz FalaA HelA etk 2y Jiloje AAF FH R
of g Fejdste AS7A =HEFE AAYE EFFoAMe nud 7 8
CHEOAL %, 1979). ©) ATAME 92718 Adoje die Wdd os) 5% 3
A7y gz, B3 §8, AAF H N nE7)7F A Ak Eg g A
b A wet 2 A=rb Frbshe, AFN(EAAA)d e HAE FHSE
el #9 FHo 29SS W 2o)9 ¥V Hojye FEHA WErp FEHA
thoolE @ FERise JAXIdAME FREAE EAT, JAFT)e &4
o, dAF7dE dE FRIAT.

T %A dideld AAFVE Roete AL 2 FY AL V)TE FA

A

)
2
e
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ol T4 7S ALY b s HH>EA o) &dY AT E Hetde
W e stug FdE Fate] ANk T WslE AT 9 ANk 399
HMBtEX Fale AARFZFALGS)7F gy oz o] g5u o)

et o g diols dEAXS wddd wa} GSIZF Frbetal, dEA XV}
HF Aed vhxn 28 AgelA Had €@t oy gAdes dEAXE
o wgo] wel GSIe FrbekAT, HE 4% ¥ AU Aad gaE Aol
duroltt. #H, £ Ee) GSIE ¢aYA FrIvE 45e ALdn HF
4% 2 o) dolut Ao AZET 12974 g 4ee AxEy
o aF A7l 29 GSIe §43% Frbstn gAF)e HuAd ey
ol9} o] uEg9 GSI= HAdA B + e 54 AdE B,

2y g ¢ 9 AAYAH AZd dsie ojHe AFdMe AAF o
TAR7E BolA %AW, FRALY YAAM AHAZE detd Gff(1985)
o Gl otd, YA FdE B dA1r|g FuUvIe dRAX}
Hola, 53] GSIZF AlA 8] Frtste 10895 G3¥79 GeA¥Er} £83)
W, 12~549 Alelee @77 dEAES Z4d EdEch =9 AR NAA
< 108 ~1149°] AAYA7], 12~190] FALE7(v)7]), 2~69o] F417],
7~9%°] FAFAY FH7]o) sFec) 9 Kusakari (1995)€ 294 A8 o+t
7719 Aol AAe] EAE AFen, od BA AzdM zmBF
g &Y 7S 2 %9 gL (Takahashi et al, 19917 L oF
6719 Alolel, FRAHAY 7| 6~THUE FREANED S vulpesttex K,
1975)3} A9 FUstA EAvtn s, muAzl 2 7)ol g FRe FA
o GSIZF Hl2 HE 1149 ge~129 S50 AZE 3 Adole wnE7)7}
HA 2 v Fte] AGRYE 7MHA FEE o] & FuHAY Hdo] Yo
g2 wresty] Wl Fi(1985)9 A8t AR A Y3 AL Y



¥ 5 AT W o dFANE N2 ofn] ANre APH WS A
371 st date ADF(FEI-SL 2A)E Uw] AgAEe & 2
HzTol glolM xNBY ofu] HHie AYH WE MW, HaE L
Welzke 99%E GSIgl 4487 A%std 1194 Huge vehl 1474
Ry w& ghg FASUsE 2€9 ol F F£3] FAsgr 281 Ive FE
1089 A 1192717 o] FolHth. *Ae] GSIE 2495H Aest7] Aty
499 Higtg Boli 589 TAs] ZAsT B E4NAE 48T
58 &7A #RHJL, ¥ A Z4 AFE 13AT ¢9E, 1996 ¥ T H
Ael T G579 2% AQ dAZAEL "o mulA7e AT
T2)& 24 4FA A 3 ¢3¢ GSIe 10894 HAngs BAxR, &
He GSI= 2494 HuRS BYon, S4MAE 28538 347X #FF AT
aga 19973 & AnjAlY]d BA2AE 98 FEoE AN 49, 19 ¢
FE 27] £4bo] dojwttt, diEzToA wr F #4717 1389 ZY 94, #
F719 F2& 23T AeFdAE 118~1199°] ARt

UE Eolelx A Qo A4 FAZXANN W ESG A9 GSI H+ 549
FTETH AFE7] AAste 69 Feo H1gE veda, 78 ded F3E
FTh. RTtolx AHoA zHEHY] F A7 69 T4 olvHKusakari,
1995).

ool AfREE& FHHNEY AJd8H ZHE, A9H BAXAE ¢
o gmalzlel QolA tha zpeolrt glow, F£R o] e wiE wa A %3}
™, ol& A ZFEFoldAM Hole FEAHY dAelgt & + vk 1dn A
A Asste da e mvld g AeHw, A4d AA4E dRAX}
HF AT W7 A ol @ -t HAxFr9 e 2 Aol
= UAARL, GEA ] E¥dtE F ORU 5ZAd BXIE FAAM o o
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T dade] AAE AL de AoE A

AEAR Aol dihE dihd FEHy AHFHe] T #¥sd
48 (gymnovarian condition)® ‘¢4 % (cystovarian condition) 2 & ¥ A,
BAEe oA dAY 228 4o we} YAAYIFH O FUHA e 4
Hol ZoHEE, 1987) ZMEege] das Fojy EgoR P FyPHOR
es g1, damged= 7|23 F@&Ze] dEFo] glo] YAFN HF
g9, 53] &L daFe] b4 AAR FH B A5y, O ¥
HES Je A9AEs dE7 e BUEA, ol8d e d4E JHAE
o] /F2Z¥ Ao, Clupea pallasi, Nile tilapia, Oreochromis niloticus, @45 49
Chaenogobius isaza, S SH7VAl 1L7), Pungitius tymensis S| old &cHEE,
1987). A9 AT 1Mo FHojgla, Wie FAAEY FulE el=0
ol gt T2 YM-TEFHe 1T AFFEY AL 2 FEANEH S vulpes
(Sasaki and Igarashi, 1974), B]A o) Cymatogaster aggregata, (Wiebe, 1968)
TAME B & n, i ws 1/10~1/20 =2 o}F Zth(Yokokawa et
al.,, 1992).

AENH 5 4% "8 F el S placental and aplacental live-bearers
24 FEIAN oA HFEA gt o olfE EA9) wijrlele JUYE F
%S extra-embryonic membrane®] ¥Aj9} Wi}l B AAlele] dF mErl §le]
E o]E AbololA FUE FEo] 7Hesty] WE ol vh(Blackburn, 1982).

Z¥ 282 aplacental live-bearers 3 ele] efold, o]81d FHeje =HA
AEAFT GEZNE v E3}9] Anablepidae, Aphyonidae, Bythitidae, Clinidae,
Comephoridae, Goodeidae, Hemurhamphidae, Labrisomidae, Parabrotulidae,
Poeciliidae, Zoarcidaedl Al B 2% ItHWourms, 1981). B g iolc A9
A FAA AL mE XY FAH(intrafollicular fertilization type) 7t
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w7 A4 8 (intralumenal fertilization type) F7FAZ TEEHY, A FE =
Aol 2R g 2 AFFad et JEZN YA H(intrafollicular
gestation type)@ w47+ A ¥ (intralumenal gestation type) 2.2 o]t
(Wourms et al, 1988). X3 FAYL Neotoca bilineata (Mendoza, 1943),
Clinus. aggregata (Wiebe, 1968) 12811 Clinus supercilliosus (Veith, 1930)¢}
Heterandria formosa (Wourms et al, 1988)7F o9, YAzl £33 2 d
A o] F< E2H(Lee and Kim, 1992)7 #4H 2%(Chang et al, 1995) %A Ru
Hx 9 AxFW  dAWE  Clinus.  superciliosus  (Veith, 1980)%
Heterandria formosa (Wourms et al, 1988)e14 H sz lown, FaZu
AN H-E& Neotoca. bilineata (Mendoza, 1940) Clinus aggregata (Wiebe, 1968),
E&(Lee and Kim, 1992), #A &2 (Chang et al, 1995) 54 B1a%i it
wetA o] @FeM zyEHe] sAYHE dadd FAFH, dAFHe
w7l GAFA F33i

A v g 3o muA7 Y 2L T2 Bl GSI A&EAY
ol k2 wul7] g wid, Mafje] oJsjHE APAZE st £ AT E=F
A 7]ef o]AF A dFoltn & ¢ e ;Lr|]e] b, A9 W F
oj2d A Agg AazAGH ABdtd £ A3 ¢E5HAAE Bi3n U=
Al e GSI ghol oh& Al7lel wis) 3l olE RUSIM, oA AASF
BEA wAATIE & F AT E e FFE A" 4 Il

A T o} At M3 Sebastodes paucispiis®] GRAE A& £ A
g Adsd dag 7S W 2uizb olu, S marinus®] A $elE 2V ¥ &
e G ] o] FoiAa, oluf FAE FAHAAA o 6L EFL Gl A
Ao B skl thSorokin, 1961). o] A7olA v Eee] dauelA Azte
23N 7= 1082004 Y2 7 JAdd GEAZY 33 d 37| o s @ahe
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GEFo} f77] dRAZN EgEHAS W Al dakgd AP e 2%
of €017 o] A& #F How, o A= 1dxA F& FAH doje
Bz FAHAT oleld A4S FEEY FAAA Jed AAY WIS
AdX3H, ol HAEZHY 48 <9 A A Ack(garashy, 1968). =3 £
Gl daZelA A FEAIG AR 2T Atolde o 14E A
29 FEIE AXNE FAA Fosts A2 A4Erh oAHY FEIE 7HA
v ASE 94 AZoHF 7124 Neotoca bilineata (Mendoza, 1943)$} C.
aggregata (Wiebe, 1968) 12|12 Wej ol 72 &2 (Lee and Kim, 1992)3% %
HEZH(Chang et al, 1995) %L Aol Ditrema temmincki (Lee et al, 1996)
FolA BuHT ok olAH FEIE 7HAE oF 7h&dl Neotoca bilineata
9 Afde daUE QT AR i FAstE o2 BuFHT Yt

B FAA AAoM 6709 ol ofnl e dAd HAH Qe
AZEY, +3 F g4 4R oF gy Yalrle §3te st Ao
Aztad z29E823E 4 139 AYAZIE 7HAe do] AF7AR e #F ZA3
gt A9 YT ZAH#E AU wEks FEGH o FelA mulo A 73
# B AL obF Ful v Aol

B&& o]lfe darztel WEe S rubrivinctust 17049 (Eigenmann,
1982)28 Bazgon, o dutAd dAgole] wf A7z uiste] Aot ¥
H, =29 &29 Ju7He FLo wet ch22) W, Boehlert and Yamada (1991)

lo

=

b

T ZYEHY JANGE FAHAN EA7AZ BRI o 77k HES A
106CelA 51594010 tt2 KB g © H]&e], Yamada and Kusakari (1991)=
FARANA EA7A S XS VIELE AL F A, AHgeLo] 98TA 48
A(106TCAM 4399)2 ol Boehlert and Yamada (1991)e] ¢]&) FRd A4
Hry %3 ggket. 28y Yamada and Kusakari (199D)F AAZ 59 A6
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FARA FA7HA 3vtE e PAIE #EAY AR Ao THE AHE 4™
3, Boehlert and Yoklavich (1983) @A@Ae 710¢ AR AN, S
melanops®] YA 717+ 100+1TE 7¢It s}, #H o AF
e & 12~14TolM o 38Uoe] 2a¥0] ¥ AFAERT tha wEH
Uelt = ¢l Yamada and Kusakari (1991)7F A A& ¥} gle dHES T

g 2 GFE vAE sl U R /19W Ao At

4. 23 =4 2 A Ao A5

olFe AHYFTH A e AFE GAAFAA 6w go] HuF
of Ivh(HE %, 1971 WHE %, 1975 K -EE, 1977, #AK %, 1979, 1981a,
1981b, 1983). A7 2 Z4tdle= EFFol disixe B gzt Fojds, an
%o B1uxo] 9li(Shinomiya and Ezaki, 1991), 29 E&& &AA]7]7) 7}
7HAAE AAF FAE FHLE W e AP Ay, ANFE s
of 2 FW £o8 ¥kxEr|7l @ASA foteert Ed a2 FHREG 4AH
g Ao, ol FAHA ojme YAFTL AR AP=HD, I Lele 2YS
A Aol gkx:7E Bol BEHH, o] A7 HE dREY ou 5L PA B}
TEa7F WA e @4 vady FAsA Bn @ vk dth(Kusakari, 1995).
Ty ojg} Z2 AF YT AN dFE ofno] 2EH2E AT
Fo AL Ee] oAU, HAsHE A9 o] webA g WwRlolg
a AZrE A geEg meA o] ATAME dfRE AT g g #F &
Ze] Kusakari (1995)9] Z#st 2 dAHPeH, o] EFFE B2 &A1)

=
=

A

Z3be Aol Bk AAHA A2 AAHAT 28y Kusakari (1995)%
F ATONM Aol ZANARE & Ao Jhwts] AT TEF-Fo| s
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Adag AFE v Uk o] AFNME 4~5d8 A EYE E4do] A4
A o galol A7 2/3 ol g dart AASL 7] WEe TFo] w o
A Ak d7le FHAEA Al Qe Al Aba 2T Fe] T
Wi 2EFe wad Frbe e AeA dReE AT 22 kgolde 1
ol ME AgsA 12T ITFF/F 47~483] HEelA Zite] dojute AL
#EY F AN wepr AdEEA E4k ou9 oprin] IESFE AFEA &
AUE FE3I) 45 5 UAW7] Wi 44 Mg 295 ordA F
Aolup 2EH2E FA FIE AGAFAM 44 ol 8¥ F e PRl
g 5 Ut BZ4EU
ol 79 ArAlZte] daiM e B oFY FF ARAA dE FRH ot
of Aghate oftd, 5§53 o2 ofFel AFdE FUY, A #Hso A
e MY B3 SAANLE 7HEA g 7478 F9 48eg2 FEsR Y
CHER, 1956) =¥ &2 7 Kusakari (1995)= F7lolEqt 23 &M
ofty e £¥rti 3L, Park et al. (1993)& -3 d et 44 2
A 1A 8F 24 £& AojE AR THE AL AYE AFE
ol W 11AleA Ay 5A] Atelgtm st o] A7olA ANH #FHF A 5
oA Al zu 2 JAME tFE F4e 7t I F w8 o] F
Ao Ay Aleldl dejwen], 2 FAME W 10ACM A 44 Aol
91.06%9 <iv|7t HF st d9Hos ¥ Ad s AAE UM
HEEe] HAYAA EderA FL2 AolE WEdAY AR FAA
st RAYPY AER #A £z fd {F9E FA4}e WA YHY
T e Yoz

A
A
T2 H A9 B HoE2 vFo] Hof of
FolMe dFase 43 2 dAHDT A,

EZHEY 24A7]19 F29 thet] Park et al. (1993)2 3dzt dH¥ez

n=)

i
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e onle] YA 2718 & Bt Z4qlo] doid #EHYE 128~
181ColAA ™, 13~14TAM M B Hilo] dojwintn Rusd
Kusakari (1995)% A& BEHET dAtdAl ojgd diloje] £dL & 9~14T
A9 58 ghwmoA 78 e Ao HARE, EAEVE F2 11TY 69 Aol
Aok AT au 29 EEY AV 2 ddAAE AdA o Fo
M A8 ZAe we), dAgold doANE galole Ao wet xRzt wlvk
a3, AdEAe B4 £ 10~16T9 "We £ B9%ddn i o
ATANME 27] FRANS AT AT W] WFPS 8td £96 o
€ 4 z¥Ete] 24A7E 2AE ARE BY FY2HAAA stFele &
A omlE 1249 aeF-EH 39 Atold FYste AdgRn wal shed 4
$7b vl wE 39 E2ERE 49 FEAbold EAbsle AoE Uewd I
e B4 dE S o Zd FHdA G ojnyed, A =A A
ol FHE or A dRFo] ddolE FAEF

T99 ALHE 4F5FH 1S BAE 7ML AR olA7A YA ofn
g FAstd 2IE0T & B 2976 a4 B} 5~10C FEE ¥
A Abgetal E4bA7]E F 1~15679 432 F e A7 ey
Al £R, 1982). o AToA ALER7A AE B FAT orle B HA
<& I0CAHEE FAE F 9 1Fdvitt 1T AEE A2 RelAEe 14T
7HA st s | Rl A g stk o] WHE ol &d vjgAd A
A o Adxe]l e WHOT ZVEAE NEslY 49 19RE R &
e AFE 44Fe) E44E ¢85 FPS /D Adxe] AlgdRd o

fE IHE AbEetd 198d e Aol HlEe] o 26Yo] wE 39 6UR
B A 24 A & Ao B 1998d0] B onE Fale] Axd wjof
2 B ASole £ 16T WY A4 E 7MEREH o)A, 7hALS

o
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AZ17F ki o] 3Y199FH A 24 BA HAc 2Eu o] dFelA 1d
49 130Tl Fu38] Z571 detaln g2ue] v 7ol Hole
dedAE 7ha 29 EF o] 0vtelE HER £L 49TE 24" &z
E & F & 155TE vz AsAz F, 6944 3vtafzt 2 e
AZk BAE ¢ 7 Ue € FHE dSHAeH, 74 3rtEst e A
2 HAGA o] dojwttt EE ol ojw]e HFF2 AYAY B A
2 d4e aA dee dFolv 2FL A e F5L 3

s

o &3 &
3hA] sk AAF FHe EEWAE AatA &tk o] AEA G 4rg
g oA AREPY 24 132C2 F9A47 2, 5 Bet £28 ad2 {44
L F 3o 02T A=Y & A7 2, 129 A3 19 2399
T2 143CTAA 20te]7F ZAARA E4to] dolg i, 149 319 & 151TH A
2ute] 257l ARH 02 E4tedTh ook Mg 42 FERUFFAAANE 2
4 steola 39 2% Alolel JHFEllA FAFA ADE Wizt HE A
oiml g FYste] FHF APFFL2E FAlstL 16~17C W98 Asfslgo] &
e W Bed w7k AAE A e FEEE FF ES 5 IUD A
E 2e AFeM A 7 gtk 2 e v gg 2y A E
Hists A WA 7ol AuEZE 2R R ofe] wulk &7 Mol we A
AT P RAVE A AF AHA 2B §A B3 AE 4o =
TE Attn Az was GoF oo WIME FY TAHA 77
Peojof & Aoz AZAHADN, F3 F wjA FA Ay FH2E 2EY
2t G AFEFEE o TFE AMSEE A Aol A4 &b A E
Fou, £ of dF U "F9 AAM ofuE oy FFS B F ok
ol wiAle] TATA wet £3] 2] WA FARANME JRAFY F

o] FRAE dstel AR & dE WA Aozt Q' AoE AT Ft

- 104 -



27188 A BAANE @es) £4o grY MYl £eUE FEA
£ At vsiE Bigold £4 ¥ Aoje BHWAN $4AL ¢ F 3
At

AFEF e A-XoY AAAEE FHeotste Y& AAF TRE AL
T ol dids Fasth a8y o] g gt Be ATASl o7 7HA Wy
olF¢ tdoE HAABtn YAT, ofHtA BHHIIE AT FLAF AEE A
4% £ Y wAdnE & $ QoGS 1993). 2 47 d7AEY B
se] osw, B3 P WA AToRE FAAERY Yojg FFaA
Fote H3 6dAE Aol o AEAAE olFojFrt. a2t Holg F
FRE AT Holg FHAA @S HETE vLY A A FREs
& 4o Aol7k AN B, FAMEl F$ 28 A% Aolg A
A da dAge 2AG AW, U F8 F A2 cvFe Pad W
W, dmyol Mjd#e F7ERT ody A4 dFel F4E Foe A
A% wwde 2vFo2N HFo] o]FoJAthE Oliva and Kaushick (1990)
o BueA Ay Holg FFPY A7 HAAZ d2F Apeld] Aolrt
AT F-3 2dF AN dzTFY AEES 41.0~608%F FASAT F
3 6d Fo] AEEe YA 2T e Holg FTFUE HATF Abele Ao
7t B2 AARAG. AEEY o] B Holg FEH AT HolE FF
&t e M ptedE F2A] 98 ¢S @ol Wkt ol AAs
Bo] FrEUA AR EFE L Ho] HHo] o]Folxol HAHA A} YE
o] o]Fo]z}7] wj&(Bogdanova, 1970; Aronovich et al, 1975; Rana, 1990b)%]
Rew Azredrt. Sparus auratgI M= G 5, H3 2 "y P o
Ate 23 Bt EaEa glei(Polo et al, 1991), o] Ad ZAxel A<
dAstn Atk B A e gyolst 28 Addgo] B, do] 4¥Pez
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g A 27 (Shirota, 1970, KR -4, 1989) W&ol &z ol A7 weh
of gth #W ejAeiql M EEe EAAZRY Holg AFHEY] Wi A&
9 o] Fgo] wetop gt AJzbeT)

AP F) AEAFT F2F AA vt g Zelrt o, 7}
AolA ojdg ojuERE Z4g MAE 150TAA 9~109, 17.0CA 9~10
Y, 19CIA 69, 21CAAE 580t 2oy APHoZ Afd ZV[H4
Apole) AEdee 2z 8~124d, 7~10Y, 6~99, 5~7TIdEAM HAe Fa B
F2o] FolAFE AYEV|He] Hokew, T HyFdE FY AV
£ ojulo] AR Aol BAT W FHH- 4 HARBDE G BE

el &Hlole] AA apoje] HL BAM3] A 7ok AEHHAS

(survival activity index. SADE A3 23} 33~5880]%5L, Yol FH3d+Y

"

AbEe A S-odlE gl ¥ o] SAVF oy AE ot BRE %
(1985)& #E9 H3} xojo Holg FA gu ALt 23} & 1~7d9 #H
o AZE&F o T TEANANMY LS Ateldl Fg ABE RIJdn 3}
At olg g AneA B W dgE vk Aoy A@ELE dHe Hriet
L BAZE Aot =@ WEH-A0(1990)2 Wolel A9 SAIZF 3.44~22.052 BRI
g ¥l 9lem, Mushiake and Sekiya (1993)2 Pseudocaranx dentex®l 7% <
& 19~24Coll A SAIgte] 6 o]4eld Ao AMKA] A& Eol vy Foz 3
Ak 2 27] 29 Al&o] ofelg H¥tE]e] A Lee et al. (1997)2
1.8~96, Yasuhisa and Oda (1990)% 1.7~10.8¢) Hl@Z @& SAIE B I3
th o] A =W EFLS vwEH SAIFe] E=A Jewou &3 A
weEkA A Aeolzk AAHUATE A MHTFAAM BlmE AEEe] BA UER
15C AeltelMe &4 F 7~8dA e A% AxP7E M4 A JERIT, o
el SAI #h& Aol wrgt ztel7t Agd IA uvekch ¢4 on|ZREH
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E40E Aoy 1894~3818 HAR R, AFL ofule &4 Aol 1396~20.22
2A AR 44 AvERE 48 Aort 24 vewd 19T AHAFAME
28] 74§ 198~1212, FA9] A$ 648~7542A B3] A4l ojn]ZH-E
E4bd Zpolol wiste] &4 ojulelA 24HE Aole AE JhA 1dol AIE
FH ARNASE ol &dsAnt oletd dAds VS Moo ALSF
20] 135+1TC2 4% F23¢ 4§ ol DHTE AV U& A2 4H
gk E A AFF2ANE @4 F 7840 W AL dojve @4
< o o Ao mE AEIHe A BAHE AoE AZdr #4914
A %o°l, Dicentrachus labrax o)A Hol& FF3A %S we AW ey
%4 & ZAMEF Pastoureaud (1991)9] B o] 23tA A2 A7l 23t Aol 3}
= Z7]d e Holg FFE AYTge 2 A7t glert, HA A

ol AuaA A gasty F8 g FristdM AT gadd
3 sk ol g AL aFE AT v dAsA ek &, oy
Aoz 714 4A ol&He 9 SeAAE ol 7] AA Aol 4uH7|
MEelgts Eusti itk o] ATdME E4dE AolE HAGS o AF 3
e w20l ¥ETE WELN, HE YFE FolAE FFE Holn Uk a8
Pk £(1983)2 A Aol AAEE Hrhey] Hste Aoz AT vy
o=, AWM QY FE AE g WFA HA AV <7 A% =
HoZ2 WE 1 mm 28R & -2 & 527 1+&¢ 23] wrEslm 2443 F
o AETES I o WHE AHEY) WEY 2 F2 €Y HrEGD &
2, Hol Ay AxnE RS =Y £F ol&9AHKitajima et al, 1979).
i o] Aol 2IEH 24 JFY AojE tdE oFAE gy F7) =%
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1. ojujgza] 2L YAAE] B} Y A 2gRo=9 W3

%3 B8, Sebastes schlegeh®] &4 A& g W27 79 AE 93t
o4 & 3707Fel (YR A, 421119 om, HMF, 12344171 g , FH: A 322
t15 cm, AF, 584178 g)E AFUNLL YA TAY £HAHY A2z T
e 58 = 4l A4 v &3t FrAoR AN

wmulAl7]9 #F7]= 9L 15D2 A Aen, wnFe FFEIE MM
FIIA A &28A719 BF7)% 141 1 10DE AP, ZujA7)Y L& 12~
13CAAM 9~11TC7HA At e, ofFe X8 F2& FI7HAA 2447
9 F&L 14~15TE 2P} Pz2Fol oM mulely &471% 2977
£ 138U e whete], #FF7].4&E 2EE Mg FolMs wrldA &4t
A2QATE 1A A 1184, 22k F A 1199 At

Al E Yo % 45T BEE A A 2HEOE Fk WA
a7 9] 744 testosterone (T)F estradiol-174 (Ex)v= tHE d2u o Axd
o ¥FFEe] FAHEH, dHo] 400 m o HE dEAEXER FAEHE 94
224 HYTE 19963 1196, hET5 1997d 2¥9) Huge Red 18z
T A$ TY == AYTANA HAH ARAEYG LS HF-T =
A8, FAxihBel ARFE S0 28T 1996 8YlA 10¥ 7Hd =8k,

wrF 1149 F338] dopych
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FA Y GSI= 19969 4¥elA 697AE oF 0122 S8 % Hile QAL
A FolAe 1084 127, HETE 1194 13622 2tz Hujghol 23iich

29 GSIE 1996\ 190 18, 499 4322 wmd Wk, Hdre
19973 296 420, H2TFE 490 4652 24 Hulgs 7M.

68 A AAE FHTN B FLLHLE ofFolx YU, 7|7
FAAZEC] Z715 AT a2z AL H Kol FAAESG AME T
g0l E¥stn Utk 8¥ AT HauolE FRAZL HHNE FHE]
g HE A E BoFa AU, 108 AT AT FARd=
AAFEERE /H5A ART 1194 HiL@H miged a5 HRE]
X3, 289 FA7 AHE ALhLIf AAANES EXsn A 6¥
g dage] od FERAEZET] FEI Jon, Yol 6¥ v o @
2 o YEAEEC FEIHT IAT 108 diaddd FE Fa7y] @AY

EARSe] £Xs3 AL, 11€99 dhel GRAE Aloje] AdFd A
AR Eo] et YA 19979 1¥dE dhue £ @] Ay
I 24 dadd dEE 7R RS 98t U

wH A 7o) AL AHE7I7F AldaAdn, 2 ddie] 472 me fua
M AESHer WGt AuA7Y 4RSS Pad dEAEE Alolg zt
Aol &g FAE0] EXEINAL, AAF FHI FEEH A4 £ M
2 Helo dAR FA AgF Fe © Ao Wz anAzE & ¢ 3l
ATt

HAF7= Ao ARG HAGD G o g 2 3wn).£H o] g

ol met FRIATG dERTAA FRe A A4016Y ~ 89), 447 98 ~

I
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109), 2771(114Y), FA71(12¥8 ~ 2¥9)2 vde + AAZ, 4HAY A+ FA
71(64), 47168 ~ 10¥), 45 % xv7|A1Y ~ 39¥), 44 # 47
HE e B8 £2& 2249 AgFAME a9 dae ¥ &
ez fFAs e, 1A gdAe dE Tl His) A2 wEd 1)
4 S, dad £ d B R A4S 389, 2&F APedA E4L 9 78Y
dgd & ATk

3. 84 24 9 A-Ho AR

ZAEg 4AL AV, AAFE 2gstd G BRI} e oz
BZo 29, AA3 wRez gt z2dxn &7 Fa wekbsn
ARFEE 135~138TColA E4b4] 439 2FFE AF 22~29 kg HE ofn
oAM 47~483)/%, AT 16~20 kgH= onidlA 50~538/%F At 281 &
A2 F-ES o 12494 A8 44] Aol dejyto)

&2 Aol F 135~142ToA ALSA], 24 294 FF A4 131%
15 mm 2 AAsdc., 282 £ 160£165TAA AFSA] &4 F 709 74l
e b we) A AACE 52104 cm, 27002 S AT 34404 cm,
7t =g A A AAE 20202 cm Hok @EtA AFSEA(BFFEI-5E) Al
ol zuE= uu 9 E4 2Ho] F48A e, 29Eg FEA
e A FIAE & gl

- 110 -



=
at
bl
Ha
!

Ahlstrom, E H. 1961. Distribution and relation abundance of rockfish
(Sebastes spp) larvae off California and Baja California. Rapp. P.
V. Cons. Perm. Explor. Mer., 150 @ 169~176

Aida, K. 1991. Environmental regulation of reproductive rhythms in teleostei.
Bull. Inst. Zool., Academia Sinica, Monograph 16 173~187.

Aronovich, R M., S I Doroshev, L. V. Spectrova and V. M. Makhotin.
1975 Egg incubation and larval rearing of navaga (Eleginus
navaga Pall.), polar cod (Boreogadus saida Lepechin) and arctic
flounder (Liopsetta glacilaris Pall.) in the larboratory. Aquaculture,
6 1 233~242.

Asahina, K., I. Iwashita, I. Hanyu and T. Hibiya 1980. Annual reproductive
cycle of a bitterling, Rhodeus ocellatus ocellatus. Bull. Jap. Soc.
Sci, Fish., 46 * 299~305. (in Japanese)

Asahina, K and 1. Hanyu. 1983. Role of temperature and photoperiod in
annual reproductive cycle of the rose bitterling, Rhodeus ocellatus
ocellatus. Bull. Jap. Soc. Sci. Fish.,, 49 : 61~67. (in Japanese)

Asahina, K. and I. Hanyu 1985. Development of photoperiodism involved in
the gonadal activity of the bitterling, Rhodeus ocellatus ocellatus.
Bull. Jap Soc Sci. Fish, 51 : 1665~1670. (in Japanese)

Asahina, K. and I Hanyu. 1991. Effects of temperatures during winter on

gonadal recrudesence in spring in the rose bitterling, Rhodeus

- 111 -



ocellatus ocellatus. Bull. Jap. Soc. Sci. Fish., 57 © 255~260. (in
Japanese)

Bae H C, S. C Chung, J. J. Lee and Y. D. Lee. 1988. Annual reproductive
cycle and embryonic development within the maternal body of the
marbled rockfish, Sebastiscus marmoratus from the Cheju Island.
J. Korean Fish. Soc. 31(4). 489~499. (in Korean)

Baek, H. J. and T. Y. Lee. 1985. Experiment studies on the mechanism of
reproductive cycle in the longchim goby, Chasmichthys dolichognathus
(HILGENDORF), Bull Korean Fish Soc., 18(3). 243~252. (in Korean)

Blackburn, D. G. 1982, Classification of the reproductive modes of verte
brates. Am Zool, 22 . pp 910

Boehlert, G. W. and M. M. Yoklavich. 1983. Effects of temperature, ration,
and fish size on growth of juvenile black rockfish, Sebastes
schlegeli Env Biol. Fish., 8 : 17~28.

Boehlert, G W, and M, M, Yoklavich. 1984. Reproduction, embryonic
energetics and the maternal-fetal relationship m the viviparous
genus Sebastes (Pisces: Scorpaenidae). Biol Bull. (Woods Hole),
167 : 354~370.

Boehlert, G. W, M. Kusakari, M. Shimizu and J. Yamada. 1986. Energetics
during embryonic development in the kurosoi, Sebastes schlegell
(Hiwgenporr), J. Exp. Mar. Biol. Ecol., 101 : 239~ 256.

Boehlert, G. W. and J. Yamada. 1991. Rockfishes of the Genus Sebastes.

their reproduction and early life history. Dordrecht, Kluwer

- 112 -



Academic Publ., pp. 11~28.

Bogadanova, L. S. 1970, The transition of Tilapia mossambica Peters larvae
to active feeding. J. Ichthyl., 10 : 427~430.

Breton, B. and R. Billard. 1977. Effects of photoperiod and temperature on
plasma gonadotropin and spermatogenesis in the rainbow trout,
Salmo guairdneri Richardson. Ann. Biol. Anim Bioch. Biophys., 17 :
331~340.

Britz, P. J. and T. Hecht. 1987. Temperature preferences and optimum
temperature for growth of African sharptooth catfish, Clarias
gariepinus larvae and post-larvae Aquaculture, 63 . 205~214.

Bry, C.,, M. G. Hollebecq, V. Ginot, G Isreal and ]. Manelphe. 1991. Growth
pattern of pike (Esox lucius L.) larvae and juveniles in small
ponds under various natural temperature regimes. Aquaculture, 97 :
155~ 168.

Bullough, W. S 1939. A study of the reproductive cycle of the minnow in
relation to the environment, Proc. Zool. Lond. Ser. A., 109 = 79~
102.

Chang, D. S. and D. G. Kim. 1991 Age and growth of Sebasticus
marmoratus (Cuvier et Valenciennes). Bull. Nat. Fish. Res. Dev.
Agency. 45 : 63~70. (in Korean)

Chang, Y. J, H. K. Lim and S. G. Byun. 1995, Gonadal maturation and
reproductive cycle in oblong rockfish, Sebastes oblongus. J

Aquaculture, 8(1). 31~46. (in Korean)

- 113 -



Chung, E Y, Y J Chang and K K. Lee 1995 Activities of hepatocytes
and changes of protein and total RNA contents on liver and
muscle of Sebastes schlegeli with the gonadal maturation. J.
Korean Fish. Soc 28(3) 338~346. (in Korean)

Chyung, M K 1977 The Fishes of Korea IL JI SA Publishing Co., Seoul.
727 pp. (n Korean)

Corey, P. D, D. A. Leith and M. ]. English. 1983. A growth model for
coho salmon including effects of varying ration allotments and
temperature, Aquaculture, 30 : 125~143.

De Vlaming, V. L. 1972a. Environumental control of teleost reproductive
cycles . a brief review J. Fish. Biol, 4 : 131~140.

De Vlaming, V. L. 1972b The effects of temperature and photoperiod on
reproductive cycling in ' the - estuarine gobbid fish, Gillichthys
mirabilis. Fish. Bull., 70(4). 1137~1152,

De Vlaming, V. L. 1975. Effects of photoperiod and temperature on gonadal
activity in the cyprinid teleost, Notemigonus crysoleucas. Biol.
Bull., 148 @ 402~415,

De Vlamung, V. L, D. Baltz, S. Anderson, R. Fitzgerald, G. Delahunty and
M. Barkley. 1983. Aspects of embryo nutrition and excretion among
viviparous embiotocid teleosts: potential endocrine involvements.
Comp. Biochem. Physiol., 76(A). 189~ 198.

Duncan, D. B. 1955. Multiple-range test and multiple F test. Biometrics, 11
P 1~42.

- 114 -



Eigenmann, C. H 1982 The fishes of San Diego Califonia. Proc. U. S.
Nat Mus., 15 1 123~1278

FAQO. 1977. Yearbook of fishery statistics 1976 catches and landings.
Fishertes Statistics Series, Food and Agnculture Organization,
United Nations Rome. Vol. 42.

FAO 1988. Yearbook of fishery statistics. 1986 catches and landings.
Fisheries Statistics Series, Food and Agriculture Organization
United Nations Rome. Vol 62.

Fry, F. E. J. 1971. The effect of environmental factors on the physiology of
fish In: W. S. hoar and D. ]J. Randal (Editors), Fish Physiology
Vol. V. Academic Press, New Yolk, US.A. pp. 198

Fujita, S. 1957, On the larval stages of a scorpaemid fish, Sebastes
pachycephalus nigricans (Schmidt). Jap. J Ichthyol., 6 : 91~93. (in
Japanese)

Goolish, E. M. and I. R. Adelman. 1984. Effects of ration size and
temperature on the growth of juvenile common carp, Cyprinus
carpio L. Aquaculture, 36 | 27~35.

Harada, E. 1962. A contribution to the biology of the black rockfish,
Sebastes inermis (Cuvier et Valenciennes), Publ. Seto Mar. Biol
Lab., 10 . 307~361.

Hara, A, A. Takemura, T. Matsubara and K. Takano. 1986, Immunochemical
identification of fernale-specific serum proteins in a viviparous fish,

the white -edged rockfish, Sebastes taczanowskii during vitellogenesis

- 115 -



and pregnancy, and after estrogen treatment. Bull. Fac. Fish.
Hokkaido Urniv., 37 © 101~110. (in Japanese)

Herzig, A. and H. Winkler. 1986. The influence of temperature on the
embryonic development of three cyprind fishes, Aramis brama,
Chalcabrunus chacoides mento and Vimba bimba. J. Fish. Biol., 28
1 171~181.

Hoomnbeek, F. K, P. ]J. Sawyer and E. & Sawyer. 1982. Growth of winter
flounder (Pseudopleuronectes americanus) and smooth flounder
(Liopsetta putnami) in heated and unheated water. Agquaculture,
28 © 363—373.

Hoshiai, G. 1977. Larvae and juveniles of the Scorpaenid fish, Sebastes
schlegeli. Jap. J. Ichthyol., 24(1). 35~42. (in Japanese)

Hunter, J. R. 1981. Feeding ecology and predation of marine fish larvae. In
: R. Lasker (Editor), Marine Fish Larvae. Washington Sea Grant,
Seattle, U.5.A. pp. 33~77.

Igarashi, T. 1968 Ecological studies on a marine ovoviviparous teleost,
Sebastes taczanowskir (Steindachner) 1. Seasonal changes of the
testis. Bull. Fac. Fish Hokkaido Univ, 19 . 19~26. (1n Japanese)

Ishii, S. 1961, Effects of some hormones on the gestation of the top
minnow, Gambusia daffinis. J. Fac. Sci. Univ. Tokyo, Sect., 4, 9 :
279~290. (in Japanese)

Ishii, S 1963. Some factors involved in the delivery of the young in the
top minnow, Gambusia dffinis. J. Fac Sci. Univ. Tokyo, Sect., 4,

10 : 181~187 (in Japanese)

- 116 -



Johnson, D. W. and I Katavic. 1986. Survival and growth of sea bass,
Dicentrarchus labrax larvae as influenced by temperature, salmity
and delayed initial feeding. Aquaculture, 52 @ 11~19.

Kang, D. Y, Y. J. Chang, Y. C. Sohn and K. Aida. 1998. Changes in
plasma levels of thyroid and sex steroid hormones in rockfish,
Sebastes schlegeli during maturation and parturition periods. J.
Korean Fish Soc 31(4) 574~580. (in Korean)

Kendall, A W, J. E. Ahlstrom and H. G. Moser. 1984. Early life histology
stage of fishes and their characters., I-22 In H. G. Moser, W. ]
Richards, D. M. Cohen, M. P. Fahay, A W. Kendall, Jr. and S L
Richardson{ed.) Ontogeny and Systematics of Fishes, Amer. Soc.
Ichthyol. Herpetol. Spec. Fubl. No. 1.

Kim, Y. and S. B Hur. 1991. Spawning inducement of flounder,
Paralichthys olivaceus by the control of water temperature and
photoperiod J. Aquaculture, 4(2). 85~95. (in Korean)

Kim Y. U and K. H. Han 1991, The early life history of rockfish,
Sebastes schlegeli. Korean J. Ichthyol., 3(2). 67~83. (in Korean)

Kime, D. E. and D J Groves. 1986 Steroidogenesis by gonads of a
viviparous teleost, the sailfin molly (Poecilia latipinng), in vitro
and in vivo. Gen. Comp. Endocrinol. 63 . 125~133,

Kitajima, C., S. Fusita, F. Ohwa, Y. Yone and T. Watanabe. 1979.
Improvement of dietary value for red sea bream larvae of rotifers

Brachionus plicatilis culture with baker's yeast Saccaromyces

- 117 -



cerevisige. Bull. of the Jap. Soc. of Sci. Fish, 45(4). 469~471. (in
Japanese)

Korean fisheries yearbook. 1995. Dong Yang Mun Hwa Co. Ltd. 640 pp.

Korsgaard, B. and I Petersen. 1979. Vitellogenin, lipid and carbohydrate
metabolism during vitellogenesis and pregnancy and after hormonal
induction in the blenny, Zoarces viviparus (L.). Comp. Biochem.
Physiol., 63B : 245~251.

Kusakari, M., Y. Mori and K. Kudo. 1977. Studies on the breeding habit
of a rockfish, Sebastes schlegeli (HILGENDORF). 2. On the
breeding behavior of pregnant fish and the just spawned larvae.
J. Hokkaido Fish. Exp. St., 34 : 1~11. (in Japanese)

Kusakari, M. 1995. Studies on the reproductive bioclogy and artificial
artificial juvenile production of kurosoi Sebastes schlegeli
(HiLGeENDROF). Sci. Rep. Hokkaido Exp. Stn. 47, 41~124. (in
Japanese)

Larson, R. J. 1980. Influence of territoriality on adult density in two
rockfishes of the genus Sebastes. Mar. Biol., 58 @ 123~132.

Lasker, R., H. M. Feder, G. H. Theilacker and R. C. May. 1970. Feeding
growth, and survival of Engraulis modax larvae reared in the
laboratory. Mar Biol., 5 : 345~353.

Lee, C. K., S. B. Hur, S. Park and B. G. Kim. 1997. Qualities of spawned
eggs during the spawning period in red spotted grouper,

Epinephelus akaara. J. Aquqculture. 10(4). 463~472. (in Korean)

- 118 -



Lee, J. S, C. M. An and P. Chin. 1996. Copulation and embryonic

Lee.

Lee,

Lee,

Lee,

Lee,

development of the viviparous teleost surfperch, Ditrema
temmincki. J. Korean Fish. Soc 29(1). 26~34. (in Korean)

U, S J. Son and J H. Baek. 1989. The optimum stocking density
of red seabream, Pagrus major, fry. Bull. Nat. Fish. Res Deuv.

Agency. 43 . 165~172. (in Korean)

Y., I. Hanyu and K. Furukawa. 1984. Effects of photoperiod and

temperature on the gonadal activity in small filefish, Rudarius

ercodes. Bull. Korean Fish. Soc., 17(6) 523~528. (in Korean)

. Y. and S, Y. Kim. 1987 Experimental studies on the mechanmsm of

reproductive cycle in the bluegill, Lepomis macrochirus. Bull,

Korean Fish. Soc., 20(6). 489~500. (in Korean)

. Y. and S, Y. Kim. 1992. Reproduction and embryonic development

within the maternal body of ovoviviparous teleost, Sebastes

inermis. Bull. Korean Fish. Soc., 25(b). 413~431. (in Korean)

Y D, S. Bho, Y. J. Chang, H. J Baek and C. M. An. 1996. Sex

differentiation of the rockfish, Sebastes schlegeli. J. Korean Fsh.
Soc. 29(1). 44~50. (in Korean)

Lundquist, H. 1980. Influence of photoperiod on growth in Baltic salmon

parr (Salmo salar L.) with special reference to the effect of

precocilous sexual maturation. Can. J. Zool., 58 : 940~944.

May, R. C. 1971. The effect of environmental factors on the physiology of

fish. In : W. S, Hoar and D. J. Randall (Editors), Fish Physiology,
Vol. VI. Academic Press, New York. US.A. pp. 1~98.

- 119 -



Mendoza, G 1940. The reproductive cycle of the viviparous teleost, Neotoca
bilineata. A number of the family Goodeidae. II. The cycle
changes in the ovarian soma during gestation. Biol. Bull, 78 : 349
~365.

Mendoza, G. 1943 The reproductive cycle of the viviparous teleost, Neotoca
bilineata. A number of the family Goodeidae IV. The germinal
tissue. Biol. Bull, 84 * 87~97.

Mm, B. S. 19838 Maturation and spawning of flounder Paralichthys
olivaceus under captive conditions. J. Aquaculture, 1(1). 25~39. (in
Korean)

Mizue, K. 1957, Studies on a scorpaenous fish Sebastiscus marmoratus
(Cuvier et Valenciennes) I. On the monthly variation of gonad
maturity. Bull. Fac. Fish. Nagasaki Univ., 51 27~29, (in Japanese)

Moser, H. G. 1967. Reproduction and development of Sebastodes paucispinis
and comparison with other rockfishes off southern California.
Copeia., 773~797

Moser, H. G and E H Ahlstrom 1978 Larvae and pelagic juveniles of
blackgill rockfish, Sebastes melanostomus, taken 1n midwater
trawls off southern Califonia and Baja Califonia. J. Fish. Res. Bd.
Can., 35 . 981~996.

Moulton, L L. 1975. Life history observations on the Puget Sound rockfish,
Sebastes emphaeus (Starks, 1911) J Fish Res. Bd. Can., 32 :
1439~ 1442,

- 120 -



Mushiake. K and S Sekiya. 1993. Atrial of evaluation of activity in striped
jack, Pseudocaranx dentex lavae. Suisanzoshoku. 41(2). 155~160.
(in Japanese)

Murray, R W 1971. Temperature receptors. In : W. 5. Hoar and D. ].
Randall (Editors), Fish Physiology, Vol. V. Academic Press, New
York. US.A. pp. 121~133.

Nagahama, Y., A. Takemura, K. Takano, S. Adachi and M. Kusakari. 1991.
Serum steroid hormon levels in relation to the reproductive cycle
of Sebastes taczanowskii and S. schlegeli. Environ. Biol. Fish., 30 :
15~22.

Nakari, T., A. Sowvio and S Pesonen 1986. Effects of advanced photoperiod
cycle on the epidermis and gonadosomatic index of 2-year-old
rainbow trout, Salmo gairdneri R, reared at natural temperature, J.
Fish Biol., 29 @ 451 ~457

Nishi, K. and K. Takano 1979. Effects of photoperiod and temperature on
the ovary of the bittering, Rhodeus ocellatus ocellatus. Bull. Fac
Fish. Hokkaido Univ., 30(1). 63~73. (in Japanese)

Nishi, K. 1979. A daily rhythm in the photosensitive development of the in
the itterling, Rhodeus ccellatus ccellatus. Bull. Fac. Fish.
Hokkaido univ., 30(2). 109~115. (in Japanese)

Oliva-Teles, A. and S. ] Kaushick. 1990. Effects of temperature on
utilization of endogenous energy reverses during embryonic
development of diploid and triploid rainbow trout (Salmo gairdneri

R.). Aquaculture, 84 : 373~382.

- 121 -



Park, S., S. Rho and S. K. Kim. 1993. The parturition and early growth of
rockfish, Sebastes schlegeli. Bull Nat Fish. Res Dev. Agency. T -
45~57. (in Korea)

Pastoureand, A. 1991. Influence of starvation at low temperature on
utilization utilization of endogenous energy reserves, appetite
recovery and growth character on sea bass, Dicentrarchus laborax.
Aquaculture, 99 . 167~178

Phillips, J. B. 1964. Life history studies on ten species of rockfish (genus
Sebastodes). Calif. Dep. Fish Game, Fish Bull., 126 : 70p.

Polo, A. M. Yufera and E. Pascual. 1991. Effects of temperature on egg
and larval development of Aparus aurata L. Aquaculture, 92 @ 367
~375.

Rana, K. J. 1990b. Influence of  incubation temperature on Oreochromis
niloticus (L.) eggs and fry I. Survival, growth and feeding of fry
developing salely on thewr yolk reserves. Aquaculture. 87 : 183~
195.

Razani, H and I. Hanyu. 1986a. Effects of continued short photoperiod at
warm temperature and following change of regimes on gonadal
maturation of goldfish. Bull. Jap. Soc. Sci. Fish., 52 : 2061 ~2068
(in Japanese)

Razani, H. and 1. Hanyu. 1986b. Annual reproductive cycle 2-3 years old
female goldfish and its artificial modification by manipulations of
water temperature and photoperiod. Bull. Jap. Soc. Sci. Fish, 52

965~969. (in Japanese)

- 122 -



Sasaki T. 1974. On the larvae of three species of rockfish (Genus :
Sebastes) in Hokkaido. Bul. Fac Fish. Hokkaido Univ., 25 @ 169~
173. (in Japanese)

Sasaki T. and T. Igarashi. 1974. Seasonal changes of the testis and the in.
Bull. Fac. Fish. Hokkaido Univ., 25 © 100~106. (in Japanese)

Sasaki, T. 1976. The larvae of two scorpaenid fishes, Sebastes wakiyai and
S. iracundus Bull. Jap. Soc. Sci. Fish, 42 @ 1353~1356. (in
Japanese)

Shimizu, A. and I Hanyu. 1982. Environmental regulation of annul
reproduction cycle in a spring-spawning bitterling, Acheilognathus
tabira. Bull. Jap. Soc. Sci. Fish., 448 : 1563~1568. (in Japanese)

Shimizu, A and I Hanyu 1983. Environmental regulation of
spawning-period in autumn-spawning bitterling Pseudoperilampus
typus. Bull. Jap. Soc. Sci. Fish., 49 . 895~900. (in Japanese)

Shimizu, A. and I. Hanyu. 1993, Factors involved in the development of and
decline in photoperiodism as it relates to the gonadal activity of a
spring spawning bitterling, Acheilognathus tabira. J. Exp. Zool.,
265 : 134~143.

Shiokawa, T. and H Tsukahara, 1961. Studies on habits of coastal fishes
in the Amakusa Islands. 1. Early life history of the purple
rockfish, Sebastes pachycephalus pachycephalus (Temminck et
Schlegel). Rec. Oceanogr. Works Jap Spec., 5 . 123~127.

Shinomiva, A and O. Ezaki 1991. Mating habits of the rockfish Sebastes
inermis. Env. Biol. Fish., 30 : 15~22.

- 123 -



Shirota, A. 1970. Studies on the mouth size of fish larvae. Bull. Jap. Soc.
Sci. Fish., 36(4). 353~369. (in Japanese)

Sorokin, V. P, 1961. The redfish ; gametogenesis and migration of the Seb-
astes marinus (L) and Sebastes mentella Travin., Rapp. Cons.
Explor Mer., 150 : 245~ 250.

Station Experimentale d’ Aquaculture de Palavas. 1984. Synthese des
donnees sur la gestion d’ un stock de reproducteurs de loups
et de daurades. 388 @ 1~20.

Takahashi;, H, K. Takano and A Takemura. 1991 Reproductive cycles of
Sebastes taczanowskii, compared with those of other rockfishes of
the genus Sebastes. Env. Biol, Fish., 30 : 23~29.

Takemura, A. Takano and H. Takahashi. 1995. The uptake of
macromolecular materials in the hindgut of viviparous rockfish
embryos. J Fish Biol., 46 © 485~493.

Trout, G. C. (ed). 1961. ICES/ICNAF redfish symposium. Int. Comm.
Northwest Atl. Fish., Spec. Publ., 3 . 311p.

Turner, C. L. 1942. Diversity of endocrine function in the reproduction of
viviparous fishes. Amer. Nat, 76 . 179~190.

Veith, W. J. 1980. Vivipanty and embryonic adaptation in the teleost Clinus
superciliosus. Can. J Zool., 58(1). 1~12.

Wiebe, J. P. 1968. The reproductive cycle of the viviparous seaperch,
Cymatogaster aggregata Gibbon. Can. J. Zool., 46 © 1221 ~1234.

Wourms, J. P. 1981, Viviparity : The maternal-fatal relationship in fishes.
Amer. Zool., 21 : 473~515.

- 124 -



Wourms, J. P, B. D. Grove and J. Lombardi. 1988. The maternal-embryonic
relationship in viviparous fishes. pp. 1~134. In W. 3. Hoar & D.
J Randall (ed.) Fish Physiology, Volume 11B, Academic Press,
New York.

Yamada, J. and M. Kusakari. 1991. Staging and the time course of
embryonic development in kurosol, Sebastes schlegeli Env. Biol.
Fish., 30 : 15~22.

Yasuhisa, K. and T. Oda. 1990. Quality of natural spawned eggs in red
spotted grouper, Epinephelus akaara reared in tank. Okayama
Prefecture Fish. Cent., 5 ' 48~52. (in Japanese)

Yi, Y. H and Y ] Chang. 1994 Physiological effects of seamustard
supplement diet on the growth and body composition of young
rockfish, Sebastes schlegeli. Bull. Korean Fish. Soc. 27(1). 69~82.
(in Korean)

Yokogawa, K. M. Icuchi and K. I. Yamaga. 1992. Age, growth and
condition factor of black rockfish, Sebastes inermis In southern
coastal waters of the Harima sea Suisanzoshoku. 40(2). 235~240
(in Japanese)

Yang. Y. R. 1985. Response of rockfish to the colored lights. Bull. Korean
Fish. Soc., 18(2). 119~123. (in Korean)

AT, 1969. XA EOWBMIHMT 5L v ROV L, w4 OMARAE. Ak
35 1 563 ~566.

MIATB - THRE - #KFNER. 1975. ¢ v T Sprinchus lanceolatus (HIKITA)

- 125 -



PRARE-1 AR TOEITEIC DT JEARE KB EEHR 30 ¢ 31
~38.
Bl LY AP E- B PR T BiET. 198, X4 HEERLE 1
SCFENDILT). BBFEHSRER S, B TEXGHRE. 41 6~T
HHEIF - BHEHER-FRUE 1971 KENIRBI XA, 7aX( OEND
W AMABRE S B E BRI IR S, 1 83~89,

EE AR 1987, AARRE KEBMEBHRK 1 SEMEIACREW RE), #ERE,
R, pp. 193~219.

BEEE-ESW. 1975 BEF 2 EASBRED 7 ) R 51T 5 BT oMK
Rl 2 BEREIC D WO HARESHZ. 21 © 213~219

REAKERFE BRI 1972, Bl =& A4 2o nRINCHT 2H%E-0. B4
M OMBERET DMEICONT, EEAFAGHR, 3 41~47.

JbE7. 1993 BEMHEFE, 3 AFAR THOAEHE, BAORENE L TR
Begin, KEE )X, 93 31~40

WFe#%. 1967 =& 4, EMBEHR KGR FETLEAM. HERE, B pp.
b15~524.

AIL -Gh, 1958, 44 T OBYE-IV, WEIVREMEEREDZES I T, BREX
BRI IR E, 8 1 80~83.

HEHE L 5. 1981 2 TREAD BN R & FROTEINIC >, B
HIEH., 2 1 11~20,

SEr e JUNEEE - RFIE 1973 SEEmEEFL-T. NERAFEEICL b=
K4 ORMEIICO>WT, ZEBFEEKH  6p

BARE BEB= -HBE— BEMG. 1979 KEANTEESN LT Vwy 2
Genicanthus laomarck B & U by, G. semifasciatuso pEBNE Y - I8 - fF

- 126 -



B LU, RELFEEFICE 12 1 149165,

BATE HEB= ol m$EE - 198la 4 PEXNTRURYTr~70
RS A - FIIF RAE IC IR BYE IS W T RIS KB EFELTERE, 14 ¢
369~ 377.

BATLE MR - OEB=- LFEFE. 1981b. KA THES LIz F 23X 0¥
IR & ARG, REAE B EE, 14 © 357~ 367.

BATRE - BEB= HhE—JbEH 1983 AHERIBIT5+ P 24, Hapalog-
enys mucronatus?) BN & AN IES. HAAEEHEEMAE 16 ¢ 183
~191.

AtEFk 1968, WEINREEFH T AL Sebastes  taczanowskii
(STEINDACHNER) )/ BB R B 98 1. MEMESCEESSIC D WO JEAKEE
#®# 19 27~38.

MELE 1982 e AME, MABORM ENOHE(HAKERGR), L Lt
EER, T, pp. 90~103.

el k- eh. 1980 KEEBAMAP, KERMBHE F48. GERE, HIL, OX
439 pp

PERIES- PR EER - F)IIR=R- SBEW. 1986 RORBICLLE 7 xR
BRON. R, 15(1). 57~62.

FIR677. 1956, EERBEOEIRELIC >W(. HALEEESE, 9 116~120.

B ERE A, 1977 HREE L © Yo ENTE. BAKERR 43 1 23~52

EBEW-Fm=8-REEK. 1975 79V 0MEAKRE TR, A/ AHAFH,
9:1~9.

FRE . 1985, KARRICB 2B 7 v 4 0BRER. ALE 7 v, 7 AHHE
& OARBELAHR 6 1~10.

- 127 -



e = Ak, 1975, JRRRA:fu A VIR BRBUE AR AL B IS T 2814, L
HEEA B+ X 180p.

e~ Rd 1981, 7w v 4 NEFE, EEAELBRICOWT. ZH4, 7 90~%.

FOM SRR TRACHL. 1977, 7w v A oENATRICET 2 HIR(ELIE). A AH,
34(6) 1-~8.

BARNS - B TRHEBLE] 1979, 7 2 4 o IAERRICBRT 5 TAJR(83). Jbka
WAH., 36(1). 1~8.

BN RRS  FRaERE, 1982, 7 v A M4 ER MBI, VI AERIO6E L ILAER
FfFEe > X - FERGE 61~74.

BEFLAED. 1969. 7 9 X A4 OFRET. 2 ABOBREBICHT L > Ky 74 A
2kik, 35(6) 567 ~569.

FIE —F)- 470 #1990, OARKIMER GHETR. BREIFE. 21~29.

GMEBE 1996 REORE, 84, BUR & £ OB~ B N N WSE. Kk
VB (MK, BRLK T4 H) #EBR, R, AR pp 656~102.

- 128 -



N

o =Fo] SAHNA FYUE A9 Ax WL FA 3, AU A
Foz s 4718 F4A AXAF = 4 AP AHOE FALELH, bt
& W& gtz A4 Aate dEFd FeE oA

Aol whEal FoE FHE AN ANFAD 37

=
P
ot
2
H
e
.

g

A FEFAAEFY FadT4L P & 4%d, 28§

g JAE =YY, BT &7 0F T8 AEE o7A Foal o] AA

5 S

A 4 2ad, o) 1% BEYAE 2e PAE =Y 2 o
Aol gol AYel T, AN/ TANG FRERN B E4S
A AAEIARGL 2 G BEYT FYFAAFL B AR AR

da
o
P
b

=

NEE F4E MEd FAD AZHo Ads) £ AFY
Fdst old H A AEA 2AE =PV B8 AY
AYAY A9Hez E9F AFUST AFATL BAHA
g4 U 2% Fuun o 49 4 98 A AW, & £F PUSAE BAE
g, g RN el HEe] FEL w1 A= A A3, o BE FuA
E A=Y, A3 AFENFSAALATa0 BRAAE T AW AT
GAE nehge EYUT 283 B A97E A2AGE A6 Ao 4=
dbata AME 48 dAdes EeRA Fu) A Wd wbda 2drz A
4 2He 99 ofe T noen E1ERY 3 49 Py, 2 99§
WAL 298 Eabw, WY A 9%, B A5 Tude 434 Fug
AAE e EFHuo,

o
£l
S
o2
e
—LI |
LB
b

- 129 -



A o oAstME HALE 3 ARAFAIL, WAHAFD BE F
AAAAE AT H i 23, 2 HF AdAEd, FE Ve AddA A
=gyt agln 4 B8 ¢ AR gEAE =g Y

1982 AF=ol ALE e F, 7 1598 &4 A FHd44A4 oz ¢
ol gl&mvitt 2% =L FA AFRTR HYITL ¥ FEANLH 2
FE WU B oz gol glgdeitt A A SAXNY RANFEN A 2AE
Pegd b A9 2ad, 21 o] FRAMIAE FALEHYG

B2 250 S717HA] olgf oA HeME A & AHA FoH Ry
it A BFSANE 22 4N AF2R o FE 7HAT o] e AA S
Ag o JEF e AFA dd, v, AR 1k Fapy, o

2 g8 o $8d g A& gAHEU,

'

- 130 -



	표제면
	목차
	Abstract
	Ⅰ. 서론
	II. 재료 및 방법
	1. 어미관리 및 광주기 · 수온 조절
	1) 어미확보
	2) 사육시설 및 관리
	3) 광주기 · 수온 조절
	4) 성장 및 생존율

	2. 생식세포의 발달과 혈청 성 스테로이드 호르몬의 분석
	1) 실험어
	2) 호르몬 추출 및 정량

	3. 번식주기
	1) 생식기 구조
	2) 생식소중량지수
	3) 배우자 형성과정
	4) 교미 및 체내 난발생
	5) 번식주기

	4. 출산 조절 및 자 · 치어 사육
	1) 출산
	2) 자 · 치어 사육
	3) 자 · 치어 활력평가

	5. 통계처리

	III. 결과
	1. 어미관리 및 광주기 · 수온 조절
	1) 광주기 · 수온 조절
	2) »çÀ°È¯°æ
	3) 성장 및 생존율

	2. 생식세포의 발달과 혈청 성 스테로이드 호르몬의 월 변화
	1) 생식세포의 발달과 형청 성 스테로이드 호르몬의 월 변화
	2) 암컷

	3. 번식주기
	1) 정소
	2) 생식소중량지수 월 변화
	3) 배우자 형성과정
	4) 교미 및 체내 난발생
	5) 번식주기

	4. 춠한 조절 및 자 · 치어 사육
	1) 출산 
	2) 자 · 치어 사육
	3) 자 · 치어 활력평가


	IV. 고찰
	V. 요약
	VII. 참고문헌
	감사의 글

