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Summary

The study has been carried out to understand population dynamics of
two species of scorpionfish, Sebastiscus marmoratus and S. tertius, based
on morphometric analyses, age and growth, gonadal development, and
reproductive cycle. The samples used in this study were collected from
the coast of Cheju and Wando islands between July, 1992 and August,
1997.

1. Current Status of Scorpionfish Fisheries in Korea

The catch amount of scorpionfishes reached its peak in 1989 showing 6,453
M/T, and then have steadily decreased to 4,705 M/T until 1996. These fishes
were caught mainly by three different methods and the amount of catches
from 1986 to 1996 by using longline, gillnets and angling were 19,637,
16487, and 7,715 M/T, respectively. There were also some regional
differences in the catch amount of scorpionfish, which were reported as
followed : 20,937 M/T in Kyeongnam province, 11,020 M/T in Cheonnam
province, 9,695 M/T in Incheon, and 4,872 M/T in Cheju province.

2. Morphometric Analyses

Intraspectfic comparisons between female and male S. marmoratus showed
significant differences in some morphometric characters such as PDL/BL
(ratio of predorsal length to body length), PVL/BL (ratio of preventral
length to body length), and PPL/BL (ratio of prepectoral length to body
length), whereas the same comparisons between female and male S. tertius
showed significant differences in PDL/BL and PVL/BL. On the other
hands, interspecific comparisons indicated that PPL/BL of male S.

marmoratus was significantly larger than that of male S. tertius.



3. Reproductive Cycle

Gonadosomatic index (GSI) of S. marmoratus female increased from
October and reached the maximum in March, then decreased during the
period of November to April. In S. marmoratus male, GSI reached the
maximum in September, which was one to three months earlier than
the female, and then rapidly decreased during the period of October to
December. On the other hand, GSI of S. tertius female reached the
maximum during the period of April and May, and then decreased from
June, whereas GSI of male reached the maximum during the period
of November and December, which was four to five months earlier
than the female, and then rapidly decreased from January.

The annual reproductive cycle of S. marmoratus could be divided
into five stages in female: growing (June to September), maturation
(September to February), ripe and copulation (March to October),
gestation and parturition (November to April), degenerative and resting
(December to May); and four stages in male! growing (April to July),
maturation (August to November), ripe and copulation (September
to December), and degenerative and resting (November to March).
On the other hand, S. tertius had quite different annual reproductive
cycle from that of S. marmoratus, which was as followed: growing
(November to February), maturation (January to April), ripe and
copulation (April to May), gestation and parturition (May to June),
degenerative and resting (June to November) stages for female; and
growing (August to September), maturation (December to November),
ripe and copulation (December to January), and degenerative and
resting (January to August) stages for male.

About 50% of both female and male of S. marmoratus ranging 13.0 to
13.9 cm in total length turned out to become the first maturity, and when

the fish grew to be 150 cm to 159 cm in total length, no fish were
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failed to become the first maturity. For S. tertius, percentage of the fish
reaching the first maturity was 50% when the total body lengths of
female and male were 26 and 25 c¢m, respectively, whereas 100% of fish
reached the first maurity when female and male total length were larger
than 28 and 27 cm, respectively.

Size frequency distribution of eggs and larvae of S. marmoratus
showed non-synchronism, and maternal larvae parturition occurred one
or two times during the period of November to April. On the other hand,
S. tertius showed synchronism with only one occurrence of maternal
larvae parturition.

Total mean number of eggs and maternal larvae per S
marmoratus was 83224 (ranged 42974 to 142,975), whereas that of S.
tertius was much higher at 351,222 (ranged 26,333 to 942,791). The
fecundity tended to increase proportionally with the increase in total

length and body weight.

4. Growth

The monthly changes of marginal increment In each annual ring
groups indicated that the ring of otolith would be formed once a year in
February for both S. marmoratus female and male, whereas in January
for S. tertius.

Relationship between the total body length (TL) and the radius of

otolith (R) of S. marmoratus were as followed:

TL = -0526 + 4.818R (R® = 0.717) for female

TL = -1.895 + 5239R (R® = 0.776) for male.
For S. tertius,

TL = -3.894 + 5.445R (R® = 0.747) for female

TL = -7.428 + 6.260R (R®* = 0.864) for male.

=i -



When Bertalanffy equation was applied to generate the growth curve,

the following equations were obtained.

Growth equations generated with the total length of S. marmoratus:
Licm) = 21484 (1 - %030y f5r femnale
Licm) = 23.698 ( 1 - ¢ %% ) for male.

Growth equations generated with the weight of S. marmoratus:
Wi(g) = 16342 (1 - ™08 3 for female
Wilg) = 21014 ( 1 — e **08 33 50 male.

Growth equations generated with the total length of S. tertius:
Licm) = 54491 (1 - @™y £5r female
Lcm) = 57.382 (1 - ¢ *M048 y gor male,

Growth equations generated with the weight of S. tertius:
Wilg) = 258554 (1 - ¢ 004 )3 £ fomale
Wilg) = 3002.28 (1 - ¢ ¥ )3 for male

These results indicated that the males grew relatively faster than the

3}

females for both S. marmoratus and S. tertius.

0. Parturition

Mean length of newly born S. marmoratus larvae was 3.68 mm
(ranged 3.34 to 4.01 mm) and that of S. tertius was 3.76 mn (ranged 3.42 to
3.98 mm). Mean number of larvae was 59,836 (ranged 1,440 to 160,080) for
S. marmoratus, and 191,433 (ranged 8200 to 334,600) for S. fertius. On
the other hand, an additional larvae parturition was observed at the three
batches of S. marmoratus during the period of 14 to 21 days after the

first parturition, but no additional parturition was occurred in S. tertius.
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8 v A dgelA FulelE FEEm olfe 8% 30Fo HiFHA
o Lujo] L(E)olle B (Sebastiscus albgfasciatus), E¥80] (Sebastiscus
marmoratus), ¥-2%&W o] (Sebastiscus tertius) 3%°] EX§} (Kim and
Lee, 1993).

o] & o] S marmoratust AV £ BZolHFE 8 vt Esied,
dE, it @ FEIH A GR Ao MYEe HAH oAFE A
2 MAA we} EZ4 2R Fog Wolrt gsiy, doe FE A
, AL, A 5 AXMFTES Fot H3EY (Chyung, 1977). 4% AWdie
8, €99 T2 EEen, 4F oF 7ted AAA 4Fez At de
ol 8 WdFolh

&gl S tertiuse #FHo] B} 2 o MHdte Fo2 AA
AW AE HeH EA L vl O Barsukov and Chen (1978)e] A& 2
2 ERetEAM g Foz 4eAA Ak $8 yEeA e Kim and
Lee (1993)7} Ago2 “F2EwWol"2 A3 stgen, £de] o qiFo
2 AMe 34 mE HF2AE Jehdy, e =g dxse 19712
o] Bk 170 o gt

BT g 3 942E Sebastesw2l A AAF7] (Bowers,
1992; Macgregor, 1970; Moser, 1967, Sasaki and Igarashi, 1974; Takahashi
et al, 1991; Wyllie, 1987), M4oldxiel <<k MF (Boehlert and
Yoklavich, 1984; Norton and MacFarlane, 1995), ¢# ¥j22 (Yamada and
Kusakari, 1991) %o] ®Hau&i vl Fods EgFe EF (Kim and
Lee, 1993), 3488} Sebastes oblongus?] <3 A4 F7] (Chang et al,
1995), B2 Sebastes inermis A3 AU Ao} ¥F (Lee and Kim,
1992), 3 E2 Sebastes schlegeli®] 71 &AL (Kim and Han, 1991) %
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o] qlt}. Fuio] ol #F AF2E A4 AYu) (Mizue, 1957, 1958, 1959),
Az A<= (Mio, 1960), 2143 A4 (Yokogawa and Iguchi, 1992), 4+&
47 WF71% (Ohgami et al, 1978 FE &, 1978) Fo] dod, Fud
w AAF7]d BSE AF (Bae et al, 1998; Kim et al, 1999) Fo] En= 1
Ak 28, EHaduole] Ui d7w I EFSE A9t d2 ®m oA A
3 A4 Ao B AAHR] dFe FUdHoZ nES AP}

2oy A8 A4 d3 A7 R dEHANge] F wgd o)y
< wigoz ALY o] (Love and Westphal, 1981; Laidig and
Ralston, 1995), =W AFE= 2%, S inermis (Kang, 1982), /1&g, S
pachycephalus (Choi et al.,, 1993) §o] o} ol gk AR AAAe
AT ZEE Mizue (1958), Mio (1960), 7 % T HIKHEMBAEAIEE (1975), HE
% (1978), Yokogawa and Iguchi (1992), Hayashi et al. (1995)9) €3 B3
7t glen, Ffjol = BlEE o83 Chang and Kim (1991)¢] |37
& ¥ola, 53] F2FWo] Q¥ A A AFE FU YA Fotr
7] &

Zujole} Houlol= Feld (Barsukov and Chen, 1978), f-&3
zho) 7k (B 5, 1990) R ASox B8tz o]Ado) &ujolo o)l
ATE 4R F Fol EYHo AFHAEL TheAel AVgz glew, Ny
HoZzx® A3 Ao 22 Aoy} e AR BuEI o1} (Yokogawa
and Iguchi, 1992), o}& 5 Fo] W& 44 Mol AR FFo)] B3 A
AHQ A= BES Aol

2t o] dA¥eE FWold Bofulels WINOE o)y VR, el B4,
A, 4%, AE ANE Ngeg F Fo AYMELE 548 vzt
shA T
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19863 58] 19969712 1063t &alolF ojgel AeE #4317 #3d
FUSFAEAAE (FHFAE, 1986~1996)8t FatE AF U FAAR
FHFY3, 1986~1996)E AT EF AFA FFAANFHE ST
o] F R, ol&A oHUES YL JAS FHN

AR E4E 3l £9olf ojfFe] d ¥F, oddE AxE oY
& tﬂ%, A o] qF, FHY wujdso] oiste zAREIAT

—

2. dHl =4

o) 9} Bouiole Hejd E3-2 A& (BL : body length), A1 (BH
: body height), 5% (HL : head length), ¥#1& A7 (PDL : predorsal length),
FUAAAL (PPL : prepectoral length), 3244 (PVL : preventral length)
9 AL o4t AUAFS BT (Fig. 1, 2). Ane oA =
ol BE59 HAA, FHL FFAAA olrtulFA ERETA Y He], F7
AAGLR FEXANA FA=HW 7A 2 Ho|, FAIJAFL FFA| A
AEA=H] FAAe] do], BARAFL FFAAM A =en R7tA
dolg 7|Fo 2 3t FA3A

Fol gt Feguold FUY B FF 7Y FHH XolE AHAEA
2] (Huxley, 1932)9l A3t vimatgeon, =3 & - F& T3 F319
Hsg AAI gt ol& FA 9§ - 3 R FY FH A Aole A
A& 7% 2.2 4 BL-BH, BL-HL, BL-PDL, BL-PPL, BL-PVL] 33
X2)-g 38 t}& Snedecor and Cochran (1967)9] F&AF Wiy oz sl
et
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Fig. 1. Two kinds of the scorpionfish, S. marmoratus and S, tertius.
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Fig. 2. Measurement of scorpionfish body parts for morphometrical
analysis. TL, total length, BL, body length; BH, body height;
HL, head length; PDL, predorsal length; PPL, prepectoral
length; PVL, preventral length.
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19924 7€ RH 10969 59744 AFE 2 Ag @5 APer A oY
of ols AHE Kulo] & 10357049} 199419 9 FE 19973 8E7HA o1
f Faguo]l & 5047MAE AAGAM FHHAT (Fig. 3).

A AGL 01 cm 74X, AF, V2ot T2 001 g7tA FAH AL
AA ko Z=A8H S 98t Bouin YN 24X 14 F A
paraffin A¥ B 23] 5~6 x£me FAZ ZHHESI Hansen’s haematoxylin}
05% eosing Wlnl gasted 22 RS TEUTE AW2A2FFA4 (Gonadsomatic
index @ GSD& A24FF (GW)H# AF BW) ()4, 3+58A5 (Hepatosomatic
index : HSD¥ 2 3% (HW) 2 A5 BW)22 B85 )4 o3l ALsa
o}

1

GSI
HSI

GW / BW X 10 Zerenrereerenninens (1)
HW / BWL X 10 Zivreevrrnruinneenens (2)

d zlejo] BEle  Gilson &g @2 ohg 3~7U7 F3 E£go] £
A EEdta, ByEHA g 4EL sE Joz g4 YA o, ol
ol U AX 2HEL SHFE Mo AAZ AT

Fag 2 A Atolge FABNES e EHo] Y AT YA E
zAstH AAle] X3 (BE) 2 AW Aol (LE da FF (W), di2 F
A W), dFao 4B FF (o), ¥4 48 FFF X (o) 2 AW A
ol (A1)E F3Yol s 5402 ALsgrt

E(orL) = X € (or A)



/{g KO R E A
<,

35 00

2]
CHEJU DO o 13000000 o0
\\f‘\/—/—/

1 1 )

126 00" K 12¢ 00" E 128 00" K

Fig. 3. Sampling locations of the scorpionfish, S. marmoratus and S. tertius.
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TS5t AU Aol (F)e Z71E F = albyez Fagoen, vAim A
W Apele] Mg 2L WsF97] 10~20ustel A 001 mm7hA] AlEE Rk

SZAL AMER B3 AAEANA FEF o]HE v OZE EFRol}
HFeoguole] Ay Ao widte ZAMEIATH £ o4 RE F AF
AP ol 718 RS o] 409704, F-2Fuo] 33970 A At

AU oML A2 HAT & E5 WL YO R 9 Fio] FREY
W7A] 2Eo AnlstAnh. AvtB 0|42 ol i Ho] E5WEE
gog A% thd shurthiiez B9t I EEE UHEUTH °]’~‘—']
2 Black disk 9ol F3 AA#H93 10|24 FA3HTE o] AL el
2 FAFAA gFez EHUY EFAEUYY ARE JEEHY &8 E
FRddA EHAE olgste AAZ 4t o]4% (R £HA npg
SU7AE, AFEED ()2 24404 4 BEE9di7l Eve nid &
729 AHE @ulRd A&AA (K K. Kogaku)Z 0.01 mm ©7A &
st ok (Fig. 4).

o AN A7 HARFE BASy] At o4 AwigHde 4
Hsle AA o MESAHXE GHE TRt AR AFE (marginal increments,
MI = (R-1n) / (tn-Tn-1)& FH8AT 9714 R o473, e 49
FAFAM nHA FF7A9 Aot

A

o

aYn Wi SRACE RE &8 YAN A Gt g o)A
A AAse] #AE IANGel AT VAW AF%Y) ARAE B
Ae TEAHE o 83AL, o] Nl GAN WS UUgomR &8 3

Ar1e) AFS FYssT)
Walford A= (Gulland, 1969)2.2 &34 9 AAe ggvers F
Asl9x, A34E Bertalanffy 292 el )



Fig. 4 A method for measuring the annual ring radius of
otolith.
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1.0l &g

1) F¥olf ogFe) 4 A%

1986358 19963 71A] A= Axd FuoliF F AY FAFES AE
A} (Fig. 5). ¥WeolFvw 8 vt dut fid ofF A4F °F 1,200,000 M/T
ol 056% &9 Az 5000~6,000 M/TE A8k AUk EHolFeE 1992
W7lA] “E-2 (rockfish)” o] WAoo Z Zulo|HF AA2 o8 EAFo 3
A=Y, 1993338 23]E8 (jacopever), &W o] (scorpion fish), 71t
B2F (other rockfish) 522 MESH JAHA 23 AN} 198632 73
< 9F 5970 M/T, 19891l 6453 M/Te2 713 %ol o=y, 1%
237 AlFele] 1996 d e xYE8 1854 M/T, F#Wo] 58 M/T, 7|8} &
g®/ 2793 M/To2 ol& &% A ojFso] 4705 M/TL2 3sjvict Z 3
Zast o

2) o9l A=l EujolfF AYF WF

1986 -8 199613 7kA] 107t o]dE Fulo|H o ¥H vF L FE Ao
(19,637 M/T)ell o)&fl 713 @o] oY= Yx, ko2 FAY (16487 M/T),
YA (7,715 M/T), A% (7,120 M/T), AX% (3,712 M/T), ¥ (3,060
M/T), 5% (200 T™M/T)52 ¢2.2 A=At (Fig. 6).

oA AxEE AFF WF Fig. 7% 2l A o]Yg-& 19861del A 1991
ol F 2,000~2,300 M/TS B2 ool 1996ell= ALY Ayt 5252l
1,002 M/T2 2 ZtA43tATh A% o2 1986~1993 Ate] 2,000 M/T A%
2 oJgF WEo] e, 1994d ol FA3] FAste 1,000 M/T ol&z
o} F = Atk W, FA] olg& 19929714 400 M/T #FE=Z o= o, o) F
Z7k87) A Aste] 19960l 1,066 /TSR 25 A% oY H ATt
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Fig. 5. Comparison of annual catch among rockfishes in
Korea 1986-1996.
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Fig. 6. Estimated total scorpionfish catch by different fishing
gear type in Korea 1986~1996,

_13_




3,000
Longline
2,000
1,(XX) — H H |_| l_-|
O L i L L L L L L A A |
3,000
Gillnets
2000 F
lim | |_| H
S 111
3
5; 1,200 — —
900 Angling
600
0 1 A ' . A, i - i R
1986 1987 1988 1980 1990 1991 1992 1993 1934 1995 1996
1,200
Trawl
900
Gm L

1986 1987 1983 1989 1990 1991 1992 1993 1994 1995 1996
Year

Fig. 7. Comparison of annual scorpionfish catch by different
fishing gear types in Korea 1986~1996.
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A% o19e 19909 437 M/T] o] go] Z7het7) Aatel 1996l
M/TL.2 7V§ Bol ojgu ek,

oIs 2o] G5, fA% oldel S AFE W Fh FAe) Lo, WA
s A ool 2§ oYL YT Frbskn AN

3) AYE oldF

198655 19961714 1037 thEAQ A HAZ Ealo|F oldFe A A
o] A o]FY A 20937 M/TLZ 7}8 Eton, thgoz A Aulol
11,020 M/T, 28 96% M/T, AF 4872 M/T 2.2 o] o|Z= At} (Fig. 8.

199358 ZuEe o83 Mg (1,712 M/T), 9- (14% M/T), AF
(1,228 M/T) &olew, 7g B=Fv A (5366 M/T), I3 (2779 M/T),
AE (1,364 M/T) seldont, &fole Ay (198 M/T), A (54 M/T)ol A gt
o] F = Aot

4) 84 W] A

1993978 1997 7kA] 57 A2 AAE, 4AX, AFA|, A%, 3+
A Ag gxe] AGE Y AS DL vgoz NgY dv @rE
BldtR et 2L 4% FHAAM 229459/Kge 2 7 =k, AF
Y ¥ 36759/Kee2 MY RATh 78 BEFE Q5 SN
16,0049/Kgo 2 713 Ekx, 37 R4 23904/Kge 2 7¢ ¥tet.

FHole f= FHH 109289/KgeE 7H k2, AFA FHAA
1,0089/Kge.2 7} w3t} (Fig. 9).

2. gl 4

D F9 -5 9 v
£ A% BLS 71302 7 oA 298 =v|ote BAE T - 5
W2 HANANS Fale] AL wasch (Table 1).
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Fig. 9. Comparison of unit price in consignment sales through

the cooperative association for scorpionfishes from
1993 to 1997.
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£ ol= PDL/BL (Wl@&@A4 ul), PPL/BL (Fd4A3 ul), PVL/BL
(B-—AAAZ v 3717 FAA & - 5 Abolol F9 (P<0.05) AL, F
2%&wo] 9} - 4= Alo]ol= PDL/BL, PVL/BLSY 5 712 Ao 1%9 H#
9] &7} (P<0.01) 11Tt

2) -5 0 vw

Hoolo} FoE& o - R T A A4S vmstet (Table 2).
AA WA Euole} HeEguo] Atoloy oA R {9 27t AFHXA
SRAT (P>0.05), £RL PPL/BLAAMe 1x9 #9 A7t (P<0.01) 273
Thel=

3 &5 EFT FT

G- g EFE Hulolet Fa¥wel T AUAAAE vusAT
(Table 3).

oot F-a%uo] Alo] PPL/BL (FHAHAF vholle X9 {9 7}
(P<0.01) dAFHALH, PVL/BL (FAAAZ H)M= F F Alo]9] 9
274 (P<0.05) AF = Aot

3. d=x

1) 9ol

7F. BAE2FFAF (GSD9] 9 W3}

&7 AYLFFASF (GSDY € W Fig. 109 2ok dx¥E oz
o Aol o, §RY YH2FFAS (GSDE 9LREH F43 F7s o
10991M 39 Atolo] Ax=EE Huijglol] o]€ ¥, 1 gt 1197 490 F
A3 daHAch FR GSIghe 8YNE 715t 99 Hdgtol o8
¥, 10858 129704 343 a8 A WA FRL ARG GSI F
kol 1~370¢ sttt

_19_



€80 =4 0 =
06LT = (L1E "D %_HM o1 0 nv TAd §._4Mwwm.%mv TAd Ta/1Ad
TS N e DO L R At
. V60 = 0=
€120 = (LI€ ‘DA ﬁ_%m hmq.o%w a4 ma%%mmmvommv Tad 14/1ad SN
. 260 = o
67E = (LIE ‘DI so.uwmqu.mmw _— gc._qmmmm.mmw ™ 18/
€v0 = (L1e T4 5;“@%% Hd %._qmmmmmmnv Hd Ta/nd
2l = @& DA ﬁ.ﬁmmwmw.wmv TAd ﬁ.ﬁ%%vwmv 1Ad TA/1Ad
8LLT = (g6e D ma_bmm%@u.mqu& E%MMWNMV 1dd 1a/1dd
0 =M 0=
980T = (S6¢ ) %.%Mmmmm.mm nv 1a4 %.%Mwmwommv a4 14/1ad S[RUIS,|
. G660 = 0 =
9120 = (562 D §._qﬁm 900 M T @%mmmv.mmw H 19/TH
. ¥60 =4 0 =
6102 = (¢ D4 ms.hmm 6150 W He Dabmm%v.mmw Hd /M
sadofs I0] 1S9, smpa1 S SmIpOULIDW 'S diysuonersy sa102dg

JO SISA[eue 33 Uuo

paseq s}

Apuspuadspul paIopISUOY 2I9M SIEI) S[2W PUR S[BWID) UM IDUBLIBAOD

'S pUB STpUOWLIUW 'S U9MIS]  SOOUSISPIp oewoydiopy Z SR,

_20_



601G = (919 DA

L8991 = (919 DA

LITT = (919 'Td

ZeL0 = (919 D4

2L80 = (919 ‘D4

(80 =)

w0 16 2970 = TAd
(160 =D

w50 169 VPO = 1dd
(V60 =)

oo 19 2270 = 1ad
(760 =)

o7 16 SOV0 = TH
(€60 =)

w7 16 LTE0 = HE

(8L'0 =)
cor 19 TEP0 = A

(@80 =20
ot 19 €S0 = Tdd

(160 =)
o 19 2070 = 7Tad

(€60 =D
s 19 8680 = TH

(880 =)
aro 19 L1€0 = HA

1d/1Ad

19/1dd

19/1ad

19/TH

1d/H4

sadors 10] 1S3,

Sn423 °§

smuplowiow 'g

diysuone@y

S}BI] S[BW PUB S[RWIS] U32MIS( UOIBUMULIISID JNOYIIM SOUBLIBAOD

JO sISA[eue oy] UO DIseq SN2} 'S PUR SIPpLouLDU S USdmleq SIOULIRJIP oLnowoydio ‘e S[qe],

_21__



16

—+— 1992~-1993
1 —o— 1994~1995
o 12 —a— 1995~1996
o 10
§
fr, 8
= 6
w)
© 4
2
0
0.7
0.6 | -—+— 19921993
% 05 F —0—1994~1995
75!
0
0 , . , ) .
Jun, Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun
Month

Fig. 10. Monthly variation in gonadsomatic index (GSI)

of S. marmoratus.
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. EFAS5 (HSDS 2 ws)

¢t EFAS (HSDY € W3ls Fig. 113 2o 439 HSI 44
B Wale] Hoighke 92 949, 94 79, 95 109 Z+Z 258, 2.65, 242
ol i, o]F Az 7Adtd 93d 59, 953 39, 96 2€¥dl= 42 oF 10 A
T2 718 @kt

ZA 9 Ao 93 29, ¢ 7Y, 953 8¥Ydl| 146, 203, 1.862 M =%
o, 19954 119¢e Astd, 129-& AFsto HSUF #A4dthst oA 74
e Aol Aot

. AJAHE FAY 3A

@ 32 ¥4 43

o] dae 149 YAgew g i vynon pAH flu, 7z
o] by éﬂﬂr godae deAEEe] £9 433 AT 27] A7
GEMEEE WA 20~50 pm AFZA o] ATt vl A} A5 F
& Q50| YTt T EA3Y REEH o]F MEES haematoxylindl] ¥
dHA AATH (Fig. 12-1).

o] & YRAEY} 50~200 pm AFE Qe g GAE Holy, A
¥ HAFoE RE FIEAY] dHEIL vFo2 IIEH] 2} (Fig. 12-2).
WA 260~320 pm HFEY YR AHEE HNEZRA HAZd eosindl AA S
¥ d@7Eo] veh} dEEF9] ZF o] AFHD, WA 330~420 xm A
Fo] GEMEE GAEA Ao d@7r ZHEn, ALDE REAHO
2 72 #EE, uto] AR AXZEH7]) AT (Fig. 12-3). o7t
HE dd AU gsdE Alo] ol FEE 11 HAEo| Boly, o]y
& AAEL o] A7 b A BReM n2A Fd8s2 AU (Fig. 12-4).

W73 360~480 xm HAFY P& FRAEEL FAo WA (ovarian
cavity)l ol 71591 Aot 4ol doytth, 48 W& ¥ dZdog
dA o] shte] FAHQUA PR AAFHoZE FYIH, oF FHdE
e ofd dRAMEE 34 EAAY (Fig. 12-5).
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Fig. 11. Monthly variation in hepatosomatic index (HSI)

of S, marmoratus.
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Fig. 12. Ovarian development of S. marmoratus.

1. Section of the ovary in the early growing stage; 2, Ovary in the late growing stage; 3,
Ovary in the mature stage; 4, Ovary during the copulation period. Note numberous
spermatozoa located in the interstitial tissne around ripe eggs: 5. Section of fertilized eggs. Note
mature and premature oocytes coexist; 6. Hatched prelarva in ovarian cavity. Note
mature eggs coexist inside ovarian cavity; 7. Section of degenerated ovary, Note degeneration
follicle cells and embryonic stage; 8, Resting stage. Note thickness of ovarian wall Df,
degenerating follicle cells; Eb, embryonic body; Fe, fertilized egg, H, hatched prelarva; Sz,
spermatozoa.



PGS Wil A v wae] Mg E 1 o] XX BalE A Aojgd A&
A7) ol2717tR] AR F AEo] dojuir, 23] A& Af-de drlFd
Aasdol 3 AT (Fig. 12-6). Y5 Aol A2 dildMe 2
Z2d ded, v 3&d NMAEH AXAEE H} 5 F (Fig. 12-7), &
A717F H A3 (Fig. 12-8).

@ A ¥4 B3

Are F$ 1949 0 95302 € IPNBLE FAHH o &7
A7) AaU BHggez wdE FAAMH Alelde FIMEE] W)
A1, Z FAHFUN = EE 5459 FYAES] XA (Fig. 13-1).

Aagdn A BAMEEe] TdEdY 1 FF F7MAIINE, 4 Al
EF (cyst) £9 Ao thh 3E7IHY FRAMEE (Fig. 13-2)2 ¥
& 39 haematoxylindl 2% F714 WM3& sl FAEXR A%s) kg
(Fig. 13-3). Aie 2w g7 Z17] g &9 dA9 ARAHAEE, AHXE
T 283 HeE JAEL ze THARS) & B FEEHAY (Fig. 13-4).
a8 A3 A AAEES A% AAR HHE 4S5HPAE] FHAE
75 AN (Fig. 13-5).

wn olF FAHM T E FE HAE &F ol o, o5 Hxt
Ha F4Ha, FPMANE Jue FEY FZE 7Y HUAEEC] s
o, AAxZ 50 AR FA7] Gy z24te] F7)17t ALHAD (Fig.
13-6).

Zhou 24T A zZo] W

1095 E 38717 R dagudn $4ves 2 245E 2] W)
A A A Aol dE-g g 2l

FAGE FTEFZ winte] YAHIT (Fig. 14-1), deo]l Al&s o] A4
7] (Fig. 14-2), 3Hl 7] (Fig. 14-3)7} A=A} o] £ Aol AP AN
GEE F2 WA FAED FE-9F bRt 2aH At (Fig. 14-4).

_26_



Fig. 13. Testicular development of S.

1. Early growing stage. Testis in

marmoratus.

composed of many seminferous tubules; 2, Late
growing stages; 3, Mature stage; 4, Ripe stage. Note the existence of spermatocytes,

spermatid and spermatozoa; 5, Spent stage; 6, Resting stage. Sc, spermatocyte; Sd,
spermatid; Sg, spermatogonia; St, seminferous tubule; Sz, spermatozoa.
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o) Ao MHEHEA ATy FAHT JF B A Deja Zdo] we
H3 AT (Fig. 14-5). @& F& 33 FH9 Aojg FRo =7} 3
AHa o Fkel) o]27t 2t Q& ATFH AA &R} (Fig. 14-6).
ol A F3} Aoje vliFo] A dEIHA AJFE FAUTH (Fig.
14-7). 4% A9 A Aole APo| A o] AR 32~35 mmdl &
&o Adr|@e] £33 EE T I (Fig. 14-8).

vt A& F7]

Az AL [EAH WLFFAF] WIE FEEA
-5 AYFENE FRIAAT G B 437 (growing stage),
2:7] (mature stage), &< % m7]7] (ripe and copulation stage), ¥4 =
A& 7] (gestation and parturition stage), 138+ @ F 7] (degeneration and
resting stage)E 9 S@AR vHE 4 AN (Fig. 19), FHY A4 437,

A7), @ L wnly), 83t 9 FA7)9] 4842 = 4 AAT (Fig. 16).

o
AE 68 AR QR ¥d B4 A Fad, U
b dehbe A712 22 6delM 99 Alolsith 4471 WA 360~480 mo)

o] ok vEhde Al7|2 £2 99 2€d) %g@q Nl A P e
S&da FAGE 2ARe MAls F2 10804 384 23 AL &
AT Pal 2 AET)E dad AW Aolrp EASAY Al e E
Aol vpelbe Al7I2 11¥9A 4871 |t E3F € FA)7)e 1296 "o
EUM B AZo] WE AAdAE dal FE XM} BHE F557)
A1ZHatar, A A Edele ol GRM IS0 AvXE o] olFa 4477}
A FA7 S F2 129404 59717 s

@ =+ A
AE71e 499 AAEEA 4R A5 JLAHE, FRAEEC] 298}
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Fig. 14. Embryonic development in the ovary of S. marmoratus.

1. Fertilized egg stage. Note the formation of blastodisc in animal pole; 2, Morula stage; 3,
4, Early embryonic development stage; 5, Late embryonic development stage. Embryonic
body had developed notochord and myotome; 6, Embryos before hatching in ovarian
cavity. Embryonic head part had developed eye lens and auditory vesicle; 7, Hatched
prelarva in the ovarian cavity: B, Section of larva before parturition. Av, auditory vesicle;
B, blastodisc; Eb, embryonic body; El, eye lensi Em, egg membrane; H, hatched prelarva;
Hg, hind gut; Mt, myotome; N¢, notochord; O, oil vacuole; Y, yolk.
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Fig. 15. Composite figure showing seasonal cycles of gonadal

phases in female S. marmoratus.
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B AZNE JAZ 4~79 Hok A E ARAXEE FJMAET aYi &
o] Head Fagol Al %ﬁs}ﬂ%, AR Agro] wE JAe 8¥FEH
1196 24 vegch &4 2 worle A4 3T 38 ZA
So] 715 AA de AMNEF anE £HFY FRE] WA HA GHlA
He A7lz 9¥0AM 129 Alelth H3E 2 FAVE e 3AEY H
3 Fa7F dold F AYhe FdAZAR ZJAANEEC] FHH FAVIE
FZ 11494 39 Ate]SiTh

Bl %

7HA ] Ao whg A4 FoEE U7] Y3l FHSZE FARIATH (Table
4). 11.0~129 cm ZA7|dAE 2o HAgo] ARIHo, &+ EF
A4 13.0~139 cm®] Z7 AN FAEE 50%5 233t ZHzt 62%<} 58%
olgdh Ed A AMAI 100% WA FAdE AN ¢ -5 BF 150~
159 cm 37] o)o2 ZAME U

Table 4. Relationship between total length and the first maturity of

S. marmoratus

Total length Female Male

(cm) No. individual ~Mature (%) No. individual ~Mature (%)
11.0 —~ 119 1 0 1 0
120 ~ 129 1 16 1 24
13.0 ~ 139 3 62 2 58
140 ~ 149 5 91 3 83
15.0 - 159 3 100 3 100
160 ~ 169 10 100 6 100
170 ~ 179 6 100 8 100
180 ~ 189 8 100 7 100

Total 42 31
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AL 73 2 A Aol A =4

O € W3

dsrol dojuhs 9¥RE AU Ao 4bEo] Bue 497HA] A G 24
01~10 mm)®} A o} A 24 (15~40 mm)E olF3 UATH (Fig. 17).

9¥ell= 7 03~055 mm HHY GRAEEC] gRrEeoider, Ui
075 mm AF& J&dFo| BAHUD, 442 F H3 T 54 AW Zoirt
dE He A 2o : eyl 1084+ 03, 055 0.8 mm AFe] F=
b dAE JkR= ¢ groupd 3.0 mm AFZ A F21 AU Ao g9
B#EAT 1192 03, 06, 0.8 mme] W4 =9l 2 Ay 2ojz 7Y
o] doju}E 15 mm BE, 26~35 mme AFEQ AU Ao nE g5
35 mm o] AW Fole AEo] dojt Aoz FHHUCE 129 A
Aol dF-Fo] & dRTro| gol dx, dAHL 015~045 mm AF9)
olado] £ 2B A3, 9 08 mm AFY Asds B

1€9)= 02, 045, 0.8 mm ¥ I GAE 717 d2MEES 22~31
mm® AEFA AW =7t Uk 28 Er 2Ed GRAE @A ST
B2 AU AojEol 27~37 mm7HA BAEH A& sl Ac)

3¥L 1193 H&d E=2 AHdge] AW Aojg Ji9le] dojygen,
A AojE2 25~36 mmE A&l dojd =8 Bt 490d= Uy
dEo] B 27 GEAR BEyt £E olF1 glon, 4 AEHA ge

A Aozt A5 ol ARk

@ MAE A3}

HAE ot Fele} 3E e FAE 95t 19929 109 2893 129 1
dol FY AF (18 em<TLL19 cm)e] NAE 3 243 A 2ol A
& 24E& dERIAS (Fig. 18).

104 28 MAo) o] Fig. 18-A (187 cm, GSI 6.3)¢] A& AU =}

€ 7 A #3 Fel MY ¢ e Xz e 7MA, Fig.
18-B (185 cm, GSI 186)9 #¢] 02 mm AF 9| nj& s} 22~29 mm A3
o A Aoiwt veivte AAAZE AT
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Fig. 17. Size frequency distribution (%) of eggs and larvae of

S. marmoratus.
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Fig. 18. Size frequency distribution (%) of eggs and larvae from S

marmoratus female 185~187 cm TL.
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v

129 19 A AoIA+ Fig. 18-C (187 cm, GSI 62)9 ALY v
# 045~075 mm AFY A% dAE AAY FHE 20 R=EF A4}
A, Fig. 18-D (186 cm, GSI 6.0)} Zo] oe/le] Ade d3#H 22~25
mm AEe A o] mx=¢] /A, Fig. 18-E (187 cm, GSI 136)¢t o] 1]
YA A& 7158 25~34 mm AFY AW Ao} RAHoZ FHF 37
o] meg5 A3t A, Fig. 18-F (187 cm, GSI 1.92)4% 0.2 mm ©]3} &
27 dele) dAE AARe AAZ AA o4 2ol Flole FUE A
71 2 AFel JAME ¢ 24 2 A 2] AF 2499 JHA Aol A
o, 13 4% 2= B, G, 28 4% REE A D EZ #EAHUG

)
j=
kK

rir

A X359 AU Ao

EAF A AojFe 5190 990N o)F 3¥7A G Hs de
s} AW zej5=g AlS T XEFd AU AeE F 370 E =AM
AR, HA 4297470 A Hol 1429750 2 FF 83,22470 Atk (Table 5).

A% 150~169 cmo A Edseh A Aol B 583774, AR 210
cm ool A B 10528370 Gk Y (TL)F EF 2 AW Aol (N)
glo] B/A 2L N = 182.38 TL™ (R® = 0.610) o]t (Fig. 19).

A5 40.0~79.9 goll A T35 & A Aolpe B 5472870, AF 2000 g
ol e HE 11786270 k. AF BW)FHE N = 53136 BW * (R® =
0538)Z EAIE U (Fig. 20).

2) Ha%wol

7t BAALFFAST (GSD 4 W)

FALZIZE Fe YEE FRTS FeEe]l & - AYLAFTHAST (GSDY
4 W3l Fig 219 2o} A9 YA £FFA4 (GSD 19X 1472 4,
5¥Y0l A= 505, 6.8622 7} wATh 28U 6¥ olF Age F43] Ho}
7 84955 129714 = 017 FHoh

FAe] GSI &2 10958 F718t7] Al&ete] 11, 129 A4 0.23, 0.20
o2 HAdigkel o1& %, 19%H FH3] PAdr] AF3ld 298¢ 9€71A
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8

0 1 L h A
14 16 18 20 22 24

Total Length (cm)

Fig. 19. Regression line from the number of eggs and larvae

against the total length of S. marmoratus.
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Fig. 20. Regression line from the number of eggs and larvae

against body weight of S. rmarmoratus.
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Fig. 21. Seasonal variation in GSI of female and male S,

tertius.
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Table 5. Composition of fecundity and number of larvae based on total

length and body weight of S. marmoratus

Total length Number of eggs and larvae Number of
(cm) Mean (Range) individual
150~16.9 58,377 (42,974~ 88,073) 8
17.0~189 73,366 (60,350~ 97,067) 10
19.0~20.9 93,106 (60,127 ~137,266) 10
21.0~ 105,283 (81,728 ~142,975) 9
Body weight Number of eggs and larvae Number of
(g) Mean (Range) individual
40.0~ 79.9 54,728 (42,974~ 65,734) 6
80.0~119.9 73,117 (50,568~ 97,067) 10
120.0~-159.9 84,940 (60,350~137,266) 10
160.0~199.9 102,094 (81,728~126,475) 8
200.0~ 117,862 (93,771 ~142,975)

A% 01AFE Rk olsh go] Beguol ¢ 5o H4NLFAAF
gt g3iel 36l vlsl 4~50Y %A deht 44 A7)} QAR gt

v EFAS (HSD9) € W

ZANZY TG Y4EE TR o5 AFFASE (HSDY €9 wge
Fig. 229 vk HSIE ¢ - ¢ 25 AAFH R dlg FAFoien, 439

- 27] A FEQ BHo] HSIE 29d) 138, da7t Y AE5s A
71l 59l 169 watThzl, olF Ak Frhslr] Algkste F2)7191 9¥olE A
3572 #FHigko] HA}. A HSIe A7) FA7IQ 3, 590 1.60, 1.590.2
Wk, 4 4019 1299 3212 =30k

o]213t HSIS] A7t ®W3le] o] 4219 GSIe Hl=dA "Esgoy, &
AL GSIS} wid) o] W37 #AE AT
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Fig. 22. Seasonal variation in HSI of female and male S. fertius.
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o AAAE YA b 3D 344

O© 92 ¥4 34

daA e 149 dAEeR ge da 2 145 ARS. 449 &
ddle olg 4 AEdA ddAR 1 2 451 o, FHU7]
GEAEELE dgo] o 20~50 pm AFEH o] A vd <A
259 FL Q5o Ut Fio| ETAFtY EEIYHTE o d FHAY] GRAES
£ haematoxylindll g5 o] daudA 95 #FF YD (Fig. 23-a).

FHAY) GRAEIF st dHo] o 80~220 p#m Q FF7] FEA
EZ AASAS f77] GEAEY] 2Ide 8§ FHY AXAd FTEE
A AR, AAg we) AEQ AGe) A H T} (Fig. 23-b).

W7 310~420 gm AFY IRAXE AXE HAZ eosindl AA
AE GFTEo] 283 FFEZCl I AFIH, YA FRAL
AEE AA N A7 B2HEE 17} 23, 33 G¥TY] GRAER A
} HEFes REFHo R f7E #EAHG o] X AXEEH7| 233
At (Fig. 23-c, 23-d, 23-¢).

GRAE7} GBS A3 FE8] AsstH AR FHAF fX 3
A o] FEIFHRoZ o]F3a, AXAYW GRTELS ME o 73
315 7] AlZEtdeh ol#E JdRAMEY *A-Le oF 480~620 pgm HFEZA]
R8T (Fig. 23-0).

fﬂ!ﬂ i‘>~

@ A2 ¥4 33

Fogold] Aaw 9 9 31 A% mokoR B AT (seminferous
tubules)o.2 FAE o] o o|#j FAHABEL 7g§~_ Zo} B0 223
T AU 27 4F7] IA4AH B A}oloﬂé %ZMXE (interstitial
cells)o] wetsl Ui, 2z FPABUAE 4 S5 JEAEES AL
AESol 283U (Fig. 24-a).

Jagga 37 FLAXE 7R 4 Al 2 (cystigole ARAX
Fo| A4 FEINAN X FE "FH| FTr13ty] AEE et (Fig. 24-b). &
7He el ARMET S HAX F71E7] ARe (Fig. 24-c), 459
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Fig. 23. Oogenesis and ovarian development of S. tertius.
a, oocyte In the perinucleolus stage; b, oocyte in the oil droplet stage; ¢
oocyte in the primary yolk stage; d, oocyte in the secondary yolk stage; d
oocyte in the secondary volk stage; e, oocyte in the tertiary yolk stage; f
ripe oocyte. n! nucleus, nu: nucleolus, od: oil-droplet, yg: volk globule. a~
f; Bar indicate 25 um.
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Fig. 24. Spermatogenesis and testicular development of S, tertius.
a, internal structure of testis: testis composed ol many scminferous
tubules; b, early growing stage; ¢, late growing stage; d, mature stage;
e, spent stage, f, resting stage. sc; spermatocyte, sd, spermatid, sg;
spermatogonia, sz; spermatozoa. a~{; Bars indicate 50 pm.
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< v} ¥ haematoxylind] 73 @714 w8 AME2 wgste, Ay
de ARAEE, AMEFER 715 FHth 283 o] Al7]d] HHE #z AGat
2 A9R3 2dEx #@H7 AFEAT (Fig 24-d). A9 Asd g4
BAEEE FAAZ HeE gs3AE0] FARE 715 Y 7153 ds
AN & 3 UAAT (Fig. 24-e). @P| o]F FAAAqAY = LEHA X2
g?] AE AAE] dob ey, AA 3} EF4FHo| FA7) G 24
FE& ©IFA (Fig. 24-0).

@ W g #A

dal HEEE Ate] e ¢ - £y avld] Yste g AL A
Ago] @3] A, o|Hd AR FEES dAY A FEAA nE2
A BX3n ATt (Fig. 25-a). 34 500~650 gm AFe ¢ GRAE

L P9 da7} (ovarian cavity) HE W@HAAN e} o) dojut
FAE 92 ¥ A3 gAso] st FAF FofelE &<
Moz FystA BHYth (Fig. 25-b). F3E2 FEZZHA Hyto] FAE
ddo] A&so] F47], Gulzlzt Bl (Fig. 25-¢). A #Ao] 3
o] W3g F2 uiAr gAY TR wRsL ddsd (Fig. 25-d).
iAol MYHAA Xy ST AABHS A 2 FHo| L
At (Fig. 25-¢). &4t A A9 Aol TR WA=y} FAHHT 72 Fubd o]
X7t 283 f4& ArEHol Agv|de] 3 weHT AN (Fig. 25-6).

& 2

K

2t A 57

AAAE dge z23AQ AEdI YHLFHFA e WdE FHY
o - o AYFINE FEIFAT dHY F¥e 4471 (growing stage), 4
%7] (mature stage), €<% % 1U]7] (ripe and copulation stage), g4l %
4+& 7] (gestation and parturition stage), 53} ¥ FZ|7] (degeneration and
resting stage) %9 S5HAIZ (Fig. 26), 39 A4 ARA7], A&7, g%
2 wul7], Hat 2 FA7)9 4dA 2 rAch (Fig. 27).
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Ovarian egg developmentl after copulation of &. tertius.

a, section of the ovarian lobules containing a number of spermatozoa; b,
fertilized egg stage, ¢, morula stage, d, early embryonic development
stage; e, cmbryos before hatching in ovanan cavity, f, section of larvae
before parturition,

eb; embryonic body, el; eve lens, ov; oil vacuole, sz; spermatozoa, v, yolk. a,
c~d; Bar indicate 50 um, b Bar indicate 200 pm, e~1f; Bar indicate 100 zm.
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O o4

ARA71E 1194 HolsaAAM dHAXe £49 F47 oo Fwcly,
FF717F BEEE A7le F2 11994 29 Atolfivh As7] dRAMAXE 9
oo 2% AW AR 28L& WA 310~420 me Aol v #EAEE
N2 F2 12904 49 Al g5dd £ MR NAAe 169
ooz s xrl F2 4~589] &HsHT. 94 L 4EUie dau
AW A7} EAFAY AojiarE: EFo] Vel Al7|R 5Y96M 69 Abe]
At

H3l 2 FAVe 6¥90d HAEEA dF 2ol WE MAdMe dial
AE AXAEZ Het F5EY) AR, AT e oY dRAES
o] MM H 6¥ol A 118744 BE= At

@ FA

A7 TEo HAEHA 4F MAE] HYAE, JRAEE] EH3}
T A71E AR 8~9¥ Atk Asvle ARAET, AAEF 2
g9 WeE AAEC] ALl -3y, B Ko WE AfAe 109
FE 12¥90x #FAHAYG g5 2 wnrle iYW FAABG AT
AAE] 7H5 AA Ae NAEDH w2 FAHBY HASo] wjFo] Yo
Vs Al7I2 129904 19 Aleleln, 45 494z #FHAY. Ha 9 F
A7l v #E Fase] H3t F5F dold F, Adihe dA 23R F
A EE0] 2HH FR7IE HolshH, 190X 89 Ale]o] @o] =t

v}, FAEE

TAETAAN 43l A 50%01d Hx Aa A7= AAe] 260 cm 9]
Aol WA 629%, AA AA7F AEHE A 280 cm o]0l AT}h (Table
6). 3L GABTG & AU 250 cm oFlA 66%, 27.0 cm ©]A ol A
= 100%9 FALSEE Holm glo] AR 98 A ALd Tastn Ay

o
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Fig. 26. Composite figure showing seasonal cycles of gonadal

phases in female S. tertius.
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Fig. 27. Composite figure showing seasonal cycles of gonadal

phases in male S. fertius.
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Table 6. Relationship between total length and the first maturity of S. fertius

Total length Female Male

(cm) No. individual Mature (%) No. individual Mature (%)
20.0 ~ 209 5 0 3 0
21.0 ~ 219 4 0 4 0
220 ~ 229 o 0 3 10
230 ~ 239 3 5 2 22
240 ~ 249 4 13 3 31
25,0 ~ 259 4 27 3 66
260 ~ 269 3 62 4 37
270 ~ 279 3 34 3 100
280 ~ 289 4 100 3 100
29.0 — 299 3 100 2 100
30.0 ~ 309 4 100 3 100
310 — 319 4 100 7 100
320 ~ 329 3 100 3 100

Total 51 38

b 33 2 A Aol AF =4

T A&7 395 6974 dAW 33 24 (02~1.0 mm)T H A}
ojo] AR ZA (15~4.0 mm)E& ZAMIETH (Fig. 28).

3€ele ¢4 035~055 mm HAY AA7] dRMESO] FE o]F1 3l
NeH, 48o= dF 040~0.60 mm AF9 dY GAE /I1X= ¢ group
I 0.75~0.90 mm AFe g5 PR FHU] F R=E FAAn Ao,
g AW Aoje FHEHUG 592 0.25~0.40 mme ¢ RE=29} 2.30~2.70
mme] M| A7t F REg AT Uk 64 AW Ao thRE)
AEF o] dyute] Hol AL, WAL 020~040 mm AFY vigGde] F
EEE dAdstn A/UTH
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Frequency (%)

40

Fig. 28. Size frequency distribution (%) of eggs and larvae

of &. tertius
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AL X9 A Aol

et AW AoAAge A&7 18494 68714 dad & £5o] §l
2 Az dst AW ZojsE Al ik TR, AW Aol F 27
npel & ZAMeIE AL, &4 263330 A Hd 942, 791702 A& AT (Table
7). A% 299 cmeoldtollA Edget A Aolees FT 4575570, MG 45.0
cm o)Al M e Hat 798083/N Ak WA (TL) TS & A Aoj5 (N)
ghe] WAAL N = - 102772087 + 36695.71 TL (R? = 0.635) °]Qtt (Fig.
29). AF 4999 golstellA EdF L AW AoFe HFE 45760, AF
15000 g ool Me HIE 7240620 ATt MF BW)HS] FAHLE N = -
30184 + 349.15 BW (R? = 0.627) o|ich (Fig. 30).

Table 7. Composition of fecundity and number of larvae based on total

length and body weight of S. tertius

Total length Number of eggs and larvae Number of

(cm) Mean (Range) individual
~299 45,755 ( 40,322 ~51,188) 2
30.0~34.9 203,161 (120,092~322,099) 5
35.0~39.9 282,894 ( 26,333~593,981) 13
40.0~44.9 675,953 (319,731 ~758,023) 4
450~ 798,083 (624,776~942,791) 3

Total weight Number of eggs and larvae Number of

(g) Mean (Range) individual
_ ~ 4999 45,755 ( 40,322~ 51,188) 2
500.0~ 999.9 195,696 ( 26,333~438,829) 13
1,000.0~1,499.9 461,020 (319,731 ~758,023) 7
1,500.0~ 724,062 (545,023 ~942,791) 5

_52_



1,000,000
L
8 N = -1027720.87 + 36696.71 TL A
E 800,000 | (R% =0.635)
—
=)
o
0,000
/2]
=11}
a))]
25)
S 4moo
3
——
Z )
0 . .
0 10 20 60

Total Length (cm)

Fig. 29. Regression line from the number of eggs and larvae

against the total length of S. tertius.
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Number of Eggs and Larvae

Fig

1,200,000
1,000,000 | N=-30184 + 349.15 B
(R? = 0.627) .

800,000 |

600,000

400,000

200,000

O : : L L
0 500 1000 1500 2000 2500 3000

Body Weight (g)

. 30. Regression line from the number of eggs and larvae

against the body weight of S. tertius.



4. 4%

1) &ulo]

7t &8 A9 984

FE% old HE BI8MA dBAM o] 7hed MAS dA 2237, +H
186702 & 40970 Avh. AHAME S A{PAH AFE FAs] 94 FFFE
2 oA &FAAY BAE 2A3AT (Fig. 3D).

Zt SETEE o4l =W 47 JSdte &40l A AT 71

€ FI 49 FAL 7INE JAFHNeE BAH o487 RF &EA
(rn) Abololl& ojg-Ade] AR A

-

L}. %{# B4 X719 4

4 A7l 9 F71A4 E2M 2ASNAT. dYAY
Fyojel 4o ve RES JIELR FAF 77 B¢ 99
Ad= %E}ﬁ}ﬁt} (Fig. 32). ¢4 25 899 0.843, 0.791
el ¥ 2r43817] AlZEsie] 299 0325, 04342 HAA @S R
At ol o] & - BT AFH EFEYUUs A=, ALHA T3
W7t FAAHARLH, S A AlVe 298 S48 4 13 HAHHE AR

2 F33A T

r[o
i e
B
-z
ok
o},i

o AALEFFAT G vt 4 W)
HHaFTFAFY Hwtze] 4 H3E Bt AR AAgIe ABA
FABAT. AALFHEASF U G F *34:- 2 & A7 10
FE 387tA] Egtot AW JFES R Pold FRE oo A
B BAW #39 AAFIE 9 4FEF vl ¥FL stn AT
(Fig. 10). ¥t HFL AR A% 69 olF 4o 99 HaX
el F H&p 7hAdte] 3, 490) Wgkoud, 7l A 4 wWEEe
oy =24 gkstvh (Fig. 33). HITtxz el F77t o] Fojx & §~99d o
BEFE FAULSE Y F AU

ﬂJL to
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Radius of Ring Mark (mm)

55 35 4.5 55

Radius of Otolith (mm)

Fig. 31. Relationship between the radius of otolith (R) and ring

(rn) of S. marmoratus.
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1.0

—4— Female

0.8 r — Male

0.6

Marginal Increment Rate

02 r

0.0 ! ! : : L : : : . : :
Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May

Month

Fig. 32. Monthly changes of the marginal increment rate

of S, marmoratus otolith.
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Fig. 33. Monthly variation in the condition factor of

S. marmoratus.




2. Ag 7 ol Ao A

ZAbE AA BEZ 4H 22370A, #3186/ Ao tistd AFEEE A
Fo] HEXe XEHUAE AT oFF 140} ojdleA e AL nidg
2 ¢ g FHol BrEste HA oo 2 ALFstEAT (Table 8).

Table 8 Comparison of mean total length of S. marmoratus in each

group of otolith annulus

Female Male
Annulus
group 1\lIur¥1b.er of Mean+SD" 1\_Iun_1b.er of Mean+SD"
individual individual

1™ 9 11.10+1.07 9 11.10+£1.07
2 18 16.14+3.69 36 1834+£1.96
3 b4 18.47+253 129 1957+2.07
4 61 1895 1.77 30 21.38+2.94
5 36 19.63£1.94 31 22.81+3.07
6 30 2098267 9 2240271
7 9 21.07+255 - -

" Mean total length * standard diviation.

" Sex unidentified.

A% (TL# o147 (RF) BAE Fig. 349 2o 4857 BAE 7}
AW - 58 aAHe GeH 2ok

-0.526 + 4.818R (R® = 0.717)+wwereeevee ()
-1.895 + 5.239R (R®

Female : TL
Male : TL

i
<
2
-3
=]
.
—~
]
g
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30

Female 0 O 0

TL =~ 0.526 + 4.818R

il R%=0.717)

30

Total Length {(cm)

Male ) 5%
TL = - 1.895 + 5.239 R '
20 ¢ (R%=0.776)

Otolith Radius (rrur)

Fig. 34. Relationship between otolith radius (R) and total length

(TL) of S. marmoratus.
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2 g2TY AT AEAL ¢ FEE FFT A% Lee WOl wAH ol
FUAF FEALE FAYHNS T, o} AW ool A% g
e &8 5% YL Lee S RAT FE YN oA

r-lEl o
ofh
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>
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jut]
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lg]

Table 9. Mean length (mm) of ring radius in each ring group of S. marmoratus

Ring Number Ring radius (mm)
Sex of
BIOUD individual 1) r2 I3 I4 Is I I7
1 9 2.21
2 18 193 301
3 o4 18 284 356
Female 4 61 e L R R i - o) g 3 )
5 36 196 28 333 370 404
6 31 191 278 326 363 393 426
7 10 192 281 323 359 387 413 440
Mean 205 294 351 381 403 426 440
9 2.21
36 190 320
Male 69 1.82 289 366

30 1.87 290 356 411

31 186 289 353 397 441

9 186 282 338 379 412 458
Mean 205 309 366 4. 11 441 458

[o2 N &) BN - S B W T
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Table 10. Estimated total body length (cm) at the time of ring formation in

S, marmoratus.

12 I3 rs Is I I7

17.81 1890  20.00  20.68

Sex I
Female 9.35 13.65 16.40
Male 8.85 14.30 17.30 19.64 21.21 22.10 -

LR EERIES:

© Ay 4%
A8d &5 A AL A (Table 1002 o838 Lyt Lo BA

& Walforde] =2 4&372H (Fig. 35), 2 #ANL a3t &

Female : Lo = 7.425 + 0.654 Lo (R%=0.993)-+-+wrrrerrereres (3)
Male © Lnn = 8444 + 0644 L, (R?20.996) - reveveeeesee: (@)

ARz A o]28A HAHAF (Lo)S & 5 22 21484 cm, 23.698 cm
older, AAAF (k)= & & 44 0424, 0441°]At}. loge (Lw-Ly) =
( loge Lo + kto) —ctollA T3 to3t2 & - = 242+ -0.334, -0.0589 o]ic}.

whe}A], A Ao #3 Bertalanffye] 432lel 284170 Ade o3 Zot

= 21484 (] - OB L )
23 698 ( 1 - e—0.441(t+0.0589) ) _______________ (6)

Female (cm) @ L

Male (cm) ' L.

I

Zb dEd AFAL W 1A THZEARE Rk 2+ 9.28 cm, 1350
cm, 16.26 cm, 18.06 cm, 19.25 cm, 20.02 cm, 2053 cme] 1, FH 2 647t
2] 884 cm, 14.14 c¢cm, 1755 cm, 1974 cm, 21.15 cm, 22.06 cmeol At} (Fig.

36).
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L. (cm)

Lo+ {cm)

10 r

Fig.

10 |

Female
L., =7.425+0.654 L,
(R? = 0.993) T
Lw= 21.484
Male
Lov1 = 8.444 + 0.644 L,
(R? =/0.996) T
Lo = 23.698
0 5 10 15 20 25 30
L, (cm)
35. Walford’s growth transformation based on the

estimated total length of S. marmoratus.
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Male
| 25 Iat = 23698(1_6—0441(1:"0.0539))

5 2 r \
=
)
g 15 r
=
=
© 10t
& Female
5 | L£=21484(]._ —0.424(t40334))
O 1 1 1 L 1 1 1 1 1
1 2 3 4 5 6 7 8 9 10
Age

Fig. 36. Theoretical von Bertalanffy growth curves based on

total length of S. marmoratus.



@ AFo 4%
o dE A AF9 BAY (Fig 3D& o3 2ok

1
o
o
9]
—
~—
~
3
~

0.01648 TL® ( R? =
0.01579 TL® ( R? =

Female : W
Male W

1
o
o
3
e
~
Qo
A

HAWAAR (W) oA AEE HAWAT L3S (), @) A3
F% Bertalanffy®] A3 #3 gL o 2on,

Female (g) © Wy = 163.42 (1 - ¢ *® #0830 ). (9)
Male (g) : W = 21014 ( 1 - g% ©0%9 e, (10)

zZ} AEd AFEL 1M A 7TA7AE ol8F AFe gAA Z4Z 1317
g, 4053 g, 70.82 g, 97.14 g, 11748 g, 132.22 g, 14251 golda, A& 64
74X 1091 g, 4464 g, 8532 g, 121.48 g, 14943 g, 16951 gelA} (Fig.
38).

AL g A7

%ol FALE (Table 4)91A 50%, 100% %ol Foldte 27l= & -
4 7zt 13 cm, 15 cm AFo2 ZAIE AT wlebd Bertalantfy A% A
FHoZ 50% e A¥L FAHMNA & -7 47 194, 184, 100%= Az
284, 22412 FHH A

. A =4

1988 B8 19963 7HA] ZALE &ulo] 330470H 9] €Y A £ R=
Wsle £8EA g, F o iyl He AR s 170~21.0 cmE
REE 3~54017F & ModeE °|F3 AU (Fig. 39).
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Fig. 37. Relationship between total length and body weight

S. marmoratus.
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20
W[ =9210. 14(1_6'0.441&"0.0539))3
20
=
50 150
=
% 1 r
Q
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50 \Nt = 163.42(1_e'0.424(t+0.334))3
0 A
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Fig. 38. Theoretical von Bertalanffy growth curves based

on body weight of S. marmoratus.
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20 May ] Nov.
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n O L I_I_H_ Y
D 20
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*LAme | Al e
O L 1 1 O J
11315171920 2835 %7 9 N 131517 19 21 23 25 27 2

Total Length (cm)

Fig. 39. Monthly change in size distribution of total length in

S. marmoratus.
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2) HeEwol

7l &% 349 934

&3 o)A ZE 564700 M &F B=Fo] 75 d Rol A 1634, FA
176702 F 33970 (60.1%) Atk ©] F #dF s 2lo] 897 (15.7%) U
o, #Eo] B/Fsd Aol 13670 (24.2%) Attt #=F &Fo] 4% 4
2 AYPSILE AEIY) A8 <N AH FEHLY hEAAH &F FA A
71 2 F714E HESAY (Fig. 40).

2 FETHE o]y wAEo] 2w 74z Ul$de &80 AN A 3

< F1 %Y 4BL NHAE AP FAEHO o]FH R)F &FF
(r) ArelellE d-&-Ael AA =AY

. &E 84 A7e +4

79 A A7 2 FUEe AU AZEEN FHIAC A A"
o] BEWU AHFo] Burs BHEEL JIFoE AL /IZF F¢ AR
AAES 94¥E 293 2dold (Fig. 4. AZEL ¢ -5 25 899
074, 0802 €% Highs vtebd F, 437 AAste] 190l 041, 0402
7+ gk

olg} Zo] & -F BF AFH EE
7} AR, & =
FA 3T

ir 2

Y -
o o

h
3

Hao, ALE
3] Ay

. A AT FAS ] N

A 2ZFAT] 4 HES (Fig. 21) 58l 9y 4AEHe A4
= FAAT AL F s F AE AU 4900A 5E7R] AYLF
FA 47} 3.84~2.882 71 gL, FAL 11904 129 Atold] A 023~
02022 7} =t o] A7) Fig. 419 9y A4AE§L vlud 3yxn
A 2T FA e 9o BAYT

o)
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% 0.8 —o—Male
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=
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Fig. 41. Monthly changes in the marginal increment rate
of S. tertius otolith.
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2. A3 o] A3 B4

AL AA o] HE sty AFTER 7 244 11A7A] A
HFA Y} BFUAE FEAAT. 140 st o AAe AFPHA #ke
o, Bo2&ueoly FA 131 cm, 32.87 gHH AW 493 cm, 2,190 g7tA &
Z= At (Table 11).

A% (TL)H} )47 R)Fe] FA = Fig. 429 o] AA3AY BAE
ZHAH & - BAAL O3 2ol YERAUTH

Table 11. Mean total length and mean body weight of S. tertius in each

group of otolith annulus

Female Male
Number Number
Annulus . .
of Total length Body weight of Total length Body weight
EIOUD i dividual individual
Mean+SD™!  Mean+SD™ Mean+SD"  Mean+SD™
2 18 156.23+1.07 - 42.43+25.89 17 1541179 54.78+33.71
3 b8 1855+227 8297+3851 55 1852186 102.18+36.14
4 50 2190256 124.66+4941]1 46 2269261 146.29x62.45
5 28 24.11£3.04 217.32+98.30 20 26.23+357 271.66+136.81
6 10 2741301 390.81+190.81 6 29.80+4.23 398.15+194.99
7 4 30.80+x4.25 586.071286.38 6 33.83x4.14 676.05+292.71
8 3 33.86+x452 700.49+193.61 5 3676343 85897+125.98
9 2 3568319 864.24+87.02 3 38.13+2.12 1053.41+295.61
10 2 37_.85 +021 937.33+37.33 3 4051282 1241.08*=234.86
11 1 377 1020 2 41.92+481 1352.29+182.42

"l Mean total length * standard deviation.
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Fig. 42. Relationship between otolith radius and total
length of S. tertius.
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Female : TL = -3.894 + 5445 R (R% = 0.747)-+++wvereenes (15)
Male : TL = -7428 + 6260 R (R? = 0.864)-+++ =+ (16)

ol SR QA9 A LA G

7t &FTE HT FEFE A A9 Lee o] SFH FYAFe
SRR A4S FE, olE AR/ ol #Z WgIe &
9] F239 UYL Lee AL AT &F FAANY ©EFHY SEAY
FAPAZ T3 th (Table 12).

I
LS

Table 12. Mean length (mm) of ring radius in each ring group of S. tertius

Ring Ring radius (mm)
Sex
group 1y r3 Iy I's T6 7 T8 (] I'1o m
2 2.94
3 271 358
4 258 345 427
b 257 326 413 489
Female 6 253 332 405 478 557
7 240 318 398 466 543 6.28
8 238 318 384 45 532 611 673
9 23 310 377 452 527 601 661 715
10 217 293 370 438 512 583 651 7.08 747
11 208 280 358 437 508 582 644 693 734 752
Mean 284 346 415 477 545 612 662 704 734 1752
2 297
3 269 359
4 259 345 440
5 245 336 421 493
Male 6 242 351 436 502 574
7 240 321 407 48 561 632
8 234 316 403 477 55 615 691
9 229 300 384 451 525 587 666 7.28

10 229 294 383 446 536 595 657 702 764
11 214 300 370 443 511 574 627 677 738 769

Mean 272 349 430 492 562 614 670 706 738 769
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ai FAA e A AFE AT o|MATe FAE veld (16), (16)
2ol Table 12914 A 2t &-E79 FAHAE WYt 13tAT (Table 13).

Table 13. Back-calculated total body Ilength (cm) at the time of ring

formation in S. tertius

Sex I2 I3 Iy I's re 7 I's Ty o I
Female 1154 1494 1870 22.08 2578 2954 32.15 3449 36.12 37.05
Male 957 1443 1952 2337 2774 31.02 3453 36.68 38.77 40.71

b, 4349 4

© A 8%

AEY FEIFAYAY AAG (Table 13)2 o839 L3} L9 #AS
Walford®} AAt=2 Jehfiglen (Fig. 43) 2 #A44L g3 2o}

Feamle : Luq = 5242 + 0.904 Ly (1P=0.995) - +rerrevever (17)
Male : L = 6.364 + 0.889 Ly (r°=0.998): -+ <+ ---(18)

AATAA oJ8HY HNAF Lo & -+ 242 54491 cm, 57.382 cm
oo™, AFAF (k)= -5 z+2zF 0.101, 0.118) e}

loge (Lw-L) = ( loge Lo + xty) -ktolld F3 o3t -4 zhz}
-0.471, 0438t} Wb, Ao #3 Bertalanffyd Ao 28117
Aoe g1 2o

54.491 ( 1 - e—O.lOl(t+0.471) ) _________ (19)
57.382 ( ] - e-0.118(t-0.438) ) _________ (20)

Female : L, (cm)
Male @ L; (cm)

Z+ FEol FAHE A%E AR 24904 11A4A dRGA 2z}
1154 cm, 1494 cm, 1870 cm, 22.08 cm, 2578 cm, 2954 cm, 32.15 cm,
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[54]
Female
L1 = 5.242 + 0,904 L,
o0 (R? = 0.995)
=
T \
I 5l Lo = 54.491
0 i
60
Male
L., =6.364 +0.889 L,
= T (R? = 0.998)
(&)
- L. = 57.382
5 \
m -
0 .
0 10 20 40 50 60

30
Ln (em)

Fig. 43. Walford’s growth transformation based on the
estimated total length.
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3449 cm, 36.12 cm, 37.05 cmel X, 32 957 cm, 1443 cm, 1952 cm,
23.38 cm, 27.75 c¢cm, 31.02 cm, 3453 cm, 36.69 cm, 38.77 cm, 40.71 cme[
t} (Fig. 44).

@ Az A%

- E2 AF (TLIF AF BW)T #A AN (Fig. 45), 1 FAL
23 2t} Bertalanffy A2 A8-& 4% A$ 30 hF FA4E AF
g A3 oF - 22t ¢ = 1151 (P>0.06), t = 0826 (P>0.00)E #9 27t itk

Female : BW = 0.01598 TL? ( R% = 0.986):-++w+:-reerenrrreens (21)
Male : BW = 0.01589 TL3 ( R = 0.991)-+-rseemeesverann (22)

HRAG (Wo)e oA H#EE HWAF L3S (21), 22)e] g3t
o 73t WakA, Bertalanffy®) 5o #$ 434 e oS3 gon,

O5E554 (1 = 0L WO 3 93)
300298 (1 ~ OB W08 3. ... (24)

Female (g) : W,
Male (g) : W,

1}

Zr FFo] BAHE d#FEE AFL 240dA 11A7A = o83 AFLe ¢
7oA 27.86 g, 66.86 g, 124.05 g, 197.83 g, 28561 g, 38447 g, 491.43 g,
60374 g, 71894 g, 83493 golil, FAL 1432 g, 5332 g, 121.32 g,
21656 g, 334.61 g, 470.08 g, 61753 g, 771.99 g, 929.19 g, 108566 g |
t} (Fig. 46).

3
Feguo] FAHST (Table 6)oA 50%, 100%% A& Fdste oA
o] 271 27} 26 cm, 28 cm AT, FRE 42 25 cm, 27 cm AFLZ
ZAE A}, ulElA Bertalanffy A9 AA4eg AHa A FAsH o
2 ZtzE 6,04, 684, A2 2tz 534, 584 & FAH U
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L. = 57 382(1_e—0.118(l—0.438))
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Fig. 44. Theoretical von Bertalanffy growth curves based

on total length of S. tertius.
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Body Weight (g)

Fig. 45. Relationship between total length and body weight

2500

2000 +

Female

BW = 0.01598 TL3
(R? = 0.986)

Male

BW = 0.01589 T1.2
(R% = 0.991)

0 10 2 30 40
Total Length (cm)

of S. tertius.
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3000

o
a0
as00 | Male @

WL = 3002.28 (1_e—0.1 13(!‘0.433))3 ,Er.

1500

Body Weight (g)

Female

W[ Ly 2585.54 (1_6_0'101(H0'471))3

M S S N Y

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Age

Fig. 46. Theoretical von Bertalanffy growth curves in weight

of &. tertius.
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A A =24

E24€o] 50470 A €48 AR AL 4-8dole HW 49 cm7bA] A
HYg & oL 74 Hl&e] ol dFER 17~21 cm® AF HHA=E
3~44%7F F Mode& ©)F3 AR (Fig. 47).

5. && MH

1) A 34

Eajolet F2Egwo] AU ALSARFT Zo] A&7 1997d 49 28YRE
59 18¥7tA] 20¥zeINeH, oluf 2L 149~1797T, BlF 1.024~1.026, DO
6.23~757 mg/ ¢ WSE vFH QAP FHo|}

2) Aol &2

Apo] Ar& g #AE7] 918k 05~1 ton =9 A, B, C, D 4/ 1Fo =
e 3zt 3~4ule]d] £ulole F 14vle], HL&W ol 9ujgE 43
Z A AEe 98 ZisA=Hnd EAE BARFAT. S £F 2AE
28 WAubES 4zl Fulo] 4viE) gy Ho&ule] 3ulElrl HAF o,
AR NAEL FAHDH F& A& A& £ HFE /AAE AU Ao
A2 2F 19:00~23:00 Alelo] Bol BEEAT.

EFHlo) gl Faguo] ojme A& AA AJHe YoM ol BE AZ
B} 92 P Rgo2 FYHA F1, £ T} 2444
Aste glom, Yol YA Y3 IFLFL B3 Atk &4 one
MA3] 9L 8 Aolg AESHTH 4EE Aoje T A KIS A
Zatelat, I FAA HARY] AEES 15~74% Ao

o] oo HFAALL 2115 cm (175~27.0 cm), A& F HFA 2
209.1 g (125~440 g) Raw, A& Aol =27+ BT 368 mm(3.34~4.01
mm)E & ZlojeE BF 59,8369+ (1,440~160,080912]) ATk (Table 14).

Bo¥uo] Mojo] WA AL 3618 cm (304~41.1 cm), A4S F HF
AFL 1,0070 g (412~1,460 g) e, A&zle] =7)= HFE 376 mm
(342~398 mm)E A& Aoldw BHE 191,433vHE (8,200~334,6000H2)) A
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e ™ Lo
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40 50
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3 40 50
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Ll
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40
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N=44

..

12 14 18 10 20 22 24 24 28 30 32 24 I IR 40 42 a4 48 ap 8D

T2 04 18 1B 20 27 24 20 28 30 32 24 28 2D 40 42 44 40 0 50

a0
Dec.
‘ ’ H_‘ N=21 20 b N=22
0 1 ,—I_] A T R T 8 1 L ..

12 16 20 24 23 32 36 40 M 48

12 16 20 24 28 32 36 40 44 48

Total Length (cm)

Fig. 47. Monthly change in size distribution of total length in S

tertius.
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o} (Table 15).

Table 14. The result related to the parturition of matured S, rmarmoratus female

Total Body weight (g) Dead of
. Number
Number Birth date length Before After eggs and
of larvae
(cm) birth birth larvae
1 513 175 150 125 16,570
2 513 185 175 141 14,310
3 53 195 215 180 1,440 940
4 5.6, 527 205" 280 210 136,080
5 5.9 20.5 240 190 90,360 2,327
6 5.3, b. 22 215 240 175 27,000 1,800
7 56 21.5 275 210 12,960 2,520
3 5.4 215 240 180 38,160 5,826
9 5.10, 5.24 235 310 240 160,080
10 512 27.0 502 440 101,400

* Two time larvae parturition.

Table 15. The result related to the parturition of matured S tertius female

Number Birth 12:;21 }133 Ofdy Weiglj:f(g) Number ezzasda?lfﬂ

date (em) beirfc);le birtti- of larvae larvae

1 5.2 30.4 460 412 35,600 45,030

2 0.2 33.7 1,020 980 8,200 23,500

3 2.5 34.2 395 780 296,500 3,420

4 55 38.1 1,230 1,150 156,400 -

5 59 39.6 1,410 1,260 317,300 28,500

6 .10 41.1 1,630 1,460 334,600 6,300
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3) Aol & 359 17

#ulelo] 23] A& RS A Yt 13] AEE v HolE HE
2 #8389 28 A& oRE IAsHT 13 AES HH JodEs 14~21¢Y
T A& 4-64RA A7) vy RE] & F 23} AbEo] Yottt 23
A& L 22,000~80,000 AR 13 JERT; ohik FHYoH, 23 4HEo]d
A 3a; A4eL HRAXA skt

4) A2 49

ofAlofl X MG o2 RE AEE AojE 138~159T 9 AP FolA
1¢ wvlo]Adl z}z} 200vtely 4§ F Ao wE Y&& HIE vwsly
o (Fig. 48). &do] FojoA 4FE2E Aoe & F 449717 &L
82% Ao, 6= 40%2 FF3) d F 109Ae A A7 HAFSY,
o Begole 3U7AE AES 0%Qo, 6gANE 2% F23] 7
& & oA A A7 HAFsEH T

5) Aol A%

o] ztole 108 EI1E 24 59 129 RH 59 4d71A 1297, &
e¥&dole 59 5UNFH 59 199744 1443t AMS3 T} (Table 16).

A2 B 22 153~182 T, HIF& 1.023~1.026%4 ) 3 3.9 A
ol dF d#E /1K AAE AN, dEE ¢3S FFE ARS 24N
B ZE|HE Ao|5}7] A&

ol AR 694 B AR 403 mm7tA AR 8~9UA o
AE7 TS AR 129A HF AR 441 mmE AF 3 HAEQA

Boguols ALS 194 HE AW 364 mm Pon ALS 9~108AE B
A4 451 mmE A2, o] F Y B/t HAES AL 14U BF
A% 465 mmE AF HAEIH



100

80 —e— 5. marmoratus

— S. tertius

40 r

Survival Rate (%)

2 r

Days After Birth

Fig. 48. Survival rates observed from the starved larvae of

S. marmoratus and S. tertius.



Table. 16. Growth and survival rate of the larvae of S. marmoratus and S.

tertius
Species S. marmoratus S. tertius

(mm) (mm)
0 101,000 100 355 156,000 100 3.64
2 97,100 96.2 3.60 151,400 971 372
4 83,100 82.3. 3.78 133,200 854 3.96
6 76,300 7.6 4.03 109,900 705 411
8 30,800 305 425 70,600 45.3 4.37
10 5,200 52 4.39 36,100 232 451
12 1,800 18 4.41 13,900 89 463
14 - - - 2,100 13 465




V. #H

28 et EuolFE Az 5000~6,000 M/TH oj¥Hr} HIe 4,000
M/T A= ol¥ygo] Zadta Utk FWolFH= 1992974 “BF (rock
fish)"o]gt o]§ o2 LHio|l{ A oY o] ZAMHGNOH, 1933FE 23 E
2 (jacopever), &HJo] (scorpion fish), 7|B} &% (other rockfish) T2 Al¥#
Ho ZAbEa vy v o8 FAF A ARSEEEA EFdlelFu oF
d oY A Aolrt AstGrt =HEEe] A9 YuRlEe] RE ‘¥R
21, vHed Zee g FolRT AT oF 7RGl By ‘eYTes
T, olF EF AN BT 2HEGoZ A3t o] A oJH
Hoh B2 o] 2 ES ojYgon A glth

G T "ol THAFH AFA FF A FTAA FAME ble] =,
AT FHY A5 EWolF AuidA ZuEE HA 20~30%°]5, tiRE
o] Z&wiol}, F2Euo], BEFol 70%0144-S AASI o, d¥ 7| &
gojFol 10%0l3te] FEoAt ey A SEE RFEEe] 0% oS
AABLI e AL Z Hol glo] Apolrt AstHth 53] AF A G fleir =
A 2o EEHE A FB|A ¥1 FHo] 60%, HHwol 30%, H-EHol
10%, 718k B35+ 10% ©l3lgith 22y o|AEE FAFHoR vT 2yE

o2 7IFHI v HAA|BEE, ¢o R Lulo|{ o Bl o FEH
Fo| TE 9% FAZF JAV AT APl

Fulolet Ha2%wole] ey & HAA Zo] AL A AFo
o 7tEA=2n 7|Ad 44 wEo] 3, JtEALEr] d24e BE 18
Aolch, FHFulo] AN BFMN FEe Bodoln, g dR457)
19702 Zulolrnct 17) © B3, ofrtu] 1WA NFSE 25~26748 &ujo)
B} 1~27) o ¥t} (Barsukov and Chen, 1978). AAAZL o]L3 o
A B @A, Eule]l £ A g FYUAAA W (PPL/BL)7}

HF2EWol Btk A & 1= #F9 z (P<O0DE e o], FFA 4
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M FtgAz=guztA T F3te P xolrt AR AT

2ufo] g} Foulole] ALd die 9% Fdoly A Aojrt &8s
HA AA Hele WAYOEZ 149 FGRI AA ] 1/4AH74A §¥E
o] olo] FA e F3 A4 P AEd H3E TRE /MY Fie 1L
2 Ho] i, WEE ZAMB (tubule type)] FelE Jehi=d, ol F
FRe FNF-REH 15 AFFE] F& PR ¥ S inermis (Lee
and Kim, 1992), 3328 S oblongus (Chang et al, 1995), T+FA &%, S.
vulpes (Sasaki and Igarashi, 1974), e} olQd Cymatogaster aggregata
(Wiebe, 1968) SoME B 4 i, vl vlgd 1/10~1/20 AEE o -
At} (Yokogawa et al, 1992).

gutH o2 WTH, Merluccius hubbsi (8, 1981), At&€l¥, Chromis
notatus (Lee and Lee, 1987) 59 ¢ - 59 GSIEE W3t A9 dAge
d wale], E9ele o] gHlET 1~-34Y, FL2gdols 4~-5/iY |
A Adgro] oyttt 2AETH FHdME A o] GAET, Gedol
#a57) Ao :mulzl dojxtth ;u)E X 4FH AWe) A3 AAE
L GRAX Alo]e] A ridtn Anirt fedo] JERhE 44 o)
o]FojHct ol AHAEL #HFEF (Chang et al, 1995), guppy4
topminnow £} 22 A AZF)F (Morisawa, 1985)= A7 (sperm ball)
FeZ EANAY, FWolg Fedwol T2 i A At vehd

L FAY HE Aso] gBlEg A= dojue 5L Egi{ A4 A
2le) EAo= ge)A ok (Mizue, 1957; Takahashi et al., 1991).

o] ATollA &uho] UFQ A A7l 10~3¥9 BA AEFoz dBE HuM
&# (Mizue, 1959, Mio, 1960) 2 IOk CHE 5, 1978), FHER (FAIH)
1194 493 ¥isd #H3lg ey, FEE (Yokogawa and
Iguchi, 1992)& 12~6¥2 YA 3R] FArh Fullo] £AL 8~119= K
B (Mizue, 1958)¢] 8~10¥3 Hl=slgct H&LHWo] ARY As A7le
199 69744 A7 2 dased, F A AZIe 4-5492 A AAEF o
Ark MA 9o A7 MR vsd AAZ £H¢] EF, L Sebastes



flavidus (Norton and MacFarlane, 1995)2 & 34710 A4 A&5d &
sed vls, 2YE F90 Xste SAEY (Takemura et al, 1987), %
g2 (Hoshias, 1977) &A1 71E 6~THE 2 4%57I2 &34 &4
ol &gc}, olEldt A4 A7) Aol HAR vt ofFe F& A77}
14 o)zt te AL FE2 S dxF wsld ¥ W] Wil
. 3 Ko et al. (1999)% &3 #F7] 24 T3 E%e W4 F7|
Z4o] 7hEdtty Bt 3l

HSI 98 wslol] 3lo} Ad47) &ule] ¢ -4 GSI 94 Wsiel sty FRE
ARBAE o, A& Aol e 3~597 129 HFF HSIgLC]
ggron Bogulo] ST ALY & A7l wol AAME F4go H
shs AFEA0| oA BAE S i FFH7] WESQ AHeE AlRHUTH

FASE o F THEEAMBRFEE (1975 0Me P4 &l
HESH H2FL 9~10 cm (F 1MoD= A4 75| Zhsdttn Bk,
Mizue (1958)% &AL 142 cm (F 249]), 32 115 cm (% 154)E A&
3 Hxygoz IAL 165 cm (8 349), AL 14 cm (F 240l HF-E
Agd Fosle Ao Budgek of d7ME 11 cmBAXME As 744
5 oty A FaPort 13 cm F olellre 50%0l4t ol Fodte AL
2 FAE e, B8l 4AL 27 cm oY, AL 26 cm °|2olA
509601 Aol Foshe AoE YEHY.

Z28t3 FRAM ol 11~-3¥74AY A& ddhgde FHUA7),
WX, G, RAASA ($AG, 4], 2], AW Aele HE
2 Az gyt olwl FEdrie dREVIe ) FEHY, d3
ojge] Agel FAdhe ulFA FEUBY oAtk EI 23] A& AF A
sda A Aozt FAlYl £, 18 JEF dsd w2 A A Z
A2 7tYH o 4kZo] dojddtl W HaFulo] H5¥ dadde 49
vy GEAEQ FHRAV {77 GRAXE 3G #EAHT e, o
BB dg7y] ool A FAld Ao FAste A FEEEF oAUt
o] ¢} Zo] el oAFF 13 A&FoZ AE T (Takemura et al, 1987),
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29 &2 (Hoshias, 1977) FolA 4yA Jon, 23 A&FL Sebastes
paucpinis (Moser 1967), Sebastes ovalis®t Sebastes constellatus (Macgregor,
1970) B°| Ru¥w i},

AHFE7e sivlth z} A2 dA ] zlelrt en, H&n A&y Hm
o] AAME of7re] HFo] A §3] nAS AHTA o} A& F3F
7] A Al Aol s43tr] Ao, FA7I7F LY A&H A
7] &ulole 8~109, Bo&wole 4~5¥d A%ttt £3 Hujojs) o
o] AAL Aol vig] MAT HAFII7L 670E ol oz FUT &£
AT, olHT FAL AAE A4 BRC FEse Y ol 7)AF =
=4

G AW Ao FAF 29 AAE EEelM He b4 BE T Ao
EEe 1, 27hgte] AAEQUL, 3/ o] FEF R ¥ FolE &
§lol, Mizue (1959), 7+ T HIFBAMBIRAAFES (1975), Mio (1960) Fo] X3
33 o] WF A& dojux %E AoF FAHYT Eogulolx 13
A% modeE 7HXv dEwws AU Aol B2HT AL T AtZo]
ofuial glew, EWio]l (Mio, 1960) FollA #H&AF 23] 42 w=o Wgle
w@3A Rt

Mizue (1959)= o] Wi A4o] NPHHA EPFE 278t o
5eke] WA EprE Hol 17902 FUbsIHtia B3slal 913, Ohgami et
al. (1978)€ 13 4& Aol 1,100~93,90072] 9] Ao E A&sty A 260
mm FE74A ] oA Zr|ARAE & A4t FUMgdn Bustn gloh
of A7ollA Fulio]l X&Fe} AU ol WF 8322470 (42,974~142,97570)
Mo, HFLFole ojnn A we P 351,22270 (26,333~942,7917))
ATk ol Xt AU Aol AFA HFo] FoEd wet FA =
7¥st Aot

2 oAFSod ol ol vlge dFPAIYY FAZ @o] o] {5
forn, 53] EFRdMe olXo] & o] glo] dHAAY FAEA
Agolet. o] A& o] & AHAMY WHole AW (Hayashi et al, 1995), &
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Auk, de} (8, 1981; Kim, 1985), 9 ¥4 AHE (West and Gauldie, 1994)
59 o] ALR-Eo] stor, HIde MAEn|AHY IR 7] Aol
A 47|19 &4 EXE (Penney and Evans, 1985; Laidig et al, 1991), ©]
Aol AT wgo] #F A7 (Woodbury and Ralston, 1991; Mugiya,
1994)7} B Es g},

Zulolo} BeZuloly oA BEUS} U wAZF AYdte B9
W dRAgYEAR Hgsgont, He28ol e dF 40 cm ol 2
AFAA olde] dwWies Fyuel BEHU FEo] oyt wety
Hayashi et al. (1995)0] B33k o] AAY FAwste Jddy Bo &
e&uo] HUldgo] 2~34 A Ao vA BFrHE HsAel
HlZ-% o]-£3 Chang and Kim (1991)8] &ujo] AFoA FYH A7)
AP AAFo] g ANJ|E JEeg 45 4 1~-29, 9~108=2
A 719 X dHer o] AT EHo] YAL F AJsAlrigt
SEFGAAANZI7F AAEA 12~2¢€0 A¥WE AFEo] 7FE @#kon, 3L
9~10¥9 F ANV Ay AAZE HA A7) 2874 o7t AU

Fofulo] AWy AHAEL ANLFF5G FFBAV UAAJTH dF

%_1011 do] Fulzl JAHE ALIE FAHLE 4~-5471A QR A%

£ @3t3, o] Al7]e) Fegwlo] AL 11~1249, dAL 4~5¥9) GSI
7} 7+ wut BEFEUI} %"45} = BRE A&E7A ddR A%E
2 ggou o] of HAAFHFAFE R Eu wepA dEE AAE
I AREPAL QA F7]d o7 '%“4] A A Av] R} £ W3 D A
o] ¥l & QPR WU} FEde Ao AlsHT

A A &Hulo]l Ao} s vlEE ©]&3F Chang and Kim (1991)&
AZAASF (k)= & -5 47 0462, 03982 A4 11~16 cm, A% 13~19
cnf e, o] AREE o] AFdMe £e] FAT («)7F B =ol,
d g Az 0424, 04412 FAHE HF 14 9 cmol A TA 20 cm, FH-&
14 8 cmelA 64 22 ecm2 A&A] H#E A7|9) HlwdHT, ¥ Ehime
A (TR EAEREFEE, 19793 AR A4S d9Ed. v, B

wfu
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ool &4 44 HFAS (x)e 0101, 01182 FHFo= Yo}
AR w7t =g, ¥ F¢ AEde= Ao® ALsFrh. Beamish and
McFarlane (1987)2 A% Azxuol Ad Wiy EFHFe AFAEAM
23% 9] o|FF 9] 204 oldhe 2FWoINUL, 13F] AP HHA= 364
ol X 1404 7EX Gk o3 ¥ AL MY 4ol 50 m oo AR I3
o] Y@, A8 FAH glo] wimA Fr|zt A3 dFPAR HFse

Ao g Algdd.

Zulo] ¢tA el Hutl AAL 2148 cm=E, FAL 2369 cmE ¢ -9 A
4 Aol7} BHsIHTh HWo] - F9 AR Aole AF7A L AtA
= o9 glol &R el =AT Mizue, 1958 Mio, 1960; AE -3,
1978; Yokogawa and Iguchi, 1992). o]&]& ¢t 4 AF Fole Tl E F9
(Choi et al, 1993; Kim, 1985) @FoAx Huxi o1}, &ulolxd
-9 AgRelrt BES F& =8o wHolF A shiZ HiH

2 v} (Yokogawa and Iguchi, 1992). &£ Wolm 44 ol F 3 9
Agel of Mg Reg, HRYAB 1A ¢ 37.05 cm, 37619 g &
o} A o] 40.71 cm, 608.08 g& E ST

22 e =AY A Bowers (1992)F S. flavidus®] A A}ol7} F8helo
AEE uj7lx)E 30~40%, Boehlert and Yoklavich (1984)% 13 AM&steE
Sebastes melanops®) W& 379, Mizue (1959)2 ZHWio|& 30~45UE FF
3t vk 2181 Ohgami et al. (1978)% 13] 4&-& vkd 41v12]F 100t o
A 13~229 XALE 23] o] dojgtria EIuEm gl o] ATeIME
Ellole e F FIM AE7A 13 Ee 23 & Al 2id 9¢
L1198 F¢) o3 2884 gk AR FPHJeH, 23 JEE 149}
2lF 3uteldlA 16~21Y9 AL 23] 4ol RAHAUG

FFA B9 AERe] Av|e 4.85~5.32 mm (KFE, 1986), &2 69~
70 mm (§8H, 1958), £ 88 56~6.1 mm (Park et al, 1993), #HEZ 6.
61~7.73 mm (%, 1994)& 522 Bastn glvk o] Arola Eaele} &
L&Wols W 350~4.10 mmE & FHlo|Fo Hsta Julgdeg 27
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7 Zsre,

Aol Abgel glo} BEEL 44 A9 Awsh MEH FPLE Dole) A
74 AEsh ol Qe Aoz ArEth AAL AolE e VEEOR A}
8 A9 BA - F 198DY BS o8 2 2wagelN WA e A% 7
Foluh 2EH AR Aste] HilolE VEsE A9 Boh HQk of
FAME S ofAFA 257 BU 4& Ao A4 Aolg A%
22 0% 4% 27) 4% 2L Aol BYARS AT WAZ ARED B
B AZE FEE Aaelr] ARNE Ha 3ALA A ojn] Aol B
Aol 27 WHEFE Hol Y, JYRN, A58 AN Fo| R
sjofo} gk,
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V.8 ¢

o] AFE #wWo]|, Sebastiscus marmoratus®t FH-2%E8ol, S tertius
F 2o Ui old B, e BN, dadn AT, d¥9H 4, BE
AHE ngog AP EHE AL ASIGTH. o] dd ol&d dEL
19923 79 5¥ 1997 8¥7tA AFx: 2 4= AtelX ARE U

1.0 24

Fulo]lF Azt o3 Ak 19899 6453 M/To= Hio] &3 F 199%6
ol 4,705 M/Teg HA ZA FAd vk ojdd Ai3de de
(19,637 M/T), #A4(16487 M/T), ®A (7,715 M/T) 59 &It Ag
3 o¥y¥= Ae (20937 M/D), A (11,020 M/T), 90 (9695 M/T), AF
(4872 M/T) F9 &22 o35tk

12
o

2. e 24

AL ol &3 ) ¢t 7 vimoA] FHlolw w{AAAF (PDL/
BL) ¥, ¥¥AA4 (PPL/BL) ¥, B3AA%4 (PVL/BL) Hl, H2&¥Yol<
BLel W3 PDL, PVL] RlolA 9 X7t ek & - $8 $3F vl A
Zufole} F2uio] Az ] PPL/BLolA k9] 2 27F AT

3. d=x

BH2FFAS (GSD Qo) o] @9l GSI e 1095 38 o)
gol ol& F 119014 49e) Z4sHT, $RL 99 Hujol ole F (3
ABTh 1~3709 Jol) 109%E 129747 2asgn Beadol Al
GSIZS 4~580) Hr) ghol o|& ¥ 68%E AR, FRAL 11~1280
HAo) ol F (YRR 4~5749 Aol) 192E Z2ashAch
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A2 F=710] glo] &uo] AL 437 6~99), 457 (9~29), &57
2 wr)7] (10~39), g4 9@ A&7 (11-49), #3F € F27 12~58)7}
Ve, RS A7) 4~79), 457 8~119), ¢=7] 2 un7] 9~
129), H3l 2 FA7 (11~-3¥)2 FEIG F2&o 43L& 437 1
1~29), A% 2@ wr7] (1~49), ¢£71 ~59), 44 2 4&7] 6-64),
53 2 Fx7] 6~-119)ReH, AL 437 8~99), 457l (10~124),
$&7] 2 @7 (12~19), 83 2 F47) 1~-89)& FEE

FA&E glo] Huole ¢4 2F AF 130~139 cmd A7]¢A
509, 15.0~159 cmellA A AR 7} Ao Fojstgon, H-aguoldl e
50% o)A ¢+ 4 Z+ 26 cm, 25 cm FoH, A AL Ao Foste
A7l 247 280 cm, 27.0 em®}d o]t}

G AU Ao} AFZAAAM FHwlle] drHEe HFAYeRE AW A
o] A& 119N 495 18] Ex= 23] dolwten, Feagwo] ddds
FALGY o Z 132 AE T

Frel A Aojgol el B 8322470 (42,974~14297570), FL
Zulolx olWth B& BWF 35122270 (26,333~942,7917N) ATk o3 T
ot A Ao e WA A Fo| F7edl wetp A Frhe At

4. 8%

o]q9 o AAEE AEF A7 ¥l dEL &5 BF 2844,

2&uole 1499 @ 13 PA=e Reg FAHHAD

A4 (TL)F oA (R)#] FA A Fro]= Female : TL = -0526 +
4818R (R* = 0.717), Male : TL = -1.895 + 5239R (R? = 0.776) {29, &
e#uolE Female : TL = -3894 + 5445R (R® = 0.747), Male : TL =
-7428 + 6.260R (R® = 0.864) o] Qt}.

Bertalanffy?] 7ol #3t AA4e] HEAzZl A3 £Hole Female
(cm) @ Ly = 21484 ( 1 - &*200% ) Male (em) : Ly = 23698( 1 -
g VMO0 ) mom o] B 4444 Female (g) 1 Wy = 16342 (1 -
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e 04 0B 3 Nale (g) Wi = 21014 (1 - g0 OB I g

HoEulo] HAd| 3l Bertalanffy A1 442 Female (cm) : Li = 54.491
( 1 _ e—O.lOl(t+0.471) ), Male (cm) : Lt - 57382 ( 1 _ e—O.llB(t—O.438) ) 93_(2_111,
Aol B HFAL Female (g) © W, = 258554 ( 1 - 08 047D )3
Male (g) : W, = 300228 (1 - ¢ ™18 @049 yig swio]o} Hozulo] B%
FR e ARo] AR KT} Wit

5. &= M

& Alole] AvjolA Euele W 368 mm (3.34~4.01 mm), H-2%
ol ¥ 376 mm (342~3.98 mm) Ft} 4H&E Aojd] glo] Fuole H
I 59,836ut2] (1,440~160,0807}2)), H2&wlole Hat 1914339t (8,200~
334,6009k2]) At} FWole 3utE]dlA 13 AFE F 14~219 Atolol 23 4
&o| TAHNLn, Fe&¥Wolx 13 A& FAH A
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