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Reproductive Cycle of the Red Marbled Rockfish
Sebastiscus tertius

Sang-Gu Lim, Kawang-Su Kim, Chul-Won Kim' and Jung-Woo Kim**

Inland Aquaculture Research Center, National Fisheries Research and Development Institute, Jinhae 645-805, Korea
'Department of Aquaculture, Korea National College of Agriculture and Fisheries, Hwaseong 445-760, Korea
*Department of Anatomy, College of Medicine, Seonam University, Namwon 590-711, Korea

The aim of the present study was to analyze the reductive cycle of the red marbled rockfish Sebastiscus tertius. The
analysis was based on annual changes in the gonadosomatic index (GSI), the hepatosomatic index (HSI), histology
of the gonadal structure, and plasma sex steroid hormone levels of adult fish from April 1997 to April 1998. GSI of
females began to increase in February and peaked (10.812.72) in May. HIS levels (3.41 +0.49) peaked in February
and elevated plasma steroid hormones (1.4720.75 ng/mL for estradiol-17 5 (E,) and 230.7 =27.6 pg/mL for testos-
terone (T)) were observed in April. However, in male fish, GSI levels started to increase in August and remained high
until November (0.21£0.05). T levels were was also elevated in August and peaked in October (188.1 £=43.5 pg/mL)
and November (186.8+28.0 pg/mL), but started to decline 1 month than the GSI. These results suggest that female
ovoviviparious periods span from April to June and amle mating periods occur from November to February.
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index (HSI), Sex steroid hormones
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o2l o)(Sebastiscus tertius)= 29 o] E(Scorpaeni-
formes), =21} (Scorpaenidae), 458 0| <5 (Sebastiscus)ol| <5
sl o] Lol = FH-2LH0|(S. tertius), 5H01(S. marmo-
ratus), B733)(S. albofasciatus) 5 30| L-2|ug} Ao Kl
&0} Qlth(Kim and Lee, 1993). H-24Wol= 2 S-2|uheh
off Aol o] At rA| Ao FRlstEA A, AT =
N, o 59 AM =S oL A48k A7]= A% 50
cm, A5 2 kg Wel7kA] Adakgtetar oA 9lch(Masuda et al.,
1984). FH2%Hol= 7P ol FAIE L e 2uEat 7
= FAEIL = B (Sebastes) 2] E2H(S. inermis), &
H(S. oblongus)¥: of] 2t & rj o] 40| Ll o] o} AbE A7, A A,
4t APl 9] A7) Fol|A Apo]lE Hlthal H e[ ¢lth(Bae et
al., 1998) .

Bero) WAl Bt AT Bete] 44t MAE7] (Sa-
saki and Igarashi, 1974; Wyllie, 1987; Takahasi and Takemura,
1991; Baik, 1993; Chang et al., 1995; Nakagawa and Hirose,
2007; Wai et al., 2007), d2t AW #}o] eH(Kim and Han,
1991; Lee and Kim, 1992)%-¢] St oF=2ta} o] 79 7] A
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ZAKKim et al., 1997b), AJA]
(Mio, 1960a, b), A+=541} ®-577] < (Ohgami et al., 1978), 4]
A3} A< (Yokogawa and Iguchi, 1992), HAIZE7]| @} AU =} o]
Wt (Bae et al., 1998) S-0] )t}

o R0 WAL Fulrh thy] fRe] 94 AAAZ] P4
I A 40] WY RAStolo} Sol, B4 BF v
2ol= o] U W F WakE Fak A4 Wivlaka At
A E|ojof gttt o] AL Fof whet 5 e EE w7t o2
] (Sisneros et al., 1997; Rahman et al., 2000; Joakim Larsson
et al,, 2002), Aol 23 Al % AT 4477} e
7] ujEolc. whebA] thapolEe) 2ol W wish, A4l
Wet Py BE YA TR AYE WE ZAME QTP
S Y3 A A A B E4tof] RE=A] i @ 5l ch(Pankhurst
and Conroy, 1998; Harveya et al., 2011).

S Hesolo] thak Ak FEakA) ghowl AA A
o3 AHiH Q) FHAAE 93kl 7|2 WA Aelsty ATt
WREA] Washch uheb 2 AT ol5o] ARAel FRAAL
OFA] ARIBEE 913 WAlY) ol Tt e Utom He
wlo| o] W AlZ7]o] nh2 At HAA 7] W A 0] 27
2 Wiok o Ao o] 4 AB|Zo|= BREO] WE 52 8
A

= o u
Ayt 7| 248 S da sk,

3} o £ufo] o] MA(Kim et al., 1997a)3} 27143
A e (Mizue, 1958), 3733 A<

=
Q)

ox o o &
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B Alof] AREH FH-24H o= 19974 49 E 1998 44
7HA Y S kel Eel AR At e el A
Solddel gsf olgd A F L A A= Tt ok A
7} 8-15ute] 4 Z- 2610t & Lol = LY sk3irt.

LA ] A2 20.2-48.0 cm (335 29.916.2 cm), A5 170-
2,035 g (FF 593.71417.5 g)o|QaL, A 9] AA-2 19.5-48.2
em (3 29.2+5.3 cm), AEL 166-2,095 g (Hat 314.6+
315.5 g)o] gl

g dohi ] gIstol FYANY B4
A2 ol gote] U HRHs ALEOR, U Qg

AEAR SA AFL AeS 54
=, sstel 440k 1 e T F, Aol AL A
A= A4l 45T 2] 4 (gonadosomatic index: GSI(%)=AJ A1 4
T X 100/4]%), 7ke] =4 A= 1taF A4~ (hepatoso-
matic index : HSI (%)=7F=%F X 100/4|5)E =45}t

et

ol AF - da 9 FE A Esh] 7% 9(Bouin's solu-
tionoll 24417F B %, sakel Aol ol 5 UL 4
H-Z A|2F5te] Delafield's hematoxylini} eosin®. 2 FA35}1
oF. 2} vhao) Ak, ok W kel Fheu] BB 24 X
wollA e oA | dRA| S B R AP ste] LEehd
239 Wl (proportional frequency: T TAE WA E 4= X
100/8A] FEA|2E 2)ef A2 4 SiFA]| 0] HIE F3sto
% WAE710IA 7} 21718 WStk W AT B
AT BRghe AEIAOH, YRAZ BT Bo] 3
Kaneko and Hanyu (1985)¢] 24 w3ttt

e

818 FAP71(1 mL, SARDE g0 v R
S W5t} 4T oA 10,000 rpmO2 10
5ol uhg 33 AeRolE Ao A7k
stgich AHEo|E T 2R uiAby
o =2 W2 Ueda et al. (1985)
¥} Kwon et al. (1991)9] W& whgfch. WA 2k 7)Ao 24
< diethyl ether 3 mLZ 3% $=&3}%(recovery ratio: E,=89%,
17 @ -OHP=92%) A4 7}~ dtof| A SHFAIZ] th2, 100 pLo]

oY
i
o
oY
ox
o

gelatin phosphate buffered saline (NH,PO, 11.6 g/L, NaCl 8.8
g/L, thimerosal 0.1 g/L, gelatin 1 g/L, pH 7.3, 4C)°o. & 2|+
g3ttt 217191l 5,000-6,000 rppm/100 ume| 52|24t} 4]
2 27} 100 L i, 2 412 F 4TI 17-20417F whokst
Tt vljoF 2 dextrin coated charcoal 200 uLE 3 7}5}o] 4C
ofl A 10271 2g ARl 2 242 (500 g, 10 min, 4C)3}o
A58 counter cocktail (ready safe, Beckman)oj] 4 mLA] @
3l A -counter (Beckman, LS 6500)%2 Z%J3t t}-2, AH| 20|
E9] s=E ALbskt:. A7 W(intra-assay)@t A3l Hinter-
assay) HE A4+ E,7F 272 9.8%, 6.8% % 0.1, testosterone
& 2V7F 7.4%2} 8.9% Tt AR ol AHE-E WAREA] steroid+=
2,4,6,7-*H-estradiol (85Ci/mmol, Amersham), 1,2,3,7-’H- tes-
tosterone2 AHE-5F4Th Kwon et al. (1991)2] ®of ulz2}, E,
o] 84} et} 220l Sofe] WA EE ZATHAL ),
estrogen©| 1.7%©]1L 71 2]9] AH|Z0]|=+= 0.01% ©]3+4i L

SH=EA

$oso] A9 Ark5elA GSL HIS o Folo] 4 T
9F9] 9% WH3}= ANOVA (analysis of variance)o] ©]-> mul-
tiple-range tests (Duncan’s)& H-43}¢ © 1, Tukey multiple
range test= F+7tol| 5-244-& A5t

2 1

e

MAIK|

o

4o Foigl Aol ¢t Lafjo] YR et P
o] ¥3HE 1997 404 19984 3Y712] ZAFsH A= Fig.
137} e}, 2220 HE WOl 8424 0C I, 4241712
4-690lli= 13.5-16.2CE YEFTh 1 & A& 45sto] 8o
A% AL $2(47) & Hom, 9YFE $-20] 5P7tsto]
109efi= 18.5C, 12¢¥€0ll= 12.6C, th&3fl 2ol AF H A 4=
221 8.4C& UrEh Sict.

BE7e A5EA1) 4-590 12.6-13.4 A7k 91T, 69
ol 71 71 W78 et Slom, o] F A4 8] Fhasto] 124
S 9.8 Ao 2 7P g2 7)1 E YrER Tt

ALY FAA7| RFE = B57F WA= o] 9laL, A4
£ S 21 A9 2Jo] 2 715 2} Q)%
th(Fig. 2a, 2b).

YT dat B T AO|T Bat AT AL o) A
o) Aol7k EsHAA B Mol PaPe] Ful mepo
U7} Aol AHE o] glon], S AFHO R U 7
upol] J3) A7) holl £AElo] Qiek. Wtz AuSe] AHA
Ax0, 247e] s 5] Zol 4 AL Feolu], AEe] 3H
F2E 7p3 Q. Fat WY G4YOR S5 AL w
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Fig. 1. Monthly changes of water temperature and day length
in the sampling area of Sebastiscus tertius.

2k 5o1A QlaL, G Ftof o] AT o= AEH 9l
o =

2 Ae] e Lhehdic.

&H GSI (%)9F HIS (%)°] 9¥ Wal= Fig. 30| LerY
St} GSI= 499] 6.24 +1.21% 792E 3Y Abo]o] GSIZ+
(P<0.05)°] v]3}to] Astelom, 590 10.84+2.722 A=
g Btk 1 & F43] shitste] 74 0.70+0.602
2 Yelgom, o]gel W2 k2 AN 297HA] Al =it
3] 2.64 £ 1.04=2 7t Aol H3S H ot HSI= 44
o} 2.6310.152] ZFS Ho|t}r} zpo] AL A|7]0] 5o 1.74+
0.128 71 WA Yelgton, o3 69}t 9Y o) tha F7Fek3l
t}7} 290) 3.41 +0.49=2 X1 ZHS H Tt

7 GSI (%)2t HIS (%)2] ¥ ¥3}+= Fig. 40 Yetfigl
t}. GSI= 9YHE AF3lo] 1090 0.13 +0.092 Ar&ato] 11
o= dF 215kl 0.21£0.058 Hglow, o] sH7}sto]
2940+ 0.06+0.028 71 W2 3h2 et HSI= 5
1.49+0.152 9% JAZS Jethyglon, 6o 3.69+£0.42
2 93 Hughs Bouirl, 790 thA] 1.68 0.162.2 5175}
fou, o] % 8UHE 109717 5ot A Horh

ARolA JAIR17)E oy g o 2tz
o whaulgh AmloA = FN 0] BAFAstaL glek.
BA| 252 78 40-120 pm 52 SHfjof] Akt Qlp Ao
ZLO o]

t} (Fig. Sa).
719] ¢ o] 600 pm 2] A4 T4 dRA

L
oldk
e

Fig. 2. External feature in parturition period (a) and matured
ovary (b) of female red marbled rockfish Sebastiscus tertius.

ZER2 R SA o] AAE L, d2TE A2 Fofl U
Epdth(Fig. 5b). d&Fg /3710l Sl= P o] 700-1,300 um A
SO LA 32 = A 32 A A o] e t7E S | AL A A of
= FRAo R fE BEE, duto] o AX|3} B7] A&
Sz Zlo] Qlt}. ofu 7} EH T A of kst Alo] 7HE
ole FeE A& FAEo] Hol, o]2|3t A2 o] Al7]9
s HE B0 a2 A yYepar ¢loh(Fig. Sb).

25719 2 1,600 um A0 W 45 ehrgh R
A5 WA 9] WA ovarian cavity) Ujol] th7]5<1 Fxpe}
o] dojdtt. A 2 SAMI M 2o FA o] e
L& © 2= FsA HelckFig. 5c).

A4l W EF471 9] AAGES dadol| A sy o] %18 E]
AL o] oA F3lE AW AolE2 E4t A7)0 o] 27|7HA] A
e 5 EAko] doju, Aol 5 EARSE datjoll A= m| EA4F
H WAET o ZA| 2 E0] E|3f 4 S (Fig. Se), FA7|E B
o] gtth(Fig. 51).
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Fig. 3. Monthly changes of Gonadosometic index (GSI) and
Hepatosometic index (HSI) in female red marbled rockfish Se-
bastiscus tertius.
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Fig. 4. Monthly changes of Gonadosomatic index (GSI) and
Hepatosometic index (HSI) in male red marbled rockfish Se-
bastiscus tertius.

W et g o= ul 2
3 AL, 7 5& AT s 28 S5 AYAlEEe] Y
Eltt}(Fig. 6a).

o) didat o 7PN S0 WEsto] 11 5 F7HA
71w, 2t A sEid(cyst) SollA= ol thar 3RS
Uetl = ARA|Z50] i dS stof HA} suEA "ol 7
gk A7 W= Ul AAlE = Ad<sl 7th(Fig. 6b). 78
a0] ey} A Al PEA|E, A2 FRAE, GAE e
Hejsto] JAHE 2he Al wEe] We v S-E oh(Fig. 6¢, d). 4
2:9] a1 A BAEZES AL AR WHE A=)
e 7HS A H=dl, o] A7 71E A s 2 T
Ith(Fig. 6e).

FRTE A WA= 2| F FEE =, v A BEEHA ¢
& A= Aol ot lkrh FHAF & AVA| 2o LA
2-g-of ofsf EjSte A SEar, A s g2 2
£ 7HAH A LA 250l EdthHs FASEE Hrh(Fig. 6f).

oM H AHIZ0|E 29| EE H3t

>

AA 2] EF estradiol-17 B (E,) 42] € ¥Z}= Fig. 7ao
et 8% E, 439] W3k 49| 1.4740.75 ng/mLO.2

Fig. 5. Histological appearances of ovaries in Sebastiscus ter-
tius.

a. Section of the ovary in the growing stage. Note the yolk
nucleus in cytoplasm. b. Section of the ovary in the mature
stage. Note the yolk granules accumulated in the cytoplasm. c.
Section of fertilized oocytes. Note mature and premature 0o-
cytes coexist. d. Hatched prelarva in ovarian cavity. Embryonic
head part had developed eye lens and auditory vesicle. e. Sec-
tion of degenerated ovary. Note degeneration follicle cells and
embryonic stage. f. Section of the spent ovary. Note thickness
of ovarian wall.

Dc, degenerating follicle cells; Em. egg membrane; Fe, fertilized
egg; H, hatched prelarva; Hg, hindgut; Mt, myotome; Nc, noto-
chord; O, oil vacuole; Sz, spermatozoa; Y, yolk; Bars, 100 pm.

A% 2aghe HYon], 590 % 1.19+10.28 ng/mLE &2 gt
& 9 A5, 690 225 517510] 0.35+0.13 ng/ mLE 1t
Elgt}. o] 7oA thS8f 29744] 0.20-0.39 ng/mLE W2
7S Holtr 390) 1.09+10.34 ng/mLE Abssls A W
2ATHP<0.05).

5 T Yzl Fig. ool A 4o 230.7£27.6 pg/mL2
2 945 Haghe Blou 2417191 59l 78.2+22.8 pg/mL
Z 743] "ojlon, o] 6€o A 19714 16.3-39.2 pg/mL
2 9 7kS Yehyithr} 390)) 204.6+38.8 pg/mLE THA] &
A3t g5& shATHP<0.01).

:
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Fig. 6. Histological appearances of testes in Sebastiscus tertius.
a.Section of the testis in the early growing stage. Note of
numerous spermatogonia along the germinal epithelium of
seminiferous tubules. b. Section of the testis in the late grow-
ing stage. Note of the cyst composed of spermatogonia and
spermatocytes in the seminiferous tubules. c. Section of the
testis in the early mature stage. Note of great number of sper-
matogonia, spermatocytes and spermatid in the seminiferous
tubules. d. Section of the testis in the funtional mature stage.
Note of the spermatid and spermatozoa filled in the seminifer-
ous tubules. e. Section of the testis in the ripe stage. Note of
the cluster of spermatozoa filled in the seminiferous tubules. f.
Section of degenerated testis. Note of the testis degenerated
and spermatozoa remained in the lumen of seminiferous duct.
S, sperm; Sc, spermatocyte; Sd, spermatid; Sg, spermatogonia;
St, seminiferous tubule; Tl, tubular lumen; Bars, 100 um.

0] Bg A E2HE(T)2] ek Fig. 8of Urephd v
o gol 8%—JTE1 stel 94l 175.2+18.5 pg/mL, 102
188.143.5 pg/mL, 11| 186.828.0 pg/mLE &2 7S
Uehfgom, 190 70.9+14.9 pg/mLE 81743t 3 o] 53] 7
Y71 Bl S e BITHP<0.05).
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Fig. 7. Monthly changes of plasma estradiol-17 3 (a) and
testosterone (b) levels in female Sebastiscus tertius.

300

250 f

N
o
o

—_
a
o

4]
o

Testosterone (pg/ml)
o
o

o

Months

Fig. 8. Monthly changes of plasma testosterone levels in male
Sebastiscus tertius.

s AU Apef 7 SdshEA HA HO]D:] A
o] st A A Rkl AZE o] SAlol ARl 2
ZHAAL ok, A Eol e e WA ’%‘(gynmovarnan T} -
F(cystovarian) © & FEE =T, Bo2uo)9] dak FAlS
o2 YR e daumo g Ao 9l o]k YA
%= 37 B2 (Chang et al., 1995), 23] B2 (Lee et al., 1996b;
Nakagawa and Hirose, 2007), =72 (Lee et al., 1997), 1)
o](Bae et al., 1998) S|4 = B i1E 1l it}

Ao i 2254 2= 4~ % (lobule type)t Al

ox i Hz

—',JoRL
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F(wbule type) 0.2 FHE ), HemHo] ot ABHO
2 s o) Ao FA4Eo] 9la Z7ke] AAwe

= o9 79 Z¢s 7= FEHE 2ok ojHd e %
o](Mizue, 1958, Bae et al., 1998) = A]&-2(Sasaki and
Igarashi, 1974), 3452 (Chang et al., 1995), Z3]E2(Lee
et al., 1996a, b), 2271 (Lee et al., 1997), &2 (Lee et al.,
1998) Fol A= & 4= qlrt.

#ewo] 9712] GSI= 38 4051 A5stol 5ol
A% ATAZ dehhgon, 24 10-1280] £& e B
ick. ole} 2ol wajo] oJs) 54.& 5} Q14171 AR Aol g
FAFIE el o} R-0] TS ohaeo] GSI % Wal} 2
U] sl=t|, £&Hio](Mizue, 1958; Bae et al., 1998), 3FdE2}
(Chang et al., 1995), Z3]-52H(Lee et al., 1996a, b; Nakagawa
and Hirose, 2007), =73 (Lee et al., 1997) 50] o]of &3t
WA 9F=2) GSI A% W3k A9 dA|sh= A2 A2 (Lee,
1987), t=~(Smith and Paul, 1990), A}5=E(Yang et al., 1994),
5°1(Rho, 2000) 5 T o] Aol 7ol A & 4= Stk

o] ol A dEch A L o AE 2 Ao O3] 7to)| 4] T E
(Aida et al., 1973; Joakim Larsson et al., 2002) N2 E35}
2 Y2 509} =4 Flth(Wallace and Selman, 1990). &
O] HSI= Wso] 4= 290 HaghS Uetlitirt 5¢
A7)0l e e H et o] 2Rk ®igh= 39 1ol G
< SASHHA A 3 284S IR YR o] F sk, A
9l 59¥of| A H JFS A9 Aush= Aoz YZHL) o9t
o] HSI ¥izlr} §14] =7]1eF Wigh #A 7} Qlh= AL 15
o](Noguch and Bito, 1953), 2¢](Ishida, 1979), ] *|(Lee and
Hanyu, 1984), #4W%(Smith and paul, 1990)50 %= HolF
3 Qith

ARk o g o] 7 o] AA] 2l52 off 7HA] &7 FollA 2
G717 7P S alo g Aggitta de| g A 9
6 m(De Vlaming, 1975; Asahina and Hanyu, 1983), *HA]&-%
of m A= FFFoll whet = A, 5ol A, o] & A,
B7Hs AR, 7HS AR, AE AR 08 SLERth(Aida,
1991).

CRECESL

M omy o 2 @

2 2P A FA A A= 2R
7] SEAEF0] A4St 3Hofl= FH7], daT]
FA7] MlzzEo] Holw, 40| E|H =it} oA
of| A= AU &FojE0] Hol7] Al&Fetgitt SHo| B v FEe
WA= ZpolEo] B 6Yo] HH 24 &

A= B3t F7F dojuton, Ao |17, =
S| et kA 22 e oHA E EEol
T2 EAMAZI7E 1290)| A o] 58l 298] AE EARSC R UE
5o 1H(Chang et al., 1995), F-2&1o] A o] 4t Al7]=4-6
2 Ze50 2ujEgu) go] 49| o]} o] 7 E4HY
of Hot= Ao r A U & FO AR QoA =
SAAPZI7E 2uEE Hobs 7RY, ol Rth= 2-370Y 4
T =7 Jelith(Lee et al., 1996b; Bae et al., 1998).

ol o] AN Tt e -] dojdnta &
27l F8 AERo|E 2241 B9 Tof tigh =39 Wolks =

Afsto] A A4 M THA| oL o] At § Yot Qfth = Thol
A g ok A A S A st bR R oA die
Alzzato]] Q= AW 5 I 8-A|ofl o8l tEA|E Qhe
2 So7hA] dEhil Rl 2 =2 E th(Chan et al., 1991; Joakim
Larsson et al., 2002). Estradiol(E,)+= T F29] o] Fof| A U3}
20| ool 2|z A|7]0] Aol ke ool 7hadt
thar & A 9)© = (Sisneros et al., 1997; Rahman et al., 2000;
Joakim Larsson et al., 2002), wa}A] H-2&H)o]of| A = upzkrt
A2 390 GSI7} Adgstal dEA| o dto] ZH == A7
o B9 @5 ¥k I st AdS 2o F3lHh GSU}
A% 7MY =1 d=SA o) 7P @Rt 4ol 5 Efte Tt
% =7 Yt o)A 4] 49 o deEA o] 54 0]
Fauzxg gebal 5YI 6ol FAT A4S Uehd o s 5Y
ol A 674 FAE7] 0l FE S & Al 4= ATk

5 T HolrAAls 22o] Warul Al o] Ag 2o]
= Az 2-Esko] A, Wakel A4 (aromatase)o]]
olgl| E,&= A% Al FFof 2Aethal g A ot H2%H 0l
HA 7Y EF T HES dAA = GFFAE F714
4] Ao M= AAF 719 11l 2|3l gh& Yefo] A
Algs 2 AR o o AR WS Bl

1o 1o
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