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1. AAE2KEAF(GSDw FA9 9958 Sr1ste 1180 dF Auzel o4 431, + 1.61S
Zzt vErdIgl ey 12958 7hAdte] &38HA] &<t w2 gk

2. ZEEAFHSDE £A9 49 Falsixe o AL Nrsex s TAds) Hst
she] A A7 A SE S 99 FUl8hy] AlFsle] 1199 2.329] dF Haits Ve

3. FRSEE 45 BRAA F2AF 11.0~11.9 cmolAl 50 % ©]4, 13.0~13.9 cmolA
100 % = A A7} A4l 7tgshes Aoz yelgtt

4. A5 3 A 99l A 129 4t0] Wi WAz ] ARl A Elv)e & 4bgtz]el 33 o
o] 4t e 3l thal At@F e g wE Ao

5. FX 359 A&Ape A vlEste Fr4stR oy, AFEAY BN Parste A
YER AT

6. HIRkE = AA71Q) 9all o4 2z 15,32, 15,148 A1zt Bl F Aav)E Auy =34
Zastglon, 3YREE A A3 Fskt). whEh vt o] Wals galFr]ok DR B
E 7Hxx WElshe Ao yehydct
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@ 9|, Hexagrammos agrammus< ¥ efu) o] £t At A o] {2A s-elvel ¥4
ob &l Fx BY dote] EE = A A o] Fo|th(Jung. 1977).

oo B3 AR E EFo B3 Bi(Jordan and Starks, 1903)E vl Este] Adejo &
g ATE AGACRES 5, 1944), b4y} $A3A (Yamamoto and Nishioka, 1948),
oy el (/N1 1951, 1963), 84 2 oFA 5, AHEAY, Aol @3 FAHKanamoto,
1976, 1977, 1979a, 1979b), FAol g A& ZAHKang and Kim, 1983), Wtz H3}xjo]
o] #3 B3 (Kim and Myoung, 1983)% % Chung(1985, 1986) 5l 213 Aj2hd ]9} ol 9} 3
HE AT 2 A GTHA X A Rgd ek d57F 2AF Hargul ot

% En Y-S HA dAA g Fa o] Faigde] =X W AAZ 2ol F KA H
gto} HIols & o]F & F o Hu o R 3k ofdo] Eortar ol Aol wetA B AfE
ol& Aelel AAR) HAE Y3 wginie] QBT ABE A3 N EAEE AFstuA} QA5

-222-



v, Hexagrammos agrammus(Temminck et Schlegel)® A<z AHgh

7] ZAF 2 A A Ee] AWM 3H(Chung and Lee, 1985 Chung et al., 1986) %l olo] A<=}

Aol AR E AW B F ANLEEAT, BEEAT 227 vEe] Yzag wivg 2
Q% Y 280 EB5EE 28T
E oy

1991'd 77 1992 7T€7HA] B4t ol 84 20 (Fig. DollA Y WAIZ vi€ 30~
5070 A4 225 & 39870 4)¢] w#n), Hexagrammos agrammuse& 2 A3 A8 2 A} 259t

ABE Age A APHEZ A4 340 AL 0.1 cm7bA, AFS 0.1 g7bA AS & sy
gto] o A2 HE wopd A A% 2 0.01 g7k AS3tATh. 228 BF S g ANLhE A
&% 3] Bouin's&4ol 24A|17+5¢t A #F 4H < Paraffined Aol &3] 5~7 pm FH 2 &
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Fig. 1. Map showing the sampling area.
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#5% Hansen haematoxyline # 0.5 % eosine B2 @3 Mallory 459 84S HAlsIA )
A4 A2 = X4 (Gondosomatic  Index) = (225X 100)/A%F, XX T (Hepatosomatic
Index=(7H2a X 100)/41%, ¥1THE (Fatness) = (AEx10Y)/A8°e] Aoz Axsidd. &5 AH|
ZA A AdB]e) g (YA NG X 100)/F A F] 2oz A&t Bt % 2k 437
oA ghzvlel] o2 9~129 9] AT AEFE/t PR AEEE g davh o] &3lglon,
gtego] Ak A¥o] e HoZ FuEE RS ALY, HEd ¢ dojEl= 0.001 g7hA ASE
% 782 Gilson®(Love and Westphal, 19819 =&, w2 £8& £A717] fl 60~T70 € AF
o] £EE FABIHA 447 A7 EBOIFAL, BEHA ¥ HEL sEHoR FEF vhe 244

7H B &3] 9 B 39 AR Bagnal and Braum(1987) 9] 5 #W S AHESHIT

My

1}

1. A4 A< %24 (Gonadosomatic Index) <] dzHd 3}

1991d 7YHE 1992 T97HX) A AL EAS(GSD Y WREE 492 23 (Fig. 2). 9A
o] % 79 GSI HFL 0.32% ofF wWko} Uz HojewA M3 F7tsted 9= 1
112 A58gch 1090 E 2.2302 2A 7=, 119dE 4.319 9% HR3E Yehddd
o|% GSI WFS At "old 12¥0ll &= 1,542 Ha 1¥olE §23] BojH 04622 S
2% 697k & 0.407 2] W ke YERAUTH

FHo ASE AR KA W3lste] 7, 8€ 0.05 olate] W ghs UEhiE Zio] 987 H &
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Fig. 2. Monthly changes in gonadosomatic index{(GS8I) from July 1991 to July 1992.

-224-



L-2jv], Hexagrammos agrammus(Temminck et Schlegel)®l A< AMgd

7vat7] A1Eksted 1090 0.962 2 Fds3std 11¥9 \dF HUlX 1.618 YA ol F 1299
T 0.61% AA Zastdon AFstod olFa 1€l 0.197h4] FaHAch $3 Al 29904
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2. % =A 9 (Hepatosomatic Index) 9] W73}
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8] Z7tete] 6ol Aol 1.830 o] 2t} o]eho] 4R Y A gkl dzh Mshs YA a
sEAe Wl gul Aoz F3he] WEE Holx Jov, FAY Fede 1 e dA7)
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Fig. 3. Monthly changes in hepatosomatic index(HSI) from July 1991 to July 1992.

dad del ds B ABEFE 4] A s R A7 9€dlA 129 AR Al diske
dA Y o dHEA dHE ZARIIGH(Fig. 4).
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Fig. 4. Frequency distribution of egg diameter measured from each ovary classified to five stages.
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4, ¥lwr= (Fatness) 9 Q@37 3}

BlRt= o] WibAsH(Fig. 5)& 4HRY vt s o EFAAM 999 7 =23k 15.32, 15.
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Fig. 5. Monthly changes in fatness from July 1991 to July 1992.
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99 o] F FA7IEL Y GHE(Fig. 6A)l FFEHo] A7) Ajztatn . L]0 Wit
A S0 HLE o)F= MAE A2 71 /A (Fig. 6B)

2. 957] R AR dadol velE fAlE A 7bs A (Fig. 6C)
3 uEE e ”?‘4501 g oA sAHd e GHAS YehlE XM EEo] uy
5= A Ab 70 (Fig. 6D)
4, FarigAy 7]‘ $EF 2ol WA FHojrta, G 3] Nz &3 Aeojn] Ui
HE WA} FAYA 2 FAIEY A EA B} 94_0114% AAE A A (Fig. 6D)
P bel Xyste] Ak

5. 12€X 1€94}to] HelEQ nlAdsda A3 YSo] Basn
g 2ol glal Fardo) o}z TE|YRA ge 7H?‘<ﬂ*‘f v 2kek 7§ A (Fig. 6E)
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WA (Fig. 6F)
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7AA (Fig. TA)
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Fig. 6. Light micrographs showing the gonadal development of females. Hacag7mmos agmmmus
A. Section of the ovary in the growing stage. Note oocytes filled with yolk vesicles in cytoplasm.
B. Section of mature oocytes. Note oocytes filled with yolk gloubles in the cytoplasm.
C. Section of ripe egg in spent stages. Note numerous yolk materials and oil gloubles in cyto-
palsm and well developed zona radiata.
D. Section of spent ovary. Note the presence of a empty follicles cells in ovarian sac.
E. Section ovary in the recovery stage. Note the degenerating oocytes and no scars of spent.
F. Ovary of early growing oocytes along the germinal epithelium. Note small oogonia and imma-
ture oocytes.
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Fig. 7.
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Light micrographs showing the gonadal development of males, Hexagrmmos agrammus.

A. Section of testis in the mature stage. Note the cyst composed of spermatids and spermatozoa.

B. Section of ripe testis. A great number of spermatozoa are filled in the enlarged testicular
lobules.

N

C. Spent testis. Note numerous spermatozoa in the testicular lobules.

D. Section of degenerating testis. Note testis becomes withering and remaining undischarg-
ed spermatozoa in the lumen of the lobules.

E. F. Section of immature testis. Note a number of the spermatocytes in the testicular lobules.
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Table 1. First sexual maturity of Hexagrammos agrammus

Standard length Female Male
(cm) Number Mature(%) Number Mature(%)
9.0~ 9.9 8 38 8 38
10.0~10.9 16 44 14 71
11.0~11.9 22 77 19 84
12.0~12.9 23 87 15 93
13.0~13.9 10 100 17 100
14.0~14.9 7 100 9 100
15.0~15.9 8 100 5 100
160~16.9 5 100 5 100
17.0~17.9 1 100 ) 2 100
18.0~18.9 1 100 1 100
19.0~19.9 1 100 - -
Total 102 95

V5 A ZiA = HA A (Fig. 7B, C)

3. 128004 19A}e] ZEAREC] Aahg YehbY, HALY AA7L vEHE A BA
WA (Fig. 7D)

4. 1180A 19717 Haagel Aabgo] YehbA g1 ARMAEER 7153 e A=
vk A (Fig. TE, F)

Aotz B 93 FA5EE YElE A7 (Table 1) 9439 49 EEAF 9.9 cm ol3e
38 %. 10.0~10.9 cm¥E 44 %9ro] At #e3la o™ 11.0~11.9 cm o}/do] Hojo} vj2x
FAET 50 % & 9ol 79 %5 UEhATt. 739 A ZEAFe] 10.0~10.9 cm o]/l A 83
%7t Aol Fojsta 9lo] R ET A Az Tsta don, W A} Al sk A
2 of¢ BE FE2AA 13.0~13.9 cm oJA 0 E YET

19910 d 795-¥ 1992 TH7HA] AR A ] A Adnle] WEtE W (Fig. 8) 293 4~6¥2
F7io] gol 23 W yvA] @& ¢3le] Bo] SR Aol M Bol EJ3 E2 39®
A1 65.85 %= WER T A AL 7134l AR A= oF - rollA 54.18 1 45,822 Flo] HhA E A
YERR T

TEEF

wiuie) WA S A7) st 2ARBACE A AFo] Yrtn BIEE IS e
TATE 2AIS A3 2XB52(F) Y 24 (BL) B #AE F=3.2119 L*®% H4&u4(F) 9}
HE2ANF(BL)ZHS] BAIE F'=4.4276 1> o] #1402 vebgth(Fig. 9). 282 FEXI5(F)
o} AF(W)ZHe) #AE F=1784.0533 W™ A<sas(F)et AF(W)7he] #AlE F'=106.
3102 W*™e] BAA o 2 vehgth(Fig. 10). AAE AAF Ha A5AA Q0 FEAEo] 8.0~11.
5 cm HY9 AATEL FTF 3.69070¢ G 7HAH | o]F Hudss Wi 1,.939/09¢. ol v
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Fig. 8. Monthly changes in the sex ratio from July 1991 to July 1992.

Table 2. Composition of absolute and relative fecundities i females by standard length.

Standard Absolute fecundity Relative fecundity (per cm)
length(cm) Total eggs Mature eggs Total eggs Mature eggs
8.0~11.5 3.349~4.361 1.081~3.026 292~396 109~275
3.690 1,939 342 178
11.6~14.5 5.297~8.454 1,875~3.883 421~648 130~294
6.402.9 2,339.4 478 175
14.6~16.5 5,733~18,618 1.873~5.800 370~1.225 122~325
11.655.3 3.761.6 742 238
16.6~ 10.830~15.612 4,175~9.434 589~858 241~502
12,645.5 6,170.3 712 342
8 ZAESE 100 %olA AP ZAE 14.6~16.5 cm B AATES B 11.65578¢] =&
42 noon oF 3.76177F AadolYrt. 0|59 Aol whE Ao EJFE vlus] B 8.0~
11.5 cm®] AR Eo] FE I 34270/cm. AE5ES 17870/cmelrt 14.6~16.5 cm H9 AAE

& EX T2 74270 /cm. AETS5 28370/cmB Ao FrHE4E XAFE FUHHE ALE vE
Jrh(Table 2). 22ju AFo 02 A EJ5E AFo] Frgl wet it giste 43S Ue
W tHTable 3).

(¢4
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Fig. 9. Relationship between standard length Fig. 10. Relationship between body weight

(cm) and fecundity. (g) and fecundity.

Table 3. Composition of absolute and relative fecundities in females by body weight.

Body weight Absolute fecundity Relative fecundity (per g)
(g) Total eggs Mature eggs Total eggs Mature eggs
20~40 3.349~5,297 1.081~3.026 98~167 49~98
4.091.8 1.936.3 189 63
41—-60 5.436—8.854 1,994~3.383 114~1,744 42~76M
6.622.8 £.528.3 133 57
61~80 5.733~16.472 1.843~5.121 77~226 28~70
10.009.1 3.004.4 141 43
81~ 6,987~18.618 2,540~5.587 77~226 30~46
12,741.6 4,670.2 114 37
b =

guxe] HEAEE 2YYoe FEUF b HAASEAS(GSDE 98 Zobebr) A%

Anl

stod b EFollA d%7]¢ 1148 dF g€ Yehia gle bl o] # dde =], Hexa-
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w#§u], Hexagrammos agrammus(Temminck et Schlegel)®] 4% A&

grammos agrmmus A A'dF7]2] ¥ 31(Chung and Lee, 1985)9}% 4 x]3l%c}

AL g 5 AN ) WA AdHe ¥EE Rols sEAS(HSDY Hele
AT Al M A AsEAFe FUsH Wslele Ao R UEREd o]e g MehE do R,
Oncorhynchus nerka(Imura and Saito, 1969)9} 150, Scomber japonicus(Noguchi and
Bito, 1953)59lXE B¥stA Halsls Ae® wnHly vk 28y &9, Plecoglossus al-
tivelis (Ishida. 1979), 2&3# X|, Rudarius ercodes(Lee and Hanyu, 1984), &3|7}A}v]. Li-
manda yokohama(Kang et al., 1985) 1811 wWi&o] Anguilla japonica{Sugimoto et al..
1976) SolM e UsEAF7) *&"i!i—?-EX]-rg} qgHe g Wslsty e AoR BuHr} o
2 Aolgt Wt YeEhNE e offe Ada e S do s 4 A Aatol Had
Az ARIF o] Fol whet th2 7] wiiFolaha AzbE ™, g o] Fo me} olejdt MFEFY P4
2 A a3l o] I A7l E IHAIE dAe] W MR & AFAME ZIjEE ARE
Ats et

TAEE ZAN AR F3lo] thh I Az @etn qley ob the]l EEAY 13.0~13.9
cmol A A JRA7E 100 % s 25t ASE g AU o5& T A Gl A AA
o] & B8 A3} (Kang and Lee, 1982)¢} d|wal B vt 140jo)] &&= /AEE e, =2
vl 1400 23EA AEE 100 %ol @8t Aol Hogts g4 Ut

HaHAS 245 Tehg ZAMIA AF 15.2 cm Aol A 18,600 /HE HoZ velda A
ol AdTE TITE 343 BolA 1L AFo T v 3115}@1 F7FelA Y. 99 AT 2adFE A
o) Z71e} A FUbshu, &9l AFF LT Asdse AFe Tt we gade Hez
YRt oleh2e d42 Hol, Konosirus punctatus(Kun and Lee, 1984)| = SU& A B

se] dFS 4371 98l E 300 pm WFE TUS BEE Boly, A5A7]d 109 H
AEHA Ho 1,400 pm 74 AGsHAA o2rle] RERE 47| Azt ol wdin)st g
Ab#71ERE 73] Atdste AFUE e ASE o3 84 AxdirFe £k ddAgo]
(Ivankov, 1976)dA = Bus b 2y 3 4keks] &<t 1311 AAEHE o] FQ ofF B,
Carassius auratus gibelio®] I3 x4 W= Asde] de REg £ ddygeE 4L o
2E R e Ao B Hy ti(Ivankov, 1976).

g 2T wHale) UEWE T B o UFe] EXE dE
ol AR 5o o]2 FEL F 27 ojAe] & Hsde Fag R
iyt Eehy FAP A Bu dA Tkl v|3] dEe] dHE dsd
2 yehgon 3 2404 23, 3ake] A& Bl &3te dEY e 3741 7'4 18 Rojx] &
ol Mg 2k@gh 4-9f o] & 2, 3 I A Abgho| Ao} AbES Atolol| = A9 Aol gl HOE e
ol B AT meule] AHVIE 1198 AVIE 129714 A&HT 9lon 4Ahay] siHe] dEx
Moz gol 3 A Eet 3 A7 Holx 33 o] hitehe s Ao YElyth a8l A%

A7) 2z A 9] Lol vebd s 5 G WA e Z e FEd i A4
——”-%%Ea— ] T2 g A M 33 o] e sbdol sbe g 71 22 Jepitt.
ki WZE ZARA L BT AME7|E oA FA3] sl o] F A TR A v

BESl HAHOE 8% ST ol & FE HLOE AR AALES 2 01T AT eh

nc}
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Sexual maturation and spawning of the spottybelly greenling. Hexagrammos agrammus
were histologically studied under photomicroscopy by considering changes in gonadoso-
matic index, hepatosomatic index and fatness, egg diameter composition, first sexual ma-
turity and fecundity.

The fish samples were collected monthly at the coastal area of Tongbaeksom. Pusan,
Korea from July 1991 to July 1992.

The gonadosomatic index(GSI) increased in September and reached the maximum
value(female 4.31. male 1.61) in November when the gonad was mature and ripe. The
values were decreased suddenly during the spawning season from December, and declin-
ed from January to August.

The annual variations of hepatosomatic index(HSI) appeared to be correlated with
those of GSI in female but were not significantly correlated in male. HSI in female began
to increase in autumn with the increase of GSI. and reached the maximum in winter
when the ovary was mature.

Percentages of first sexual maturity in female and male fish were 50 % in 11.0~11.9 cm
and 100 % in 13.0~13.9 cm groups. Both sexes participated in reproduction from one year
old.

H. agrammus was considered as a polycyclic species and spawns 3 times or more in the
spawning season. Number of total and mature eggs in the absolute fecundity were propor-
tional to standard length and body weight. respectively. Number of total and mature
eggs in relative fecundity were also proportional to standard length. but rather decrease
with increasing of body weight.

Fatness coefficients reached the maximum value(female 15.32, male 15.14) in
September(growing stage). and the values were sharply decreased after spawning.
Thereafter, fatness values were gradually increased, therefore, the monthly changes in
fatness coefficient closely correlated with the reproductive cycle.

Sex ratios of female and male sexes of this species are showed 54.18 %. 45.82 %. respectively.
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