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OlM =HQIEl QI M A HAS HOSHOX; SHALCE A gH|(2h)e 1110 ME FH
g2 gH[o| X0|S ERCEL IHZE, 28k, SHEAME SOl 65% 0ld2 E2 HIgS &
R, &=, £, BEMZ0M= 20| 65% O|¢2 =2 HIES UEHIICE TH| intersexuality
= o 128%= LM 2 347%, THOM o 643%Z TN UL, Intersexuality=
7tatoto] X OflA 9F 43.8%Z 7MY ERUCE ZEEHOoZ QHMALE intrafollicular type,
interfollicular type, mixed type®| Ml 7tX| HEIZ Ltz 4 URUCE OIS Al 7tX| HEf 720
intrafollicular typeO| 2f 81.6%2 7I& AISIRALE & 0N E0E =2 B2 I
ML X3 MR 277t Hes o2 Mztert,

The purpose of this study was to report the intersex identified in the oyster Crassostrea
glgas (n=410, SH 43.3£11.4 mm) in the waters around 13 uninhabited islands near Yeosu.
The overall sex ratio (male: female) was 1:1.1, but there was a difference between the
sampling areas. In Gajangdo, Sogyeongdo, and Jungsamdo, females showed a high ratio
of 65% or more, and in Songdo, Chodo, and Buseodo, males showed a high ratio of 65%
or more. The overall intersexuality was about 12.8%, which was high in males, about 34.7%
in females and 64.3% in males. Intersexuality was the highest with about 43.8% in Chodo
of Gamak Bay. Histologically, intersex could be divided into three types: intrafollicular type,
interfollicular type and mixed type. Among these three types, the intrafollicular type was
the most dominant with about 81.6%. The intersex cause of oysters reported in this study
is considered to require detailed research in the future.

Keywords: Crassostrea gigas(=), Intersexuality(Q!E{ 4l )
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Fig. 1. Sampling areas in uninhabited island waters near Yeosu, Korea.
2002; Baralla et al, 2021). ZHHO| ZZICHOA xHEISHRACHFig. 1). 2401 AFEE =2 41074
QIEfMAE HEfSIH Oz Binf g2 40| FoE Yoz MU, 37|= 41 4334114 mmPA Ch(Table 1).
=z20| AN $39 HTO| WlEl YEMAS oI}
X2 He[stE Xt S| 8t 0 0|CHReinboth, 1975; Gibbs et al, 2. 2SHH0|E BE2H %

1988). S=AMA QAEMA HY2 ZSHMEE ZRF O

|
EIPHK| ChYet 2 R0 2RO 2EX|TH QI AA o4t} AN2E HME 2F JEA 10% SHEELRCZ TN 5,
2d T sfetEFate| ot Atd2 FAISHK| RSHACH HEUME A4 M o O F ZFEES ASS = 20 o
(Reinboth, 1975). SHX|2F, 1980} O|F =AM SEO0|A QIE{MA MATE 2o Y 221 HESH0 Bouin 82 = 2447t
Hd0| 52| steEH0 ofd] RrELh: AVt 23072 S0 T 0HGH0] 24~48A12F B B2 FEE FMGUCE O
Gambusia affinis (Drysdale and Bortone, 1989), Oryzias latjpes (Gray & OfEh2 CHAIE E1bgnt Xpal X|=hibE g AN ntetEet
and Metcalfe, 1997), Gyprinus carpio (Gimeno et al, 1997), Rutilus ~ 2~E(Mccormick, USA)Of| ZO{SHRAC ZOf=l )\|§-E DFOELE%

rutilus (Trevor et al, 2001) S0t SEFF Q! Nucella lapillus (Gibbs et (RM2235, Leica, Germany)= 0|&
al, 1988), Thais clavigera (Horiguchi et al, 1994)2t O|DHI 2Ol Age  ZEEEZ HESIUCE HZHE -*-Elﬂ_i 2 Mayers hematoxylln—

arenaria (Gauthier-Clerc et al, 2002), Scrobicularia plana (Chesman eosin (H-E) PGS AA|SH0] &3t 0|Z(BX50F4, Olympus, Japan)
and Langston, 2006), tH2 Gomphina veneriformis (Park, 2008; Ju o= fHASIGICE
et al, 2009), Rangia cuneata (Graca et al, 2021) SO 21 & H}
UL, 3. ‘gd| 3! QIE{MA FHY
2 dTe fe|uet Jolet Aot MEj AZEE EASHE
oA of olF Rolx FHOo| siHo|A O|IjIfFel = MH[QF QIEMA HUH2 WAA YRS EASL0 TR
Grassostrea gigasl M QIE{MA 14t0] ZEE|O] O|F E15t1 Ch QIEMAE 7HM & Bd &1 on? 37|19 ZE B 10718
Xt oL, CHAoZ BCH o MAINIZI} LiEHLLE ZR0HE Zestion,

e

1. A2t K&

MH|E spsS E4 Z2IHWES O|8310] 2 ttestZ RO 0fF
M0 A3 2 Gassostrea gigas= 2010 SEEE 9K £ EHSHRICHIBM SPSS Statistics 27, IBM, US.A).
o= 212 FATH3TH), 7122k O7H), ol=2l3i(17)2] 137 FE=
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1. AH| 2. QUEMA
1378 Rl MA| gH|[(:)= 11104, 2Tt 1:1.1, 7t ZESHNQl #A A WAL Qatof CHE X Z=Z|0| @M E|of
A 1:1.1, o==LISiol M 1112 K|G0 W2} X}o|E EO|X| %k O[30 HtCH o MAIMESO| Y=l HEfLE HAA LYLO| Z
Ch SEXIZE JhatotoM e ME FEEE gH|2 XI0|E Efie= Xdatof Qg Biry ol Al ZZ0| TEE|= FEQ| QIEM
o, 718E, A4E, SHEME 2A0| 65% 0|42 &2 HE A EHEE|X] QQACE
2 2Qen, 3, £, B#MEME £=70| 65% O|&o =2 ol=l QIEfMAOl HEfl= RESIHO R CHZO| M| 7HA| YEY

Table 1. Specimen size and sex ratio (female: male) of Crassostrea gigas in uninhabited island waters near Yeosu

. Shell height Sex ratio
Sampling areas .
(mm) Number (F:M) Sex ratio Female (%) p-value
Baealdo 424+74 51 (24:27) 111 471 0.782
Seochido 40.6+8.5 39 (22:17) 1:.0.8 56.4 0.525
Gwangyang Bay
Songdo 42.7+12.7 42 (17:25) 1:15 40.5 0.288
Total 42.0+9.8 132 (63:69) 111 477 0.664
Gajangdo 484+6.5 38 (25:13) 1:.05 65.8 0.075
Norangdo 40.1£7.1 20 (11:9) 1.08 55.0 0.826
Sogyeongdo 52.616.7 17 (12:5) 1:04 70.6 0.144
Songdo 391475 23 (8:15) 119 34.8 0212
Chodo 382+11.0 16 (5:11) 122 313 0212
Gamak Bay
Buseodo 444+109 40 (10:30) 1:3.0 25.0 0.003
Hangdaedo 73.2+15.5 12 (7:5) 1.07 58.3 0.778
Oesamdo 40.5+6.8 23 (9:14) 1:1.6 391 0.408
Jungsamdo 55.7+79 15 (11:4) 1.04 733 0.121
Total 464+12.3 204 (98:106) 111 480 0.625
Yeosu off sea Gwangdo 37.0+84 74 (36:38) 111 486 0.911
Total 4331114 410 (197:213) 111 480 0464

Fig. 2. Intersex ovary of (rassostrea
gigas. (A) intrafollicular type, (B) mixed
type. It interstitial tissue, Avo: active
vitellogenic oocyte, Evo: early vitello-
genic oocyte, Of: oogenic follicle, S:
sperm, Sd: spermatids.
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Fig. 4. Intersexuality of Crassostrea gigas in uninhabited island
waters near Yeosu.

2 R £ JARALE 1) Intrafollicular type: S MAI A0 A Bt
i

of Ao A

SAMZSO| WAIMZH A (gametogenic follicle)
LHSOA Tt EE= F2|X|0] LtEHHe HEH(Figs. 2A and 3A), 2)
Interfollicular type: &% A0 A BT Ho| WAIMZSO| 244
MEZEHE2 0 SAMEZAYAE Ato|o] ZHH RE[O|M EH= =
£ Z22|X|0] LIEFHE HEf(Fig. 3B), 3) Mixed type: S A4 A
A intrafollicular typet interfollicular type©| SA|0 EX{sts HEY
(Figs. 2B and 3C, D).

Ao R QIE{MA HIY0| OIS Ha L= Y40

HAE 271297 A=710HK ChE

ux

b
> 0
FA
rot
=]
0x
0=
1>
=

Fig. 3. Intersex testis of Crassostrea gigas. (A) intrafollicular type, (B) interfollicular type,
(C) and (D) mixed type. It interstitial tissue, Avo: active vitellogenic oocyte, Evo: early
vitellogenic oocyte, S: sperm, Sc: spermatocytes, Sd: spermatids, Sf: spermatogenic
follicle, Sg: spermatogonia.

MZSE 2t XK 2EE U[AX|D HRE7 |74 R20| ATt
(Fig. 3)

A QIEMA UHES 120%RA 20, ZE0|M 438%2 7t
U, FMENME 0%AUCE SHEE AAU0ME= 86%, &=
Ao Me 150%2 F=Z0|M =H LEH2D, QIEAAT}E olE
1270 X" ZH2H 97 X|FolMe 20| & QIEMA HIES
ERCL QA HEHZ = HA QEMA JL2 intrafollicular
typeO| 81.6%, interfollicular typeO| 6.1%, mixed typeO| 122%= Lt
EtStCh Aoj| tWhatAE intrafollicular typeOl Z+2H 94.1%(R), 75.0%
(=), interfollicular type2 ZtZE 0%(Y), 9.4%(=), mixed typeO|
2k 5.9% (), 15.6%()= LIEFSCHFig. 4).

ZAF R GEE ZAUBNM TH| AL BHS2 76%
Ron, dANM 63% TN 87%= LIEFHCE QIEfMA A
Ef¥ 2 & intrafollicular typeO| 80.0%, mixed typeO| 200%E E 2}
oh de== 371 X1E 720 270 XFoM £=240] =2 QIE A
A HEE 2UCKTable 2).

7HHBHOTHOIA A QIEMA HHER 152%A 20, LA
M 102%, FZ0IM 198%2 +Z0IM = LIEFRCE QIEfMA
HEYE 2= intrafollicular typeO| 87.1%, interfollicular typellt mixed
typeO| 2t 65%E HRUCH HEHEE= QIHMATL SOIE 874
X 7t240 e/ XI=EM =230] =2 QE{MA HES 2Lt
(Table 3).

O =217 M QU MA HHE2 10.8%A20, A0
83% TANM 132%2 XM A LIEFCE QB ML HEl
HZ = intrafollicular typeO| 62.5%, interfollicular typelll mixed

|2
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Table 2. Intersexuality of Crassostrea gigas in three uninhabited islands in Gwangyang Bay

Intersexuality (%)

Sampling
areas Intrafollicular type Interfollicular type Mixed type
Total 7.8 (n=4/51) 75.0 (n=3/4) 0 (n=0/4) 250 (n=1/4)
Baealdo Female 4.2 (n=1/24) 100 (n=1/1) 0 (n=0/1) 0 (n=0/1)
Male 11.1 (n=3/27) 66.7 (n=2/3) 0 (n=0/3) 333 (nh=1/3)
Total 10.3 (n=4/39) 100 (n=4/4) 0 (n=0/4) 0 (n=0/4)
Seochido Female 9.1 (n=2/22) 100 (n=2/2) 0 (n=0/2) 0 (n=0/2)
Male 11.8 (n=2/17) 100 (n=2/2) 0 (n=0/2) 0 (n=0/2)
Total 4.8 (n=2/42) 50.0 (n=1/2) 0 (n=0/2) 50.0 (n=1/2)
Songdo Female 59 (n=1/17) 100 (n=1/1) 0 (n=0/1) 0 (n=0/1)
Male 4.0 (n=1/25) 0 (n=0/1) 0 (n=0/1) 100 (n=1/1)
Total 7.6 (n=10/132) 80.0 (n=8/10) 0 (n=0/10) 20.0 (n=2/10)
Total Female 6.3 (N=4/63) 100 (n=4/4) 0 (n=0/4) 0 (n=0/4)
Male 8.7 (n=6/69) 66.7 (n=4/6) 0 (n=0/6) 333 (n=2/6)
Table 3. Intersexuality of Crassostrea gigas in nine uninhabited islands in Gamak Bay
Sampling Intersexuality (%)
areas Intrafollicular type Interfollicular type Mixed type
Total 15.8 (n=6/38) 83.3 (n=5/6) 0 (n=0/6) 16.7 (n=1/6)
Gajangdo Female 0 (n=0/25) 0 (n=0) 0 (n=0) 0 (n=0)
Male 46.2 (n=6/13) 83.3 (n=5/6) 0 (n=0/6) 16.7 (n=1/6)
Total 15.0 (n=3/20) 66.7 (n=2/3) 333 (n=1/3) 0 (n=0/3)
Norangdo Female 9.1 (n=1/11) 100 (n=1/1) 0 (n=0/1) 0 (n=0/1)
Male 22.2 (n=2/9) 50.0 (n=1/2) 50.0 (n=1/2) 0 (n=0/2)
Total 17.7 (n=3/17) 100 (n=3/3) 0 (n=0/3) 0 (n=0/3)
Sogyeongdo Female 8.3 (n=1/12) 100 (n=1/1) 0 (n=0/1) 0 (n=0/1)
Male 40.0 (n=2/5) 100 (n=2/2) 0 (n=0/2) 0 (n=0/2)
Total 21.7 (n=5/23) 100 (n=5/5) 0 (n=0/5) 0 (n=0/5)
Songdo Female 375 (n=3/8) 100 (n=3/3) 0 (n=0/3) 0 (n=0/3)
Male 13.3 (n=2/15) 100 (n=2/2) 0 (n=0/2) 0 (n=0/2)
Total 43.8 (n=7/16) 85.7 (n=6/7) 0 (n=0/7) 14.3 (n=1/7)
Chodo Female 20.0 (n=1/5) 100 (n=1/1) 0 (n=0/1) 0 (n=0/1)
Male 54.6 (n=6/11) 83.3 (n=5/6) 0 (n=0/6) 16.7 (n=1/6)
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Table 3. Intersexuality of Crassostrea gigas in nine uninhabited islands in Gamak Bay (Continued)

Sampling Intersexuality (%)
areas Intrafollicular type Interfollicular type Mixed type
Total 0 (n=0/40) 0 (n=0) 0 (n=0) 0 (n=0)
Buseodo Female 0 (n=0/10) 0 (n=0) 0 (n=0) 0 (n=0)
Male 0 (n=0/30) 0 (n=0) 0 (n=0) 0 (n=0)
Total 16.7 (n=2/12) 100 (n=2/2) 0 (n=0/2) 0 (n=0/2)
Hangdaedo Female 0 (n=0/7) 0 (n=0) 0 (n=0) 0 (n=0)
Male 40.0 (n=2/5) 100 (n=2/2) 0 (n=0/2) 0 (n=0/2)
Total 44 (n=1/23) 100 (n=1/1) 0 (n=0/1) 0 (n=0/1)
Oesamdo Female 11.1 (n=1/9) 100 (n=1/1) 0 (n=0/1) 0 (n=0/1)
Male 0.0 (n=0/14) 0 (n=0) 0 (n=0) 0 (n=0)
Total 26.7 (n=4/15) 75.0 (n=3/4) 25.0 (n=1/4) 0 (n=0)
Jungsamdo Female 273 (n=3/11) 100 (n=3/3) 0 (n=0) 0 (n=0)
Male 25.0 (n=1/4) 0 (n=0/1) 100 (n=1/1) 0 (n=0/1)
Total 15.2 (n=31/204) 87.1 (n=27/31) 6.5 (n=2/31) 6.5 (n=2/31)
Total Female 10.2 (n=10/98) 100 (n=10/10) 0 (h=0/10) 0 (h=0/10)
Male 19.8 (n=21/106) 81.0 (n=17/21) 9.5 (n=2/21) 9.5 (n=2/21)
Table 4. Intersexuality of Crassostrea gigas in Yeosu off sea
Sampling Intersexuality (%)
areas Total Intrafollicular type Interfollicular type Mixed type
Total 10.8 (n=8/74) 62.5 (n=5/8) 12,5 (n=1/8) 250 (n=2/8)
Gwangdo Female 8.3 (n=3/36) 66.7 (Nn=2/3) 0 (n=0/3) 333 (n=1/3)
Male 13.2 (n=5/38) 60.0 (n=3/5) 20.0 (n=1/5) 20.0 (n=1/5)

typeO| ZHZH 12.5%2t 25.0%% ChTable 4).
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O[0jjRF= ERYE= |7I2S ot Hol5t=
=0{70]| H[3{ 0|50 £ X
2 & sl MMYESY EFo= Qs HFEA Mytilus
edulis NSNEX| M galloprovincialis, Mya arenaria BHX|Z Tapes
philippinarum, Scapharca inaequivalvis = Crassostrea gigas, 113t
Tegillarca granosa, 1= Gomphina veneriformis 2| O|OjI} =
7t SEREY HILE Qo X|EE2E AMEE0f ZCHByme and

O'Halloran, 2001; Siah et al, 2003; Ju et al, 2006; Marin et al, 2006;
Schintu et al, 2008; Park, 2008; Lee et al, 2010). [2tA] &2 10
ME Ol2ist MENX EFE & Brgsta o= gsiete] 23 0
&2 =2 O|83t0 WE) HAES Lo X} SFRICE

SHALERA S| AZHat LA fsidS E7I5t= A
‘dHlel Bt QIHMA A2 =, HHX|Z, Drefssena poly-
moiphas IR B2 O[T JOA EAEA=0|, 023 Ay
2 =359 YZHAZSHO|IL 535 52 5t 0l 9f
SiM == ICHMatozzo and Marin, 2005; Quinn et al, 2006; Ju et
al, 2009; Park and Lee, 2011; Kim et al, 2021).
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Tyler and Routledge, 1998; Quinn et al, 2004; Graca

et al, 2021). E£3t 5% 7120 7tE&, H +2l, 0¥ 0| L&
HAHQ| 7|58 HetA7|l= A2 9-+°_IE| ACHWWE, 2006; Lee

and Park, 2007; Ju et al, 2009; Kim et al,, 2021).

ofSHH 0l 7t20 43t fdte X 282 §
7|ZM43t ofd 0| EE|4d
2021), R3S RESHE IEXNC 2E2E HER7t Eng1
QIEF(Nimrod and Benson, 1996; Matozzo and Marin, 2005; Quinn
et al, 2006; Andrew et al, 2008).

ol2{et =tety QQlof oot O|ufmiF2| ‘JH| E0E2 WeH|
AZOHEE 2 XY M arenaria (Gagné et al, 2003)E H|IZ
St01 D polymorpha (Quinn et al, 2004)2+ S plana (Chesman and
Langston, 2006)0llA1 21 &|R{Ct oh=2| Aok S FYERAH O M=
Tsjote] R7|FM @8 X[HM TN S broughtonit A 1:1.6
(Lee et al, 2009), =2 &Y MAF AANAM 161, HH =HH
A M= 1:07, HIXIZF2 Ol SFYH =2t O|F2| AR
ZtZ 1:16, 1:1.52 2O E|ACHLee et al, 2010).

= FATFOoIA FYRel SEOME 1:15 ZHHTO = 119 =

T 122 BEME 130 QAL 1:1.60ME #%d.o_l HE0| =%,

JHEE0ME 1.05 2ZE SHEME= 1.042 LZQ| H|g
O] CtE X|Yof Hsl MIHECE =RALC.

O|OHEfFOIAM QIE{MA= H=9[ Avon EstuaryQl ZEFZQ
Guadiana EstuaryOllA X &St S plana®l +=Z0IA 282 |10 50%

ot 71.4%% 2O (Chesman and Langston, 2006; Gomes et al, 2009),
LEISH 1371 X|Fo| TFEHXM= XHEE X0|E EJ2Lt
H 18% $CHDublinowska et al, 2016). $+= 7}3tto| X|=38f| &
KoM 264%%=E, Of 7He bl Hoi| e QHMA wdg2 o
b 70IA 22 12.9%2t 388%2 +HOAM O &=2UCHeon
et al, 2013). 22 Ofz= Z7ATHO| T O0A 44.0%(2 53.8%, =
333%), &Y TAH AN 31.7%(& 20.8%, = 44.4%), X
AFSH AL A 22.9%(Q 20.8%, &= 25.0%) ALt HEX|2H2 O
S SZ0A 295% 333% T 26.1%), A=A 38.1%(E
81.3%, = 11.5%), OI=2| AQHOA 256%(2 294%, T 23.1%), &2
EE SE0IM 151%% 261%, 3= 67%)A2H, 25 A &=
2 EHE2 2RCHLee et al, 2010).
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