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T F43] gaolo] 11878 oS3l 19714 1.0 ofste] %2 ghe Bl 3534 =
ARt fARE BRe Byt € AadgaAo] Hals Higgr] (1-29),
27184971 (3-49), 3718471 (4-59), ¥=71 -69), ¥&7] (6-89), =3V
O-19)Fe. S99 BA4 B2 WA A 27 s &1L, A0 H2 F5iE
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This study was conducted to provide information for basic reproductive
ecology and biological resource management of the Arcuatula senhousia.
Samples were collected and analyzed from June 2019 to May 2020 in Yeoja
Bay, Beolgyo-eup. The gonad consisted of a number of gametogenic follicles,
the overall sex ratio (F:M) was 1:1.1 (n=128:140, F: 46.4%), and the frequency
of males tended to increase as shell length increased. The gonad index for

Received 2024. 08. 13. both males and females showed the highest value during May, after which
Revised 2024. 11. 21. it decreased sharply, and showed a low value of less than 1.0 from November
Accepted 2024. 11. 25. to January. The meat weight rate showed a similar trend to the gonad index.

Monthly variations of gonadal development were inactive stage (January-
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February), early active stage (March-April), late active stage (April-May),
ripe stage (May-June), spent stage (June-August) and degenerative stage
(September-January). The gonadal activity showed a pattern of seasonal
changes, high in summer and low in winter. The main spawning period
was June to August. At least 72.7% of the group, considering both males
and females, showed maturity at 10.1 mm SL or more. Furthermore,
the size of 50% group maturity was shown at approximately 10.0 mm

SL.

Keywords: Arcuatula senhousia, Sex ratio, Gonad index, Reproductive

ME

F9 Arcuatula senhousia 17} (Bivalvia), S35
(Mytilida), &} (Mytilidae)ol] &3h= o]julFEA 7
5 2 o] EAEol| AARIH. F= obAlor tiEat B
B F It QAobol, /9 tiAF ARt 571X FHIsHAl
Itt (Faasse, 2018). T ot AAVdo = f71E0]
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s FAote] A7 AXEES ThEo] te RS A4S
oA ofal AAYEAE HSFAIZITH (Morton, 1974; Crooks,
1996). E3t, WHE o= A4 T HA= Q1% ke
9 o] F7loll W ¥HRI= Ruditapes philippinarum®]
A} (Sugawara et al., 1961; Uchida, 1965; Mistri, 2004),
ZH3} Ho| ARl oet A2 Anadara subcrenata®) 4%
4 (Lim and Hur, 2010) 59 FAlgai7F BaE At
S9 A senhousia®l gt A= oA FEf & olF
(Morton, 1974), @+5438li5H4] £A} (Crooks, 1996), EHlo]
ojujuF /g3t Aol v|A= F&F (Kushner, 2005), A&
U 8715 =4 (Takenaka et al., 2018) S°] H1xo] I}
=UolAl= FHlol gt 4 T8 (Lim and Hur, 2010) 59
SPEAEIERA flof Alglol Rt A7t Lo, A4 g
BAF7] 59 BAHEE A= A ZZ 5 itk
SHUPFEL] BAETE A= Y], sk, BAA T
g93Hy, 5 AlRP7| 9 AAF7] Bol IRt FEE0] FE ARSH
H (Gosling, 2004; Head et al., 2016; Kim et al., 2018),
71Z2ES}, BEAYY] BEN v, FA7IE A, o EE
5ol Z-8Hct E=31, YA wksol tist avpAQl #E] HF
= THN| oA o152 B4 B4 9 AFABETH HH
£ 73¢)s] mefsk= Zlo] "asitt olF B3l o giks oAl

S QFAIRI0] TBlE WKIsl] giat At Hebe TS A
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20199 6EF¥E 20209 597HA] At 9 A senhousia
(SL 21.243.8 mm)< HiE oF 2570A1E Adate] & 2767041
£ AR85I3ICt (Fig. 1, Table 1). AE F912 wfzio] £0i9)
= o]lE4& AASH F, Z- (shell height, SH), 27 (shell
length, SL), Z}= (shell width, SW), A% (total weight,
TW), A% (body weight, BW)= 0.01 m2} 0.01 g ©7HA]
S5l
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Fig. 1. Sampling area and habitat of Arcuatuia senhousia,

Table 1. Morphometric characteristics of Arcuatula senhousia

shell length (mm) shell height (mm)

shell width (mm)

total weight (g) body weight (g)

21.2+3.8 6.3x0.7

10.6£1.7

7.8+15 0.9£0.3

+ Sex ratio = Female (number) : Male (number)

Female (number)

* Female frequency (%) = x100

Female (number) +

Male (number)

A NAES SHFEE ASTT T (Fig. 2), ot
Drury and Wallington (1980)2] %] w2} 22323 A2t
SIoict. Fetdnd 2 AR A4V 2R TPl I
£ A5} Bouin's solutionol] 18A1%F 5<%t 1785t 3ct. 174
H AgEs 32 B9 244K &% AR £ ofgkE= oA

Tl

=24 (70-100%)5 AY31e] paraplast (Lecia, Germany)©ll
aisigict. ZujE AR wlo]AEE (RM2235, Leica,
Germany)Z °©]85t 4-6 m FAZ A& dHsIT At
H FE2 Mayer's hematoxylin-eosin (H-F) G4 & 14

GRAE ESRFEL Kim et al. (2018)2] Who] what A34]
] 27, el 2 FGA] wek AR (ogonium),
/937 GEAE (previtellogenic oocyte), 'd8343
7RA17] FRAIE (initial vitellogenic oocyte), FHFAZA

SL




7] GHEA|E (active vitellogenic oocyte) & U4<=7] YHA|E
(ripe oocyte)2 TFEBITE. AL BAAZL] YITHAS
YA (spermatogonium), FAEA|2E7] (spermatocyte),
BME7] (spermatid), FA7] (sperm)E -5+

RAAIIIARE Jeon et al. (2012)9] ol wet 2 W
Aol &3 FAAESS £ ALE Vel E o, & BF
H|Z47] (inactive stage, In), 271847] (early active
stage, Ea), 71&4)7] (late active stage, La), &=7] (ripe
stage, R), ®&7] (spent stage, S), El8}7] (degenerative
stage, D)9 6HAZ &SIt

5. MAIAX|4 (Gonad index, Gl)

YA A a== olfie} o] A4 AITHAREE A (In=0,
Fa=1, La=2, R=3, S=2, D=1)E 33t AA9] & /A=
o] Yeplion Highyl $71gko g AkEstitt

(N of Inx0)+(N of Eax1)+(N of Lax2)+(N of Rx3)+
Gl = (N of Sx2)+(N of Dx1)
Total number

6. S=2H| (Meat weight rate, MWR)

S5 (MWR)Z Park et al. (2022)2] ¥Ho] w} of=f
9} 7o HI S o]galo] Aklelo] Haglat F1Hgho 2 A&t

Body weight (g)

Total weight (g)

Table 2. Sex ratio with shell length of Arcuatula senhousia
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Z4 J_-'-I'
1, dH|
A0 Alska BA A, SARREEA A e

A] QFoket. AA AgH] (@F4)E 1:1.1 (n=128:140)°1}.21F Z¢
% 16.0 mm ©Js}] AFwollAE dH9 Hlgol EURAE,
16.1 mm oPgo] Aol 29 Blgo] 2 BT

HIZH719) A4 RO AL 2nde TEEGIA,
U B S GANEESS BT gous o &
FEe BRI (Fig. 3A).

21, U4

271849719] WaolAL deAme} YA v
AZSo] TR, AL Ago] P Be ¥l 7L et
dich GYAEE 27 oF 14.2 mo] YO FAApH o]
wamshe], AEAS )9 okt TA/1HE UeRit (Fig. 3B).

Shell length Individuals Sex ratio Female Chi-square P value

(mm) Total Female Male In (F:M) (%)

< 10.0 1 0 1 0 - 0.0 - -
10.0 - 13.0 23 12 11 0 1:0.9 52.2 0.430 0.835
13.1 - 16.0 5 3 0 1:0.7 60.0 0.200 0.655
16.1 - 19.0 8 3 0 1:1.7 37.5 0.500 0.480
19.1 - 22.0 94 42 50 2 1:1.2 447 0.696 0.404
22.1 - 25.0 132 62 65 5 1:1.0 47.0 0.071 0.790
25.1 - 28.0 12 5 6 1 1:1.2 41.7 0.091 0.763

28.1 < 1 1 0 0 1:0.0 100.0 - -
Total / Mean 276 128 140 8 1:1.1 46.4 0.537 0.464

* F: female, In: Inactive stage, M: male.
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Fig. 3. The ovarian (B-F) and testicular (G-K) development stage in Arcuatula senhousia. A: inactive stage, B and G: early active stage
(Ea), C and H: late active stage (La), D and I: ripe stage (R), E and J: spent stage (S), F and K: degenerative stage (D). Avo: active
vitellogenic oocyte, Do: degenerative oocyte, Es: egg stalk, Gf: gametogenic follicle, Ivo: initial vitellogenic oocyte, N: nucleus, No:
nucleolus, Og: oogonia, Ogf: oogenic follicle, Pvo: previtellogenic oocyte, Ro: ripe oocyte, Sc: spermatocyte, Sd: spermatid, Sg:
spermatogonia, Sgf: spermatogenic follicle, Sp: sperm, Uds: undischarged sperm.

AEFAAA79] dRAZE A oF 21.1 um-O»] e T= A
Boz Fojl= Ay FHAE ARSI AU HEE2 4
Ao, TH97144S WERY (Fig. 3B). 712447100
© 45 IS GRAETE B, dR e
871 2719 GRAESO] F5 oAl AT I
HRAEE 27 oF 47.0 mo] 93 E= AYHCIAH. Alzd
oMM mAlH FEQ GRSl EE, ¢ =20t
Wsl7] ARSI (Fig. 30). I3/48-9719] A2
Ae d F27F AE FEion, AlRde okt 249
FHE HAo (Fig. 30). ¥&719] dae g5 dEAXE
2 AQAA A S FRAZE FHoM 52 v S
e o, 217 oF 48.3 mArt. AlIZES H-E GHoA 24t
g& YeRlH (Fig. 3D). §E719) daolii= 4
B AT SR GEAESo] BEEE, XA A

ke e (Fig. 3E). Esb|oie

gl 37

R4

i

\I

_4

ZE0] st ERlIEYlon, dB 27| A EEo] YeRith
(Fig. 3P).
22 Ma

A I HE2 S U Aol ofF EARl
AR L] SAITHEA O 7 ERlEl= IFs7 eI
(Fig. 3). 27184719 AaolM e F2 JRAZ7T =
o, AR GPA et YN = FEE A (Fig. 3G). HEA
= JPNE vl Y} Alzdo] 3=Eof U,

E Aol Alzd2 ofet sibdeS vehdlltt (Fig. 3G).
T7l%“é7l°ﬂ/\1t g GAFed Hold 2a71de=
HSshe FAIEE F2 AT 5 Al en, 5 Pz}

A A BEE U (Fig. 3H). E<%7]0lke 77t 9714

of SR AYA Uit Fig. 3. WE719) HaolAd vy
29 A9k P 39 BARESo] BRI (Fig. 3). =gt
Ao AL FRAAR, W] HE A

Eopt FEEAT (Fig. 3K).

WA seieio| Hat

birs A % v QA Aol sl AAlA
A7) (gonadal active stagey= 2712437], T7|1847], <
F0]

_OD

A e T

N

] "“6‘1—0]‘]:]— 1\11/5]/\9_]-/\47]‘: %1,-’ _/,\_ 71—71— 31.6%9]' 35.1%%

FAOIA At 7 e AR 5.9%, TR 5.4%= FAF
Stou, WE7I9 Eale dAOIM 42 32.4%2F 30.1%,
TRNAE 28.4%2F 31.1%2 FHNA ZAA HEbT.

w

1. Ha

AT I BlEA7] 5.9% 27184971 9.6% §71

27371 10.3%, &=71 11.8%= UertoH, W&E7]= 32.4%,
Hop7l= 30.1%= et Eo1719] Bleo] 7 0 (Fig.
4).

adgdA o] gl S3E0lA HEA7I= 193 2¢9
57.1%2F 80.0%= Ul 2718471= 390l 88.9%, ¥

271 480l 50.0%, &=71= 5800 66.7%= 7H T}
™, ¥&7l= 6¥7H 10 JWW 30% o1, Eoll= 98+
128714] 50% oVdel w2 vlEZ 3t (Fig. 5). &7 |=

F2 7 7V —.%‘36}0“‘031 27187, 3717 2 &
=71 2419 7FE 9kt el 9 Eobl= 687 124

T2 SHARE A Sdcke Ade B
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Fig. 4. Monthly frequency (June 2019-May 2020) of gonadal development stage in Arcuatula senhousia, D: degenerative stage, Ea:
early active stage, In: inactive stage, La: late active stage, R: ripe stage, S: spent stage.

1000 Fpmm—mm—m———

80.0

60.0

40.0

20.0

0.0

— = —g——g- 300
]

100.0

Frequency (%)

40.0

0.0

Water temperature (°C)

Jun.  Jul. Aug. Sep. Oct.
2019

Nov. Dec. Jan. Feb. Mar. Apr. May

2020

Fig. 5. Monthly variations of gonadal development stage in Arcuatula senhousia, D: degenerative stage, Ea: early active stage, In: inactive
stage, La: late active stage, R: ripe stage, S: spent stage, W.T.: water temperature.

32 HA
adddAE vEA7] 5.4% 2718471 6.8%, F7184
71 9.5%, €371 18.9%= HEPtoH, W71 28.4%, =3}
71 31.1%2 E3P17t 7P =2 vleE AR (Fig. 4).
9 FadgdoA E982 vEA7)7t 193 2900 7+
40.0%, 50.0%= Ueltt. 27184371 3900 100%, +718

371 43 6ol 27} 81.8%2t 35.7%3Ah. ¥&71= 5€°
93.3%R 2, WE7]= 8UFE 1087H4] 60% °VI= HER
o, EaPl= 11€978 ol53f 287K 50% ol'd= AHAIst
et Fig. 5). M7 le F=2 34, 271874971eF 27124971,
a7l F2 SAIRE sHAll $ekioH, UE7Iet Ee =
24zt FA %} SAC 71 =3
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YA 2R 5=0] HatghE WA} FAoA BE 7HRE A
sto] 20199 119%5E 20208 1¥€714] 1.00]31eH, o]&
2020 295 E 59712 A& 0= Frlsto] 59 &,
Z47F 2,673 29302 7P =2 32 Btk AAAaARY
TR o, & BF g fARE A Blom, 2020
| 799 ¢, & 2% 3.002 7P =3t (Fig. 6).

5. S5 (MWR)2| & #z|

|59 FAge 38.7%¥oH, AA 38.1%, A
39.0%% FHANA thh =2 g2 2ok 98 5919
B 2 20199 99, A2 1290 7P 2 3
B, 20209 590 9, & BT 7P =& 32 Bt SF
FH19] FE 38.5%A.0H, UA 34.8%, FA 38.4%= =
ZolA T £8 S 2yt 9 S5HuE o, & BF
20194 990 7P W2 g BRa, 20209 590 &, &
L5 7R 23S Btk Wil 308 B A9 B4
of ¥ EAI9} sHAl0l S7tols WS Bt (Fig. 7).

g AaaddA Q] WMok vigdr] (149-29), 2718
371 39-49), 3712371 (49-59), €71 GE-69), ¥=
71 (6¥-89), Hop7] 04-19A. F A7l= 6€oA 8¢
2 24E%ET, o] AVle gx71e 8E 9 e I7F e
TEEH, GVt 457 d4ske A7l (Fig. 8).

(Jan.-Feb.)
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§
\:

Fig. 8. Reproductive cycle in Arcuatula senhousia. D: degenerative
stage, Ea: early active stage, In: inactive stage, La: late active
stage, R: ripe stage, S: spent stage.
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Fig. 6. Monthly variations of gonad index in Arcuatula senhousia. Vertical bars indicate SD. W.T.: water temperature.
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Fig. 7. Monthly variations of meat weight rate in Arcuatula senhousia. \ertical bars indicate SD. W.T.: water temperature.
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Zof| W Fhlo] A& s ¢F = 242} 128, 14071A1E
oz AR Z2ak ZF 10.1 mm oAolA] Y Aen
£ 75.0~100.0%, $HL 72.7~100.0%% LFEFTE.

ofufjai 7o A ARZolA|2}F AR EA = =, ARSEA
Z}7}0] o] == Al7]o] wet Al 9 H[EAIRRS-EA]
TE=c} (Heller, 1993; Eversole, 2001; Gosling, 2004).
Al ARG EAE she] 77} Hlssgt Al71o] A Eet At
H= ZolH, Bl EAIRRS A= FEEH Aol Al7o]
o] #AE= A0 AR = 0|99 dHgo]
UERdTt (Lee, 2015). S910] A4de 1daol A4 BT b
9] Ag1zE=E Hoi Qlo] W& Gomphina veneriformis (Park
et al., 2003), 83} Mytilus coruscus (Wi et al., 2003), 7]&
N Atrina pectinata (Lee et al., 2006) 5 Z-2 o]ufjufFe}
FAFSHAATE

ouljufj 72} gt ofF= 7HHA
SfAl ekt &= ek 7Rl SA=
= 7] Al el bE Agu|e] Heke 245k 1
EZ oIt (Lee, 2015). A7 7heHl] 414 BIE/37]
7H= 2 W& G veneriformis (Park et al., 2003), 3t
M coruscus (Wi et al., 2003), S2dZ7 Barnea davidi
(Jeon et al., 2012), ¥FRIZ R. philippinarum (Lee et al.,
2013), 719} Tegillarca granosa (Lee et al., 2014) SoA=
H|Z/d710 Agxgto] dojdrt.

ojmjuiFo] JHl= URFH o =R 9 9] HlEo] FAISHAIRE,
YH FoA= Au] HEo] B EHTH (Makie, 1984). IAIE=
9] A% gu] 9 2ol f14 QR0 =2, Ho| 5 FH
89lo] 2835} (Yusa, 2007; Chavez-Villalba et al., 2011).
Crepidula convexa= FARE FAVMA] 39| vl&o] =4
gk sHAol= RO =E /Aol o] FolA Q] HlEo] 37t
et} (Hoagland, 1978). %3, 3734143 (protandry) 914
oAM= 27 W Ao wet AdRivE d=rE= ARl 9l
O = Crassostrea virginica, C. gigas (Haley, 1977; Guo
et al., 1998), FZI Pinctanda mazatlanica (Arnaud-Haond
et al., 2003), Crepidula (Hoagland, 1978; Collin, 1995;
Richard et al., 2006)°14 44 |W&F AH]7} BHae v} Qlct.
2 AollA FHe AA drle 11112 |AFSIIH 16.0

A

jus
—

\0
ol

o ot Huorle
£
i

12

ng

E8I Arcuatula senhousia® HEN HS0| M2 MAA

mm ©°J5F F7Hof A= AR HlE&o| A UEh oY, 16.1-
19.0 mm A= 219] Hlgo] #3t2H, 19.1 mm o1&
TolA= o, & BlEo] FARIITE & dollA FU Bg
7158 7= ARgolAlelH, 2 Al kol e /dHlY]
Alo|= Hot 4AS 7Fsde 7Hle AR ddEn, 2%
7HA19] A52Q1 Ao Wt F2o] FQsitt. E3L FHI9 AdH
Wt Tsto] G, AAeE 9 A 24 B4
=R 7 A7 aFEY, 55 Y AAIlA AgHY
HA0= Y 27| (%) AFEE 5YE 7ol et 24
o] Ig% Zo=Z uer}

A0 d #st 9 A addA o] ¥ EdE2
ojufsjFo] AF7E EAsk=H FE ARET (Mann,
1979; Behzadi et al., 1997; Villalejo-Fuerte and Garcia-
Dominguez, 1998; Marsden, 1999; Park et al., 2003; Liu
et al., 2008; Limpanont et al., 2011; Jeon et al., 2012;
Kim et al., 2018). ¥AlE= F o7} BE5F= 844
FAE A<s] S4517] olF7] dleel BATEHAE AT
Sloh= WHOo R AR ARGET (Mann, 1979). ©] A
e PAARY F HEAIIE BESHA 78S 5 Ao,
FRANITAE A|S)sto] 2 QRlo] Aa A e
o HA= FFE EAT 4 Ut

ojmjufiFo] AAF7] W A A IS 74, WEHA 59
Wil KRl =2, Ho|, A, ¥ 52 U4 8219 FF=
=t (Mackie, 1984). & AAHollA] A4 4A]4
Alo] g Wl vigdr] (1€9-29), 27184371 3¥-49),
F718497] (48-59), &7 (6¥-69), F=E7] (6¥-89), =
3] 9€-19E =2 5= ASioh WA aAe= o, = 2R
5Yo FalghS Helow, 1147 ol 19714 7 =3t
of, AR PRI HA L FARE AFE Holor,
YA AX]G=0] St 42-0] AR H3le}l fARSHITE wHbA
T2 T A sl S5 285k 81l

AR =L 4bt S92 4t A7)0 Wk AI7HA] Bl o=
s = 9lom, goiRY FolA & 4= Sle ASAREE (year-
around breeders), =7h&HE] 053 28 Atolof Algtsh=
SALRYR (winter breeders), =878 27+ Aol Akt
5= AR (summer breeders) 22 FLEEIT}H (Boolootian
et al., 1962; Capinpin et al., 1998; Kim et al., 2018).
SEuEtel] AAlsl= olwimi®l 7V Cyclina sinensis
(Chung et al., 1991), 2%} 7 granosa (Lee, 1997), MEZ
G. melanaegis (Lee et al., 1999), 5= Mactra veneriformis
(Chung and Ryou, 2000), W& G. veneriformis (Park et
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>~
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al., 2003), M#92 S. subcrenata (Kim et al., 2008), 7§Z7H
Saxidomus purpuratus (Kim et al., 2018)= SHAARIEoH,
£ AN FHle F AR = 69~8¥E A 13] AlRgolH,
St &5k A 02 wekEth dibA o g ofdfjulFo]
Abkat 7ol & PIXlE %12 =2, Ho] 5ol 3lom,
o] FollA $=20] 7P & FF= PIHT (Kim et al., 2012).
TS AR RA89] Aol fEigh 2AdolA] gt (Wilson,
19609), ol= 189 AEE&, BHES =oI7] g Ao =

£ 7 Atk webA AR 5489 Aol RElRh e 240
A ojolAL Ao2 Weksn, 25 ARl vt e
Aoz A=)

ojujufjFo] P22 ey E4J1t WHsHA A= o] UL

o $Lo] 9 @Qlo& A83lt} (Sastry, 1963; Carriker,
1967). T3, 4= o]2jole Ho| F+, A&, FF71, AF¥H
}c]/\] :q]-ﬂ E—_o] Eol—;({_i X]—,Q.o]— 2~ oh;]. (Bayne, 1976).
oufjufiFoll A BtEo] WMk ABA1F7]9} ATHdS Holw
ARet ¥l A43RS YERATE (Chang and Lee, 1982; Lee et
al., 1997; Lee, 1997; Park et al., 2003; Wi et al., 2003;
Marronquin—Mora and Rice, 2008). 18y, S=FH|= A
F7] AtollA vl A Ho] ARBEA] gh=tt. 7|E AtollA

= =1—%]'q1 St Spisula sachalinensis (Lee et al., 1997) 2R=3S

N G melanaegis (Lee et al., 1999), YHZIN Tresus
keenae (Kim et al., 1999)9] S3|7} A4 AUgTHA 9]
H3lel fAfetg o, B A AFoME FTHY SFFHl=
O3t ARS KLt o] AT} AJ40] 2A-o| 4220] 71

T FFS vIAH, AL} ddte] Q=
et al., 2008).

B YA A0t S5 EAoll= = AL
Qttt. ozt HlofE EAA Alm 47} Fﬂatﬂ %kol AL
E2 A HAIEC] ool Watgke] A b 4 Ut wEkA
12 71 2 s HogiEoks S80S ARSsh= Zlo] A
ZEct. Shin et al. (2023)9] AtollA GSI 24 Al Botgkt
S vlwg A, FXHkellAl vlolE9] siAlo] Heelal
oh £ AolA AR} S5 B Sl
FARE ARE Belou, BAARIGE AE o83t A

o]7] WjZol BHgts A8ol= Aol Ayst, SFHl= B
I SRS BT ARSSHE AL AR
HdEEE AAEE olsistal AL S Esk=d]

Aoz mtEltt (Kim
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¥ S9sith $Y 7AES] AR A B 24 70.0% oV
o] ZFg 10.1 mm °PolA =5t 2 10.0 mm ©[5t2]
2 = Hooy, 2% 9F 10.0 mm7t 50% o1 g0k
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