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ABSTRACT

Ark shell, Scapharca subcrenata were collected at different harvest period to induce sexual maturation. The gonad
index varied according to when the first entry, ranging from 1.15 in January to 1.34 in February and 1.84 in April. It
was observed that the gonadal index increased as the season progressed, with higher values recorded in later
months. When water temperature stimulation was used to induce sexual maturity, the time to maturity was 123
days in January, 89 days in February and 53 days in April. The accumulated water temperature was 944°C in
January, 812°C in February and 780°C in April, giving a total difference in accumulated water temperature
between January and April of AT = 164°C. Analysis of the gonadal tissues at the end of the experiment showed
that the female/male ratio and the frequency of immature individuals varied according to the collection season. In
January the female-to-male ratio was 63.3%, in February 40.0% and in April 36.7%. Similarly, the proportion of
immature individuals was 3.3% in January, 16.7% in February and 20.0% in April. A total of 600 ark shells were
used for artificial seed production on June 8th. The fertilization rate was approximately 89%, and the hatching rate
was 90%. In total, 3.04 billion fertilized eggs were collected, resulting in 1.1 billion hatching. The initial D-shape
larvae measured 80.4 £ 3.9 um in length and 60.6 £ 2.8 um in width.
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Fig 1. The annual aquaculture production of 7egillarca granosa
(A), Scapharca subcrenata (B), Scapharca broughtonii (C).
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Table 1, Comparison of ark shell condition by sample date
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1. A zze} ojv] R

Azt oju]E= 20189 149 59 (4% 34.5 = 2.1 mm), 2
4 129 (35.5 £ 4.2 mm) ¥ 44 14% (39.1 + 3.8 mm) 3
3ol AA A dellr Rt A A8k el (Table 1). Al
ek (AL Frke o8kl AAelA sizte] il A
= Alejste] FgAREe dEsleatd e dEAEER
+53ich B Aaeke F2E A A $ 4 ton FRPFx
oA 397 Ao 2 A3 I, ApA AR e E3ko] 7))
olm| e Al*%‘oﬂﬂ e 3fglet

2. Azze AU A5 B

Aurls #elE 913 3ol ojujae] AR 71 A}
7+ % SRS (Shallow Raceway System) Aoz ¥
Y], 2= A ("‘IE%i %), A Az (A
oJ 2hAf), °ﬂ°15" A2 W P £3EE o A
(Fig. 2). 45 F55 A% #2242 154 HHez 1T
W AEAA HE A a2 23CE ARG
A ARUSE BAs] flske] djEekEl
sp., Chactoceros sp. Y Pheadactylum sp. 52 Ho| &
= SoAPHEEHE F5ste] 300 L & AAbslela, 19 23]
%%8}01 o] Y& %7} 130-160 x 10* cells/mL 7} 54
sigick ofw] Aol (M, 2w, 7)), FAL4
AT AeH 2} AAAES 0143l 0.1 mm 74| 574
s}ar, nlukx E S SA

Isochrysis

S A4 (Condition index) &

5% (Flesh weight) x 100

7+ (Shell weight) + 553 (Flesh weight)

A7) Shsl Aet ofulE S8 felnal A see)
]

Sample date  Shell height (mm) Wet weight (g)

Water temperature (C)  Gonad development stage

Jan. 34.5 £ 2.1 20.4 = 2.8
Feb. 35.5 £ 4.2 19.6 + 3.9
Mar. 39.1 + 3.8 28.5 + 3.4

11.7 Inactive stage
7.2 Early active stage
16.6 Early active stage
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Fig. 2. Schematic diagram of the Recirculating Aquaculture System (RAS) and induction of sexual

maturation in ark shell using the RAS,
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Fig. 3. Gonad development of the ark shell,
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Adgke] ojuje] a4 A F42 4 13, 30vlE]E
FR3}o] Paraffin AFHOeT FARES A|zFsigy, T2

7
o) (Fig. 3). A4 A EE 2T 3 A 742
© 2 H]8A7] (inactive stage, In) + 0, 7|24 7] (early
active stage, Ea) = 1, 37]84)7] (late active stage, La)

+= 2, W=7 (spent stage, S) 3 ¥ $57] (ripe stage, R)

Late active
stage(La) R)

stage (S)

p

= 43 EANFT AAAAS (gonad index, GI) +
Eversole (1997) ] W& A% 743} AlAbslglr).

(In *NI x 0) + (Ea NI x 1) + (La NI x 2) +
(SNI x 3 +@®NI x4

Sample population

*NI, Number of Individual

HAFEL (accumulated water temperature, AWT) <
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Fig. 4. Monthly change of gonad index (A) and condition index (B) of the ark shell,
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2AE 190 AR fat 1.15, 2€ 1.52, 3€ 1.68, 4

< 3.26 9 549 3.84% 1, 20| AT xS 24 1.34, 3
4 1.48, 4% 2.78 2 5Y 3.68%1, 440 ANAT Qmake 4
4 1.84, 59 2.91 % 649 3.499¢} (Fig. 4). v|wr=x]4 4
= 19 oA Ajmeto] 32.34 + 3.63-65.84 + 5.35%3 1, 2
4 91A) Ajzmeto] 33.43 + 3.41-43.12 + 4.59%, 44 4] Al
mato] 31.99 + 3.65-34.14 + 3. 51%Mu}.

Azl g ghmel 28 7|17 1ol AR Azt
o] 123% (54 18Y ¢%5), 244 xH%JEd Az 899 (54

314 k%), 4 AAH AHank2 534 (64 8Y ¢4=) 4
gcqr/]. ,\Hzﬂlﬂ— Z}AFo. /\]—15-7]7]- ok 15-18% /Hzl—-o-]-M ;ﬂ
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1% on] 4.77%, 3.00%, 29 9] 7.41%. 3.37% % 4
1] 11.32%, 5.09%= #o]7} 9lslch (Table 2).

AzEl ofn] AAA 7] oF - 4= W w|AE v 1Y QA
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Table 2, Results of the experimental conditioning and rearing of ark shell

Shell height (mm)

Wet weight (g) *Growth (%)

Sample Conditioning
date period (days)  ppii) Final Initial Final Height  Weight
Jan. 123 345+ 21 39.9+37 204+28 235+19 477 3.00
Feb. 89 355 + 42 421+ 78 19.6+39 22.6+34 741 3.37
Apr. 53 30.1 + 3.8 451 + 4.9 285+34 312+47 113 5.09

*Growth (%) =

Parameter (Final-Initial) < 100 / Conditioning period (Days)
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Fig. 6. Daily change of survival rate during rearing broodstock
management period,
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Fig. 7. Comparison of Water temperature (A), Salinity (B), DO (C) and pH (D) during induced sexual maturity.

AP g, 14 90d ¥ AT AFE Nk 22y 49
g2l Az qlA 4097E HAL AARTE Skl
(Fig. 6). A< =717t 48 8 vlele+ 1€ 600 72,
24 941 m}2], 44 610 vE]E & 2,151 vlE|glon Ao
=5 A= 14 375 vle], 24 495 wle], 49 377 vlE]2
Z 1,247 v gl

2. E3AAJA 2 387

F22AL 1017 2722 FHF 23CE A8, =4
Az} A 2 Aol giglnh A AP 3 AET
2% A 33.0-33.4 psu ® Z zo|7} §igit}h £EAAE £
20| el wel sk AgE vekdisied, sl A
25 FH4 5.8 mg/L o= Yelisld pHE AH5717E

-

o 3 AFT BF 8.0 oo ® 2 w3} it (Fig.
7). ©]¢} tlEo] ¢rye (NHy) S5 3.62-3.88 mg/L, o}
2¥51 (NOy) 0.03-0.05 mg/L, A4F] (NOs) 0.03-0.04 mg/L
2 Aol w2 AolE vhebd|A] gkel e ikl 14
ojm] qlal AFEI} 0.11 + 0.04 mg/L, 294 4 AHT 0.15
+ 0.06 mg/L 2 49 14] A3 0.16 £ 0.08 mg/LE A]7]
o w2 Aol7} loleh 4 F =& 0.78-0.82 mg/LE A
71l w2 zbol $19iTt (Table 3).
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Table 3, Water parameter of RAS during induced sexual maturity of ark shell

Sample date NH,; (mg/L) NO; (mg/L) NO; (mg/L) PO, (mg/L) SiOy (mg/L)
Jan. 3.62 £ 1.65 0.03 = 0.01 0.03 + 0.08 0.11 + 0.04 0.82 + 0.17
Feb. 4.15 + 1.32 0.05 = 0.02 0.04 £ 0.11 0.15 + 0.06 0.78 + 0.13
Apr. 3.88 £ 1.47 0.03 = 0.02 0.04 £ 0.06 0.16 + 0.08 0.88 = 0.14
Table 4, Comparison of accumulated water temperature by sample date
accumulated water temperature (‘C/d)
Jan. Apr.
944 780
glow], o2 ke Halseg zAjelich il

Al ofw] A A7 Ak 14 944CSla, 24
812C ¥ 44 780C=E AAAZIel wE Aeol7b itk
(Table 4). AA%0] & 14l AR AHz2 300 vh=]e}
2] AR Azt 300 #H F 600 7S 64 8% <%
Aol AR-sfgict

Az AP AT @A) F A (23T —
29°C) & AASIRAL, FEAT 25% F FA0] WA W3St
I3 F Gle] wkes }01 737473l Aol 7]—”—8}9&4 (Fig.
= oF 89%, F3H 90% S Yl
o Adew A% F 30.4‘21 vl EE} a, 3=

Amsh 355 £ 18 selsie), Amet 27 354
a7 24 80.4 + 3.9 pm, 23 60.6 = 2.8 £m%irh

o] Almukg A A7E Felste] AAsS skl
AR A7E A xR 1D AR A} 1.15, 2%_1 1.34 ¥
449 1.84% A7V} 255 2] W‘M#ﬂ =3 71
Ao A Akdar Azt A AR = 24 HA17E 1.26,
34 1.96, 64 3.80°2% Hud n} fﬂour Kim et al.,
2008), ©] 79 54 YAxx 7} 19 914 3.84, 24 914

3.68, 44 314 2917 AYFzoA F2AFE Eslo] AA
So] AR frss A sl
dnbg o 7 ol AAES o] MY 2 JFS F=

f9leg deA 9T (Mackie, 1984; Rodriguez-Moscoso

F2 dAz A4

and Arnaiz, 1988), 22 AW ojAlx=2

Fig. 8. Conditioning of ark shell, (A) Fully mature female broodstock and cross section of gonad (below), (B)

Artificial breeding of ark shell broodstock,
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FAA7 2 1 5 gtk (KMA, 2022). 284y A% f5
A e 2 s} Ae] Azl wel AL W] e
e 4 gl AL o dTe] AAE AelE A el
+ 7122 =Y} (Mranaka and Lannan, 1984).
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AAle] Agkst WAt QA A 2o (e fea)
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T8 649 1497 A7 & BEakE 2R A9 14
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6.0C% 192 H¢ F20] &3, A= 2gkont, A A7
7} Ress HE e da, A Flskgn. 129 9
N %S BT S 17908 49 9N AgE BT S8
20.8CE A% AR4e Welol YRk 22} Amet e
1 o)Al Aol A 4.7%, =FAAA 3.0%, 28 1A Zo|dA
7.4%, 5597 3.3%, 44 4] % 3%
5.0%%3, BTEASE 19 314 65.84%, 242 314 43.1%,
432 214 34%2. A s A ehisie, ol
At AAE) Al HAFF S §5% 0
AN lo1ske] M} ol Ao malc, of gl
A 94 29} 49 Amere Ao 914 149 A Bt
o7 o] A B Aow s, o3 AelA #A
< o] Tl Zlo= ) webA size] wA A
sk, §Ao] Heol| FAske A Fe] 7€ AelAE Basl
21E7F 9le] (Broom and marson, 1978; Oh et al., 2002),
o] A7 AAEH Asx Ag whlE IAE & Ae=

Aoz gkt

FZ 722 v}EA)A185A)] (asynchronous hermaphroditism)
2 Rug ul v} (Lee et al., 2014). Ajzete A=A o)y
(sexual dimorphism) &2 A&o] SR, £712 347
o Wl xAo] BAEn gFle Ao _7_:91-}\11 FAo] ke
o 5t v AR AAx 24 A7 A ASEA} B
257 oo}, Almeks M EAASEAR Bk A9

LTS

o)A 11.8%, SA

é
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F b vl mAds A EHREE 2ARRIA, AR Al
7]01] ;q_ﬂ. j].o]é. L].]q.l,ﬁoh;]. }\HE\J]— 01-74_0_ 14 ol/J
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sl 5o A5 A 24 Quisle A 8<ld) A
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Vsl At A A& oF 89%, F-3E2 90%
ek Aoz AT F 30.49 vleje; b Ajmet §
e F 119 vl Ryl Alaet 27) Fird
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