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An Ecological Study on the So-called Mogai (Anadara subcrenata
(LISCHKE) ) cultured in Kasaoka Bay

Yun-yuan Ting*, Shogoro Kasamara, Nakaroku NAKAMURA

Department of Fishery, Faculty of Fisheries and Animal Husbandry,
Hiroshima University, Fukuyama.
(Figs. 1-17; Tables 1-6)
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YRy Anadara subcrenata (LISCHKE) 3, AKEE—Cite 1 LI TV, ZTOHTMIK
SEREREECIIE AR LU, BABLE TRHEBRNE T, Wl PE, PESCIRY, BRCET 5EE
TREEMAI R, KBS, SE, AV, B, PEgThs.

PR C, ARy BEECRE T KAD L BT 5 L TtE a0, BITRTHe, T
K DR E i X Db T OEFBIIRFTHEI L, e d ERBL ) Snilc BoEASER AT
5.

=05, AR OREAECE LT, BT SMRERBIC X 5 KIBERS & Ehic X A BMLSEOETE
BB OWTHE LT\ 5130, B 53 138 ok & U CEEESE Rhodamonas ovalis NYGAARD
OFERNBCIER L RTC ERBE L5, BL, ABEOMBA RO EMBR L 3 2 7odic
i, A OREDEI R TV,

SEF DIRIBRMBEED DAGEIT o TR, KBRS OBBEL N s HONCHEM € 771 DRR & hic s
S THREEL TR E T oW T~ B LI, RBOAFEOKA, SEHBC X 5 EIET, THACTHRE
CRIETHEMBEOKES, BAECET ERNFEHICOVT2, 30EBHRELTL-1DT, Th
LOFERE Z CICRE TS, BROHB Y » CRIBEER % oW R R BEERRE S O
AR G T HONCHE % 4525 7o B S &M - 7o H P AREBEICE < Bt 5.
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MERUFE
PR E Licr A Rt ERBEOENE— b5 LELDIHYST 5 b0 1 (30ke), RUBEHL
BEClAERE LD (BHTEWEBEDLD) — b5 2ELDICHY TSSO 2 (60ke) %, HEF45
SES L2 KBS 13X 1O A) wi ¥, A4S A2 2 LELE6 AU HIES HHS,
2BME R 3 BE R X CHRE L, 1 EOREMERIIH 0~130 T, ThbrERECEDRED, &
£, g, %5, 465, AEESYIE L., ¥, MRS Tl ERE LCKRIRE (RIRBE) LA
WEE (BWEBE) OLox TR FREEL, EREACEHCOWTRIE T 5 k.

* LK ERBRITEENHT  *Originally, a staft of the Taingn Fish Culture Station, Taiwan

Fisheries Reseaych Instilute, Tainan, Taiwan,
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KiB, MWTEOFEITBEERCIER SO TR OWTRIER T 7. EEFAEITEA4645 H18F
CHESMED 1EPT, KEMO 3HT (K1 DAIR IV Az, As, Ay 25BY, = 7~ voi—- ORIERES
FGCCHIR L, Fh bOmEWER L0 COD T TKBEEREL OFEY it~ THE L.
L oK, RERRICOWT MEREZE(E | 0, MED RETOBERXM LHEC X VRE LR,

=51 OWREICET 2 —HOEROHRME & LT, BB~k 5 SRS kBERSIC B T2
SEHREL L 3 BRIR X IR E LIt O A, @4, BRIIERME S LTREBIIFE D CHE LD
RV,

EHARBEL, EHBCOWTORIBMBEEY TR -7Db, Fhi NBEALO &EAR% 5
», Bouin WCHEELTh 5257 4 P& L, haematoxylin 35 L8 eosin D " EHufs % ifi LAEFER O
BSFENER 2T o1,

OREEMI I M 7T A~ 9 BBy, 11 52— - 1 HEHTRAL, EHk X
DREHBIC X 5 BB RIGROE T RERRIEC X 5 B0 EELY 25 L LT, ThbOBEDORIE
DERERICRIETHED L OF B LT OWTHN, RTREERL, WEOSE Y el iHmDDH0
B8, BT EE LUREMMIC X vEHIhicb R Hvie

RAERURBROBER
1. EH{EEORR
EEEE RO & T AAEORIAIEM2E, DIGE D, UFHIERE, 2o IBRE, SR, Ek, W
BV, MESME, K&, I, BIIESOFBR TTicbi, TORMEESERNTH-7. LirLLD

Table 1. Production of cultured Mogai in the vicinity of Kasaoka Bay.

. Amount of released Annual production
Name of culturing ground Year seedlings kg (with shell) kg
1965 ‘ 1,976,000
1968 64,500 ‘ 258,000
Kamishimauchiura 1969 6,400 i 14,700
1970 7,500 i 150,000
8ha* IR ‘ 150,000
1965 ! 469,000
1968 | 5,174 i 904,000
|
Ohshima 1969 8,425 | 817,000
1970 | 6,715 ! 1,327,000
50ha¥ 71| i 1,500,000
1965 § 1,000
1968 31,000 1 41,000
Kamishimasotoura 1969 45,700 . 139,700
1970 | 51,000 : 260,000
10ha.* 1971 | ‘ 187,500
Kasaoka © 1965 73,000
Namaehama 1965 \ 264,000
] I
T i |

Nishihama 1965 | \ 16,000

*In 1971.
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Fig. 1. Map showing Mogai culturing ground in the vicinity of Kasaoka Bay.

x : Lost culturing ground A : Experimental spot
A\ : Present culturing ground A1-Ay : Sampling spot
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HOBRMBEHELE LA THeEs o, BAE, WEHE, KBS THRHARTH Y, S ORWE, £
HE~BHEENE VO0h 5 (FE1INROE1ESR) 28, SHBOTHERL I DICKBICIER S5
BT, & ORISR 5 % A BROZIRICOWTIIIEBR 7 B LS LB &5 28\ Rl
b5,

TH A OEFBEET, YONTPE BB LT i, BEITZOKRES (985%) (I ATHA & LUK
RIS X A ANERBED 0T, —i (J15%) IIAPRBORREDCHERLBIML CT\%. EECT LD
Lo BT AWEORER, BESHH IV EPEIBLIVbRTWS, ok, ThbD 71 %
WD O E TR IR & A RCEALS & OJLRITIT o, LA EE O & EEHOA L X
OINT %, MAVEETFILERFREML, KSECHT5 6 @ 4DHEEFTI X TRENTubR T
W5,

2. FWEBOBHERMHF

2-1, HHFHOEMCHT HKIER, EREOREEL

AR R ORTERAL M A R A KR, EBEROBLS 2 R THEY T, K9 Bie2r.6°C (&
) ofEsfitizil, 2Ak5.77C (FB) OREEERLL. BEFXERBOKEGER XY 1°Chigks
2o To DV LA B LIS B O H T DD Ted o te, (L, ZFIL ORAREL KETHR
MY KN DT, ¥, BEOED R OVTIIBHRE TRV, ERE 3 EFTR\ T IikE
7% FaR L, FrOBORBIAE W EhHhbhic, ZHICRL, LFIL7.5%RTH O BT
WACRELTVDZ EARD Shic, 2RCEBIERB X vESVEL, HCRIZZDEDOKRE T L2
b b,

2-2, FEPOEBREMAN, I L, COD

FIER DA ST LR ORI AR Y €y MR X o THOM LICRERILE 2RRT@ ) T, &
M D WTRER IS IEED IR T CRIR 0.04 mmPU RO AR 2 HH R e Rb ik, Ay (L7 &
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Fig. 2. Seasonal variation of temperature and chlorinity of sea water
in Enoshima Mogai culturing ground.
Table 2. Particle size of bottom mud in Enoshima Mogai culturing ground.
l A Enoshimal A, Kamishima| A3z Nagahama Ay Seito
Weight of wet mud (g) | 19.882 | 19.854 19.404 19.873
Percentage of dry mud 33.50 33.44 32.51 39.68
. (g) 6.660 6.639 6.308 7.886
Total weight of sample (%) (100) (100) (100) (100)
0. 00" (g) 1.626 1.528 1.760 2.667
0.00~0.002 mm (%) (24.40) (23.01) (27.91) (33.82)
_ (g) 3.776 3.673 3.301 3.872
0.002~0.02 mm (%) (56.69) (54.78) (52.33) (48.53)
9 0 (g) 0.587 0.542 0.596 0.660
0.02 ~0.25 mm (%) (8.81) (8.16) (9.45) (8.37)
~ (g) 0.615 0.629 0.587 0.606
0.25 ~0.50 mm (%) (9.23) (9.47) (9.30) (7.68)
~ (g) 0.050 0.207 0.086 0.090
0.50 ~1.00 mm (%) (0.75) (3.12) (1.36) (1.14)
— (g) 0.024 0.022 0.024 0.019
1.00 ~2.00 mm (%) | (0.36) (0.33) (0.38) (0.24)
2.00 ~4.00 mm E% o 0 0 0
|
(g)
4.00 mm<C (%) 0 0 0 0
Percentage of mud  (<{0.04 mm) | 84 81 83 83
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Table 3. Ignition loss and COD of bottom mud in Enoshima Mogai culturing ground.

I. L. % COD (02 mg/1g dry mud)
Enoshima A, 9.87 0.127 4.74
Kamishimasotoura A, 9.67 0.106 3.71
Nagahama Aj 9.56 0.042 3.65
Seito A, 9.24 0.495 2.73

Shell length

L N TN BRI I 1 PR Y 1 A PRl ST 1Y i 2 2 1 IR | ) i I
0 BT T T B0 IO 0 30 360 400 @ays)

5566778 999 101111212 1 2 2 3 44 5 6

1296 9237214 11529 203171 20 12 2 22 18 9 27 18 11 (Date)

Fig. 4. Growth curve of Mogai in Kasaoka Bay.

(BRI EREORE VR LIIEWIZA~EE 4R (REFIEE) ks &3 T&%. Tich
B, BRETLRLBADS A~IAR KT 5EEIT 1 ELDOTIIFLZ0.8cm 725 3.1cm ~§2.3cm O
B, 23003 EBIF2.7cah 4.6 cmA 1.9cm ORERRTOCKL, 12A~4 FOoRBEIXENE
h3.lemm 3. 4ecm~D#0.3cm, 4.6 cmh 5 4.8 emA~ADF 0.2cm OFEFEEARTIAE R LD
bhn, Fihe, FH (5 A~FE4H) wRlT 5 coRERE, 145012#2.6cm, 243018 2.1em
THY, MBEOHEEIBRE L OKECZ EERLT S,
4. iﬁ%ﬁ4®%ﬁ
. RRICHS EL

%ﬁ@ﬁ¢k%§bku#%ﬂwﬁwkﬁ?éwﬁﬁﬂb,ﬁﬁkﬁ?%éiihloﬁ%,ﬁﬁ&@
B o T Th T hERERZ RO IR, E5~TRCRTEI THD. RELLEROMMRL log
Y=0.3034 log X+0.1909 (Y : %E, X : &8 E) 'E‘,:ﬁg;hz, ¥ i, BB LSEOBHRIT log Y=0.9665
log X4+0.1159 (Y : 8, X : &) TEb IR, % LR oMM log Y=0.8108 log X+0.2437 (Y :
BE, X RIR) b I ENRE R, ShunbAab L, RERHES X1 ORFECO- T, B/E
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Fig. 5. Relation between shell length and total weight.
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Fig. 6. Relation between shell length and shell height.
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Fig. 7. Relation between shell length and shell width.
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Fig. 8. Regression curve between shell length and total weight in
Osaka and Kytshi seedlings of Mogai.

Table 4. Test of significancy of “slope and positional differences” between individuals of
Mogai derived from Ohsaka and Kyushu seedlings.

|
Factor ] variation lf)rz%%?n(’f
Separate lines (SH | 0.19175 433 0.00044
. Slope differences (Sd) | 0.00064 1 .0.00064
Relation between | 5 = 1lel Tines (PD | 0.19239 431 | F=1.44<F’ 40 (5%)=3.86
shell ‘length and | 5 el fines (PD) | 0.19239 434 0.00044
total weight .. .
Positional differences (Pd) | 0.00013 1 0.00013
Single line (Si) | 0.19252 435 | F=0.99<F’40 (5%)=3.86
Sl | 0.2206602 434 0.00051
. sd 0.0000043| 1 0.0000043
Relation between Pl 0.2206645| 435 | F=0.01<F’yp (5%)=3.86
shell length and Pl 0.2206645| 435 0.00051
shell heigth Pd 0.0002330 1 0.0002330
Si 0.2208975 436 F=0.46<F’400 (5%)=3.86
st 0.317914 434 | 0.00073
, sd 0.002208 1 0.00221
:f:;“‘]’:n;engg Pl 0.320122 435 | F=3.01<F 4 (5%)=3.86
: Pl 0.320122 435 0.00074
shell width Pd 0.013621 | 1 0.01362
Si 0.333743 436 | F=18.51>F" 400(5%)=3.86
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AT A REOBRLITE—ETHBHH, HEOHGIRE AT S ENRAD LIS,

4-2 JuilifE & KR

LRIET 1 EERHH Ui b Do\ TR YRR 3 X O KBRISEORE I iT & R0 £ EIRER AR
DWHIDOWTHB L TR, TORE, JELLFEREORFKIL, KEEDH D TIL log Y=0.3427 log
X+40.1551, fIHFED D TiL log Y=0.3247 log X4+0.1774 (FESX, Y : %E, X 1 £FE) TR I R
o, UL, ZOBEOMEOAEIFARTR LA L5 "B (BRI, “MiE” L F2DHEMT B »
bhishote, BEEZEOBEFRICOWTIL, KB log Y=0.9332 log X+0.1347, fuilf&iL log Y=
0.9306 log X+0.1375 (FIX, Y : &K, X %&E) TR, ZOBEIHEEOMICHEOERIL bR
o te, R ERBOBIRML, KIREA log Y=0.88611log X+0.2184 TH h, JuMfEiL log ¥Y=0.7924
log X+0.2649 (3810, Y : %E, X 1@ THH, ZhE oW THRECHRE LR, mEokc "E
R DEDOFEMLeh 5 eh, ME” OXTHEBEM (Fo':=18.509 > F’400(5%)=3.86) 2 Z» bh
fo. MIBRBRED S OOV THE LicEs, —BRCANEDEEORIBIIARED TR X /I WET 2
BT EDH S I
5. EEEHIAOIRBE
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B LA BEORERLHAE L, IEHME EHDET S “FAD” ORLELYELTLD) L LTLE
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RVIZRWIR S o178 - o, ZRERC BT 5 PR E 2 RO IEREFIRNRTHM Y THD. <h
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Fig. 9. Regression curve between shell length and shell height in
Osaka and Kyiisha seedlings of Mogai.
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Fig. 10. Regression curve between shell length and shell width in
Osakda and Kyiishii seedlings of Mogai.
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Fig. 11. Seasonal variation of fatness (weight of soft part/total weight) of Mogai.
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XD EDRFEEEE D L, 2 G T JEE LT < (0.30~0.33), 8 J§ (0.29) 75139 A
TH) (0.23) FCTRHECTHRL, T2 ACESL TR ChET 5 2 2RI TwWb,
5-2 M W %

K, RPHO AR THEREINC 272354 O IBIGIE O X%, FRcZ OFFI s HIROF Ko TR
AU TR A, EREOHE AR AR O (PR E LA, BHUIFLAf) c X - Ty, HE
AW DOfEA (6, 7 Hiciid 2080/ Nk bk iz Bob k) ok, MEEA & L, 2o &5 5 4R
(45.6.9.~46.6.11) A U, MEDPEEE O 0.2898 +0.0445, M F4ix 0.2919+0.0442 #7551,
WHDEINI LK, ZTOFEWEEA BRI 51 (1=0.542<to.05* =1.96). L L, BEGNCRIGEH
URKCRLTH D X 5, FEINNCIT VD HEIIIC T To 6 A2-5 9 A % ToMIkL, Mol
A T o U, EINNA B2 DB ORI 45 9 Adigh B1LA g Tk, HEOTiAE L Ix
DI ENEDHND, EBHECOCTUIEFREOBIGER R HAT, MEXAFRI 2 D IR% 55 & b LI
D FRIFIIA A T DI K B, MRS HLC IR N % <, ZOdEIBRUZ EP L < 7oA S 5
ool LTw s Ebh g, Eh, EREORE () 23 7e HEREARWIE (A O NI L Xk T BE T
B - 1ot X OHEME A X H R KU iAok L7z,

6. EHA OHERER

61 BBk

EFEOIBOBRNE, 7 2 ¥ AT A A HOWMET e iEa], BURATY, BOREI, B,
BB 5 BRI/ D 2 T E, ZWORML 7 2 v 51 OBE LA LR TH DA, ZOMELL
Tl <% TH%.

1) #fat (follicular stage) : i CIlZMIIA#E T Lic LB ORED & 0T, Bl 4 < sk A 5
T 5. WV A s A RO FREIIN R B, i Hik amoebocytes (- X D REDICHEE, WIS D
A5, 07, JERaREA fo A IR A bR, BRI bR BREA T 5 CGRI2KA-1). HED B & iEakE
ZIERIRE T, WIS TSR Hhs (H12KB-1).

2) /LR Cearly growth stage) : = OWEINC A % & AEHHNEO A B E /e 5. MEClxiilaiBcix
LB @ I BRI S 4 < 2 b s X Sicie b, IR 5 Hic iz B Te b KBUE LAY
REBTHLORETHRORD (FI2KA-2). TR EAM R Z 0K Rfifa0JE - @xH LT
Wh (12X B-2).

3) BLEMI (later growth stage) : Fflic b~ C, M CIXIBBEAM B ORAC i IR fa O F23 2 L <
L, HEMOIRMEO—IIEE SickBELTW 5, Z0% ix—dma i g LTuw505, %
72, BECURIEREDs DEEE LI b & Hius (B12RA-3). MECix i8R fE I IE 8 R A X OVRE R
Jar BT+ 2 LRI EFETH 52, FORMCIEFTCCR E Wik T2 v LT % (B2
B-3).

4) By (mature stage) : PIREAIARI IR KBE 2> D3l L C AR S A L 7e b, Jllarbduc EHET
5. WsRC A ROIEME, IRMA AT S5 CEI2ZKA-4). ol F2EwET s (B2
KB-4).

5) Jitil (spawing stage) : JEfAKEICIZ KT DR O F Hi 2 BEAIIASEE L, JElRECk iedsffid o J)
LA B OSBR RERI2 3 2 (121K A-5 ). HED IRl X T BB O T2 7 L T2 (GBI B-5).

6-2 g g8

FEI R v 7 A0 5 B bS] 1 EOEET, FEICRK20MEALEY, Lh HOEMPEOMEI I ICo
WCEIZE L, Ak Lido 5 BRSO L. FoRSRREIBMICRT X o wele s, BuhbofEfk o HiBl
T2 A RSN & U CE 2 B EAEMEIC s 2 AREO IR 6 J1h H12)] £ ToRMIBChH 50, <
OFINETANSLIACEL3y ATHHEEH LM TES.

F1o, HIRCR LI X 5, I FEZILE 7 A2 bREC TR LTI ARCREM LD, £O
B C EAT AP, Z OBGOEERZINS L O 10l ROE Do A ORI Gk K LT
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Fig. 12, Microscopic photographs showing each stage of
development of gonads in both sexes, x 100
A: Female, B: Male
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Fig. 13. Seasonal variation of gonad maturity of Mogai.
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Table 5. The rate of discharge of reproductive elements of Mogai by various stimuli.

. NH,OH NaOH | KNO,
Raising|Sperm - o
_ Injection I Injection Injection
Treatment temper- suspended Immersion | into body | Immersion | into body | Immersion |into body
ature [sea water Caﬁviﬁty | cavity ,,,ﬁa,",i,tL_ )
method method 0.001‘0.0005 0.01 ‘:0.0050.001‘0.0005‘0.01 '0.005/0.002]0.005 1 10.1/0.5
N N N | N N N NI N | N N [ININ|N
pH 9.7] 9.5 10.4\10.3 9.5 \ 9.3 9.9| 9.6 ; B
R . Q 50 62 17| 60 46 0 0‘ 0 0\0 0‘0 010]0
eaction 5 | 58 64 20 | 76| 20| 0 E 0 [1of olo 000
rate g; Total | 53 (62) | 39| 40 63| 12, 0 | O 8/ 0| 00 0]/00
9 S I 1 |
Table 6. The rate of discharge of reproductive elements of
Mogai in each grade of chlorinity.
No. of exp. Chlorinity (Cl. %) g rate of reaction (%)
| 8.16 ‘ 0
16.33  (Control) | 75
I 10.88 ! 50
16.33 ( » ) 100
m 14.08 100
16.33 ( #» ) 83
v 24.40 100
1633 ( # ) | 100
v 26.00 [ 0
16.33 (C » ) “ 100
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BB RIGIBIE X B & LR bt
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Fig. 14. The rate of fertilization of eggs and spermatozoa according
to the time of treatment in each grade of chlorinity.
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Fig. 15. Relation between shell length and number of spawned eggs.
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Fig. 16. Effect of chlorinity uppon the survival of developing larvae
of Mogai from fertilization to D-shaped larvae.
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Fig. 17. Change of rate of shell weight and weight of fluid in the shell
to total weight of Mogai.
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SUMMARY

Theé so-called “Mogai”, Anadara subcrenaia (LISCHKE) (a kind of ark shell) is one of the most
important bivalves in the Seto Inland Sea, but in recent years the area of its culturing grounds is
gradually decreasing due to reclamation works and water pollution through the release of industrial
wastes. This study was carried out mainly to clarify the environmental conditions of Mogai culturing
grounds in Kasaoka Bay, Okayama Prefecture; the growth of Mogai as well as the maturation of
gonad; the artificial inducing of spawning and the effect of chlorinity upon the fertilization and the
early development. The results obtained are as follows:

(1) Several items on the quality of water and bottom mud are shown in Fig. 2 and Table 2 & 3,
signifying the fittness of the ground as to the culturing of this species.

(2) The growth of shell length in one year period from May 1970 on was from 0.8cm to 3.4cm
and from 2.7 cm to 4.8 cm in the one year old and two years old classes respectively.

(3) The relations between shell length and total weight, shell height and also shell width which
were calculated on the data obtained in 2,300 of cultured individuals are shown in Fig. 5, 6 and 7
respectively.

(4) The shell width of Mogai derived from Kyushu was smaller than that from Osaka at the same
size, particularly in their young stage.

(5) The seasonal variation in fatness can be divided roughly into two periods, namely one from
August to December when its evaluation is considerably low, and another from January to July. The
difference of the evaluation of fatness between both sexes was not recognized.

(6) Microscopic photographs of gonads of both sexes in each stages of development are shown in
Fig. 12.

(7) The spawning season seemed to happen from June to December. In the examined district, it
was especially flourishing from July to September.

(8) The biological minimum of this clam was about 1.5cm in shell length and 1.0g in weight in
both sexes. Sex ratio observed in spawning season was 1 : 1.

(9) The discharge of sexual products of this species was effectively induced by treatments of raising
the water temperature, immersion in sperm suspended sea water (only to egg discharge) or suitable con-
centration of ammoniated sea water, but treatment by NaOH and KOH was not effective.

In regard to the influence of chlorinity upon the discharge of sexual elements, no particular effect
was observed in the range of Cl 14.089%, to 24.409%,. However, discharge reactions were obstructed in
chlorinity of 8.16%, and 26.09%,.

(1) Mogai of 3-5cm in shell length discharged about five to ten millions eggs, the average diameter
being 51.38+3.78¢.

(1) On the treatment of unfertilized eggs in water of different grades of chlorinity, the eggs were
safely kept the longest period (13 hours at 22°C) in chlorinity of about 16.60%,.

(@ It was recognized that about 15%, of chlorinity suits best the development of fertilized eggs of
this species as can be judged by the survival rate up to the D-shaped larvae.



