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Studies on the Culture of the Artificial Seeds
of the Ark Shell Anadara subcrenata (L1SCHKE)
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Department of Fisheries, Faculty of Fisheries and Animal Husbandry,
Hiroshima University, Fukuyama
(Plates 1~3; Text-figs. 1~21; Tables 1~29)
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HovR vIIKEEE, —MICZES A LIFEN, FHOMD TRy, NEHEOZKAT, E
M b RERLBETH S, BEFTREENEIMIREEL. FAEOBFE EOMBIZRDMN
¢, Mollusca —Pelecypoda—Prionodesmacea—Taxodonta— Arcidae—Anadara ) v +
= v AL EYED T, %% Anadara subcrenata (LISCHKE) T 3. HAIR#ED Ana-
dara \CJE 4 FEBIZEM9300IC X 2 &, /LAE6H, BIARIIE i - SEOREER
) ThaH, HA940)ZII4EELET T 5, FHASD Ick 2 s, BHEEIIETH

5.
YUK Y OIHF THEEMICEERL bOIIKRD3IETH 5.
Anadara granosa bisenensis S. & R. NA KA
A. broughtonii (SCHRENCK) THHA
A. nipponensis (PILSBRY) SR

£ (193000 H ABEERIC K 3L, 4L D2484R], BRC T A H 4 K v ZXPIX
183



184

Table 1. Prefectural production of the ark shell.

BRAKEBELE 2 Q)

1959

Unit : 1000Kan (=3750kg)

Prefecture . A Okaya- ' Hiro- : T e |
m CEba Tokyo ! psalffx ‘ Hybgo ! ma. shima [ Oita |Fukuoka| Saga ,
1955 Jan. — 83 5 1 44 11 — - 55
#  Feb. — 69 18 — 42 3 — 48
»#  Mar. — 85 28 — 82 — — — 88
»  Apr. — 140 26 — = — — 128
7 May — 48 13 — — 37
»  Jun. — 18 — — — — — — 70
» Jul — 2 — — — — — 8
» Aug. — — 2 — — — — — 7
#  Sept. — 40 2 — — — — — 14
7 Oct. 3 38 10 —_ 16 10 — 1 22
»  Nov. 6 46 11 — 15 25 — 2
» Dec. 7 47 41 92 18 8 30
Total 16 L 616 b 156 | 1 l 291 [ 67 j ’ 9 ’ 529
1956 Jan. 3 32 17 104 35 77 28
» Feb. 1 26 48 106 17 — 92 65
» Mar. 2 25 50 — 123 6 268 51
»  Apr. 4 50 7 — 51 — — 667 82
» May 5 44 8 — — — 670 143
»  Jun. 1 4 8 — — — 502 107
»  Jul 2 — — — — — 609 100
r»  Aug. 2 58 1 — — — 638 31
#  Sept. 185 151 5 — 5 — — 275 2
v Oct. 9 124 18 — 5 — — 291 84
» Nov. 73 101 23 2 9 2 — 273 101
» Dec. 70 133 143 2 97 29 — 302 91
Total | 357| 748 | 328 4 \ 500 ] 89 [ — | a664] 905
1957 Jan. 11 75 80 21 70 17 2| 239 118
» Feb. 177 76 115 24 85 5 41 145 130
# Mar. 217 92 84 20 83 = 30 243 458
»  Apr. 46 81 45 1 75 — 5 289 470
» May 103 191 35 1 — — — 525 272
»  Jun. 161 215 17 — — — — 455 245
»  Jul. 100 181 4 — — — — 317 123
» Aug. 89 194 2 — — — — | 475 26
»  Sept. 42| 231 — — — — — 291 13
»  Oct. 162 252 125 — 3 8 — 154 23
» Nov. 231 261 124 — 6 20 — 130 55
» Dec. 148 258 113 — 72 35 - 169 70
Total | 1,587 | 2,107 | 744| 67| 34| 85| 78| 3,432 2,003
1958 Jan. 168 260 68 | 30 69 3. 41 202 85
» Feb. 349 | 218 66 6 83 23 20 190 85
» Mar. 421 249 118 | 6 74 25 32 238 144
» Apr. | 2,971 524 347 11 131 15 25 | 1,993 820
» May | 3,400 | 546| 383 1 — 3. — | 2,436 | 2,329
» Jun. | 2,161 479 | 299 — — 0 | 20503 472 |
» Tl | 2,446 | 499 95 |  — — — — | Taes 418
» Aug. | 2,151 539 4 — — - =] 21 57
» Sept. | 1,382 2,520 1 — — — 1,652 87
» Oct. | 1,749 | 4,124 — — 1 93 — 710 236
»  Nov. 929 | 1,643 53 — 64 3| — 728 939
» Dec. 897 | 1,668 99 — | 4, \ 126 —| 1,352] 1,138
Total l 19,024 1 13,269 { 1,543 27 ] 784 ‘ 341 \ 118 ] 15,637 \ 6,810
Source: Statistical Monthly News of Fisheries by Statistics and Survey Division of Ministry
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Naga- | Kuma-

saki moto Shimane | Others \ Total
A _ 19 2] 220
14 — 8 3] 205
- — 9 2| 29
— _ 28 50 377
_ _ _ 3 101
_ _ _ 1 89
_ _ _ 1 11
— _ 6 1 16
_ _ 45 2 103
— _ 51 4| 155
9 — 98 5| 237
9 — | 160 4| 416
32 —| a4 } 33i 2,174
18 — 95 5| 414
17 — 64 50 441
14 — 38 6| 583
1 — 18 4| 884
_ _ 3 4| 877
1 — — 2 625
2 — — 1| 714
8 — — 30 741
_ — 16 — | 659
— — 25 2| 588
5 — 58 2 647
18 - 70 6| 961
84 — ‘ 387 i 38| 8,104
8 - 41 6| 788
4 — 25 3| 830
3 — 16 6| 1,252
5 17 14 5| 1,053
3 - 7 2] 1,139
5 _ — 3| 1,098
1 — — 3] 729
6 — — 2| 794
_ — 15 3| 595
3 — 23 3] 756
Z — 15 4| 816
3 _ 54 4] 931
43 17 ‘ 210 1 44 [10,811
1 — 4 7 965
_ _ 37 51 1,082
— — 16 3 1,327
— — 12 4. 6853
3 10 | 2 4 9,117
6 9 = 4 5933
13 1 — 4 2,952
2 20 17 4 4,971
4 17 | 27 | 31 5,693
I — 81 56,999
— — 63 4 4,426
— — 105 55792
29 ‘ 67 ’ 408 ] 53 [58,110

of Agriculture and Forestry, Japan.
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Text-fig. 1. Principal production centers of the ark shell.
T: Tokyo Bay ; O: Osaka Bay ; K: Kasaoka Bay ;
A': Ariake Bay ; B: Buzen Bay ; N: Nakanoumi.

50T, NIIEHNEETH 5 &0, REROFERK - 7. HE b SHHELEThTH D, BR
FAEREEOEFIC L DRAFICH v Ry D ATIREEZEEZLL, 20EEE2SEICER LT
WEAST 2RI Ntc. 1942 F 2 BEXVABRICET 2RBFE OR A R0 T,
FEUTERNZAEY LTI - 2. AR 2o A2EIC L, Z0BEEDT- 1
HEABFE UIED D TH 5. AMAEET 51040, KIBTEE S ATE 2 5 7B
ZHRBCATIC, AT IR - fIRES, HF/INBEE, kR, HIEA=Z DKL, R
AT DTl 4 fIB) & % 1 - o N FHECRER, HANFR=ES, fEME, KBEMEDHEEICH
BAERET . 38, KEE—BR» C2EZEEZHE, NROBEREHELD ¥ 2 H L
7o, Db 2 ICE L EMOEAEET 5.

an A mE-pr % B

1. B —HR3, QIMURLLS LN, BIED O ERNRE RS ERRIC, EED
JIENTHE 5 30 (29~32) D it »id 5. (Plate 1, Fig. 1 B). #ic, 8 o %
THICIE OGS INCIZE U OERIR OMEEI 25 5. BEIMEAB S 33 L. BROEHIRE
BOFERREM > T 505, TORKIHKLE <, ZRATRIEFMCHN T IEL
mZ . 15k Scapharca D H OO —>L LTHBI A8 L 0/INETH B8, 4wy
TRZORMPEIPERT, BB TERRABDONMICEE- T3,

B DR, THh#4TiR42~43, "4 HATRITI~18THEho, ZOHTH L&
YEINSOTHERDICKAING. = v H R T ZH LRy EHHORAIZIZTE L
DT, TNTRXFITER0D, ATEIBESERROMR L SN, MBI Bh, &
BT, BERHERREZ SOM, V¥ v TIIREIERGE ORI 50 0EEmIc B D
RN, WSRO A2, RBBHOTELORARBETH L L0, KBTS
. BRI NVRORBKHFELT, 7THH14 BCHEZEE LD OEBROLECEEZ I 3
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2, NEFEOBIICHSM EEABOMMA2RHZ DT, TOREHRAT, HOTHh#1 EES
KRBT B EMTES, ARy DERLLSDIRIBRET. Scm; %5 6. Ocm; #&iF 5. Scm
CRESDMDH 5.

2. BBRIEF: —9 R v oA —RICABDOBIET, 7<= Zostera marina D%
T B L N E D 1SR T, T OEEIZIBXNEIBIBTSH 328, RICHENLDORWLERICE
BET 2. 22X v@3 7999 =7 Y DXHIC, KEERK > THIXLOT, #HIERIGEE
DRI SFWT 3 RATHRICEE L, B{H-> THELTW3., BESHIE, THkd
LEHT 200 5K 10m ORI [ 85348, WilBIC3/KE 1~Tm Th 5.

BRI O /KD &M, 2780 KX D TH B, o1s524 PLEICIE 5 & STHBEEINEA
iz, RED 20~30% BEHIET 22 0555 L, BREAETIE, BiFTFHRO 56,
015 18~22 DL AIRE LT EMOEZT, T OHBDESGRMED, ZOBBICHL TV
EEZoND.

3. EIRE: —HANCKDEALFICIVZLOERIIH B, BEFF 1929, HFB (1954
DRNTWV B & ST, FEEIRENG, 7TH LA~9HHET, T 0BIBRTARI~8ATHITH S
FEBRIZIBIE D /KR DS, P BEH LT 25°CRItkicis » 72Rfic Bita s v, T omid 27°C
BiIcM4 3. 19554FEH, SRBICRTHBELIFNICEL 5 &, 3o ¥ v O RBRBENI ML
OAEI~3HAFTORKECEREFICE DY, KEMBICREIENSTEON ST EH%-
. - TTPOERETFHIT AT BT 3.

4, R H: —ABIMERAT, IPRRIELOERE, BREAOBERT S, ATRE
WRETHBZDT, KEEER LU TENFERICK > THII L b DIC DD THE Lckiiid
RDES>THB. 194TFTH20RH 68, BEEAEOTEMNHI, KES. Sm » o, H8IC
XML BER, 84 IR AN, K U TERRE R LREZ T, BE
L CWIERKERIZE AT R ATcE bR - 7o, 2T kiE (B 23ecm; 2EX 11, 5cm;
258 5L; 7kiE 26.8°C; C1 15,39%) T 17°36™ (A L. #BKITNAER 314, 18207 i
WO % BAgR, 13 s RO L, 18720™ Huk, {Rik 2 FOBBOHIBL 5 7 H# L,
18027m &7 L. WEA T, BEZ R U TENBRIC K 2 BOVERIZ, T OB F
B UIT- 7278, AERERFGBT, 3~5 olEsmoi L, 2~3 oL, BUBIIL, 20
DRI CREEI AR B, REEIZRAE TR & D RIL B, BUKAL S Imm BiO K S TI0~
12cm OE S ICIABINY 5. R E MBI, MOBHES U THEBT 2. I8 A&
T, AT B EBK LTERIEE D, ZDEEIE S0~60pu TH 2. 1EIDFEIIRIL 250~
300 Cdh 25 (BREDAI40x34%x28mm), HHIIE I EHR TERE 36~38u TH B, FHE
OFEXIIKEICE > THET 25, Z0#&RIZ Table2 DB TH 5. (Plate 1, Figs. 2~
5 BRD.

BB KiE26~27°C T3, %17~ 18 T H#5mR L, DIRD Veliger i3 Velum (c
X DEFICHkT 5. IMAL T. & HATANAKA, M. (1949) 05 1c X 0 B3 L 7= Monas
sp. #5272 7C, BT SE, Umbo 2 FicLEN SRS EABEOICHERILERS, ERL,
KiEICET % & Velum 25| %54, HETIMEL, /2B, Velum Z2HUERL, <
ABBELTHKNTIE, COXS5ICLT4E4~5HT 3L, RICHEBOBEREELY LR TD
FlE LTOHESSD bbb, T ORIICHKE OBBICRD 2—aind b, &L HR
DAEET L. TOBEHE L FRIZZEER—E/ T Umbo 23k 54, Umbo stage & 173
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Table 2. Early development of Anadara subcrenata (LISCHKE).

After Fertilization

Developmental stage

Hours Minutes

0 10 First polar body extruded.
0 15 Second polar body extruded.
0 30‘ - First cleavage.
0 ) 50 Second cleavage.
2 0 Morula stage.
4 N 0 Embryo begins to rotate.
4 30 Gastrula stage.
5 30 Lively rotation. )
6 30 Trochophore stage.

11 30 Shell developing.

14 30 Shell incomplete.

16 0 Abnormal larval swimming.

o 17 30 Shell complete, normal larval swimming.

Remarks: Shell length @ 33.2m.m. & 29. 6m.m.
Water temp. 27.5~25.6°C ; o5 20. 18
Fertilized at 12#307, 13th Sept. 1955.

v, 28T Full-grown stage £725. £ DRI BE290u, # & 210u Th 5. < O}t
HEEECE LRI ER (1937 s LT3 L9510, ROBMIC X Do B 2 K5 s
B35 &EMNT& % (Plate 1, Figs. 5~6 £Hd).
KIIEE 280~300u; HE 200~2204.
BR—BRICHEE, RIS EEPHAIL,
BIE L LHIRICE, BERI RS BN, MBREBIC HLTO08< MEE
BLTWLBEY, 20FERENLTH 5.
RTINS KA 8D 5.

BEEARLE LTIORHNNORIOEENSS 0, HMERIZE.

(D
@)
€D,

D)
©)

6>
D

5.

HIRDOWREIRAE TS 5.

A OFTICIE Velum 2330, Z0H%FICARCESHEBCED NS,

PR HICE L 7o Velum 23iREBIGRILL, BREXMLT, EBC S {SHET 2L
INCIRYD, DOLICHEEFICE S, FIVEREEAMELT, kiaaiExy, WEY CK-
e IBERE) OXEAELED, WEBEZRY, BEREDWMUTHET 3.

B OR: —WNEEBCA-HMERERERY, RELERORBEAKE RS LT
ZIRABOHBEDWM UTHR LS 5. MEROEBRORERBH THELT, WHHREICH
HLUTHENE LS RED 7200, BEODUHEL, ZOHNREICHE-> TS, Hg
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Miz#E0. 4mm Fifkr SHHE L0, REICZORpEINL T, BE lmm §iRici 3 &
WI0EERAZ B ENMTE, Bohbicr v Ao HR ¥ 2 XL 5 i 75 2(Plate I, Fig. 8
B2, MEHRWEDL» SHALTH ECTO TS, D3 THICEBAET, ABED SEERIC
ML TEFET 2. COREMICIRET 3Icitl, BOEBREW-> TREL, MATCEE
TEWEHND 5. BE2~3mm ORER%E, WHEYH S EEICEET & BIGEVLED, 9T
kL, —ZHEAMETEREZDWUTHET 5. BILLTH OB b8 284 + THEOLKE
%Ri-Td, BEEIIEEN 2 T &850 (BT - J62%1949).

THICBALUTHHOERICE S L&D RIRE, BE 10~15mm THREEFIC A>TH
53~6 r AR TH 2. LHICEBALTS, BHROBNEOEEMCEATHELTL 3.
CDEEFICHE S ERIBRIREBICES S, EAAR LU/ Eh¥Eitce 3. ik, RAZR
DRENLITVA, BEXBKEOEES, RERENEILT 2 EBET 2 L0555 3.

6. B B: — v ARYREAE27yET, AL, TOFEMIIOERTHE. TORE
O—FlERTE, ROKDICIEB.

194348 A3 H, HMBAIDOKESE, £¥ o Full-grown veliger O HHBl4 R -0, &4H,
FERBER AR A £ MM (45 cm; $860cm; B 3 75cm, 0.2m®) it Ah, B L, &L
FeE %, BEMICE DHT HIE L. Table3 K or Text-fig. 2 IKRTKEIC, HEHKI0B T,
#E 0. 8mm; 200 T 1,6mm; 300 T2, 5mm;40H ©3mm; 50H < 3. 5mm; 60H T 4mm
S =208

WEOEERTHENM L DR, MBORVLEZELINIDPPENT, MER27AT
5~8mmicET 5. FNERLSHE LT, LHERICE 2 AXIZ10~15mm TH 3 55,
IHEBFBRE TEE L L ZARME LTS b0}, BE 20mm 28> T #EE L7
WIBENHD, REEDBEFIICNLIO/NI L & BT 3.

REZS5~68, KiE18~23°CORZEY, RIBIFTHY, FHORELZRT &, il F

mm.
4.0+ O——O Shell length
@—@ Shell height
30}
20
10}
o | | 1 1 1 1
(4] 10 20 30 40 50 60

Time in days
Text-fig. 2. Growth of artificially collected spat.
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Table 3. Growth of artificially collected spat.

Shell length mm Shell height mm
Date of o L a .
Measuring Maximum Minimum Average Maximum | Minimum Average
Aug. 13 0.99 0.35 0.68 0.54 0.19 0.38
r 17 2.00 1.10 1.58 1.40 0.60 0.98
v 21 2.20 0.39 1.25 1.60 0.23 0.73
» 23 2.10 1.10 1. 56 1.60 0.70 1.01
r 28 2.90 1.00 1.78 1.90 0.40 1.06
Sept. 1 3.80 1.50 2.50 2.60 1.00 1.75
” 3 4.70 1.30 2.65 3.40 0.90 1.80
” 5 4.50 1.70 2.73 3.20 1.10 1.87 !
” 9 4.90 1.80 2.93 3.70 1.10 1.75
r 13 6.00 1.60 3.33 4.30 1.10 2.35
r 19 5.40 1.90 2.95 4.10 1.10 2.06
v 22 6.30 1.90 3.20 4.90 1.10 2.62
rv 26 7.40 1.80 3.9 5.90 1.00 2.90
Remarks: Spat attached to the collector on August 4, 1943.
Table 4. Growth of the ark shell during “seed” and adult stages.
Date of Shell measurements mm
Measuring
Age in months Shell length Shell height Shell width
44 Jun. 3 10.0 15.8 14.0 10.3
r  Aug. 17 12.5 24.1 19.9 16.1
»  Sept. 20 13.5 25.0 20.7 17.0
» Dec. 4 16.0 31.9 25.1 21.6
»  Dec. 31 17.0 33.0 26.3 22.6
45 Mar. 5 20.0 32.4 26.9 22.4
7 Apr. 12 21.5 33.5 28.1 23.3
» May 10 22.0 34.1 29.0 23.3
r  Jun, 28 23.0 38.4 32.1 26.2
» Nov. 26 28.0 39.1 32.5 26.1
46 Mar. 19 32.5 40.2 33.4 28.2
» Apr. 16 33.5 40.2 33.3 28.4
v May 17 34.5 43.9 36.6 31.2
# Jun. 19 35.5 45.3 37.4 31.6

Remarks : Spat attached to the collector on August 4, 1943.

THE23mm; 1.5 E£T32mm; 2 £T37mm; 2, 5 F 7T 42mm; 34ET 46 mm; &7 3%
(Table 4, F v Text-fig. 3 B,

1. B 2 s2: —y vk i3 Veliger 75 Spat icf8 288, B THUIC BT 2 B 2
HBHDT, ALWICHENTETH 2 LEZEZLIARDL -7, BUCChICER LTH
FHEIT- DR, LEERRKERRGEHELRINCEHBHOBH =M TH 5. &M
FUKESRBGRE (1917~1927) Kk 2 &, KIESEHLSKIE 10FEF TREEL, BICKE
144 SBA3ET TH AR v OARKREDZ OTEIIK, BEEIHBORE®RAHEL
HER U/, TOMRRESABETH 2 C EEBOH, HEBRD S BHENTRIT 3ICEDS
3o fo. EEBUKERBGHE (1916~1925) itk 3 &, KIE 6 4 5 KE 134 % T
BB, B ILR K ERERERE (1921~1923) Kk 3 &, BIMEEIMH RERBRE
3> T35, Ah bETARE, BEEMICRT2ES G- 7. BERAN TFRICRY
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O——0  Shell length )
mm, ——=@ Shell height
40 Shell widthg
30 3
20}
10p
0 - . ry o
1.0 (%1 20 25 80
Age in years

Text-fig. 3. Growth of the ark shell during “seed” and adult stages.

PIRETH B0, BHETEar 772 (UEH 7 24 1) Modiolus metcalfei (HANLEY)
Rz % =" # 4 Diopatra neapolitana DELLE CHIAJE %% X4 ® Collector & LT, fH4E
DHRFKEARZDT, chice v + 2ETRBBTONIDOTH 5.

=75, I8 TR YRy OFET A7 1) O RREERI OB, + =/ Y (Graci-
laria) BETEEHHE Lz b DENBEDT, (375gr @A =7 VIT1359%i % v v psh 5 L
Twiclind 5. Jan. 20, 1951 H FHFDLEZOHR T, ATEHHEEZRA 1 b DHIH - 7obs,
PRV RIIT BICE St 1934~354E9 A, MISHAREABT K ERBIS c P o,
WL v R o R RO R, RIBICRYD, MTOZECHAOSEME T 20%
H# U CTERE DR 5 1C5M &, BIRFUKERDKIIRBERMICEZ U, KNI
MEENCE %, BREBRLUT, 193THEICATHFEOERNR 5 & E2IF L. Hik, hiE
KESESEHFNTEBREMOATREOBL B OICEHB U, BHRIR/KERD BEH YR ICE)
WT, 19394, REFMEEHNQT, BMEKESENFE, BHRER, BEHEOHKE
W&, ATEEOREZ Uic, BEH - BF - SE 9400k 5 &, A, BRM, B, K,
C, KigEsHise, D, dmEnh, E, RO S #AICR T, 4#188, MO /ML, KR (v 7 va),
HELERZABR L. TOME, WERFOMAR, BHEHNSSHERELTH 32X E N
ST TH D, FICARBOREHEMO C RICHERR L, KB T7.9m O CE»S 1~2m
O TH» 1. HEEOREERNFH#HT~108 T, 2mm,20H0 T 4mm ORI L1720, B
BSmmUED DT, 1mm LT TREEOHEBEL <, 3mmicis 2 EPP0HT » TH%E
TEEDOZ S DEBHEM &S - 1.

BMEKERBRG T M T, KEE BB OBEFERAR LT, TOMER
BE2BLI 2 EA2HEDIDT, 19404, AiicHHEKER & #E LT, KREKREZHOTE
HRBRETY, T TRBENICEERC 24 - . BREKERBREREBEMETORE
HEPEA AR ER IO/, WEMCHEONEZIBEL, FREWTEEEIXD, 1941
F, BREERITENICERZED, RERBRMERY, WRASEEHEOKEE—L - B
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H/NAER « I OB KRR, HRICHEBENFE 21T -» 7o, EICHEBFEMII AR
—BHRUEET 2 L DEROREZT> 7245, TOHEBEETIECAE—F VR IODE
BRI EEICEVBEALATH 50, CHCHETSEEEHOMBIBO TORTH 5.
ATEEERCL > T, MBORNALNE 51T, BEHAARBICEELBLIRAXRDTTHS.
U SR PN IR BREERARDS I ., /> THIBRRERC B 2H— O v K v 8 #H
T, BICOKEEEEERHELEEDINETH S, - T, COBEMMELHEMCBEREL TE
HETY, ChE22EERLTHI v Ry O RBELZERKT~ETH S, 08, FRiI%ESE
FIHD 7z, FAEEIEREED & EITH50END 5. BRI COHHOTICAMIED
{BEEE 2 ELE—L0 D H T, TORR, 19424FiC, v v+ v IR EEECEERICE
TEOIRBTREORIERARKE /2.

BEIBBEEOIRE O TIC19424E5, 100548, migicHEL T, #iid, WP - #kK
FHLILICHTRICRE LD, 3 7y Bk, SRSHICEE L TLSk, Hic ABFRICEIEL,
BHETELDEATRE L bO OB, BEETEOMRICKRT, 1945 F1CE D, HKic 1943
FREREO SOBBERENINT, BFEMCATRENSZR U, 58, COR 19444
WCRNARREERAS, 1945FICIBIBAZROSHHFICS M Nz, =Dk, SR ENTkE
BRMEE, FECEFESEOBNICL->T, RBOBEBEMENELFEY, HERN, HE, ¥
i, %, @I, HRFEOREHRMAHSG, SRBICRT, B4505H3,00007 o4 Es:
BCAHEECURE L, 5B0RREE 3 ICESL TR, HigRABEHESOENIC
BHERKERBRGRESEOEEDOR TS 303, BICEELAIBBICKRBEERE - /kFER
ERUE—KETEXED - B S D D> 10 EERET T ERHSER L,

an w # o # R

i Text-fig. 4 oI<, BHREBES YRR E TRNLMO XS SHIET, HEHES.S
km, E # 152km? T, PRI AIRE LTE L2555, 6 200~400m, £ X Tkm, #X
Tm OFTHHFTERBICE U T3, KBREL, ¥4 6m T2m DELK1/4,2~8m
WEEMEOD 3/4 250 T3, EAFAIIOAR, KEJ - ZFE) - B3 EERAT 305,
1aEI - FHE - BEENIEBRRNEOAMAT 5, BEREBSTRHDOZEN30cm NN TH 5%
b, WP X BKOTHRIID L, JE @A - BHCERINIBEEBE L, BEHOBK
BAEBINCE D REFRAZS U TKIRESOEE2RICHN, [LBEARE & OM AR - THITIE
FhroMNigict s, XAREOBRUILEE > THRIIEEL SNBICH 2N b 5. BE
DBEOAEOKIEHEZE LT, AEMHEABED, AMEIIDIKES.

AT ER93DMBIRNTInE LS, BEEXETRAKMDE IHNED, Table 5, Text-
fig. S IR XD, RIKKEZEAXBORIENE LR, o TKMBELD 30cm 2Lk
BIETTA2DT, KUENKE LD, REABOUKNSEBITHA L TEE30~60cm |33
KTENTHEDRBICILAC NS B, BILE3L5 -6 B OLATEOETICK, AA
DKM BREICHE K150, - THED & BEEDOE CKDBHHBICHA LT, KE2. T~4m
DFICEE D LB SIS (Text-fig. 14 BD. AOSIK & DD - 72 FTER DK ITIZ K
DBEOEFZE, FTEMERINT, MES—BICRET L0555,

KBRABOBESBIVERLT, £ 1~2 AicidEE2~5°C, K8 3~8°C, 58 A
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Text-fig. 4. Nakanoumi.
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Text-fig. 5. Monthly_maximum and minimum tidal levels of the Nakanoumi.
Data by courtesy of the Arashima Tidal Station.
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Table 5. Monthly maximum and minimum tidal levels of the Nakanoumi.
(Data by courtesy of the Arashima Tidal Station)

Maximum tidal level Minimum tidal level
Year : month ;
Day ‘ Time h. ‘ Level cm Day Time h. ! Level cm
1941 : Jan. 20 11 20.3 26 11 10.0
#  Feb. 22 14 16.4 13 13 7.0
»  Mar. 12 2 19.0 29 1 8.0
7 Aor. 15 17 18.6 8 9 8.4
7 May 29 17 20.8 16 4 9.8
” Jun. 12 17 21.8 15 3 11.2
” Aug. 25 18 24.7 22 23 16.2
” Sept. 5 16 23.2 16 19 14.0
” Oct. 13 5 22.4 27 17 11.6
” Nov. 20 4 21.6 10 15 10.4
»  Dec. 10 7 20.0 21 15 9.3
1942 : Jan. 30 4 19.0 3 14 8.6
»  Feb. 19 19 17.5 14 11 9.6
” May 31 17 19.1 23 6 10.8
7 Jun. 15 16 21.3 3 2 12.3
»  Jul. 18 17 23.4 1 1 15.0
7 Aug. 6 11 24.4 28 3 13.5
»  Sept. 22 15 24.5 5 20 14.4
7 Oct. 22 15 21.6 7 21 13.2
” Nov. 25 5 21.4 10 12 11.0
1943 : Jan. 31 1 16.4 13 17 7.6
” Feb. 7 6 17.7 16 9 7.5
»  Mar. 1 16 17.8 31 9 7.6
7 Apr. 8 18 17.6 6 12 7.8
” May 25 19 18.2 22 1 9.7
7 Jun. 4 16 20.4 8 0 12.4
» Jul 31 16 21.7 19 0 13.4
7 Aug. 30 15 21.5 21 3 13.8
7 Sept. 21 7 24.5 14 23 14.4
7 Oct. 4 6 23.2 13 23 13.2
7 Nov. 7 2 21.2 28 11 11.2
#  Dec. 8 3 21.1 11 11 10.5

Wil EE - EEELIc28~30°C ©TH 5.

MK ous RAHD - HHBNIC R 10~ 15Th 275, B 20~23 Th 5. 6~7 BICkm
DEDIROTREIE R A2HEEIL, RO EATICL 3KNMD FRD 1%, KD
BACLZDTHAHS. MRHIEL, REOEIRTOLICES TIREOEEREL,
AHIRFEED + 4 A =/ Y Gracilaria gigas HARV. 3 KRS U THWESh, “HEE” 0RE
EF o TWBH, THRKENSEOICDIKNMMBTREL, - TKMEENKES , Ko
POKMIT U CHIBREOBE LK TE LY A LICERT 3D EEL OIS,

IKE IR - BEERIRILIC, WEED2~3ME 45 0, #i&l: 5~10 mg/L, #%%&13 600~
900mg/m® P FIC R UAIEHE Y b Sme/L L EH 0, EXBEHINERISBE TS, £
- C, FEEYR HEN £ <, K BEEERT, WiEREIC MR 5 58 (Chaetoceros,
Skeletonema, Coscinodiscus, Rhizosolenia, Thalassiothrix, Nitzschia, Navicula, Pleuro-
sigma, etc.) & D 13133, & xicid Dinoflagellata 0 B 8HIc L b, RGBS AL C
LA THD, HILEAOESIIC, FEEART T, ERICIDEODENS 2 DA 1
DILBEST, FAEOMKRCIZD, RFICHAT S MEKOBEEE L, EEARICHIES
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AL O <, % Plankton OMIRE EZ 223 5 C LITiEA (1955) AL T3
BOTH 5.

[EE 3B (1936), HHEF « /KEF « REF(1929), KH (1951) 0t d & 5 I KT 135k
AL Z T, BROKEBORELT, MTMZETS ESRA.SMPLRBZICAD T,
Bt KIBEE X VERZ)IN - SERZEOHENORL BEDOHRZRKR VLT, B 50~100m fif
L oMaz4e<, BE100%T, —Fic2~3mOETEN TV 3. KB BKEED BEO L
2, BRAOEOESDD, BERICGE LI FE-RCRBELAIH, FIOKTBORE
DEHE L., EPCRERKCBEOEENDC, BN D BEOMBREL L, Hil
(1946) &R~ TW 5 &5 I EDHH & LTOSEESERN 2013, COBEELOSHICK
LLEBEINS.

BRIFREIRRICE AR KICEEZE I N7 Plankton 23, HEIOERICK O KREHHL C
NOFEWT B LI k- T, KEAE/INUESRICK ZEELODMEEMEBR-> T, £ WER
REEOKBARRT 2. W IBEEET 5 & S ICREBEYEIERHSE L, BHESO Y v
Ky (FETHHFA) KKREBHELEZ IV TIEL, T €T FF KT o 4
IFDKEE T HEIEIE S,

2 Hs 194248 A HNCKEER L 7o R 1Z, £ & LT Ceratium tripos ® B IHIC L 5 DT,
2EBHIEISES O DR, ChDFERE L TKBREBEFUKALILD, TRICKEICILE
LT, BEBICAOEEOEENMTE > 2L > REBLE > 7. 2T, £ O Plankton
DFEEIZI~28 CTE L TEELC LY, MBI L T Collector DiEFRIZHEED S 7
R 2. 12m) O£ EHuiEy onfkdicii- 7. Text-fig. 13 08A 5 AAE, 8 H19H
BOF LRy OWEEDS, DULLBEREELTLIDRE, RPKLDY Vv Ry BBELTE
OHBATT HOTH 5. REYDHEHMIFEOROKFETHY, SEOTRK, BFN
B MICERDHER L, REOKDORZRHENE4HEINT—@RYOFKEEFESE D,
BlczofEEARELLTHGHIZES>TL .

V) fFH o i B H

AT B iCi3 4 v R v (FHROHBREHZ B UT, REREETHT 2 080
b5, COHWMNDO FICHEETT- 2. BRI BEBOHR, KES.Sm OFfiTH 5.
(Text-fig. 4, Station [ 8.

1. BE® K %: —194347H108,»5 9 A308 oM, FEAMIC Plankton-net
ZEEH O EEE CEEICHS, 1EMEIC Plankton % 2 v FIc#y, ThE3EVEL,
GEtL7c b xR E Ui, 1835, BIIC hand-pump C, iBEH 5 XE % T60cm #iC, &
@Dk 30L WA FF, net TUfiE L T Plankton 24 U7z, &¥Hifah $4% @ forma-
lin CEELTELRD, BhiihrxTb UTEHHLUCHERELZET, WKL R (Fho
HEZEA L TEBA 74 FF 720 EICED, §lRO X 5 72 umbo-stage KU full-grown
stage o Veligerx 8 % 7-.

2 BEORR: —7zhicks&, Table6 i Text-fig.6 L >ic, 2ED A
idsd B Ehs¥l- 7z, Pump $RBIC K A3EKNC L > TR TS, O 2EDINREEHDK
BlEed—HLTwb. zok, BFIESAHHLIAMIO2EDKEDEMH D, 8AFIH
D DRKELTRIBHAD bDICHIINE D, TOREDOENIECEE, &+ FFR
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Table 6. Frequency of appearance of ark shell

Number of larvae

IRRAKBELE 2 2 1959

] .
1 10 1 10 20 30
August September

Text-fig. 6. Frequency of appearance of ark shell larvae.

larvae.

Table 7. Spat attached to a 1.52 m long “Wara-
mabushi” collector hauled up in September,
1943.

Date of col- Number of larvae
lection
1943 Net sample Pump sample
Jul. 21 0 0
v 26 0 3
Aug. 1 125 19
” 3 674 —
” 4 1,705 —
” 5 1,251 93
” 7 398 —
7 10 1,270 —
7 13 341 132
” 17 5 20
” 19 7 0
r 21 i 15 0
r 23 5 4
r 26 51 —
7 28 298 61
7 30 109 —
Sept. 1 231 265
” 3 111 —_
” 5 3,465 —
” 7 2,057 642
” 9 616 —
” 11 123 —_
” 13 80 83
” 15 7 _
” 17 36 —
v 19 101 35
” 22 0 1
r 24 7 —
” 27 0 —
r 29 0 ‘ 1

Number of collected
Shell length mm spat
9.0~3.5 5,300
3.5~2.5 6,299
2.5~1.5 11,600
1.5> 8,898
Total ' 32,097

(Brachidontes) SIRUTHE 4 32 & 12
{, MiHHcIRE T2 &N TETHEEL L
TEFZOHDTHS. WED B 3~4
HOMTH-T, 1943FICRTIZI8AIZ3
Hirb5SHETOHM, SARSERS TR
FCOHBETH 7. £ L THBOREE
ERALT, BEABRMRMEL, EEN
WCATEEIIRI L. Bis, 9 H19H K
WOBF I FEER 7 7 =7 SR (1.52m)
O, WH Ly vk oo, Table
7 DD HEF32,097THTH - 2.

208, YR YOEEKR I ONHEEY
BRL, M 1948), xHA9ISDbch%
T, YEZF LK - T, HRICES
THLENTEBEHICHE -,

M+ H o Kk F 45 M
BRI v R o O ATHRE AT IR, MEHERET 5120102 DIFRODHHE K
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CHIZRS C ENNETH 5. 1942 ICHIBICRG 3 [FHRO DA FHE L.
1. 8 & 8 M: —TA9EB»S510A18F T, WHEBREROM4ARFZ LT, HH
DIFFRIC L D 2 D% HEE L 1e.

Table 8. Spat survey by the test rope method in 1942.

Divi;i(i)ﬁw 7 Rope Vsret W]iope taken 1;; ‘y hanging
July set, Augustup nly 19~21 | Aug. S~7 | 17 days
r» ,September up ” ” Sept. 7~9 50 »
August set, » Aug. 5~7 ” ” 33 »#
September set, October up Sept. 7~9 7 29~0Oct. 1 22 »

2. A E O FH F: —HABMSI0rE, BEAZEACE L, EEALAEED
AL & o R (FbofD £#ER (CHOE LT, Wiz 1, 090m M HICXY)
D, ZORXYIFICHZIT, FEHm s Le, CHREIHEBICKD1,090m i C2,C3,C4
LHERY, COR»S, WRXBWICHREREL, BREHCX D EHEEZH > THZR&T,
#EF, BEFNICHE » TR A Lo @A Lk, Bhic 8Tk, cofr (&, & 20~
25cm, £ 10~12m) 7 5 EE Smm OfFfEMEICHEEcEAE LTET L. —EHE O

Text-fig. 7. Map of the best area for collecting spat in “July set and August up.”



Table 9. Number of ark shell spat attached to a test rope in summer, 1942.

Station A3 A3 A4 B1 B2 B3 C3 [C3,4| C4 (C4,5] C5 |C5,6 C6 D2 D3
July set, August up 1 5 1 0 1 15 — 36 6 9 9 27 7 — 32
July set, September up 3 — 1 — 4 1 — 33 — — — — 9 — 64
August set, September up — — — — — — 2 8 — — - — — — —
September set, October up — — 71 0 9 — 166 276 473 135 571 774 720 219 283
Station DES D5 El E2 E3 E4 ES5 E8 F2 F3 F4 F5 F6 F7 G2
July set, August up — 8 257 106 191 35 —_ — 180 233 — — — 18 195
» , September up — 19 36 31 — — 58 — 52 2 360 352 — 99 —
August set, » 242 365 29 19 — — — —_— 7 34 130 534 27 170 41
September set, October up 306 649 98 — — 494 561 19 —_ 525 207 558 157 57 675
Station FG3 G3 G4 G5 G6 H3 H4 HS5 12 I3 14 J2 J3 K2 L1
July set, 'August up — 89 27 5 — — — 1 31 25 — 22 15 20 0
» , September up - 192 93 424 — — — 237 — 355 — 509 — — —
August set, » — 125 146 426 142 — — 209 156 396 95 249 — — —
September set, October up 119 203 262 453 — 218 321 158 228 116 71 78 — — 44
Station M2 N2 N¢/ 03 o4 P3’ P4’
July set, August up 0 — 0 0 0 2 0
» , September up 20 — 521 1,356 342 1,762 80
August set, » 28 13 310 161 68 217 16
September set, October up 62 — 33 34 32 10 21

Note : Numbers in the table shoul& be multiplgiﬁby 10.

861

T EHBHEEBENXXYT

@

6561
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Text-fig. 8. Attachment of spat by depths in “July set and August up.”
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Text-fig. 9. Map of the best area for collecting spat in “July set and September up.”
(Broken Line: “August set and September up.”)



200 IhAKEERE 2 2 199

Table 10. Number of spat attached to a test rope Table 11. Number of spat attached to a test rope

in “July set and August up.” in “July set and September up.” (Yonago Bay)
Station El |E2 | E3 ‘F3 } F2 | G2|G3 Station N4 | 03 | o4 | P3 | P¥
\\ T T
Depth\{ml 257| 106 191‘ 233 180| 195 89 Total 521 11,356 | 342 1,762 | 80
= : 0.3 2| 47 0 0 0
0.3 ol o o o o o o0 0.6 8| 62 0 6 2
0.6 o/l 0 o o0 o o O 0.9 1| st 0 21 3
0.9 0] 0 0 0 0 0 0 = "3 70 66| 0| 45| s
1.2 0| o o o o o o | 15 32| 75 1| 63 ‘ 8
1.3 0 0 0 0 0 0 0 | g 1.8 43| 112 2| 87| 28
L 0, 0 0 0 0 0o 0 o | 2.1 19| 238 51 76| 27
2.1 o o o o o0 o o |S| 24 177 2120 17] 1831 7
2.4 o0 o 1 1 o o o 5| 27 44 192| 27| 169 0
2.7 13 0 1 0 3 0 g J
2 3.0 74| 232| 52| 3760 0
3.0 1 3 4 3 1 o 2 |&| 3.3 4 69| 130 392 —
3.3 4 20 o 3 1 3 3 3.6 — | =] 106 244, —
3.6 6 0 o0 5 3 1 3 3.9 - = 2| 14 —
3.9 10 4 71 3 0o 9 4
4.2 —| —] ol s ‘ —
4.2 66 5| 5 7 4 9 4
4.5 310 10/ 25| 17) 3| 13] 5| Numbers in the table should be multiplied by 10.
4.8 55 28] 35 30 23] 15 11
| 4 2 D P THRBE Lz v B oD
5.1 67| 16 50| 46| 26 30/ 21 &, ﬁjigﬁg ’%D IrCHE
2471 16| 27 z; 4316 311 29 11 BRUOKIZHELL. Hb, RSB EE
— 3 23 38 63 29 . I
P 3 po30cm wBIckD, Zomn s T EED
&9 -3 9 a2 nprcaEIem mARYD LY, 10
6.6 == 7§ = 31 BRI L OREAMLE L. HEEEE

Numbers in the table should be multiplied by 10. 10{% L C30cm [JoMER E L, &5t Lk b
D% Z OHFICHRY 2 ERE Ute, ZAEHAUTRY 54 v 8 v 0FHAERS Table 9
BT, 22105 LB Ht S oW ERE 1 5.

3 B B:—THAR~8 AT, EMIAIC, 2,57T0KKH Lt A El 2KE
&L, 1,000f#LL EOBFTROMMR T, TDOMOBINIE L S WHBDEh -7z, 1,00081LL
EME LB E, BEOREURERXRET 2L, Ok BEHIFE#YIC600 ha, %
EHTE, ZOMEDRE%ZRKRY % & Text-figs. 7,8, Table 10 DFL TH 5.

TR~ ARDO DK TFEND, 17,620k %5 LA PY 25& & LT, 1,000%;
VB L7 s 39S T, B - LS - A - S04 £ s AIBB R BT, MUK
FHIT, AEF 1,500 hoa. % 859 2 KA KIERA RF IR ETRXE TS 5. I KTBN
FITTRIEL LR U 7o s 2 (AT oA, fAh S HEBIE T, By TEROFHODHERS C
D - fo. ZOMEEFIRBIE Text-figs. 9, 10, Table 11, 0FED TH 3.

BAR~I A TIREES, 350k (7% - Mo F5), 1,000%2) id 1685, KT
ROSHERD SEs RETHIE, BS7riE—$SoEME2, 000 ha. KEVIRERBROH 2
T EH- Fe.

IRE~ IO TIIHEHECS. 607, 740K £ 5 & LT, 1,000%: 2L U 702
QRSB Y, BEL SILERER, RUERS - AILREBEROM, AiEhiEemicED,
543, 000 ha. DIHXEDH 5 ¢ Eh3¥- 7z, HIRFLZ Text-fig. 11 WL TH 5.

ULERRET 5 L, FRODHRFEHPIFTEHTBICD L0, BHOB 2 icptuiFi by
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Text-fig. 10. Attachment of spat by depths in “July set and
September up.”
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Text-fig. 11. Map of the best area for collecting spat in “September set and October up.”

MU, WK, Byrik - KFEHEICL Y, BCHENE2 & ARBZRD NG 3
EHH o f2. BEK, FEHOMEME UTHI SN BB - 57 IR0 OFfc, BIE bFdns
ZGME L, REYDIDEIE L TKRKAREEE L TRBET A B0, ATHETHIZS
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ROy vk 0L EONEEELONS. B, TAIIHIKATIAA, 1075 BICED
B 1o HsE G3 oF), B 18cm, £ 1.8m offlic, kv 10,20l kL, ZOE
B 3,712gr, 7554 4, 931cc £4RILL, BEWICH T RE TR 5 < Lot BpLig- e,
1,000 %7 2L Ep#5 4 % XI5 4, 000h.a. ICH 2[R & D T, BHINICE DO BREIZ H 5 %,
il REFMICHREXEE LTHA LSS C Efl- e, B{EEMSE LTHERBLTRSE
BE - ATLRBRUAD, BHOL KB TOATERERBRORED H 5B OELER
T, FAETRORET, [P EIMIC K O REBICHRD T~ M, Br i - KRFEHE ICRH L
T, FLBBCHHT 2 ENEBTHLLELOND.

(VD fFROEEDH EHROMIE

ANLRET 2 ICRREBERERT 2RI EFONEND 5. KR L » THRE DK ERN
EORICEAT B %E 194241 P~ 7. BAFREE ORI L. Skm @ Station 4 &, BHE
LB i Station 7 @ 2 HiHTH 5.

1. REOH F: 2Ho>FTuHoBK, EEEEEES, Text-fig 12 0 k5 ik
o Usciec, 18 9cm, X 90cm O HiARvERED, g 6k, MTEE L TKEIIRE
CERBULEEMOET L. Z0ORZRMI Text-fig. 12 0kL> Th s, HERR | #EE
I2fEgF L, 1 o 2 BREIK, Mol 24880 THRELL. £ LTEDL S
30cm fgict, ZoEME270cm? O, Y& ORBOSEEOF 3cm2 % 2 7 FRrYID &

1 D
) = : ]
Text-fig. 12. The state of hanging collector for examination in Station 4.
A : Hemp-palm collector ; B : Bamboo pole ; C: Rope ; D : Stone weight.
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Table 12. Number of spat attached to a hemp-palm collector at Station 4. (Multipy the numbers
in the table by 30.)

July J August September bOCtO'
Set day | : ‘ er
2 |31 | s |2 |1 |27 2 |0 16 |23 | 4
August [ September October
Up day ‘ ‘
s [ 9 |27 2 |10 16 | 23 4 | s |13
Totl | 87 | 76 | 413 | 632 | 571 | e84 | s01 | 782 | 308 o] o
0.3 0 0 0 o] o 0 0 0 0 0 0
0.6 0 0 0 0 0 0 0 0 0 0 0
| oo 0 0 0 7 ’ 0 0 5 3 0 0 0
g
= 1.2 0 0 1 5 0 0 7 1 0 0 0
g | LS 0 4 4 4 0 0 6 2 0 0 0
8| 1.8 0 1 0 0 4 8 12 6 0 0 0
Q .
51 21 2 1 o | 15 3 8 | 12 7 0 0 0
5| 2.4 3 1 3 6 3 19 5 12 0 0 0
gl 27 3 4 6 | 19 10 | 15 17 13 3 0 0
5] x -
A 3.0 1 6 4 17 7 26 31 | 15 1 0 0
3.3 0 8 15 51 2 | 19| 30| 17 6 0 0
3.6 0 7 | 66 14 9 | 57| 8| 52 20 0 0
3.9 2 7 6 | e | 26 | 132 4 | 64| 34 0 0
4.2 3 9o | 38| 6 | 77 | 121 | a5 | 116 | 76 0 0
4.5 9 | 2 | 162 | 50 | 68 | 68 | 48 | 189 | 107 0 0
4.8 17 S| 47| 73| 65| 65 | 8 | 234 | 48 0 0
5.1 2] o 1] 185 60 | s6 | 22| 28 i 12 0 0
54 | 15 0 1| 42 | 154 49 | 20| 23 1 0 0
5.7 13 1 1 43 31 38 20 0| o 0 0
6.0 7 0 1 oas | o2l 1] 22 0ol o 0 0
6.3 0 0 0 2 2 1, 9 0 o0 0 0
6.6 0 0 0 3 4 1 0. 0| 0 0 0
6.9 0 0 0, 0 0 0 o, 0 0 0 0

w22 W3 W 5 Wiz W19 W27 X 2 X /0 TXI/6 TX23
W- 5 W 12 V.19 W27 TX 2 TXJ0 _TXIé6 W23 X 4 X 8

15-

301

48|

60r

Bottom .
Text-fig. 13. Attachment of spat at Station 4 in summer, 1942: by depths.
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b, 12280, o l22E8ARE Ui, 3cm? KD Ei- HiFEE O lE IS Loy
R DREERIZHFBEL, HEEHAIELT, #O/KBOKWBERE L., T0oHELL
Fhisis Table 12, Text-fig. 13 O @ D T & 5. F& #Hig Station 4 K T O, $HBER

Table 13. Relation among spat attachment layer, swimming layer of larvae
and o5 of sea water.

Jul. 29 set
Aug. 5 Sept. 1 Sept. 7
Depth Aug. 17 up -
Attached Number Number Number
m spat o1s of larvae 715 of larvae o1s of larvae
0.0 0 9.70 0 16.07 0 15.77 0
0.3 0 — — — — — —
0.6 0 9.67 0 16.04 0 15.70 4
0.9 | 0 — — — — — —
1.2 0 10.08 0 15.79 0 15.27 1
1.5 0 — — — — _ —_
1.8 0 11.78 0 15.84 | 0 15.07 4
2.1 0 — — — — — —
2.4 0 12.58 0 16. 66 0 17.59 20
2.7 17 - — — — _ —
3.0 33 14.72 ’ 6 18.09 43 19.43 434
3.3 81 — — — — — —
3.6 275 15.87 31 20.03 130 21.33 150
3.9 345 - - _ — — -
4.2 302 18.94 49 21.50 39 22.33 3
4.5 66 — — — — — _
4.8 18 20.81 2 22.55 11 22.94
5.1 4 — — _ — _ _
5.4 4 22.71 5 23.37 33 1 22.83 24
n. Aug. 5
’ |
1;’5 o
§ L
Comnd
)
= L .,
E L ~a
&) 3.0}
4.5
5.4l el :

10 15
Tis

Text-fig. 14. Relation among spat attachment layer, swimming layer of larvae and
o15 of sea water.
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Depth of the sea
%)

o1s
Text-fig. 15. Vertical distribution of ¢, at Station 7 in summer, 1942: by 10-day periods.

Table 14. Mean water temperature and o5 at Station 7 in summer, 1942.

| [ ‘
10-day period ‘ 1 2 3 4 5 ' 6 ‘ 7 8 9
! i

Month Early | Middle | Late Early | Middle Late Early | Middle Late
July | July | July Aug. Aug. Aug. Sept. Sept. Sept.

Ei el 0 | 268 | 303 ’ 3.4 | 313 | 294 | 20.1 | 276 | 26.6 | 215

=1 | 1 26.8 30.3 31.4 31.3 29.4 | 29.2 27.8 27.1 21.6

3 8 2 26.4 30.3 | 31.2 31.3 29.6 | 29.4 28.0 26.9 21.5

g' | & 3 26.3 29.9 ' 30.8 31.2 29.6 | 29.3 28.0 27.1 21.9

I ° 4 26.0 29.4 30.8 30.8 29.6 | 29.8 28.0 27.1 22.4

w | S 5 25.3 28.7 | 29.7 30.2 30.0 | 30.3 28.0 27.7 23.3

% & 6 | 24.1 27.7 | 28.3 29.8 29.1 | 30.1 27.8 27.1 24.6

2 ‘ 2 | Bottom ‘ — — I — 29.5 — | 30.0 27.9 27.0 25.2
el 0 1691 17.51] 18.43| 18.72| 15.49| 16.97 | 12.17| 13.93| 4.77
| ‘ 1 I 16.89 18.11 | 18.89 19. 25 16. 19 17.55 16. 01 15.38 5.77
g 2 16. 56 17.42 | 18.60 19. 65 17.96 17.48 18. 15 16. 37 6.20
w2 3 17.02 | 18.08 18.92 19.91 19.01 18.63 | 19.38 16. 53 8.09
-, O 4 17.67 | 18.08 19. 82 19.93 19.27 19. 47 19. 24 17. 24 11.41
= 5 18.93 19.51 20.89 | 21.59 | 20.46 | 21.05 19. 45 . 20.06 15.32
- 6 22.23 22.63 | 22.88  22.74 | 22.56 | 21.82  20.49 | 21.58 17. 10

- A | Bottom ~ — —

— 22.24 — 22.88 ¢ 22.57 | 21.25 | 18.87

Table ¢ Text-fig. 2405 L 72,

i+, Station 4,7H22H#, 8ASHETR4A.Sm»HSS5. Tm £ T1. Sm oiceE 78
%BHRFHELTHED,TH3IEE,8 B12B4#TiE, 3.3m »54.5m £ TD 1. 5m offjic ek
DTT1%HIREFELTES. 9H238E, I0A8HHEATI0A482, I0F13HRR»Th £
M5 LTI, cok DI, REDRPLKESEZ DX TS L 0%, 1943 FiC #EL
72, MBEED 5 60cm 8 hand-pump T 30L 0#g/K%2KAHIF T, TOHIC Z 5 (FHE
ZHEZ, H, ZOKBED o5 EXH LU TRz, 35 &, Table 15K Text-fig, 16 ic/R"3
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Table 15. Mean water temperature and o5 at Station 1 in summer, 1943.

\’ |
10-day period 1 2 3 4 5 \ 6 \ 7 \ 8 i 9
! |
Month Early | Middle | Late | Early |Middle | Late | Early |Middle | Late
July July July Aug. Aug. Aug. ' Sept. Sept. | Sept.
° 0 27.3 28.6 28.2 30.1 28.4 29.9 ‘ 8.4 | 26.8 | 22,6
51 - 0.6 27.2 28.7 28.0 29.7 28.6 29.8 | 28.5  27.1 : 22.0
= = 1.2 26.9 28.9 28.0 29.9 29.1 29.9 | 28.6 | 27.3 22.0
g ~ 1.8 26.3 28.8 28.0 30.0 29.1 30.1 ‘ 28.6 ‘ 27.7 22.2
g § 2.4 25.6 28. 1 27.9 | 29.8 29.1 30.1 28.9 ! 28.0 22.4
8| o 3.0 25.0 27.2 27.8 | 28.8 29.0 29.6 ‘ 29.1 ‘ 28.2 23.1
51 S 3.6 24.6 26.4 27.2 27.8 28.3 29.2 | 29.0 | 28.2 24.1
= 'g 4.2 24.0 25.0 26.8 27.0 27.4 28.5 | 28.6 ‘ 28.0 24.6
= | 0 4.8 23.6 24.2 25.9 25.8 26.5 27.6 | 28.0 27.6 | 24.8
A 5.4 23.0 24.0 24.9 25.4 26.3 ‘ 27.2 | 27.4 | 27.3 | 25.2
i 0 12.42 | 14.59 | 09.59 | 09.89 | 11.81 | 14.28 | 15.91 | 10.09 | 04.42
g1 0.6 14.10 | 14.84 | 10.31 | 09.95 | 11.90 | 14.42 | 16.03 | 10.51 | 04.36
=~ 12 14.78 | 15.12{ 10.91 | 10.50 | 13.23 | 14.35; 15.96 | 11.76 | 04,59
< | 1.8 15.72 | 15.95 | 12.45 | 11.17 | 14.42 | 14.96 1 16.00 | 13.69 | 04.81
> 8 2.4 16.94 | 16.95 | 15.07 | 12.59 | 15.81  15.82 | 16.92| 14.57 | 05.05
ol w . 3.0 17.97 | 18.89 | 16.72 | 16.10| 18.10 | 18.53 | 18.56 | 17.38 | 07.58
= ‘ 3.6 20.12 | 20.69 | 19.43 | 19.39 | 20.34 | 20.14 | 20.32 | 19.49 | 12.11
o 4.2 21.82F 22.15| 20.83 | 21.41| 22.25 21.51 | 21.53 | 20.81: 13.20
é’ | 4.8 22.85 | 22.78 | 22.15| 22.52 | 22.87 | 22.24 22.28 | 22.05| 14.69
5.4 'I 23.82 | 22.90 | 22.77 | 22.89 | 23.28 | 22.76 | 22.63 | 22.52 | 14.89
Table 16. Mean water temperature and o5 at Station 1 in 1944.
\ |
10-day period 1 2 ¥ sl 5 % 6 l 7 8 | 9
| :
Month Early | Middle | Late | Early | Middle | Late | Early | Middle | Early
July July July Aug. Aug. Aug. ‘ Sept. Sept. | Oct.
° 0 26.4 27.8 28.2 29.4 30.6 | 28.6 29.7 25.4 | 20.7
51 0.6 26.5 27.8 28.1 29.5 © 30.6 28.6 29.2 25.6 ¢ 20.6
= | E 1.2 26.8 27.6 28.1 29.6 ' 30.7 28.8 29.1 25.8 ¢ 2L.9
8 ~ 1.8 26.7 27.6 28.2 29.8 | 30.6 28.9 29.0 25.9 | 22.0
g § 2.4 26.4 27.6 28.1 29.8 | 30.7 29.2 29.0 26.0 | 22.9
8| 3.0 26.1 27.4 28.1 29.7  30.2 29.2 29.2 26.2 | 23.2
5 _g 3.6 25.7 27.2 28.0 29.4 30.0 29.2 29.2 26.6 @ 23.6
|8 4.2 25.5 26.8 27.9 28.9 29.7 29.3 29.1 27.1 + 24.5
2| 0 4.8 25.0 26.0 27.5 28.4 29.5 29.4 29.0 27.2 24.5
A 5.2 24.9 25.8 ‘ 27.4 28.4 29.4 29.4 28.6 27.4  24.9
—_ 0 11.45 | 16.98 | 16.73 ‘ 16.01 | 16.98 | 14.78 © 15.71 i 13,12 9.59
g 0.6 12.41 | 17.14| 16.85 | 16.93 | 17.25| 15.63 | 15.76 . 13.85| 9.58
~ 1.2 14.00 | 17.13 | 17.10 ‘ 17.47 | 17.33 ! 17.51! 15.85| 14.33 | 10.75
< 1.8 16. 10 17.23 17.47 i 18.27 17.80 17.56 15.88 15.27 | 12.31
w | @ 2.4 16.43 \ 17.34 | 17.81 | 18.45 | 18.29 | 18.10 | 15.97 ‘ 15.70 l 13.36
v %5 3.0 17.51 ) 17.721 18.13 ‘ 19.00 | 19.02 | 18.18 | 16.87 | 16.86 | 13.90
< 3.6 18. 66 \ 18.21 | 18.58 | 19.48 | 19.45 | 18.27 | 17.97 | 17.99 | 15.16
2 4.2 19.61 | 19.16 | 18.93 | 20.10 | 20.04 | 19.38 \ 19.12 0 19.39 | 18.38
a 4.8 20.56 | 20.52| 20.05 | 21.17 | 21.08, 19.88 : 19.98 | 20.06 , 18.32
| 5.2 21.74 \‘ 21.22 | 20.46 | l 20.28 ' 20.91 ! 20.28 | 20.31

21.85 | 20.94
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Text-fig. 16. Vertical distribution of &5 at Station 1 in summer, 1943: by 10-day periods.
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Text-fig. 17. Vertical distribution of 5 at Station 1 in summer, 1944: by 10-day periods.

ki, [FROWEKEREBKEBEICKEINT, EELT, 01520 2H0E LT 1870522
OEWICRIE LT3, ZOKOHMEDOHHE bR chEMHB%Eff-TwT, TH30A
i, 8HI1TRFEOFELEICIE Table 1501 <, (FHROWKEE 4 —B LU THRDHELT
W5 9 HOREMTEE S IFROEKE &S —HLT» 5. 20k, M (1946), KH
(1948) b ZDBEELHEHL T 5.

1942~ 194443 R, FiFoFHoER (BRI, 2R (60cm) BIEERIC, BAKE
OEROKENIC HEA B U7 £7R€1d, Tables 14~16, Text-figs. 15~17 O @YD TH
7. BB, [EREHE « K THRNE SEZ, MEKOBAS L, EROBEIIE S, Bk
O RBESEEICEDbR, YR ARAE L TATIRE IFEOER AR T 5. 1943 4
OEIIEEDIEFFITH B, 2K LT, 1944 5 DiIE TRE & O BREDHET, B



208 [RRAKEERLE 2 (2 1959

DRSS, NEKDBADHOT, BEOEEIZEL, BAkEECEBOFRELD L,
Ry DFREDDL R, FREIEZEEMICASOHE LT, ALEEICAEHYS O FE Th-
o, TO3I T FEOBHRAENILLT, MO THKREHODOEH 5.

vVih A I & H

TR EEICHEOEKEEZ, Ed SBBEOEKSER LT, [FROFHESEE DK
WREIPRIC S BT PEORIBICHES. oM, MBREFECRIENEHEE M L T
3. @EABAILT, BECD o5 SFHOWKEE OBIREHE L, & SHEESEHIMN
EEOIEE T5em & UTHEREIED, KB 3.6~4.8m OfIic RT W IRETHC &
IR LT3,
2k, SRICRY 2HHEEIRICRD 2HEE LT, BEEOMED LA OREBEICENS S
DT, FKHRETOKED 30~60cm F 5.
1. BEEBOEER: ALY (HE->THET 2HBFRYWOMALZFITHS. B B kM
MThtE, BOBLTTEAMAICEHES. DT ERIENLED DD, HEEY
KO BEREST I d, LiZKOBHESEE TS CEI D LML TI D, TOH
HIZFELTIRWLY, SR MIREET S ELIRRVEFD LN S, FERIC, HicRL
T 2 EDH - DT, FIHEREZAEIE 3cm X 15cm icjb, chit a—rz—u
B 1. 5m Offic 15cm BICR AL SDES~OAENRNTERLIZEC A, HIFICH
BT ECENTE., BRREMEROENIOBERIEERTH >0 T, RICEZIY 7
7 Vv ARHEREBRL, ChEENCHOLONE XD I - 2. BIGERBHEE AL, M
MEAR (B0, Sem, 1 K 7, 5kg) A B 2 FICRili9 2%, 12cm i) - #Rg3% A
LTHRBROE D BEDOSDEDL 7. ZOEX L.8m b DEWEICL, Nkt 3AH
RLUTIBORERE L, ZOLIBEEREBRLICHNETIHREIRDO & 5 TH-
7z
. WNHESEEFT, NEEDICIMBEICE > TREINLELS, BRICE DERINE
WmIh 2O RICHENEET S H0.

2, HUSHEFIT, WXO5E, BRERELT 20 LERICHZHEALZRETL LD,
CRICRIE N 2 U RRFEH I, EOMMARREAL TR 23508 A2 % F
L, BERICHHA, MEORESROLE bR TL ).

3. FEMELE LTOBRMMNEE HEMT, HEoRMTASGICFICASZ O,

HEOBMRI 20T T TRE L THERICHIBLOT, ZOBEICIEa —r 2 — L A%<
BHTLHCERIDZORMNAEZEL). a3 — V2 —VOWRELLARBDY 5 <7 2370
BICHSDOIRCEREEZE L, 20 3 — v 2 — v OEFEEI IIHE OBEEHE U 72, HiTo
BEMICHELEZ, HEOWMBELZ T 2B LB LIETHS. WFRIKRELE L, KES
IKRHA L, ZEROFHEBOMPICIIFEIZRA U 2. SHELOKER, Lol d TEL,
ZDL, BOFKTH2 v X BHEOWMAGIEL, ChOMBEHICFICAB LS T 7 O
T HICy =7 v AEREREBZR L. B, SSEOIREERAIED 19524 F, iR L
1o, 77 =7 XO2~EMBRB L, HEROLEEET ZRANDICE- 2. 728
VE=TVviRIHIEFD, HEBESSETIOT, RMTHERKS XS B LR,
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27 v BIEBABAL, HBECTEHRICEET 32X 51K L. BIby 28i#E%E 12cm icy)b,
% 17T~19 FOMHHT IR 2 KOO ELcbDTH 3. WEBOBGEIS, BX
T5cm SAEZFHEUTIEE T 5(Plate 2,Fig. 9 v £ =7 v 8B, V5 =T vhby <7

VIR ST s, HILBAHEOLOLENEbLNI., ChEFIBETIE, ROBOTHS.

I, H R FRONERNRBELE -7, 77 <7 It LT 2~3 {EMERNBIFT,
EXT5em SAK 1ET, S~10FK#RET 2 ENTX 3,

2, 77=7vDEHICa—n g —nBEROHNE L, BRTHRENES L1855 7-DT,
HHERORBRNA S X H I - 72,

3. 993=7vRBWBRLTHBEDT, BRIk, TROUTFAELLY, v£=7 v
Bt OERICI DEBICLS, BHTEELELX DB IZILTT, EMEV XS
I8 - 7z,

4. @TERICI - DT, Vi, T, BEBEOBEMHIDL THS, BEMOEKEL- 7.

5. BREN ST, ERBOENEL >/, WXL 7 v 7 2MEOREES, HH
o BRI, BEORMELERT 5 M8 TE 5.

CDXDICHEHED I, v &4 =7 v ARERI 1954 F X D L2EMICHFEHAIN, 77 <
TR EIEot. UL, v ABHEOTAHED S EMOREAER LIFITR, Pl
777y EEAMBRERLTLS.

753, SCHUSTER, W. H. (1952) ic X % &, Indonesia @ K/kXk Tambaks T &4 5
Chanos @ Fry-larva 27684 2ifa . “Lure-line” 3¢< v 4= 7Y LRAILEDOEDTH 5.

2. BE 0FEK: —FEEMNCATRSET I, BRCEEMEZIED, i Sk
FHHEBREZZMET U CFREZNEHE Ly 5. BEFEMRL T 2FEORMIT Text-fig. 18 ©
BOTH5, WIZFH IR EZTEE 10m, B 24~27cm) % 4. 5m [EBIC 1647% 151
CRTIE L, lofic, 30cm BICIREMRIOARLZTE T L (BE 3.9m, J§ 1. 8cm)
2DO0DFF 5. HoMEIE 18m <, 5 ific 30m offti LABS, Rl MieE o /i

Text-fig. 18. The state of hanging “Shida-mabushi” collectors.
A : “Shida-mabushi” collector ; B: Bamboo pole ; C : Rope ; D : Stone weight.
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180m OB LA 2. 20 | KEOHEMIZ 4ha. TEHERIOE x 15x5=T750 BThL»
T3, FHBAETT 2RBHICI THEREBIZTTO, TOFEDHEK o5 OEERFAIR
AP~ FICRAWI TR o HBREN ICEENSMREEHAE L, HEICGES T 28 S
CETT S, RAGFESZRICHF LS, BHRRMICHKEREZETNL, MEETL
FRERAE LD BT, IABETHAOMELZHET 5. MHERORBUIS LR BH-> 12185,
EDINE3~4R TR Z 5, COMERETREDHIE L, 1 BEEBROBIALZT 5.
iR EERROREHR L, BRLSIIER DS ITREE RS &<, i bLEE
BREETHZ. O, BIYOEEOEN LD, WEKRE»SRICEALTS.

154 D O FEEORIC K X X OBE DRI Z LB /KRR (1953) RURILZAKIEC(1953) ik D
5icg & Tables 17~18 OBV TH 5. Bln, 19524E108 4 BIRBRABHO7 7 <7 v 0D

Table 17. Size distribution of the spat on a “Wara-mabushi” collector immediately before
transplamation to seed culture ground.

Mesh-snze mm ‘ ‘ 7 ‘ 6 ‘ 5 ’ 4 i 3 ‘ 2 ‘ 1 ‘ 1> iTotal} Transplant
Number of spat ‘} 0 \ 6 30| 660 ' 972 3, 117 5, 226‘13 572(73, 93297 515
| Percentage | — | = —]o7 ‘ 10| 3.2 5.4 13.9]758 100% Oct. 4, 1952 |

Source leoshlma Flshernes Experlmental Statlon

Table 18. Size distribution of the spat on a “Shida-mabushi” collector immediately before
transplantatlon to seed culture ground

S B = 1~
* Mesh-size mm |10 [ 7 s |3 2 { KE | 0.25 \ Total! b
Number of spat | 0 | 73 ’ 19,183/ 11, 246 53 | 60,955 Oct. 3,
Percentage | 0 | 0.1 2.6 | 133‘ 340J 315 | 185\ 0.1 | 10055 '3
Number of spat | 0 | 1,261 | 5,168 | 6,538 | 7,658 E a11] 104 | 0 |24 2271 Nov. 10,
Percentage | 0 D52 | 213 2.0 3.7 143 0.4 0 ~ 10055 193

Source: Okayama Flsherles Experlmental Statlon

MBI, =R 2mm LLIF2390% % b, £ OWMFHEIIN ST, 515k T, MilKkiEHO &0
SEEDRE X T, MF551361,046 = 18,648KTdh - 7. FILKIFEC(1954)ic L 5 &, 1953
FI0A3EBHO DI, RBIELI~3mm ObDhs, T79%T, f#EEUL 60,955 KiTh - 7.
RI1TAI0OABIED b D13 HE, 2~5mm O & DH380% T, MR 24,227TH - 7. 1953
t£8 A30H &, 10H27T AWM 648K 2 HIE L Ilmmn FIC I0FEHICHI BEIER T 5 &, B
El124.58+1,73mm T, 2~6mm »379%, #E5133.78=1.59mm Tdh - 72.

(VIID B ® o # &K

HiE CATEE LUCHEEY, o IHEGICET IMERLIy AT, BE2~3mm T3
v, 37y AIKiZiIKS~10mm RE L, 11AICEHET 2. 20RO K FHE 10~15mm
Tks. Hb, THTEHNESA LA Lcb0iR3y A%, 11BIcl%s 50, 9A L
HIYEPENCHE Lz b Did, KEBEDETDORDRENEN, 4~5 7 B, BEICHE T
5. L ULIEESR» S OKEEFEFECLD, CORIKELBL /NEOLDTS B 3
5. LML, COEDICHBICELTLE > TR, RYOHEEDLREADCENH D, HEICE
BICEEREO NIRRT, lE LIS LR, BEBEFR~B LT, RETINENH D
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ZOFHER, BE2~5Smm O AaNcHD b, SATANEIOHFR, HEDPAEH
TEEBEH, EELUT, @l - ESHERTSRIOTH 5.

1. 8 #: —WXIEHEOBSRIMAERAOBEREHENIIREEE A, 15HEESE
i, 1~15Eiokafn5E. cokdic, KEHOIEE, RER4I~S HEZHE LT LS
<, B, SEECA~TLEXSAETH S, Ml - [LBEEORREI &, BREiRL
MELEMABEICK D, Y ST HRELICHEAAL, RITTHEMBICANS. BROBOES
2, BlEDHFT, YHKBBRANSGZ ENTE S, ABHRIEGSOBEBE T, &
AR AME 2B EBTACENTESDT, BRENCHEANCLERNTSHS. L
DURH D, REEAE T TS EEMPICHEERSTERE L TR L, BICp i TS
LT, AL RELEY - T, Biggd 2 EHEBMDTE ., KKk 60~T702% MHiE s 5. [KEK
2 (1953) Itk 3 &, REIKANKLLEDIZ, ~7EADO DI OBFERINE L, XHBH
OBROITLD, MDD LOH, HEZENDLDR, BIENERKRT 5D THAD. WHED
BT, ~IRAICLEE LT, SWABETHERS 200, WHTHENL 7 V7 1RBT
75 -7 12 T00~800 F, %<7+ i3 1,300~1,500 B £ 5. ZOREE 0T AR
2,000~6,0007KiTdH 5.

2. B B OB B 9ATH»SEEI~4 AT ToOM, MAZREFTRT 25
i, bERE (EH) OBMEFRMERBROLITHA.

1. XA EBIET, FEILOBHE OS50 MFITE LA LEEICAFEOR 5

Fridls 5.

2 TS 30~60cm i TH, KTEEHCTHT 280 i3 KTk kE 30~

60cm OFT.
3 EEWRHIC LTH S, ROELCHEAATT, ML LRBDOL B LERES DL
10 KMnO, 7% & 30mg/L RO T, @ET0BE ST 5.

4. WEASEERMER (AT BFE. Ko BRI 20m/min BLEDFED & B 7T

5. AFRICE EBICERIT, MBI B o EE O ERIUC RIS

PLFOS&MEEYRRA T KERBBEO LS NFZRLET 5. MEOHDIRHIELC
L&, MNDHEICH D C EVRONELRHETH 5.

3. B R O F E: -EROTER, KTWEKSZICMEED, chickeseX
Hfﬁﬁﬁémfﬁé.%ﬁ,ﬁ?ﬁﬁ%ﬁmmnwﬁﬁéLzm%@K,mLm~ka§
5 LT BiA%, HiE60~75cm Mo fFis M TEE LT IEES. MoRksE 15~18m
f,m@mzhnféé.wg,1Eﬂ0§mefﬁgﬁ®ﬁmm,4~ﬁn®@ﬁb%mﬁ
nﬁ@ﬁmféé.mLZm@ﬁK,viva§%%m3%,vﬁvaﬁﬁ%u5%%
F UER TS, 20 L% H15~18cm 0EA O ~OENC Ui b O TIA THIZ T 5

FEMOBERIC X 0B LR R, HEBEET LA MEoFRIC, Im? 1.5~3 ko
Eigic LCEGIE, —wofic, BHIEo BRe/NAICHE LIRERICHUIRT LT L %
5 rOE, HEE DR E CANEL EAWENS 20T, RIS BRI
CHET BLHAL. MHEROEEOMLOHFTE, HEO/MEE, TR AOHRERS
60cm [\ TAAT, MIEZHICT 5 X5 ICLET 5 T EETICBRETHS. 20D
;6K%%%m¥f@51&m,@%@ﬁ%%%%ﬂ@k@%ﬁ&%@@kﬁéC&%%C
Po, BWHEOZHICHRIENETH S, MEIBHE FHICEPICRELT, KELbd0
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W OIEREEE L EICT D, o3 EFICHBARE L T30, KRECLHPICEBALTR
HoAERICAS., 10ABH LD, BE3~4 AEE SIE KO0 SFRESR» SBER L
T, THEFICAD, BEI2~15mm L7120, BEOFIZ30cm Eficl, 200~1, 500%,
MFHS00~600%;, FEE 1k 0, 4gr, 1L 2,000~3,000%i & 72 2. 1L 41, 000~1, 500%: 0D
KR&X (BE12.9~10.3mm) L75hiF, BICHERERTH 55 5, @ ICBEMTI< &
Y HF T, KBEWHGAESHLET S, COROSHEHIZ, RiE»SBIHLIZSDDH
10~20% T&H 5. Hib, cOMOSBORRIZEL LT, BRECLASE, BFoARAEL
CEBbDT, COFWEMNAICDILL T 2005, SEBRINCHETH 3.
ZOWEABZL2bDEFELLTROBDTH 5.

Fvrsumnavn Aythya fuligula

A X B = Aythya marila mariloides

7 v & A Mylio macrocephalus

3 = * Lateolabrax japonicus

1% F Anguilla japonica

< v a Octopus vulgare

4 4 & 2 Octopus ocellatus

7T F 4 & =3 Octopus minor variabilis

14 v H = Charybdis japonica

o) ki 3 Portunus trituberculatus

e v H = Lambrus validus

T oh = v Rapana thomasiana

% 4 v Purpura bronni

T v 7 F = Natica maculosa

E b 7 Asterias amurensis versicolor
4 b=FEe b7 Asterina pectinifera
trvavy= Temnopleurus toreumaticus

194348k, #iEE %M (0.2m? Ht45cm, #60cm, X 75cm, 1. 5cm B THEA Y
D) ODHEANAELT, R#LHBIC K 2 &, 4H26HC, 1L B2, 181K 6D, Fik
10. 3L, &/ 5. 8L, ¥#9 6. 9L %487, BElb, 0.2m? Ofisn S S~TL, &%k 15,000 % o
HSEEICER S N7,

IL Gyt 1, 650%ih, #ED 10mm OFEEi% 1 are IGKNNOHIS T, AEICHEMLTE
Y A&, | rEOREE 32mm ORIIKKREL, HETIAIENE. cOExD % H
(330~40% TH 5. 1L @EBTORILA LRI ZHRFRICHT 2 &, R0 W33 BE, 1~2
B, FEARM24, BEA2mm (R IL 406D &30, £¥RHT 2 ENTE %, KR
BO#ENPRHER, KS%2 1| Y ETRY B, BEo@iEL5 T3, BERAT 1 »
FEIHO ML, REEICBIMOIEZLO b OH%2%], 34EHE LTINS, 1~3 4
TRNO b, BEMSETHOFRREOYICY 20T, MIERE LRl h, WA
fiFEE LTHEIN T 3,
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AX) AT # W 8 o % 56 4l

1. 19D 1ERRER OB : —CRTHEN rEREMEETIE, 1951467 A298~
3BT, v 7 =7 vERHRR2, 126 B4 i BN o, /KEES. 4~6m 0 & T AICEIAA TER
Bl ZLT9H2TERUIOAIEIL, 2,080 % & b &1F (T-52465E, 2. 6%) IS HEE
BTEEL, MURTOACHRBCEH L. X, COHCFHEDOINC, #Hn mEdans
HHELcbD, BIBAMAL TR L. HOHED1EX O 88-411, WAL 113-410
Th-oto, F1EERII 7 v 728 TIT-73, 9 A28 F DS 1,000 E» 5 5401,
2,550 FoMERSHE Lc. B2E, 10A2BFZ 5 v 7287, FHHi2 1,080 End
810L, 3, 7T35FR ORAMIE LUz, B3 EIOBI4AFHEBEATZ, +7v 27 1 BISIET,
B RERSIOL, 2,925 FhiCTh» 7. 1BEHD, K£&2,550k, 3,458%i, 4,570k T, HEfHf
BESNIBEHEIAS(LD, HRERLS55.

FRIEERSE 3B OHEH, PRE, FBEO/INEL, Motosl, Moio#k, ¥R, T
MUTEBO 8 4 AT T, BEREIRRKC, BROB-RBEOHO D, T, BELAUHE
~HIEE LU TER L7, LoFEEHT KA/ T HIE O FRIC, #HiMh S 60cm (o
BATED, ChIKECHET TER LUK, Eid25m o b 04 158, B8 O KEDIICHTET R
URRKBICEEL, 20tk BRIFZ#M5ILT, BAEEZZD THE~EH%IELT
HRLT.

BHEHRERLTARE B od0n5, FHRE D ST TABHEG~EH L., 208ER
Table 19 0EYH, 4527,074L T, TokiEus 33,867 Thi L HE s/, Wikhx THRET

Kinoko Island

Katashima

Text-fig. 19. Culture ground for raising artificial seeds from spat collected in 1951.
Line of unobstructed view.
A. B. C: South of Kinoko and Shogahana of Katashima.
C. H. J : Chugokuya of Seto and Tenjinyama.
F.G. H : End of Nishiura and a pine-tree of Kotakamaru.
B. E. F : Top of Mt. Mygjin and a west telegraph pole of Seto.
G. I :First telegraph pole of Seto and last pole.
Culture ground area.
a:333 ares; b: 583 ares ; c: 130 ares ; d : 150 ares.
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Table 19. Culture of artificial seeds from the spat collected in 1951.

IRRAKEBERLE 2 Q

1959

Cutture ground| TSEET | CHRE) | Roroer 1o5L | cultored seeds | | por eoliecior
Seto 638 6,516 2,950 9,588,900 15,077
Bentenjima 678 7,220 2,950 9,757,400 14,391
Kotakamaru 610 1,800 2,800 2,806, 000 4,600
Sunomaruato 156 900 2,300 1, 154, 000 7,397
Sunomarumae 681 5,382 2,100 6,323,200 9,285
Siohaya b 918 2,300 472,000 P1, 660,000 =360L
Nishiura ) 2,808 2,050 1,875,800 b4, 625,000=990L
Shimoura ) 1,530 ! 2,800 1, 890, 000 $P2,925,000=810L

Total 2,761 27,074 33,867,290

Remarks: ¢ Spat detached from collectors during transport.

Table 20. Growth of artificial seeds raised from spat
collected in 1951,

\(Eture ground East of Kinoko | Toishibana
Date T

1952 Apr. 26 2,370 2,300

#  May 28 1,470 1,420

» o July 24 724 1,290

7 June 24 330 780

»  Aug. 20 190 320

v Sept. 7 152 210

7# Oct. 24 137 168

#  Nov. 23 110 140

# Dec. 22 108 132

1953 Jan. 12 124 135

Remarks: Number of seeds per 1. 8L (“Kiri-masu”).

BEUBHT A (c+d+e) 25D, #iE225,028M %157,

515,237TH %%, 1,000k%015-

20 Hic 49 5.

=9 #13 Text-

fig. 190 b T, Ko F&EHH1, 050
ares, B A B FEHE 150 ares 55112
h.a. tH 5. =0 KEZ Table 20
IKRT &5, By TIEFT, 1952
FI1A1SH, HERMIC 29 B A
L, X#AICiE Table 21 0@ v 12
AI8E X DBESAIAET, 53[H
AB 966 AT 29,193HA%A & b H1F

e,

Z DI 1z Table 22 /8338

D, AEHLHEMLERTE TOKER
467,440 (a+b) iIcHL T, WA
(1,710,015 T, HEER - %5

UL, ZERHEATRED

oo, RENGITRELTEERSD, #IILTNED b0, 1, 192HABURES AR

L7eDT, ¥10%2, 900E0EHHNH 5 b0 L FHEI N,

C A 1953 EICRTEES

Lickch, BEABR2IBAT, 5,087 68,279, 818MONAAXINZ S EMTE7z. b,
FBIFHONBROW20%0HAAE LT, E2EECHERINKLDTHE, TDw, H
i3 439,446 L 120 ERR 2, TO1 B0 5 &5 33,088 6 BARO BT e i 3. 1B
L0 1TEBANERMD BT T, 15IHORAEEBDOTH 5. HEEHEIARDOTHE LKL
BOM#EES, 4 12ha. T, #SI4EHic, 29, 193BAW 0BT 2,5, 10 ares 240243
2754, 12,164H (B4 H50HE) OlATH 3.
2. 1D2EBRWMEROBERRM: —[952F I FEHBOWAEZTA2S B icH», 9ALLH
ETENCED, WITEAHFE Lic. oM BEAKEAAFEDSE 195Dk 2 &, Fik
FREROLZT A, 8 LR, TH, 98k - FE04EIER LN, FHIKOA L - REICE
SEBICHIR L. 9 B208 12l Full-grown stage OFHEMLHES L <, Sm O0FEEIFET
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Table 21. Harvest of marketable size clam during 1952-53 from the s

Unit: Kan (=3.75kg)
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pat collected in 1951.

Date Number of Maximum | Average Variation Harvest
persons Kan \ Kan (+)Kan Kan

Nov. 15 1 2.0 | 29.0 — 29.0
Dec. 18 10 56.4 29.6 9.16 296.0
” 22 16 89.5 48.2 12.91 771.8
” 26 10 57.3 36.8 8,07 367.9
” 27 11 81.0 50.6 10.22 557.5
” 30 15 128.5 52.7 21.63 790. 6
Jan. 3 8 54.7 39.3 9.78 314.2
” 5 20 87.0 61.5 17.80 1,229.2
” 9 17 60. 8 30.3 10. 56 515.0
” 11 19 84.1 56.9 13.10 1,080.2
7 18 18 72.2 48.7 12.85 877.2
” 21 16 90. 1 40.2 14.10 642.9
” 23 17 59.7 38.5 12.00 654.2
” 25 20 94.6 40.0 13.85 800.8
” 26 19 49. 1 33.3 7.55 633.4
” 31 9 60.0 28.3 14.76 254.5
Feb. 1 37 78.5 35.3 14.29 1,306.9
” 2 33 60.3 30.9 10.91 1,018. 1
” 3 40 49.9 20.5 10. 89 818.9
” 4 2 — 35.3 — 1,483.8
” 5 42 — 40.9 — 1,717.2
” 18 37 41.0 22.8 6.40 849.1
” 19 36 38.7 22.4 7.32 805. 1
” 20 31 45.5 23.9 7.86 742.3
” 23 14 29.5 16.0 6.76 224.2
” 24 49 — 44.7 — 2,189.9
” 28 22 38.4 19.1 7.36 420.2
Mar. 2 19 32.6 20.0 6.46 380.2
” 3 14 27.4 17.9 7.44 250.4
” 4 15 33.8 18.6 7.15 279.6
” 5 11 32.7 23.3 5.81 256.0
” 6 16 32.8 20.2 5.86 323.6
” 7 25 61.8 31.7 9.01 792.9
” 8 22 26.7 15.2 5.97 335.4
” 10 10 36.4 27.2 3.92 272.0
” 11 9 23.5 13.9 6.29 125.2
” 12 6 14.8 11.6 2.27 69.6
” 13 7 26. 1 19.1 — 133.9
” 16 13 19.1 11.5 4.09 150.0
” 17 16 20.0 9.7 — 155.2
” 18 22 22.3 11.4 — 246.7
” 19 10 19.1 13.1 — 130.9
” 20 4 18.5 13.4 — 53.5
” 21 14 16.2 8.6 — 120.6
” 22 8 14.0 8.3 — 66.6
” 23 12 19.8 12.7 — 152.7
” 24 9 20.3 12.4 — 111.6
” 25 5 15.2 11.8 — 59.2
” 31 6 — 4.4 — 26.3
Apr. 2 15 — 9.0 — 134.6
” 3 6 — 32.2 — 193.4
” 4 6 — 14.0 — 84.1
” 6 10 - 46.8 — 468. 3
” 8 14 - 35.4 — 495.5
” 9 22 — 45.6 — 979.8
May 1 11 - 38.1 — 42.0
Unknown — —_ — — 535.3
— } 29,193.2

Total 966 — —
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Table 22. Balance sheet of income and expenditure in culturing the spat collected in 1951
to marketable size clam.

Division ‘?nn;gggt&f;n) Remarks
I. Expenditure 1,484,987 (100%)
a. Cost of collecting spat 328,174 (22.1%)
Materials of spat collecting 85,770 Straw bamboo and coal tar
Wages for employees 46, 080 I\;I.anufacturing‘collectors, their set-
ing and hawling-up
Charterage 24,650 Transport of materials, construction
Warehouse charges, etc. 10, 661 and hawling-up of collectors
Cost of purchasing spat 77,300 Cost of purchasing additional spat
Travelling expenses and sundries 11,743
Fishing charge 5,000
Freight 66,970 4 auto-trucks, etc.
b. Cost of culture 139, 266 (9.4%)
Materials 12,630 Bamboo and rope
Wages for employees and charterage 95,720
Expenses of travelling and communi- 21,826
cation
Cost of implements 9,090
c. Harvesting cost 640, 377 (63.1%)
Cost of watching 5,000
Wages for harvesting 544,537
Cost of implements 3,190
Cost of acknowledgement 87,650
d. Cost of processing 280,870 (18.9%)
Cost of shucking 192, 580
Cost of fuel 63,300
Cost of receptacles 21,175
Hire of implements 3,815
e. gg;ztiry of technicians and watching 96, 300 (5.8%)
I1. Total income 1,710,015
Sales of intact clam 42,495 864 Kan (intact clam)
Sales of shucked clam 1,667,520 5,351 Kan (clam meat)
TI1. Clear profit ) 225,028
(Additional profit from left-over clam 214,418)
—_

SOSMEEHEZ BICE - 7o, fE-> THE D TRIFT, MUK (1953) ic XLhidFHELS
BOMH, HRK34,0656, HE119,556%, K266, 02THIH# LD TIFRETH - 7. 7
BB OB RO#%IZ9A298, 308,1082,5,7, 18SAKR25BDTEICE Y, K219, 166
BeBiE L. ORI ATEREL 3, 9285, HtHARE 5,238EThH 5. S4EMLH
BARAEEAS S HAREICXD, BEGROBALHEN T2 LD, 4%, BiitiT
BER T 5 C LASHIRB XD IKis - 7,

BEOBRBRIAKR, FEOMORT, W, FHil, B0, BELkUeBoTrFic, 128
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Table 23. Culture of artificial seeds from spai collected in 1952.
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Remarks: A: Benten B: Shiohaya.
C: Sunomae D: Tobinosu.
E: Nishiura F: Kageura.

G: Kanashiki

|
Size of Number Size of Number
Date of Cul- | seeds o‘?gle?rlg::tst of cultur-|| Date of Cul- | seeds ?rﬁlount " of cultur-|
harvesting | ture | (no. per % 1.8L) ed seeds || harvesting | ture | (no. per ° iargfs i ed seeds
ground| 1.8L) | (X18L) | 1 000) ground 1.8L) | (<1-8L) | (51 000)
Dec. 20 A 4,500 1,100 4,950 Jul. 2 B 600 400 240
” 21 A ” 400 1,800 ” 3 ” 650 340 221
” 22| A ” 10 45 ” ” ” 1,000 190 191
” 29 E 3,600 400 1,440 ” 4 ” 650 340 221
” 30 | A,D 1,700 900 1,530 ” 5 ” ” 400 260
Jan. 1 | D,E 2,660 500 1,330 ” 6| 7 600 300 180
” 7 C 6,000 70 420 ” n o\ 700 130 91
” 11 B 1,100 430 473 ” 7 F 900 340 306
” 13 | B,D 1,900 700 930 ” 8 B 600 400 240
” 20 2,840 100 284 ” v . C 550 450 28
Mar. 3 | A,B | 2,800 210 588 ” 9| B ” 250 138
” 4| B 2,880 278 800 ” ” D 510 100 51
” 5 B 2,800 167 450 ” ” A 470 250 %118
” 6 | AD | 4,000 198 79 | » 10| B 550 240 132
” 7 A ” 62 248 | » ” D 510 ” 122
” 17 | C,D 4,300 253 1,088 ” ” A 520 110 | 3% 57
” 18 | B,C 4,600 126 578 ” 11 B 550 150 ‘ 83
” 19 ” 4,000 223 929 ” ” D 510 400 204
” 20 ” 10,000 48 408 ” ” A 490 224 %110
” 27 E ” 141 1,411 ” 12 B 550 150 83
” 30 ” 8,500 287 2,420 ” ” A 510 210 107
Apr. 12 | A,E | 7,200 268 | 1,460 PR 470 115 | 3% 54
” 13 ” 6,500 485 3,154 ” 13| B 600 60 36
” 14 |A,D,E| 4,600 281 1,230 ” ” D 510 300 153
” 15 ” ” 739 3,400 ” 17 ” 410 350 144
” 26 | B 2,400 1,300 3,120 ” 18 ” 525 220 116
” 27 | B,E 3,700 850 1,765 ” 20 B 410 250 103
” 28| A 1,500 700 1,050 ” 22 ” 430 390 168
May 14 | A,B ” 1,100 1,370 ” 23 | » 400 350 140
Jun. 23 B 530 350 186 || » ” } G 500 100 50
v 24| # | 1,000 150 150 ‘ v 24 [ B 430 350 | 151
v w o 530 300 159 || » 25| F 670 270 181
” 25 ” 650 470 306 | » 26 B 350 100 35
” 26 ” ” 400 260 || 7 | B,D 420 200 84
v 21| n 50 250 163 R ” 390 [ 164
|
V2 28 ” 650 340 221 i ” 28 ” 380 320 122
” 29 ” ” 370 231 ” 29 | B ” 240 91
” 30 ” ” 420 273 i ” 30 ” ” 400 152
 Total 24,843 ‘ 46, 486

3¢ Transplanted to Furue adult culture ground;
all other seeds to Kinokoshima-higashi culture

ground.

200 & DR4ETHI0H £ T, Table 23 O &k S, 248-431 AZHLV B, ZoaEHRiEuL
46,486 Thi LEE I N2, FOEAHATIE Text-fig. 20 0FED, FEFHGICT81 ares, HiT.
Hu5% 14 ares, 451795 ares Th 5. AHBEHEO Y v+ v O RERFRD TIHFH T, Table 24
DED, HIELVEEENT, 6 Akic, 178600k 0605, 118238 0HETIZ,

FEBTI31h, MILTII3k &0, 12A30BICi3RlEIZ122%, HFIZI05k &m0, &L
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Kinoko Island

Eatashima

Text-fig. 20. Culture ground for raising artificial seeds from spat collected in 1952.

Line of unobstructed view.

A. B. C.D: End of Kamenokubi and end of Shiogahana.

A. E: Two pine-trees of Nishiura and shrine-entrance of Katashima.
D. G : End of Mydjin and a telegraph pole of Seto.

G. E : North of Yokoshima and end of Shiogahana.

Culture ground area.

a: 333 ares; b: 152 ares; c: 80 ares; d: 141 ares; e: 75 ares;

Total : 781 ares.

Table 24. Growth of artificial seeds raised from
spat collected in 1952.

~— Culture
w Kinokoshima | Furue
Date (1953)
Mar. 6 4,000
Jul. 9 600 470
” 25 405 380

Aug. 24 305 230
Sept. 22 210 175
Oct. 27 175 150
Nov. 23 131 113
Dec. 30 122 105

Remarks: Number of seeds per 1. 8L (“Kiri-masu”),

BERERFTH- 2.

ISR VEEDFRELE ¥, 35 600 M &1
BLELT, BRRESZSTCHESEELL
ZAROERLEIUBHEBAEREN L THRE
L, BEBENRC X B2EE&OEADIET
3%, WL THEZEZIT- 2. TR
WTHEAINIHHBEEA L TEICEIYD
fekbZD—2TH5B, Hib, LD
vy a3 LRIANE AN, i
X ZBET AR A, ko
B XK, THIRKG LLEEsHER
OAREATIS L, BESEWME~EELT
Wiz R AT 285 Ui, X5y

nR OREGE BB X O ICRERNT, HECERNL OO D vniBic, &
LbRELTChaEEAL, 1HIEVHISHO Y v R v AT 5 & & BHk.

BB 12A1TRIEBRMICIEARY, 188 XV AMERHAETT>, Table 25 @D,
4758 % Tic6T[dl, 166 AT68,832E[ A RS 72, © L CT128 (30,5008 % SRR ICH
o £ FBHRFEL, 35,843 HAHIHF L, F& LT, HERIMAET L. ZOEON
Fiz e BRRERFEHSOMEIC X 3 & Tables 28 Ry 29 i@ b, ks % TOE 986, 126
HAEEE LT, 4,436, 124 O AE BT HEIE € 0o H48E1 2,450, 139 % 5{& £ 0D
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1,985,985 Mo#hzss 26f 7. #& InTIBEIC X 3 Rk 277,063 M4 iz 3 &, £,
2,263,048 M R4 2T 2 IFREEMD 2. 10ares 24D DERERIEEL D R <, 866
{55,824 & & O BRMFREZR L.

HILEMGIREHE CTh - 7o & &, B DG 72 O RBERE <, £ 0FMIIRDE
DTH5., Bt Table 25%FIICR 2 L 5ic, THIB»S12BE T 4BRIC, ARBERSE
25, 1FF520~470 ko KESEETS, 6-985 A (BER(338,265%D #HUIHT Tt L7z, 74
Aot BE2H108 X 021 H X TOENCAE34AT,942- 9B %MD #HT 7-. 1 FA5000& L
TI886 FALRMI Lz & &3, 1 FI200I LT 5 &, 226,320k 72D, #H 67%
L1335, 10ares X0 icEHE S 5 E709E TH 5. (Tables 20 K 240 BREE T B ORI,
BT 3BmBOR B THE., MBHEICXL )

Table 28 ftf Table 2913 A& D RFBIERBERIE LI bDTH 505, ChxREdd
3L, COREORBICHRTRBICEBAOMELES C LBk EEAS. BlL, B
BN T 21C/0, 1 BEYD OHUBRES DI 0D, lUVEBBDIL 18- THK
ZEABRONBMTH B, DT LTS, HBHMBEEBICRTRLARONIBERTDH
5T, WIBOEENE LTORING 20 ESH, HEREELEOBE LD~ D, 5

Table 25. Harvest of marketable size clam during 1953-54 from the spat collected in 1952.

Number of Harvested | Number of Harvested
Date persons weight (Kan) 1 Date persons weight (Kan)
Dec. 17 1 19.0 | Feb. 1 15 639.1
” 18 12 356.6 i ” 3 10 515.4
” 19 11 941.2 | ” 7 12 520.8
7 21 18 2,230.8 1 ” 8 13 504.8
” 22 21 3,140.4 ” 9 18 787.9
” 23 11 1,920.8 ” 10 25 1,351.5
” 25 22 2,306.7 ” 11 31 1,060. 2
” 26 10 735.6 ” 12 29 956.7
” 27 18 2,252.8 ” 13 3 175.4
” 28 19 1,649.5 ” 14 3 186.3
” 29 20 1,629.9 ” 15 3 139.6
: - — - R ” 16 4 56.8
X 4 14 1,362.1 ” 17 19 776.8
Ja;? 6 10 856. 5 ” 18 23 724.2
” 7 10 837.7 ” 19 28 742.8
” 8 23 2,517.2 ” 20 26 638.3
” 9 25 3,073.9 ” 21 20 441.8
” 10 30 2,548.0 ” 22 19 488.7
” 11 3 203.8 ” 23 19 591.4
” 12 31 1,568.0 ” 24 19 577.2
” 13 17 1,302.0 ” 25 19 506.7
” 14 35 2,701.7 ” 26 19 369.5
” 15 4 297.9 i ” 27 15 252.5
” 16 3 231.1 ) ” 28 7 300.5
” 18 3 257.4
” 19 27 4,087.0 Mar. 1 16 193.7
” 20 32 3,198.9 ” 2 19 324.0
” 21 23 1,707.9 ” 3 19 211.9
” 22 33 2,548.7 ” 4 16 194.2
” 23 34 1,548.7 ” 6 11 127.4
” 24 36 1,113.1 ” 7 12 102.0
” 26 10 506. 1 ” 8 12 158.3
” 27 31 2,146.0
” 30 10 342.6 Apr. 4 16 480.3
” 31 24 1,408.2 i ” 5 15 187.4
Total 1,166 68,832.3
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Table 26. Income and expenditure in culturing the spat collected in 1952 to marketable size clam.

RRKEBELE 2

1959

Division Amc()l;};;;’f money Remarks
1. Expenditure 2,450, 139
Costs of collecting spat and culture 986, 126
Harvesting cost 749, 258
Carriage and packing charges 300, 299
Charterage and salary 260,799
Miscellany 153,657
2. Income 4,436,124
Sales of intact clam 2,477,100 To Shimane Pref. 30, 500 Kan
” 23,134 Local 381 »
” 1,935, 890 For shucking 35,198 »
3. Clear profit 1,985,985
Table 27. Income and expenditure of shucking in 1953.
1
l Division Amc()l;xgl)o f Money Remarks
| —— - - — —_
| 1. Expenditure 2,578,062
i Clam cultured by the Co-operative 1,935,890 Intact clam 35,198 Kan
Clam purchased from others 35,480 ” 645 Kan
‘ Wages of shucking 290, 565
| Fuel 113,873
Carriage implements and brokerage 57,979
Salary and hire of implements 101,275
Miscellany 43,000 |
P o | 5 gss 19 | Meat weight: 22.6% of
2 Toulincome I L B v+ -
3. Clear profit ‘ 277,063 1

Table 28. Comparative table of collected spat and cultured seeds in consecutive years.

“Total num-

1 Koku=180L.

| Total num- | . o
Yesrofamat | Number of |colried s | (6% 97 00 | lred” | ber of - loriitot
L |perollector | ey, 600y | Seeds(Kokw) | T, g0 | per collector
1950 1,131 15,000 16,965 49.95 15, 254 13,487
1951 2,761 20,000 | 55220 |  150.45 33,867 12,270
1952 9,166 | 15000 | 137,49 248.43 46, 486 5,072
1953 15,115 31,000 466,364 | 1,280.75 377,580 | 24,980
1954 23,953 2,740 65, 660 649.33 65,786 2,746
1955 17,226 17,000 | 292,842 488.26 | 28,865 1,676
1956 14,833 33,50 | 507,795 689.20 | 230,199 15,519
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Table 29. Comparative table of harvested weight and gross receipts in consecutive years.

—Weight of Weight of har-| Weight of Area of
Year of spat harvested Gross vested clam clam left over culture R K
collecting clam (Kan) receipts (Yen) | per collector | (estimated) ground emarks
(Kan) (Kan) (T'subo)

1950 17,660 959, 825 19.0 2,900 ’ 6,000 New shells

New 29, 193

1951 33,088 1,431,636 11.6 8,400 40,000 Kan

Old 3,895

1952 68,832 4,506,125 14.4 80, 000 23,840 New shells

New 36, 000

1953 99, 331 3,644, 635 7.7 100, 000 113, 646 Kan

Old 63,331~
\ New 188,863 #
1954 268,863 8,380,087 18.9 100, 000 28,250 Old 80,000
|
New 19,000 7 |
1955 273,564 11,836,450 7.5 100, 000 10,910 Old 254, 564 ”;
- New 98,000 7 |
1956 207,572 6,631, 106 13.3 100, 000 88,300 | Old 77,800 7|
» 31,7721

1 Tsubo = 3. 306m2
DEREEIANIC LT S IR EGBROMAETH A 5.

X) HuFvOHEMICEHT 25 HOME

Uk, ¥Ry DOEBEICOHLT, EELT, FBOEELZE > flzALe LT, thi
—IGHEICTTS C EHEE C xRN, L L, COEMAEZHOBRRICL, Bk
IHBHICE, GHREHE - P ERERLNOAEESCEL TS, RILZNSDE%E
FHRIL TR~ & .

1. BB CHE LU T: Bk FREE2 A BBICERBLTO KR AEOH THORE
Sk, BHTH VXD ANTIREEZRA T B0, BRI LR ELD0, il EEKR
B % (1952~55), (WEAHEKEC959), LK (1959, KHD, ARFRKE (1959)
K3 &, RiEUANOBEERBRCIUNERBICRTY v * YO ATHESRID LT, &%
ICTHTRETS C EDSTRB I N cds, DL I WHIBBSEREZOMlicdRkHoNE EBbh
5. MERF VR OBRBEERIPEEDLODATHLEWESL E LTS, EWMMNLLITD
N2EHKNEEE, RUTZOFREICIS LB I NE I L LHMELIBEELT, CO/RD
WESTONE T ENEENB.

—%, FETOATHREEZSG LD b - EHEICITHOCENTE B LT, Tk, HEHE
PER X O —BEINE ¥ 27, Biiiic, XEE 1, Z<oRE bR onrEs
5. IFREBFOMLEY, BMAUEMY O OKACELN 2 FHEBOREIC OO TOHEELZD
—fiTHB. FRETRENMTH Z2EE CEHE »o&RBKL I, FHRODHBZL
OGS EEEATET X TEA S, T, 195446 AFEDEEICN LTH330ha @
AR LS, Mo 18m, SOMEIC90m o@@E L, 180m OMEL & 1D & 5174,
BB E SIS E N E S . Dam, HEL, MBLELCHY 3 &3, HEORE 2 B <
L, BEOKEATEILT 3 E2BMHELTITONIDTH 308, BliCEEROFBICK
5T, CHRICHEET 2, K5+ 7084 « AXF « v F XEORELREST 2 FRE - T8
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BOWECHTIEESH->122AS. 1, COREHBOFEENCOKBEILEYDEDT
HEPNEHOMEEL LTEINS.

2. PEBERCEALT: FEEEBHEL R, BESCEMNT 22 TOMKE, »1EOD
SRS D, BHRENENONBEIE, COBBSERLTHREZEBZNE D> TH
3. [REKER (1953~54), FILkIgE(1953~54)ic &k -» T, HE2mm U TFOM/FE%
B U752 T I3RS L C & A0 5. B EAMIC, REHDS 3mm ML EICRE L
9 HTFTH~10A THOE, Thh208ELUEEIONEIDTHLH, REABREMIC DL
Tk, BitORSEIEEL CTHELESEHENLEENS. B8, GBRONKO—DEL
T, HEBOMNEBKOBEEDORY, RYICHEINDHMBSHELS 200, T OHIETH
MERZEZT, BREGEE LTBHT 285BI ONS.

3. EmECBILT: —mILKkERC1922~28), FHIKE(1926~31), #EKEACIS
KEEAKZR (195D I X - T, HEINTLBEXHIC, Friy0HREEHMIIEEMICHE
DIEHHBIKE-> T3 EEZ 505, BERENM TR LAETRE, BHOBIHEATTS WiE
HR—IGEZONBZTNE S, CORENECHET S LREDECAH LY, BE, M
IWRTTEESE LT, REABTF TL AN ECORHE GRIEEIAE THrkv ol
EDSHRINTORLTH 30, BHEEEOR, FREIBEEFFOHEDA TR, BT
&, BHBOEHEOMAICE >~ TEAINIDT, KT OERTRYMEDIEBICIZS
RN

BER, HHTH vy OBEHBRIThNIC &R, ROZJEKERBEOHREZICR S
TEMTE BN, ZORBERRIKVELL OO TR, TH(1926~29;1938~40), #
FIC1926~29), B1R(1927 ~28), FKH(1922), &I(1924~25;1930), fdil1(1926~38),
REC1923~24), 14(1902~03), ##HE(1904~08;1926~27), K53(1932~33), gk
(1936~37), 4hiE:E(1936~37), HE(1929~32), EL(1932~34), 7Em(1935~36),
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(X1I) SUMMARY

(1) INTRODUCTION

(i) During the last war, propagation of ark shell (4nadara subcrenata (LISCHKE))
culture was planned as a part of the national program for increasing food production.
The plan consisted in exploiting those potential culture grounds for this clam which
were found in various parts of the country by planting them with the seed clam col-
lected by artificial methods. Since methods of collecting ark shell seed on a large scale
had not been known by that time, national research fund was defrayed in 1942 for the
development of such methods. And I was engaged in this project as the researcher in
charge.

(ii) This paper presents the results of the research carried out under this project,
together with the results of the studies which I have done thereafter. I wish to extend
my sincere gratitude to Mr. S. FUJIMORI, Dr. K. UCHIDA, Dr. M. TAUCHI, Dr. T.
HANAOKA and Dr. Y. OsHIMA for their kind advice, and to Mr. F. MIZUNO, Mr. M.
KAWAIIRI, Mr. K. TANAKA, Mr. H. TOKUNAGA and the late Mr. K. HATA who
were engaged in the research with me.

(2) ECOLOGICAL STUDIES

(i) The ark shell, called “sarubo” or “mogai” in Japanese, is a bivalve inhabiting

the bottom of calm bays and is widely distributed along the coasts of our country. Its
annual production amounts to about 18,000 metric tons, and its principal production
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centers are Tokyo Bay, Osaka Bay, Kasaoka Bay, Ariake Bay and the Nakanoumi.

(ii) This clam usually inhabits those shallow waters of a well-protected bay which
are comparatively calm and whose bottom is composed of mud or sandy mud. It lives
best in the depths of 1 to 7m and buries itself shallow in the bottom, attaching itself
to the sand or sandy mud by its byssus. The optimum range of specific gravity (o5) of
sea water is from about 18 to about 22.

(iii) The breeding season is between early July and middle September, with the peak
from middle July to the end of August. The spawning begins when the water temper-
ature on the bottom rises to about 25°C, and reaches its peak at about 27°C. The
spawning occurs with the rapid rise of water temperature one to three days before the
spring tide, so that, we can forecast its occurrence.

(iv) The development of this species was traced by artificial fertilization. Spawn-
ing was induced artificially. The egg is 50 to 60y in diameter and the spermatozoon,
36 to 38y in total length. At 26-27°C, the larval shell is completed and a larva be-
comes a D-form veliger in 16 to 17 hours after fertilization; one week after, the larva
attains the umbo stage, when the shell becomes yellow; two weeks after fertilization,
the larva becomes a full-grown veliger 280 to 300 in length and 200 to 220y in height,
and is ready to settle. The shell has such a characteristic appearance at this stage, be-
ing very long, yellow in color, inflated in the umbonal region, and thick and robust,
that we can easily distinguish a full-grown veliger of this species from those of other
clams.

(v) The full-grown veliger creeps over the surface of a substratum by extending
and contracting its foot until it finds a suitable spot, where it attaches itself with the
byssus which it secretes. Upon settlement the larva becomes the young. The shell that
is secreted thereafter differs from the prodissoconch, being greyish-white and composed
mainly of calcium carbonate like the shell of the adult. The radiating ribs character-
istic of the shell of this species become distinct when the shell attains a length of about
4mm, and about 30 of them are recognizable on a shell reaching a length of about 1 mm.

(vi) At the shell lengths of 10 to 15mm, i.e., 3 to 6 months after settlement, the
young detaches itself from the substratum and creeps into the bottom of the sea, where
it lives for the rest of the life. Even after it has crept into the bottom mud, it attaches
itself to such solid material as sand grains by means of its byssus.

(vii) According to the measurements made on alternate days after attachment, the
shell length reaches 0.8mm in ten days, 1.6mm in twenty days, 2.5mm in thirty days,
3mm in fourty days, 3.5mm in fifty days and 4mm in sixty days. The best season for
the growth is May and June, when water temperature ranges from 18° to 23°C. The
shell length reaches 23mm at the age of one year, 32mm at one and a half year, 37mm
at two years, 42mm at two and a half years and 46mm at three years.

(3) THE HYDROLOGICAL PROPERTIES OF THE NAKANOUMI

(i) The Nakanoumi is a lagoon enclosed by the Shimane Peninsula and the Yu-
migahama Peninsula, measuring 8.5km in circumference and 152km? in area. Two
islands, Daikon-jima and E-jima, are in the northern part of it. It communicates
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with the sea (Miho Bay) by a channel called Nakae-seto which is 200 to 400m in wi-
dth, 7km in length and 7m in depth. It is shallow with the average water depth of
4.6m: it is not deeper than 2m in its one-fourth, and is 2 to 8 m deep in the other
three-fourths. Three rivers, namely, the Ohashi, the Iu and the linashi, pour into it
in all seasons. The exchange of water with the outside is seldom effected by the tide,
but is influenced chiefly by the atmospheric pressure and the direction and velocity
of the wind, because the range of tide is very small (less than 30cm) in the Japan
Sea. In winter, when the water level of the Japan Sea falls because of high atmos-
pheric pressure, the fresh water of Lake Shinji flows into the lagoon to lower the
salinity of its surface layer. In summer, atmospheric pressure is low and sea level
rises in the Japan Sea, from which the sea water of high salinity flows into the bottom
of the Nakanoumi to form a sharp discontinuity of salinity at the depths of 3.6 to
4.8m. Since water is shallow, it sometimes occurs after a heavy storm that the upper
and the lower layer of water intermingle to make the salinity uniform throughout
the depths. The water temperature is much influenced by the air temperature: it is
2° to 5°C in the surface and 3° to 5°C on the bottom in winter (January and Febr-
uary), and is 28° to 30°C at all depths in summer (August). The specific gravity of
the water (oys5) is 10 to 15 in the surface and 20 to 23 on the bottom both in sum-
mer and in winter. In June and July salinity rises in spite of much rainfall, owing to
the influx of the sea water of high salinity. In a droughty year salinity is low in
spite of little precipitation, because the high atmospheric pressure which prevails
in such a year lowers the sea level and prompts the fresh water to flow down from
Lake Shinji. ’

(ii) The water of the Nakanoumi contains twice or thrice as much silicate and
nitrate as that of Tokyd Bay. The concentration of silicate ranges from 5 to 10 mg/L,
and that of nitrate from 600 to more than 900 mg/m?. Soluble organic matter is present
in the concentrations over 5 mg/L. Thus the Nakanoumi has the properties of an eu-
trophic lake. Consequently, planktonic diatoms are comparatively abundant; the spe-
cies represented are those which are common in shallow seas, and belong to such gene-
ra as Chaetoceros, Skeletonema, Coscinodiscus, Rhizosolenia, Thalassiothrix, Nitzschia,
Navicula, Pleurosigma, etc. It is not seldom that red tide is caused by the heavy growth
of dinoflagellates or other planktonic organisms. There has been tendency that fine
drifted sand deposits in the strait of Nakaeseto. Though a long embankment has been
built in order to protect the entrance of Sakai-minato (the harbor situated in the strait)
from being blocked by depositing sand, deposition of sand proceeds at such a rate that
the harbor entrance has become shallower year by year and the inflow of sea water
into the Nakanoumi has been hindered increasingly. As a result, the trend for the Na-
kanoumi to become brackish has been accelerated in recent years, and the plankton
community has been changing correspondingly.

(ili) The bottom consists, in the main, of more or less blackish soft mud, rich in
humus and mingled by dead shells. It is so soft that one can easily thrust a bamboo-pole
to a depth of several feet. The mud is greyish blue underneath, and is overlain by a thin,
blackish brown layer. Generally, it becomes increasingly blackish toward the shore.
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Mud is more blackened in Yonago Bay than in other parts of the lagoon. In summer,
the water of the bottom layer contains little, and in some places no, oxygen.

(iv) The famous “red tide” is brought about when the plankton organisms which
have been nourished by the nutrient-rich sea water multiply into great numbers owing
to the high summer temperatures. Death of these organisms, coupled with the rapid
decomposition of humus due to high temperatures, produces a water mass devoid of
dissolved oxygen. When this water mass moves about, it kills benthic animals and
occasions heavy damage not only to the ark shell on culture grounds but also to such
aquatic resources as eel, sea bass (Lateolabrax), octopus, blue crab, etc. The red tide
that I witnessed in the middle of August, 1942 was caused by the heavy growth of
Ceratium tripos. Red tide usually originates in Yonago Bay. Since the aforementioned
embankment was constructed, red tide has been occurring more frequently in the
Nakanoumi than before, because the exchange of water with the open sea has been
more limited.

(4) SEASON OF OCCURRENCE OF ARK SHELL LARVAE

If one attempts to collect the ark shell spat by artificial method, he should first find
out in what season the free-swimming larvae of this species occur, and thus become
able to foresee the time suitable for spat collection. Observations were therefore con-
ducted at Station 1 in the center of Ara-shima Bay (water depth 5.5m) in the summer
of 1943.

The observation covered the period from July 10 to September 30, 1943. During
the period the plankton was collected every other day with both the plankton net and
the hand pump. The plankton net was hauled vertically from the bottom to the sur-
face three times and the catches were combined. In the collection with the hand pump,
30 L of water was drawn up from different depths of the water column at 60 cm in-
tervals and filtered through a plankton net to recover plankton. The plankton sam-
ples were fixed in 4% formalin. After taken back to the laboratory, each sample was
stirred gently, the diatoms that floated up were discarded, the material settling on the
bottom of the vessel was transferred onto a ruled counting plate, and the ark shell
larvae of umbo and full-grown stages were counted. The results indicated that there
were two major peaks of the occurrence of the ark shell larvae: the concentration of
larvae reached a maximum during August 4-7, gradually decreased thereafter, and at-
tained another maximum during September 5-7.

(5) HORIZONTAL DISTRIBUTION OF ARK SHELL LARVAE

For the purpose of investigating the horizontal distribution of ark shell larvae, the
Nakanoumi was divided into series of squares like a chess-board. The dividing lines
were 1,090m apart. Itohana was designated the base point, and the line passing this
and Ny{kd Village on the island of Daikon-jima, the base line. At each crossing of
the dividing lines a bamboo-pole was set up, from which a “test rope” (i.e., a rope of
hemp palm 5mm in diameter) was suspended with a brick attached to its lower end as
a sinker. After one or two months, the test rope was taken up and the number and
size of the attaching ark shell spat were examined in the following manner. The rope
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was cut off at every 30cm starting from its lower end. Within each 30cm section a
portion showing the average spat attachment was selected, and two 3-cm pieces were
cut off from this portion, one for examination and the other for preservation as the
specimen. The spat attaching to the 3-cm piece were counted and their number was
multiplied by 10 to obtain the number of spat attaching to the 30cm section. The lat-
ter was added up to give the number of spat attaching to an entire test rope. It was
assumed that artificial spat collection can be conducted with profit in those waters
where more than 1,000 spat attach to a test rope. Examination of the test ropes hung
in July and taken up in August showed that such waters lay near Ara-shima and co-
vered an area of 600ha. The test ropes hung in July and taken up in September in-
dicated that such waters lay south by east of Daikon-jima (bounded by the lines con-
necting Kame-shima, E-jima, Hanyu and Ronde) and in Yonago Bay, covering an area .
of 1,500 ha. Those hung in August and taken up in September indicated that the waters
suitable for profitable spat collection extended from the line passing Tsuzuki-jima and
the mouth of linashi River eastwards to Yumigahama and also in Yonago Bay, a total
area of 2,000ha. The test ropes hung in September and taken up in October showed
that such waters measured 3,000ha in area and covered all over the central part of
the Nakanoumi (between the line passing Kame-shima and E-jima and the line passing
Itohana and Nyiiko).

Putting these data together, ark shell larvae were densely distributed chiefly in Ara-
shima Bay in the earlier part of the season; with the progress of the season, they be-
came more abundant and the center of their distribution were shifted eastwards to be
found along Yumigahama and in Yonago Bay; as the season advanced further, they
were found in abundance near Daikon-jima. The data indicated also that spat collec-
tion could have been conducted profitably over an area of 4,000ha. It was indicated
by these findings that the ark shell larvae of advanced stages were not abundant in the
west of the Itohana—Nyi{ik6 line where the adult of this species were relatively abun-
dant (this part of the Nakanoumi is now utilized as the culture ground of adult ark
shell), and that the larvae were carried by tidal currents and accumulated in high den-
sities in the vicinity of Yumigahama and in Yonago Bay where the parent stock was
scarce.

(6) RELATION BETWEEN VERTICAL DISTRIBUTION OF LARVAE AND

ATTACHMENT LAYER OF SPAT

One can not collect spat successfully without knowing the proper depth at which his
spat collectors are to be placed. In the summer of 1942 we investigated into how the
attachment of ark shell spat varies according to the depth. The investigation took place
at St. 4, 1.5km south of Watari-jima, and at St. 7, halfway between Ito Village and
Tsuzuki-jima.

The spat collector employed in this investigation was a series of six oblong screens
of hemp palm fibre connected lengthwise. Each screen consisted of a sheet of hemp
palm fibres stretched on a wooden frame 3 cm thick and measuring 9 X 90cm inside.

Two collectors were hung in the sea every week, one being taken up after two weeks
and the other after four weeks. When taken up, the collector was cut off at 30cm in-
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tervals starting from its lower end, and two 3 X3 cm portions showing average spat
attachment were cut off from each 30cm section, one for examination and the other
for preservation. The number and size of the spat attaching to either side of a 3 X 3cm
piece were examined, and the former was multiplied by 30 to obtain the number of the
spat attaching to the 30cm section (Text-fig. 12).

This investigation revealed that in the collector suspended during July 22-August 5,
78 % of the spat were concentrated within the 1.5m wide zone corresponding to water
depths 4.5-5.7m, while 77% of the attaching spat were concentrated within the 1.5m
wide zone corresponding to water depths 3.3—4.5m in the collector suspended during
July 31-August 12 (Text-fig. 13).

In 1943 we investigated into why the width and level of the attachment zone vary
like this. 30 L of sea water were drawn up with a hand pump from different depths of
the water column at 60cm intervals, the number of the ark shell larvae contained in
the water was determined, and this was correlated to the specific gravity (o;5) of the
sea water, The results indicated that the ark shell larvae of advanced stages mostly
occurred in the layer of the specific gravities of about 1.020 within the range of 1.018~
1.022, and that the level of such water layer perfectly coincided with the level of the
zone of concentrated attachment observed on the spat collector (Text-fig. 14).

If atmospheric pressure is relatively low and it is rainy in the summer, relatively large
volume of sea water flows into the Nakanoumi, where a marked discontinuous layer of
salinity is developed. In such a year (e.g., 1943) the ark shell larvae are concentrated
within a narrow zone, and, consequently, artificial spat collection is very successful.
On the contrary, if it is dry in the summer with high atmospheric pressures, discon-
tinuous layer of salinity does not develop and salinity remains low in the Nakanoumi. In
such a year (e.g., 1944) artificial spat collection is not very successful (Text-figs. 16~17).

(7 ) ARTIFICIAL COLLECTING OF SPAT

In the Nakanoumi the upper layer is occupied by much diluted sea water, and the
saline sea water of the bottom pushes upwards against it, creating inbetween a zone
with salinities suited to ark shell larvae. The narrower is this zone, the more densely
are the larvae concentrated within it.

After the aforementioned investigations were carried out, it became a practice to
locate the discontinuous layer of salinity prior to the spat collecting season, to forecast
the probable depth of the attachment zone of spat from the vertical distribution of
specific gravity, and to set out the spat collectors in conformity with such information.
This practice almost eliminated the chances of failure, and made it possible to collect
the spat with economic profit. In the succeeding years the relationship between the
swimming layer of larvae and the vertical distribution of specific gravity was further
investigated, and it was found that, from practical point of view, the width of the at-
tachment zone may be regarded as 75 cm. The spat collector 75 cm in length was
therefore designed. The collector of this type, suspended at the depths of 3.6-4.8m,
has ever since been used very successfully.

(8) NEW TYPES OF SPAT COLLECTOR

(i) Theark shell larva swims about moving its foot and searching for an attachment
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surface. When it arrives at an attachment surface, the presence of which it detects
from the changes in current velocity, it crawls over it and attaches itself to a safe spot.
The larvae tend to attach collectively to the hollows of a surface, for example, the fur-
rows between the strands of a rope. The reason why they preferably attach to hol-
lows is not clearly understood. Some of the tentative explanations are that attachment
may be securer in the hollows than on other parts of a surface, that in a hollow the
larvae may be hidden better from enemies, or that food particles may be gathered near
the hollows owing to eddy currents.

Taking advantage of the tendency for the spat to gather in hollows, I devised the
spat collector of Wara-mabushi type, which were made of rice straw, the easily obta-
inable material. This collector was put into practical use. It consisted of a two-strand-
ed rice straw rope bearing the “bristles”, 6cm long, of rice straw around it. This bris-
tled rope, reminiscent of a bottle brush without a handle, was prepared by placing pieces
of rice straw cut to 12cm between and across the entire lengths of two fine rice straw
ropes when the latter were twisted together into a rope with a rope-making machine.
The bristled rope was cut into the pieces 1.8 m long, and each piece was looped. Three
loops were tied together to make up a “bunch” and used as a collector. The collectors
were stained with coal tar before use, in order to prevent their decay in the sea. How-
ever, a large number of collectors coated with wet coal tar proved to be a problem,
because they required a large space for drying and were very embarassing to handle.

In order to remove this difficulty, I devised the collector of Shida-mabushi type. It
was of the same structure as its predecessor, the Wara-mabushi collector, but was
made of # 19 galvanized wires and 12cm long palm fibres instead of rice straw strands
and 12cm long rice straw. The advantages of this collector.are:

(a) It collects twice or thrice as many spat as the Wara-mabushi collector.

(b) It is light and convenient for handling.

(c) It sinks in the water when a small sinker is attached. As the weight of the
collector including the sinker is small, supporting material such as piles and rope is
much saved.

(d) As it is light, the shipping cost of spat is cut down. As an example, 1,500
collectors (“‘bunches”) attached by 60 million spat were transported from Shimane
Prefecture to Okayama Prefecture on a single truck.

(i) Method of spat collection

Bamboo poles 10 m long are set up 4.5 m apart in the spat colleciing area, and a cross
piece, which is a bamboo pole about 4m long and to which ten bunches of Shida-ma-
bushi collectors have been fastened at equal intervals, is suspended horizontally from
and between two neighboring poles with ropes.

The collectors are lowered to the depth which has been determined in advance by
examining the vertical distribution of the specific gravity of sea water as well as that
of the ark shell larvae of advanced stages.

At the beginning of the season, a few collectors are suspended every day for trials;
they are taken up on the next day and the number of the attaching spat is examined.
Once the attaching spat rapidly increase in number, all the collectors are set out as
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quickly as possible; the work is continued day and night, since the peak of attachment
lasts for only 3 or 4 days. The collectors with which spat were collected in the sum-
mer of 1953 were attached by an average of 97,515 spat per collector. 90% of the
spat were below 2mm in shell length, when they were shipped for the nursery beds in
Okayama and Hiroshima Prefectures.

(9) CULTURE OF SEED

(i) If the spat are left in the Nakanoumi as they are attached to the collector, they
grow to the shell lengths of 2-3 mm in one month and to 5-10mm in three months, and
then detach themselves from the collector in November. Once they are detached from
the collector and fall to the sea bottom, their recovery is not assured, because they may
be damaged by red tide or washed away by storms. In order to prevent such loss, the spat
are removed to safer places before their detachment from collectors, and raised there
under proper protection until they grow to the size usable as the seed. In practice, the
collectors carrying the spat 2-3mm in shell length are shipped to the seed culture
grounds in Okayama and Hiroshima Prefectures by rail or truck after September. If
the spat are transported by truck, as is usually done in recent years, 60-70% of them
fall off from collectors during the transport.

Culture grounds for the ark shell seed are chosen from among such places where
the following conditions are fulfilled:

(a) The weather is comparatively calm during the winter, the northwesterly wind
(i.e., the monsoon) being not very strong.

(b) The sea floor is either about 30-60cm above the mean low water level to
be exposed during the low waters of spring tide, or about 30-60cm below mean low
water springs.

(¢) The bottom is composed of sandy mud and is hard enough to allow a man
to walk about without stepping deep into it. The KMnO, consumption of the bot-
tom sediment is below 20mg/L.

(d) Good circulation of the water is provided by tidal currents, and the velocity
of the flood current exceeds 20 m/min.

(e) The site is not far from a village or town, and is convenient for the care-
taker’s frequent visits and for the recovery of the spat that have fallen to the sea
floor.

(ii) Method of seed culture

On the seed culture ground, which is usually a part of the tidal flat of the level of the
low water springs, racks of bamboo poles 60cm. high are set up. The spat collectors
attached by spat are hung over the top of the rack. The spat that have fallen off from
collectors during transportation are sown on the tidal flat between the racks and nearby
at the rate of 15,-30,000 spat per m® In one night they attach themselves either to
the dead shells and gravels scattering on the tidal flat or to the spat collectors hanging
from the racks, exhibiting a tendency of crawling up to a level a little above the sea
floor. When a storm is expected, a fence of twigs 60cm high is set up around the cul-
ture ground; the fence serves as a wind and wave break.
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Transferred to a favorable habitat, the spat grow rapidly and, when they reach a cer-
tain size, detach themselves from the substrata one by one to begin their life in the
mud. At the beginning, the young ark shell live partially buried in the mud, so that
part of their shell remains exposed. Gradually they move downwards, until they are
completely buried in the mud.

The spat transferred to a seed culture ground mostly grow to young clams 12-15mm
in shell length by next March or April, when their population density is5,500-6,600 per
m? of the sea floor in average, with the maximum of 13,200-16,500 per m?, and 2,000-
3,000 of them fill a liter measure. The young ark shell can be used as the seed when
they attain the shell lengths from 10.3 to 12.9mm. At this size 1,100-1,700 clams fill
a liter measure. After the clams reach nearly this size, they are harvested to be used
as the seed. The harvesting is done on several suitable occasions; each time the clams
are taken up in such a way that their density is evened all over the culture ground. The
seed are sown on the culture ground for adult clam at the rate of 100,000 per are. 10—
209 of the spat transferred to a seed culture ground in October of the previous year are
recovered as the seed. The major part of the loss is ascribable to such predators as sea
bass (Lateolabrax japonicus), eel, octopus, blue carb, drills, starfishes, etc. Yet another
important enemy of the young ark shell is the bivalve Brachidontes, which suffocates
the clam by secreting a thick mass of byssus over the bottom. Methods to protect
young ark shell from these enemies should be found out through the studies in the future.

(iii) Culture of adult ark shell

The seed clam, 10mm in shell length, that are sown on the culture ground grow to
a shell length of 32mm in one year, and is ready to be marketed. 30-40% of the seed
survive to attain this size. When the clams grow rapidly on the culture ground, they
are harvested within one year after they are transplanted as the seed. The meat of the
ark shell is marketed raw, or canned after properly seasoned.

In Kasaoka Bay, Okayama Prefecture, 500,000 kan (1,875 metric tons) of the ark
shell (shell included) worth 30 million yen are produced annually by the culture me-
thod decribed above. The K6noshimauchi Fishermen’s Co-operative, which is the most
active producer in this area, has been producing this clam at the rate of 886 kan (3.25
metric tons) or 55,824 yen from each 10 ares of the culture ground per year.

(10) PROBLEMS OF ARK SHELL CULTURE IN FUTURE

As was decribed in the foregoing sections, the ark shell can be cultured intensively
on a commercial scale by using the spat collected in the Nakanoumi. However, many
problems must be solved through future studies for the culture of this clam to be prac-
tised in many localities along our coasts. Some of these problems follow.

(1) Spat collection: Considerations should be made from both technical and eco-
nomic point of view, so that the spat may be collected more surely and abundantly.
For example, scientific investigations are needed to determine whether spat collecting
area can be further extended in the Nakanoumi and to find out the maximum number
of the collectors that can be placed profitably in a unit area of spat collecting ground.
Since the density of ark shell larvae is higher in the east of the present spat collecting
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area than in the present area, it seems advisable to extend spat collecting area in that
direction, although the proposed area is farther from Ito Village, the base of the opera-
tion, than the presently utilized area.

(ii) Possibility of seed culture in the Nakamoumi: At present, the ark shell spat
collected in the Nakanoumi are transported to Okayama and Hiroshima Prefectures and
raised there to the size usable as the seed. There are such areas in the Nakanoumi
which are free from the harmful effects of the red tide and where the exchange of water
is good owing to tidal currents. It may be possible to raise spat to the size of seed in
these areas.

(iii) Culture ground for adult ark shell: Commercial culture of the ark shell may
be unsuccessful in the waters inhabited by a natural population of this species. Success
or failure of the ark shell culture depends not only on the natural conditions of the
culture ground but also on the method of transplanting the seed and on the care with
which the clams are tended during the culture period. The seed of the ark shell are
transplanted for either of the two different purposes: in some cases, they are expected
to establish and reproduce themselves in the transplanted area, so that their offspring
may be harvested after reaching the marketable size; in other cases, the clams sown as
the seed are harvested when they reach the marketable size and their natural breeding
is not taken into account. Although ark shell seed have been transplanted to many lo-
calities, success has not been reported in many cases. A plan for the transplantation
of seed should be based on adequate scientific knowledge concerning the ark shell cul-
ture, and not on subjective judgement or mere experience.

(iv) Offshore extension of culture ground: The possibility of extending the culture
ground offshore should be investigated. One of the disadvantages of an offshore culture
ground, as compared with the present ground, would be that the clam can not be
harvested with the inexpensive hand dredge owing to the greater water depths. How-
ever, cost of harvesting may be cut down considerably by using the dredge that can be
pulled by a boat. It is necessary to study the growth rate and the survival rate of the
ark shell in the offshore waters and to estimate how much production of this clam can
be expected from a unit area.

(v) Careful tending: Success or failure of the culture of an aquatic animal largely
depends on whether the animal is tended with sufficient care or not. It is therefore
very important to guide the culturists in such a way that they take more interest in
shellfish culture and take better care of their clam. One of the suggested methods is to
have each culturist make it a practice to count, every month, the number of the clam
necessary to fill a vessel of a fixed capacity. By doing so, he can tell whether his clams
are growing or not, since the decrease in the number means the increase in the size of
the clam. Moreover, this practice will induce him to take more interest in the clam
on the culture ground and to tend them with better care.

(vi) Joint operation: The commercial culture of the ark shell is now operated jo-
intly by the culturists in Shimane Prefecture, who take charge of spat collecting, and
those in Okayama, Hiroshima or Saga Prefecture, who take charge of the latter phases
of the culture. The proceeds from the sale of the clam of marketable size are divided
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between the two parties in the ratio of 5 to 5 or 6 to 4. This type of operation, as long
as it is based on the common consent of the concerned parties, can be regarded, at pre-
sent, as one of the rational systems of managing the commercial culture of the ark shell,
either from the viewpoint of the progress of the techniques or from that of the pro-
pagation of the culture method.

(11) PRINCIPLES FOR ARTIFICIAL COLLECTING OF BIVALVE SPAT AND
THEIR APPLICATION

In order to collect bivalve spat successfully, it is necessary to make clear the mor-
phology and ecology of the planktonic larvae, especially the season of appearance of
the full-grown larva and the depth of the attaching layer. Since the attaching beha-
viors of the full-grown larvae of various bivalves generally have a common feature,
the same principles of spat collecting apply successfully to many species. These prin-
ciples may be summarized as below:

i) The collectors should be arranged to each other in such a way that the passage
of water is relatively free between them, so that the larvae, being carried by the water
current, may arrive at the collector quickly.

ii) The surface of the collector should be provided with numerous hollows of ap-
propriate size, since the larvae tend to attach to the hollows or the spots sheltered by
protrusions on the surface of the collector.

iiil) The spat should be raised under adequate protection from predatory enemies
until they attain the size usable as the seed. Otherwise, their survival rate is very low.

The items mentioned above are explained further in detail.

(i) The full-grown larvae, which are ready for attachment, swim protruding their
foot from the shell. These larvae, as observed in table aquaria, swim with their foot
vibrating to the right and left as if searching for proper spots for attachment. The foot,
being covered all over with numberless cilia, serves as a kind of sense-organ to perceive
the water current. While swimming by its own force with its foot as a rudder and by
taking advantage of the water current, the larva finds its way toward the periphery of
the water path and finally arrives at the collector. Therefore, the collectors should be
arranged in such a way that the circulation of the water is not hindered, in order to
collect spat efficinetly.

(ii) The larva, after attaching to the collector, seeks for the best spot for its settle-
ment by crawling about with its foot. If no proper spot can be found, it detaches itself
and swims to another attachment surface, where it again searches for a spot suitable
for settlement scrupulously. Observation of the oyster spat, soon after its attachment
on the collector suspended in the sea for 24 hours, reveals infallibly that it is the con-
cave spots where the larvae attach.

As a whole, it is in the hollow or behind the protrusion that shellfish larvae prefer
to attach, and this is also the case in the cypris larva of Balanus.

These hollows, when cast in paraffin, measure 0.4-1.8 mm in depth and 1.2-4.0mm
in width. The shell of Pecten albicans is provided with numerous depressions, and this
may be the reason why the shell of this scallop is preferably used as the collector of
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the oyster spat.

Therefore, I devised the “double-net collector”, which has an ideal structure full of
hollows. It is made of the two or three sheets of nettings of fine mesh, which are pla-
ced one over another and sewed together into a sheet. The size of the mesh is about
6 mm as stretched. When one netting is placed over another, the meshes of the former
is shifted by half a mesh from those of the latter, so that each knot of one netting falls
in the center of a mesh of another netting. With this collector, bivalve spat can be
collected in abundance. For example, an average of 2,263 ark shell spat of 2mm in
shell Iength attached to each 10 X 10cm area of this collector. It has been shown also
that this collector can be used practically for collecting the spat of the pearl oyster,
Pinctada martensii.

(iii) The spat grow rapidly after attaching to the collector, secreting a hard shell
containing calcium carbonate. During the growth, however, they reduce in number
owing to their own death and the attack by predators (fishes and crabs). It is most im-
portant in the production of bivalve seed to raise the survival rate of the spat by pre-
venting such death and attack. The double-net collector, with its numerous hollows
formed by staggered meshes, not only serves as a good collector, but also has a superb
advantage in protecting the spat from predatory enemies, and moreover is quite suitable
for the culture of juveniles. So that, it may be called an appropriate collector for
shellfish culture.
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EXPLANATION OF PLATES 1-3

Plate 1

1. Ark shell, Anadara subcrenata (LISCHKE).
A : Right shell valve removed.
B : Byssus
C : External appearance.
. Fertilized eggs : first polar body extruded.
. 1st and 2nd cleavage.
Morula stage.
D-form larva.
Umbo stage larva.
. Full-grown stage larvae.
. A young shell attached to the collector.

®NAU AW

Plate 2

9. A “Shida-mabushi” collector.
10. A heap of “Shida-mabushi” collectors.
11. State of hanging collectors in a boat.
12. Artificial spat attached to “Shida-mabushi” collectors.
13. Same as above.
14. Artificial spat attached to hemp-palm collectors.

Plate 3

15. Swimming larva of Brachidontes senhousia.
A. Velum ; B. Foot.
16. Full-grown larva of Brachidontes senhousia. C. Foot.
17. Attached larva and spat of the oyster (Ostrea gigas), 24 hours after
setting the collector.
18. Attached oyster spat at the radial groove of the shell of Pecten albicans.
19. State of attached Brachidontes on the double-net collector.
20. State of attached ark shell spat on the double-net collector.
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KUSAKABE : Culture of Anadara subcrenata
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