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The Maturation of the Ovaries of the Abalone, Haliotis
discus hannal Iso, in Rebun Island, Hokkaido, Japan

B

Kyoji TOMITA
(Hokkaido Wakkanai Fisheries Experimental Station)

The maturation of the ovaries of the abalone, Haliotis discus hannai Ino, in Rebun Island
was studied by the histological method.

The results obtained are as follows;

1. The process of the development of the ovarian eggs was classified into the following
seven stages.,

(11, oogonium stage. (2], chromatin-nucleolus stage. (3], volkless stage. (4!, oil drop stage. (5',
primary yolk globule stage. (6], secondary yolk globule stage, (7), mature stage.

The photomicrographs of these stages are shown in PI, 1.

2. The maturation of the ovaries was classified into the following five stages on the basis of
the developmental stages of the ovarian eggs, and their microscopic structures are shown in Pl, 2,

(1), spent stage. (2!, recovery stage, 3!, pre-mature stage. (4', mature stage. \5!, spawning stage,

3. In the ovaries, from the oogonium stage to the oil drop stage are observed in all seasons
(Text-fig. 1). During the winter period the development of ovarian eggs is very slow. That is,
the ovaries of recovery stage are observed from early October to late April in next year. After
March, the ovarian eggs develop rapidly, The ovaries of pre-mature stage are observed from late
March to late June, of mature stage from middle June to late August, of spawning stage from
late August to early September, and those of spent stage from late August to late October (Text-
fig. 2).

4. In the ovaries, ripe eggs which are capable of being fertilized were not observed.
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Text-fig. 1 Seasonal occurrence of the ovarian eggs in each stage.
1. Oogonium stage. 2, Chromatin-nucleolus stage. 3. Yolkless stage. 4. Qil drop stage. 5
Primary yolk globule stage. 6. Secondary yolk globule stage. 7. Mature stage.

TH 4, PPERE 150~200 piPlate 1-Fig.0)

iR IRIE TS & b pR sl & o Biai. DELP ] - Text-Fig.d Ok 5ic
WELPNE, FhER e HGCEPTE DL, 12~1HZ AL H

Tickots, HPEENNG, e,

IR, HER O o Eos 3~4 iz, -h ML 81 RIS ERHA e I
4~6 AOfIC, 2P BRIHodNt 6 ~8 AIOINE 8 ~ 9 J) i A bt b, Tl

1% 8 J1 Fa)~9 H k-1
BRAREN & e L T

sitB. L Ledie 8 A TFf~10 Jfil = A F To M)

BA A = W LR E= Y T v E DIRRBIY
DM EL

Cie BR  #%

l;‘uJ!J‘f":?IHH.f.uL JIRORENIEE LD, % &)1 B il oY 2 REFHTER I

ORI OV ITET % 5
l'1g.1'

¥hh T %% T4 (Plate 2-

I o IpEF oA L, I LY X hEE
P A il e L )

2T X7y, PO k&

% (Plate 2-Fig.2)

CAp BE % WD
= OMOIIE-CIR RN F T oIRO SN | ISR O BIA S B A,
Whe JPBURE XA WL, o uRet2E LIRS 1 582l
iz b, Do kR
(84 ; Jl.iU
IR HL P s 2 B hp

i ~‘L .'}:T B 11\1 31| J"‘

Lz & 0 i

8o TV AAY LAV a4

(Plate 2-Fig.3, 4

FELFEL LIBAL, T

b

3.5 mm




Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May. Jun. ‘Jul. Aug. Sep. Oct. Nov.

1964 1965
Text-fig. 2 Seasonal change in ovarian maturity aud water temperature.

1. Spent stage. 2. Recovery stage. 3. Pre-mature stage. stage. 4. Mature stage. 5. Spawning-
stage.
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The development of the ovarian egg.

All figures, except for Fig. 8, were obtained from the materials fixed in Bouin's fluid and
stained with Heidenhains haematoxylin.

In Fig. 8, however, the materials were treated with

Fig. 1. Oogonia x 1040 Fig.
Fig. 2. Synapsis in oocytes. x 1040 Fig.
Fig. 3. Chromatin-nucleolus stage. x 1040 Fig.
Fig. 4. Yolkless stage. x 410 Fig.

Fig. 5. Oil drop stage. % 410

02 tormalin and Sudan [].

6. Primary yolk globule stage. *x 410
7. Secondary yolk globule stage. % 200
8. Secondary yolk globule stage. % 200

9

. Oocyte in mature stage with slender pro-
toplasmic connection, x 200



Fixed in Bouin’s fluid and stained with Heidenhain’s haematoxulin. All figurs

The maturation of the ovary

magnification at 69 times.

Fig

Fig,
Fig.
Fig,
Fig.
Fig.

. 1

4
5
6

. Spent stage, collected on September 24.

2. Recovery stage, collected on January 27.
3. Pre-mature stage, collected on April 22,

. Pre-mature stage, collected on June 3.
. Mature stage, collected on July 15.

. Spawning stage, collected on August 23,

are

of same
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Studies on the Planktonic Larvae and Young Shells of Japanese
Surf Clam, Spisula sachalinensis Scurenck, on the Coast
of Yakumo, Oshima Prov., Hokkaido.

Tadahiko HAYASHI (Hokkaidoe Central Fisheries Experimental Station)
Katsuji TERAI (Hokkaido Kushiro Fisheries Experimental Station)
Kenji ARIMA (Hokkaido Hakodate Fisheries Experimental Station)

The Japanese surf clam (Spisula sachalinensis) is a common pelecypod found in the northern
part of Japan, and is widely distributed along the sandy coast of Hokkaido. It is regarded as an
important resource of local clam fisheries. The authors carried out an ecological investigation of
the planktonic veliger larvae and the deposited young shells from 1962 to 1965 at Yakumo's clam
bed. The samples of veliger larvae were collected by vertical hauls of a plankton-net and also from
pumped up waters from several different depth layers. The young shells were sampled by use of
Tamura’s bottom sampler. The results obtained are as follows:

1) The veliger larvae of S. sachalinensis were mainly distributed along a zone about 500-
1000 m off the shore-line. The relative abundance of the larvae was high in the Uchiura and
Kuroiwa areas, but was low in the Yamazaki area respectively,

2)  The distribution of veliger larvae of Solen krusenterni and pluteus larvae of Echinoderms
was similar to that of Spisula, but the veliger larvae of Patinopecten yessoensis, Mya and
Clinocardium types were found more off-shore than Spisula larvae.

3) The distribution of veliger larvae of S. sachalinensis shows a tendency in which the larvae
belonging to more advanced stages are found in farther and deeper places than those of the early
stages. And also, early stage larvae of almost 200-220 g in shell length are found in a layer about
2-4 m depth, but larger ones of more than 260 # in shell length are mostly found in a deeper
layer of about 6-10 m in depth,

4) Judging from the small differences found in the distributional phases of the planktonic
larvae according to species as well as according to development stages, it seems that the factor
influencing their distribution is not only the physical movement of sea-water, but also their own
adaptive selection for habitat,

5) The deposited young shells of S, sachalinensis were found mainly in an area extending
about 500-900 m off shore and at about 6-9 m in depth, They were especially abundant in both
the Yamazaki-Okawa area and the Kuroiwa-Kitatoyotsu area, but there is no distinct inter-relation

as far as the amount of shells is concerned when comparing both areas.



6) The distribution of the young of Mactra sinensis was similar to that of the Spisula
young, but the former have a somewhat greater off-shore range in comparison with the latter. No
distinct relation is found between their quantitative fluctuations.

7) In October-November, the young of S. sachalinensis averaged 2.48-3,98 mm in shell
length, and the mode was 1.6 to 2.5 mm, The greater number however, were less than 5.0 mm in

shell length.

&) Up to the following July, the shell length of the young clam increased an average of about
0.13-0.17 mm, and moved to a shallow area approximately 100 to 300 m off shore. However they
probably do not move parallel to the shore-line.

9) During this period, their number decreased 1/10 or more,

10) A possible reason for thir movement and decrease is the heavy wave action during the

winter season.
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Fig.1 a; A brief map of Uchiura Bay, showing range of investigated area and the major locali-

ties of Japanese surf clam, S. sachalinensis.
b; Sampling stations at the clam bed of Yakumo. Each station was settled every 100, 300,

500, 700, 900, and 1,500 m points from the shore keeping each 1km interval along the
shore-line.
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Table 1. The yearly catchs of Japanese surf clams in Yakumo

Number of Number of Yearly catchs
commercial boats fishing days (kg.)
1957 173 95 313, 099
58 175 98 415, 100
59 186 101 521, 321
60 190 103 541,726
61 195 108 771,271
62 215 110 603, 400
63 217 100 469, 300
64 214 107 468,100
65 232 73 355, 000
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Fig. 1 (2B ME s L OCFEISREEO-H>OMEM AT, WRIcT - Tlkm ZXcKEDH, Ak
offizisd » T 1km OfF% 200m F2E 0, Fh£h 1, 000m x 200 mOEE Y 2 75 OFFEE
BIZSH T 1 ~80 @ station number - f1i17-, B His LR HOFEE L3, coF i sEic
L, HEHOBREFEMS L L. FEEAOET CR AN CHEER S 2L 5313848450, C
WiRZOSEHNT 5. FRERAFECIENOR, BARIIOEBERIC st.81 725 st.100 ¥ T%
FEC b 5 Fcflic, Sfio8E,HCEEL R 52080y 25 c@ELA-CLLBY, ZhT
DNTHEDDEREES 5.

FE# BOM#EIZI2, NfE 30cm Miillergaze xx 13 @ plankton net # L., —#HCiZ B D EBFEHE
WA BTl 1o0h —HCit wing pump I X DkIE2m ZLOMNEE LIS o7z, sample it for-
malin = & 0 EwE L, WSS X b KE Ot plankton kKR O R ShEAFTEL, ¥
AHAEREZDWTIR—IEELEL 7-. %k plankton ic 2L Tit FHELch » 723, diatom D H}
BRo HY% : LTk R (settling volume) %5 L 7=, #ikicou-Tit PH, 7k, KH#iELi» PH
LTI BTN X » fofedd, MSRTRED L { —F Tk L, ¥ o —foth s ek kT
RaUY : Pillo] Hi UL S Sielrs 0% A

EERERE R OB AR LR E TR 588 cm? o) IR AR 2 AV, B L 72 Bt < 1 mm BOMCH
L, B4t formalin o %5 L-CHicjiln: L 7.

IFERE RO RERIE, HWO v -0 1 PR R OB 6 Aditi~7 H Lficadz Lok (Fids
1963), 1962453 6 H16 H& 7 H 4 HIZ@lf Lz F08H 6 H 16 Hix i BfEkE» e, TH4 AR
HWBMERIL S 5 5 fobd, 3R 280~300 ¢ OEAD L <, T oo~ EERICBIT Lo L FEA DR
HOT, "G4 ELENE 6 ] PR AR E L. MEMBIEGTHE 14 { T2, AR
DR U BT BT b, 1, 2 OOMA B THE 2 [M8E LA EEf R L TiE0EERSh
oA L mm AOMCRNLRE X2 b2AL LT, 10 Hdighn 11 H Fadme s L, 246 i

LiEHOfi R+MET 5 CcE2 3EHMEELL.

R EER

1 il Ric o T

B IOV COBEEFEAHIZ 196243 6 16 H& 7 A4 0, 1963 SFIRESC L b duk LT 1964 47
2622 L 250, 19654FX6 AR AL 2BHTHS. 626 H 16 HRXFLRAES LD TS 12D
THIERICH > T2~3km ZTEicHERLY L D, FHEERETKIES 10, I5mo JWETREEREYE
i ot HMEROMFL Fig.1l i A~F TaL, #EmALAES 10, 15moEC, A, A As
By, By By L7z, 76456 A 22 AIkoEE% B 5 - olERELILE, B chy, @kt
I -T2km Z LB 49500 mO S TREREY I -1, ARTO Bfesiz Fig.l OF#El
ST st.4, 15, 26, 36, 46, 56, 67, T8 TH H, |UEEFESEOWMFEMWAUL Y, Y2 X0 st.88, 98, K;
K LTRLTH S, £OM0FEIRTT Fig. 1 D@L, #HcB-T 2km #7412 3km
BRICHER100, 500, 900 m O S CEAREEY IS I L7 1B EIL XSO REYR 5109,
FE}1L,500m ¥ S %4 5 Fig.l imizthbicl ’ j# 2 TURLTH B, £7-'644 6 F 25 Hit
TEEFFEOZHNZ st.26, 56, S8 TKE2mM T Lz 250 FkAa L DR ET sy, 654E6 H28 H
i st.67, 69, 69 THBIZEIEEY -4 BkOKE, HECSLTIRERICOV T EEERE
LA cilEL, BilokE, HFEE64E6 A 22 Hixeihs, 64456 A 25 HitBIEEEOSD
Z, 6546 A 28 HIZRBEEOM 5 - st. 46, 48, 48, 26, 28, 28’ CillEL 7=, 7cis'644E6 A 25 Hi
@b TR A B L R E oK, HEOIEL P L, 654 6 H 26 HiXBH{LO ik el 2
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=3 B

FRE L7 Plankton @ 5 L REOH FIZTE 27 EINCE Lz Ok, 398 51064) HB Lick i
B EREER Y A DRI ~TF HA, 44 3P4, &7 41 Patinopecten (Mizuho-
pecten)yessoensis(Jav), 4 # 4 Mpytilidae, * %~ I 1 # 1 ¥ Hiatellidae T, ZD@Em=y1vn
& H 4 Clinocardium californiensis (Desuaves) =4 A / A O G ILBT 2298050805 b
KD M icDTEEh Clinocardium type, Mya type » U TililL f=. #7052 2 < AEET 5
Tfic 7 2 1 &% Teredinidae, # 3 =# < 7% Anominidae +Ofli, WO 4 ONETH DL,
CHBIREDME L TG LIz, MOEENTEZVEHEREDE{ER (D shaped larva) X 3TE% H
filt L (Umbo stage larva) » LT 1L .

FRELI O Y L LTk BUEO LR & 2768 Polychaeta © gtk Mo e WO TEhFh—
FEL 7= #UY T4 Echinoderma o %422 #i 1085 Echinoidea =\ i3 1E#H B Regularia, £3% H Spatan-
goidea, #fkLI Clypeasterida @ Hiz 5t ifgffl Ophiuroidea(Ophioplteus larva) > #32% Asteroidea
(Bipinnaria larva) iz c—$E L7z, COMcBBTAEMNAD Yk +<T=v -7 v v = Strongy-
locentrotus intermedius(A, Acassiz) Td D, O EIEZ OfECEAH 27 w7 2 LbbhiclhOTo
OOtk ¥z 5,

Z OB AR O G4 2RO Zoea larva b Cypris larva, #8§i4&h% Molluscoidea
> Actinotrocha larva » Cyphonautes larva T#% %

PR LIA D Ehdh plankton Tt d7cd @ & L€ KD Copepoda $s k8% ® Nauplius » I
1 Branchiopoda(Podon sp. »- Evadne sp.), EHiE# Chaetognatha ¢4 H% Sagittoidea, Ui
) Protochodata ™2z H Appendicularia #8fici i, /B8 L i L,

Plankton D #dEFTMRCFEL, —BOREO b 91 B E KR BESE AR & LT Fig.3~ Tic
e HARKOSERRL 1A ) R HBIMREAIEE L LT, £ %, 14, 1 We OffixTET X
v fze

m K F 5 A

FIREC 31 B w3 A RN R O7)cR4r il Fig. 3b, 4b, 5b, 6b, 7b iz LAy, —AHCHi 500~
1,000 m {37 2 DN HE AT 3 - CHORIC I O MR A B » €, LU F 7k KO T CHBEAUE 7o b
£ OO PR & BENT FEANG &I HAAR SR B, ¥ 1965 EO BRI SR RM A ED,
20 ¢ MFE CREREROSMH A &, 6 7 28 AR % Fig. 8 2R L1cas, 240 p BUFOfE HIZEER: 1, 000
Mm% <RS00 m (EE CAA LT A, 260k Ll EOfEFUREEN L, 000m RO bz A
%l FRRAICHE 260 ¢ LT ORRAS <, Rk 260 2 DL EOHERAM%Z v 6 A 26 ROBET
b BROKE feff R Sibflic 54T A 103 28 B & EETH A28, 260 1 LU O MR R, PR
LACLSEL T,

DR, BIHEHMSIE S &5 v -3 1 # R L Fnc BT % 738 BB RO G5 o 4714k Fig, 3a, 4a
5a, 6a, Ta, (2L iy, FERE500~1,000 m (T - CHikic B E Oy H 5, LK T
WEAME LS, M & I CHEAE G S5 v AN A HER iR L RO A0y A F 1 fE R C
ol

YT ADSDERFEMRCIE =Y ~F A, 44 3 VY HAHERIZ RS v SH 1 & X AR %
b »TWb, Fig.3c, de, 5¢, 6c, Teltiz =V =FHAHRD AR ATTH, 62ETH4HR =V =7
A, AAIVHTAHERE SIS, Bigizit s YHAHfRERLThH D, ¥72'64456 A B HIX
VIBFRT D w -3 o §ff Adt s i T = V=7 F A fERIL i e, BErbAME CHEBELTAML
TWaiE, BFLL Y- fEROGARI L L F R &R il A XA, F2= b XA HOHE
AR NEREEDIEFIC Pl , SHOKEMIIT-Z D Lok, k2 FH AL 624E6 A 16 Bigw A~
A HER E P AEE S R bdirzss, '64, '654 Fig.5d, 6d, 7d wmTX3ic, —Ahcv AT #ER
L O T HEMB R SRS, ¥y 54 A i AD D 7o B LML TR RN A5 < 1
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A YAVMAZAKI

WASHINOSE !

Fig.3 The horizontal distribution of planktonic larvae on June 16,1962, Each number indicates
the individuals in a vertical haul of plankton net, and the equivalent lines were indicated
by relateve number as 1/2. 1/4, 1/8 and 1/16 of the greatest individuals.

a; Total number of pelecypoda larvae, b; S. sachalinensis. c¢; Solen krusenterni
d; Pluteus of Spatangoidea e; Gastropoda larvae f; Polychaeta larvae,
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Fig.4 The horizontal distribution of planktonic larvae on July 4, 1962. Numbers and equivalent

lines are the same with Fig. 3.
a; Total number of pelecypoda larvae, b; 8. sachalinensis. ¢ Siligua alta. d; Plu
teus of Spatangoidea e: Gastropoda larvae f; Polychaeta larvae
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Fig. 6

The horizontal ditrsibution of planktonic larvae on June 26, 1965,
lines aer the same with Fig. 3,

a; Total number of pelecypoda larvae, by S. sachalinensis,

Numbers and equivalent

c: Solen krusenterni

d: Patinopecten yessoensis. e; Specific gravity (15°C) of the surface layer,
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28]

Fig.7 The horizontal distribution of planktonic larvae on June 26, 1965. Numbers and equivalent
lines are the same with Fig. 3.
a: Total number of pelecypoda larvae. b; S. sachalinensis. ¢ Solen krusenterni
d; Patinopecten yessoensis. e; Pluteus of Spatangoidea,
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Bih, =S A vhrH A type, AA 2 H A type O AHC AL £ <, OGP R & T
TITV B,

FRELADIFESE TR L VOB DA Th D e ThAn AT T o, hvs
VL, 7o FFEA-RNTHES, ChBEEAYMULS KSRz LTnd, AH 27 7
2 DD AR D&A Fig, 3d, 4d, e, Te (2 L7zA% Bl 500 ~1, 000 m (IR iic iy » T i
OIkA B D G FIEEAE RO Gt LBl ik LTuwWd. Fhe= /37 vy =i, 62 ik i,
S7edy, 64, CES AR A A A T Ty LA iR ail, & b FEUELREEOLZGE L, PR D
DNEDRANEA D 2T T p i LTS,

FEE S RE LD 43 AL 62 SO B A Fig.3e, de ioatLizas, —#CHERCi - THHNCHEEO TR
MHDHETIEMOIER LTV D, Lo LEEOFEL G &0 Sk 77 B LR wh i shd: & 8 1
RigoThd. ¥FLRES Lo L2 RE. 2R MEL 2 HOR P4 Fig 3f, 4f oL, £
ORAEAIHIIO Z RN E ST D, 7265 4 IR oA LTu ey, i s <,
6446 H 26 M BB et K LR S0~900 m T4 { it » T D, ofd JHEERIL L 4E
B BodeEsncE T, il (PR B aMo gl UTunbot, —Mhinsfhitimns
MLBZ EBINEETHS

644E 5 H 22 HoLEh & Mk E TOMED U O B TUREL Tig. 9 i Lz, fcilokil, 1k
EORMEFIE Table2 i Li, v 344, =V=FHAHH, #UEKBEOMIE st.36 75 st.38

Table 2. Water temperature and S.G. (15°C; of each depth layer.
June 22, 1964

Station No. Y1 Y2 4 15 26 26 46
Time 8.40 9. 10 9.35 9.50 10. 16 10, 40 11,08
Depth (m) 9.0 6.5 52 6.2 5.8 5.0 5.3
Temp.|S.G |Temp.|S.G [Temp. S.G |Temp.|S.G [Temp.|S.G |[Temp.|S.G |Temp.| S.G
0 m layer 17.2(19. 4] 16.8{18.1] 16.2/22.0] 14.5/22.7| 14.3|22.7| 14.5(22. 9 14.4]22.7
2 m 15.2/23.4| 15.5[22.7| 15.3]22.7| 14.2/122.9 14.1|22.8/ 14,2(22.9 14.1|22.6
4 m 14.6/22.9] 15.1123.2( 14.1{22.6] 13.7(23.2 13.3/22.9/ 13.8/22.8 13.8 22.8
6 m 14.2(23. 3 = = ={ = = = =|| == = = ~ =
bottom = = 14.2/23.0] 14.0123.0] 13.5/23.4] 13.3/22. 9 13.9/22. 8 14.0/23.0
Station No. 56 67 78 88 93 K 3 K4
Time 11, 30 12,35 13. 00 13.25 13.55 14,20 14.40
Depth (m) 6.3 7.2 7.0 7.8 7.0 7.0 7.5

Temp. S.G |Temp.|S.G |Temp.|S.G [Temp.|S.G [Temp.|S.G [Temp.|S.G [Temp.| S.G

0 m layer 14.7)22.8) 14.7|22.8] 14.5|22.7 14.6/22.7 14.3|22,7| 14.2(22.7| 15.0/22.8
2m 14. 422,70 14.3|122.7 14.2/22.7) 14.3|22.7] 14.1|22.6| 14,0/22. 8| 14.3 22 7
4m 13.8/23.0f 13.7[22.8 13.7)22.6] 13.9/22.8 14.0[22.8 14.0/22.8 14.4/22.7
6 m - =1 13.722.8 - -—| 13.822.8 =l = -| -] 13.4 227
bottom 13.8/22.8 13.7|22.6/ 13.722.8 13.7|22.8) 13.9/22.8 13.6/22.8 13.523.0
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Fig. 9.

K1 98 88 78 67

56 46 36 2%

Station

The horizontal distribution of planktonic larvae from Yamakoshi to
a; Total number of pelecypoda larvae b; 8.

Kunnui, on June 22, 1964.

sachalinensis c: Solen krusenterni

e; Pluteus of Spatangoidea

f: Gastropoda larvae

d; Patinopecten yessoensis

g; Settling volume (cc)
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F CIBMRED S {, st.26 2 HIURM L st.98 2L EEMNTCIZIER PRl LT b. H2TH1HE
HL O MR A2 Bt st.78, 88 2%\ BIEEHE R, BB D 54 4 A CE 4 385,
WD Lh4:L, Fig.9%e o4 3 A7 w7 704 ECH LA L5 i UBOBTHOZ{ kT35, ¥
FRENTL A 2751 2B SINEDO RO S THUSZ { kbR Rbh %,

(20 M« W o A

6446 H 25 Hit=—7 » 7FIIAICIEL st. 26 & FEEECEERER D2\ st.56, 58 O 3G CRTIREY &
Tl ats, UoAH A TR HBREES VD EMESHONBLH T b Bt Tt o 1225, st.26 Tid
WEFHOMTLEEShT, st.56 Tiz7kiE2m Offic% <, #OMHD st,58 TitkiEd ~8m Bics <
AZbohiz, FREHAOEITIE st.26, 56 TR TPiuA, HLREF Ti3F o HBL, st.58
TIRIKIES m S { fo o T B w374 1 LU0 FREHE I BB ER = bl BEZEH O 4
I —EOKFE LWL LWL ERIZREBRICLA, =SR2 v, dh2T T2, AVAVE, &
FFEOSHEZERICL L, 22 FFEOYERERE THL )BT AL T,

65416 H 28 BIRMATEREAO 20 BERITER 500, 900, 1,500mo 31845 st 67, 69, 69 TR
Ha I Zicly, —BOMISHHE%E Fig. 10 icBlizinLic, v ¥ 1 # R Fig.10b i@+ Xx 523
WAL LERMTIE LA S HBLET, st.67 TIRAEZMFIZZ <, st.69 TiE4m Fics <, st.69 Tk
IKEE A mEITRICR % Casle b i i LTV, FREEROAHE LU=/ =7 # (A Y Fig.10ac
EmLlickieyAH 1R L BERFEOFHALT LTS, w27 AHRIX Fig.10d @il ks
ic stB7 TIXiT LA X HBlET, st.69 CitkiEa m @, st.69° TIRAIE6 M LEIC £t o Tlvd, =
SA R HA type, A4/ H4 type off BILRICT Xich o fodh, w2 FHAHER L Aoyl
T%, MBI OMEIL A 27 v 7 204 Fig.10e 2Lty Ay -~AvHE, Zze r7HHFhi
il CHA T3t s bIKIE2~4Am % oo TLdH, =Y 37 vy =gk 2 b3 st.69 ok
Wd~6mlicisTORFRTE 1o, WEHRER L 2EHWEL Fig 10 f,g iaLicas, ooty
AHAFER EEITVW B, L, BB Y S0 Fih o Hicd { SEBRMEREOTICE kT
Wi,

"65 4RO PARGTHD 5 P L RS v 7 1 B R o@EN A & Fig.ll o X 5icicd,
& 200~220 ¢ DOFEFLIZIKIE 2 ~ 4 Mm% <, 220~240 & OfE UL IO K TREER £ THTATAD 1) 240
B L EOHERIE st 67 TORTPOEHI BULRICAM LTV A, MR o 544 pluteus Dok
stage XM FDHE AB AT T 2, hoAVBEL stage AR E SARIC X D, B2 VED
EMER oMK st6Y TixhEoR RIS B L Tuh .

(3) WP, EEASMOER

BLEMRAR2=Z L v AF A HER &I U EEBIOFRE R i OB EROIF B84 3 A E0FEELR
MHERDE, FICIVETORGEBEH, PRIBEDBLFHEAMLEOLS THE, v H 1
HIRFETOMEA 2ZMEE FHET o 4idin iz L 205, BOEEH ARSI 200 . Ok & B REE
LELADER 280 P ELoOBEKE T, BEA—-OBBICREL TWBZ 206, Bt CEHCHkE
hao bdind, HBEHREOELIZEEL TWADTIRELW A tE L LR D, BREOBKIZOULTIE,
@il TR RO ABE LABRETH S, 6446 25 HIXFEOR, 65426 J1 28 HIXFAE
DR TEMOBMILFEIHIEH EMIZEVG- T, Y7 f RS Mz RENTE i, A
HTFRCH LW EERROhIBETH -1,

GAHA, =S =T H A OFBEERR IUBEB oSk, BEOMG RIS LKL
P, HER L P HBAE AL TWS. L Lk FH AR -SF 1 X DibicAfiiL, 228G
RRHTIEWE S AN X A E BRI > TUBLT LM UThnWZ &ab, FEERRSCYHED
sk O X OBRIFHOBRIc L 2 L2 oM. ZOZ LREBROSNER T,
Lo LLMBMCHRAEL LT 6 A 25 Bofif% Fig. sl iZmmLieds, =—7 » 7)nofitET4<
EaThdiEd, WFhLKESL ELCEML, KETH-» THKMIERYS ) ORcHEEL T, ok
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Fig. 10. The vertical distribution of planktonic larvae on June 28, 1965. Numbers
indicate the individuals in 25 / sea water at each depth layer. a; Total
number of Pelecypoda larvae b; S. sachalinensis ¢ Solen krusenterni
d; Patinopecten yessoensis . Pluteus of Spatangoidea f; Gastropoda
larvae  g; Polychaeta larvae
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Fig. 11. The vertical distribution of Spisnla larvae, in each shell size group, on June 28, 1965,

BEn b EZORLDHEQUIRLR G, o2 HE+5 X 5z, "6546 /1 26 BB BEO i iX T4
wiBlgrRohi,

G2IE6 26 H, THA HOREROK PSR RS L, =—F o Z056IETNTH € DS Bt
Bl MIDKROEETERVDEE L LRz, LAL6ES ] 22 Ao AR5 L, Fig.9 LTable2
it ek 0, #EO LERIUEO 2 8 TETEVD, fERodius st.d, 155X UCEEHTIEEA Y
15°C AT L0200 1H 5, Frollo 2 ChkE2 mEL Lo TR~ T BB 10220 LT h
atze ¥12654E6 A W ADMETIEI=—7 » FlA0T o st 13 CLIETLIRE LA X E TR, o2
# AR OB OF I, GV Td, KA TR EA SN s, O LB EOR LS
BRTh, VAR R k2 m DEORICE D, Rt cEG-aTh, kEE2m &L
OB LAY FHT, o Aol citikoB 8t Lo Ty x4 Ao FcithE o
WELIWEELBNRD, 121276546 /1 26 Do oK FIL Fig.6e iwmlLizL o, =—3 « 7N
HIUBHET T E, UGt - TR o Tk h, ook Z okt id, wxF7
HAMB S Lo Thdh, ZOZENLRL EMTkOEELERTIEWEELBR 5,

9 KA TR R OFRINO A% B A LG TIZRE OMEA L Rz L iilics £, EliGHch
HEOEALHMEE YOGS\, Floh 2 FHAHERIZ Y <X 4 HER X bRl ozE Bz 454 L
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Twd, fefihz2 754 iRz Lol BB Bz 0 0 D RTTDMA LZMEYZL.OTRET A fE
Ho—#EmHE 50130 Th 5, LALook i Cif#E#A Do e EorRSic L - TH=
HTEmbELDE, FRIERAOFTMAMECTNITKOBBIHENTESLR DO TR, WTHHe
flkoEFClEbh fcfiitoklfEoht, ThEhofANRERORERE LTlREanfitT54
DEEZIHMELT I THS. 6656 J] 28 Houkikl. HHio Mo R% Table3d ik L 2227,
st, 69 TIZEEFOKEIX 12.4 "CTHHAL, st. 48, 28/ T2 9.3°C, 9.4°C L7 D€, st. 48", 28" {}
ETHRERCIHhOEAMSBALIZLELLR, KRN TIOMEDY ~H A HRN D H 27 F 1R
PRESES FTAMHL TWAELL—HL T A, 226456 22 Aol EEE CoRFETIZ Y <
HABRLA 2T HABALABELFEL X 5 BN ELL L T3, L2L, WEETOBERILE X
TiFE DR L CHEN TR - THRCAH L, Fic X D RUSET o s ilifc b L Tw 3 LT3,
ZorS o PTcEER Y L5 T CLENS Moo L2 5.

Table 3. Water temperature and S.G (15°C) of each depth layer

June 28, 19465

Station No. 67 9 69’ 46 48 48’
Time 10,20 10. 58 11.25 13.10 13.27 13. 50
Depth (m} 6.0 10.5 11.0 6.1 8.0 1.2
Temp.| S.G |Temp. SG [Temp.| S.G |Temp., S.G | Temp. S.G | Temp.| S.G
0 m layer 16.4 22.3 16,6 22.3 16.5 223 16.3 22.3] 16.1| 22.4 157 22.5
2m 16.3| 22,9 16.1] 22.6] 15.8 22.5 15.4] 22.5| 15.3 22.5 152 22.4
4 m 15.6| 22.9 14.6] 22.7] 13.1| 22.¢| 12,5 22,6 11.8 22,71 13.3 22.5
6 m 15.4| 22.7] 14.0| 23.4] 12,3 23.0] 12.4 22.8 11.3 22,6 11.0 22.8
& m - = 14.2) 22,9 12.0[ 229 - - 1.3 226 9.8 228
10 m - —| 14.8 23.2 - = = - = = 9.3 22.7
bottom - = < =| a4 om@ = - -l -] 93 zz7
Station No, 26 28 28’
Time 15.15 15, 30 15. 45
Depth (m) 7.0 9.5 14. 0
Temp. S.G [Temp.,| S.G [Temp.| S.G
0 m layer 12.9] 22.6] 12.5 22.6/ 13.1f 22 5
2m 12.2] 22,7 12.2| 22.5 12.8 22.8
4m 10.3] 22,4 12.1] 22.5 12.6/ 22.8
f m - - 1.1 22.6 11.0 22.8
8m - -| 10.3 22.7] 10.3] 22.9
10 m - - - - 9.4 22.9
bottom 10,3 22.9 10.3 22,7 9.4 229

2 EHEERICOLT
FEHifE A ofEEIT Fig. ] o@EmScd 2T THE I -7 62400 SEFTORETHEL 14
HOBLEMBIIRDOEE I THS.
ERBTIIY AN A, =SS h#HA, $I3HL, =S =FFHA, A 3 /H4, 7V THAHBEMTH
h, ZoOlFa s ~+ 44 Paetellops pulchell(A. Apams et Reeve), 74w 3% 4 Mactromerisvoyi
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Fig. 13. The distribution of young shells of S. sachalinensis which depesited in 1963,
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BT30S WA F#F LR S,

13)  EEHEME H o RHIR

62EDD B IEE T 10,11 AOWETO G A H A L=V 15 H A O N 0B EHIIL Figs. 16,17,
18, 1947 ¥, Fbbk L kIEIC X 2 O K E 20l # R 5126, 620 L FiE# % i
LEHETOF L THEY IR, RRICHE MM SEMRAY A5 L, Figs.20, 21 0512
5. HRBEEBEOPTVIME LSS0 TRIKE Tt Lz, v 04, =V HF 4 L ibiiciz s v %
DRV, TofE D -0 A IR FHCIEL R F B AR E { e, =V A A RHN500m X b Bl Sl
WRAKE e BHANALN D, 63 SELFFOMK YR M0 L Tiua, Wihofid ki
R, vAF A IRPHGE R EBEAKRE (b h, =V h X iR oS cii i e & 54
BoMibE VEE TR,

AEMOZTRMERL RS L, 10, 11 Qo v -7 4 RIS 298K 5 mm LT ¢, Mode i1 1.6~
2,5 mm: EM Xt E~FERITN S, izt b Mode 4o Foluv-25 0, fficBok e
WoOHBRARAL 50, o~ fcmd, HEHBRBIOIVGEEEREARE L, P ldffioluict 51
WLEZBIS, Thbb 62EIIS/MHTEME L HEEL F TR - TWA1c A E {, 62, 634
(LA TRPEA I 72 5 fd V& {65 SRR S ARG BTV e K E Tk o BLE AL

SO X5 e IR X 2 EAR O AT, FWICEAHE AV 2 LRI DU TRk & Dok R
i dik, ECEERATR ORI X 23E 2 A AREOERTIRf@sd bl v 1 EMUL S
TP A L A=Y WA TRIDI I RKFEC LAEDRLLCT &b, NI E D SN LELL
s,

M) vy A IEERROBE, R ME
11 AU v A4 4 fi o Sfic-ou T Figs.12, 13, 14, 15caiLizAs, 10, 11 J 24 Bl 500~
900m {IEiZ % h o -HE RIEWIE 6 A ¥ Tichacan-o & B 100~200m (g A5 L 5cic s, Bl
100~200m HATEHEI AN % { 7B 220 Tl < Y O MIKECCL ML TV A Z L b, BIEHROMAZ L
HHET LoBHTRLWEELBR S, LAHL 10,11 e Aobiov itz o B L &
IHEREEH - TOBHRSE ALLE2BhE, COZLH0YAF A HEIZEEL/HEL A hCBEIT
AL HE DRI AL, BRixfiBis kw22 bh 3. AZMHEOLRNEIRRAR,NS ML
Bz ESA, BlLolizRArS RiciTh Fbh s Luvwc&sidd. 2oL 5 iz k
HHROBBMLAXVWEEIHNED, DOBBAIHEL TV ALOTIZ-E b Ltk Fl=Vnn
A TR 634 6 oMk Fig 12f i Lied, HF hINciEs< w5 R Shitl,

11 HEMBD & -390 4, =/ »3h 7 4 ORI Figs.16, 17, 18, 191 L1zhs, v % 1 {8 o,



| Kausubad

UU 2,
101 =y [ M
L _— —
1 2 3 4 § 6 7 8 9 10 =
Shell Length
Fig, 16. The shell length composition of
young shells of S. sachalinensis
W) and M. sinensis (1) which
deposited in 1962,
404
304 3031, O 1964
204
104 Y
IR _ ‘—-“;—h —r— pr—
60/
501
40
30 3, Mar. 1965
201 r
101 -
L = ‘ | = .
| i
] 27, Jus. 1965
N
|
| |
1 2 3 4 5 7 6 8 9 10 e
Shell Length
Fig. IB The shell !L‘ll}.!lh l‘umpﬂahiun of

young shells of S. sachalinensis
B and M. sinensis([1) which
1]vpn>-ilf-( in 1464.

| Kausnbas g

6=7, Nov- 1963

16, Dee. 1963

{0
W 26, Jun. 1964
204
|
101
1 2 3 i 5 6 7 8 9 10 "
Shell Lengih
Fig. 17. The shell length composition of
young shells of 8. sachalinensis
B and M. sinensis whieh
(l\.pt.:ilg‘d in 1963.
1963
— o — e (R
1 3 2 4 5 6 7T 8 9 10m

Shell Length

The shell length composition of
young shells of S. sachalinensis
B and M. sinensis([[]) which

deposited in 1965,

Fig. 19.



Joqunu) Kouanbad
1 .

20
]01

1004

i

504
40
30
204
10

st. 58, 63, 69, 75, 80

st. 57, 62, 68, 74, 79

L il ..

st. 33, 38, 43, 48, 53

st. 6,12,17, 23, 28

=
—
T

st. 32, 37, 42, 47. 52

Shell Length (mm

| st. 5.11,16, 22, 27
|
P =S - - - I = -
4
st. 56, 61. 67. 73, 78 st. 31, 36,41, 46,51 | st. 4,10, 15,21, 26
1 |
- st. 3, 9. 14, 20, 25
st. 55, 60, 66, 72.77 { st. 30, 35, 40, 45. 50
‘— — _-;r___ng— — : z r
st. 2, 8, &5
st. 54, 59, 65, 71, 76 st. 29, 34,39, 44,49 e Goss
p— S S— = S—— =3
3 4 5 6 7 8 9 I 1 2 3 4 5 6 7 8 9 10 4 6 7 8 9 10

Fig. 20. The shell length compesition of Spisula youngs gathered by each section and by distances from the shore.

Samples were collected c¢n October 8-10, 1262

and the same with used in Fig. 16,
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RiZFERIC/hE G, 10, 11 ]2 5HBE6 H 2 TORBEIPHERT0.13~0.7Imm T3 h Mode TiL 0~
1LO0mm ThhH. bok bREO LR RIETHD, CORRHLOMITELZ BELMW, REL
T EHE DMRERGE I THAD. vAK 1 MERDIRBIC20TEFAEE 70028, NG S (1956) 5
EkoofE LRI 1L )B4 ] e ML b L AXEAR LR, IA0MT) o4 Ao
T, %MWM R LG EBARTOIMETIR L E2 B

Flw A A HERRBEG ) coMicih i o ks L L ob, SRS 5. 11 T RIRRE
S AETEL UL OTREERAEETA I LRTEEL ARG LE2 LR AN, B LR THEETSE
Tabled o< 7c5. HEROBHHRIZI100%L L BEHEOE L) Toffav{ETstok Lz, #E
WAL OB LA EDTHAOTERED LIRS L5 . F-EHEBmEIIRE., ARMEOINE
fEfih it Lz, Table d 22 6bm3B X 51210, 11 JJice~ 84 6 iciafE UL Yo b L <12 Yo LUTiC
feh, thz 2, 3ATAHAETORMIEHEREL., v ¥ s FHOMECOLTRLWALATERENSE LGRS,
FRIBAHC & - TR SN 5 i Lo JEBC (eIl HBIC £ 257l 2 RS h 2 00ic s 5 2 =7 1 81
DEMIREIRERIBE L b, HIEPRIEO R, 3 ZAHFCIeREL ENLERG ] EThE D RKEL
fen & &, HITIRAEED b IRnic b b b F 2E R K RANET 2 LUK ~RINE % bbb
b LR L TR D, WIlTOMENL~AN, BicX L oh2nLErbhdz k. LHlEorL
2k 2RAOITH EESKRII~EETHE L EM,. AlTTs Frnw o ke EabE2 5 LM kic L3
BEELKEVOTIREVL D EEFELZLNS.

(5) 6 JILEEDH 1FEHIZDLT

o35 4 OEIPGIAE 6 ] ZHTHHHSEHHERS 6 LA 1ELLT262F L0 65EEC
OFECIFE IR VERRIERC S 62412 iz st. 71 TEE16. 2mm Ok, '63 4 2 J] st.48
~53 7 14. 4 mm Offifk, ‘634511 [z st. 39 €211 mm Ok TH S, 6 )] o Bt REG S
FOBOFEMEEA L DI, v F TIEEENRKEL BHIConMiciBE b <A L Hicie b, HRiRC
Lo TR TE R AT s ELLND. 111, 12 J]OfAI 16~21mm THEHZ 05 6] LIHED
BRI KEWEEZBNS,

Table 4. The standing crops of young clams in Yakumo at each investigation

S. sachalinensis M. sinensis
Oct, 9-10. 1962 3, 202, 800 2, 444, 600
Dec.  23-24, 622 1, 373, 600 748, 000
Feb, 25 63 317. 800 92, 700
Jun, 29, 63 300, 900 27, 200
Nov, 6-7, 63 353, 600 333, 200
Dec. 16, 63 513, 400 20, 400
Feb. 19, 64 146, 200 10, 200
Jun. 26, 64 112, 200 3.400
Oct 30-31, 64 367, 200 1, 210, 400
Mar, 3 65 30. 600 142, 800
Jun, 27, 65 17, 000 23, 800
Oct, 15, 65 207, 400 1. 688, 200

(unit: thousand)
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9) winAoEEFBEOBERIZI, 11 AHLBE06 A Ticd Yo b Lt LFiogl3 5.
(10) -7 4 KEERE B 0 BE), HECRRAE LT, Lo EoBE /KT W LE250 5,

X 3

Nelson(1925) :  (FKF—#% 1957 iR &£ O®M W E7EFE L v 5D

Mortensen, TH.(1931) : Contributions to the study of the development and larval forms of Echi-
noderms I-11. Kgl. Dansk. Vidensk.Selsk. Skr. Natuv. ogMath., Ser. 9, 4 (1).

Day,T.H & D.P.Wilson(1934) : On the relation of the substratum to the metamorphosis of Scole-
colepis fuliginosa (Claparéde) Jour. Mar. Biol. Assoc. 19

MEATEIE - SERSE(1942) 1 27U =7 Y A OFTFHLENE B 54

A —BR(1947) b33 o RS ORICDWT IR 37 (2

HIFHIE - 3 EE 19500 : SO & o s f A oR4ER Ik 96



a7

NGBS - S )FRiR(1952) «  TREEHIERE AR CRLERB S+ lioaaik "L 9 db

Imai, T. et al.(1953): Tank breeding of the Japanese Surf Clams Mactra sachlinensis Scurenk
Sei. Rep. Res. Inst, Tohoku Univ. D4

HHEHBC1954) 0 HEET V) FARO S o FHEERARN dekeA® 11 )

NI WA E A (1926) «  IREPINATEIN AR & FHEROMEHT M1 13 (D

FIEEA (19560« IREEHIIEATERGH $1E Jomd

AKS= - FHBRHE (1957) ¢« ARFTRERNDFEAE S KiHAT

Ry HAMEIA—-FA962): FoFEHAIZ2T (1) deAdat A 19 U2

HEEEHA963) . ko FHME2T (F02)  [L 20 (D

MLE - SEEBRA (1964) © EMidEtic kit A v -3 A Spisula (S8.) sachainensts (Scurenck) ffEH o
w7t L plankton thic Bl % R8T HGEOH Ak (2

BT - OEESR(1965) ¢ (R FORIRE [ dbAOEER R



Appendix 1. Table of plankton materials, sampled by vertical

(11 by vertical hauls on June 16, 1962,

Station No, ‘ 1 2 3 E 4 | 5 6 7
Time 9.25 9. 30 9. 40 10, 05 9..55 9. 50 10, 15
Depth (m) 5.0 10. 0 15.0 5.0 10,0 15. 0) 5.0
Water temp, (°C) - - - - - - -
8.G. (15°G) = = - - - e =
Settling volume (cc) - - - - - - -
D shaped larva 8 4 0 15 1 4 11
Umbo stage larva 146 32 33 14( 163 77 132
Larva of Spisula sachalinensis 1 8 1 1 7 3 2
Solen krusenterni 9 4 9 2 5 8 9
Siliqua alta - - - - - 1 2
Patinopecten yessoensis 13 8 - 2 8 4] 3
Mytilidae - - - - - 2 -
Hiatellidae - - - - - = =
Clinocardium type 22 18 7 42 57 27 28
Mya type 7 2 1 = 3 = =
other species - - = 10 7 6 10
Total of pelecypoda larva 206 126 47 212 251 132 187
Gastropoda larva 189 537 444 539 1,900 412 1, 8704
ECHINODERMA
Pluteus of Regularia - = - - - = =
Spatangoidea - = 3 = = = 5
Clypeasterida 2 - 2 = e = 3
Ophiopluteus larva 4 = 15| - - 2 62|
Bipinnaria larva 1 = & = = = =
Polychaeta larva 67 367 3 124 31 9 30
Crustacea
Zoea stage larva 6 2 - 12 4 1 11
Cypris stage larva - - - = - - -
Other animals
Actinotrocha larva = 2 2 - 2 = 1

Cyphonautes larva

Plidium larva




hauls and pumping from several different layers,

39

8 9 10 I 12 13 u | 15| 8 | 1 18
1020 1030 1100 1058 1045 1n200 28| 1n3o ansel  an 12,00
o 150 50 100 150 50 100 150 50 100 150
4 2 9 1 1 - 5 2 13 1
7 12 80 60 32 29 30 8 129 53
6 8 o 5 4 = 1 13 2 2
! 1 1 3 & 1 1 1 3 6 2
& 2 _ 1 = s = - 1 . 1
i 9 r 9 1 12 2 9 9 14 1
= = = 7 1 3 1 1 - 5 3
9l 9 14 14 2 1 7 15 5 22 4
= 1 3 5 1 6 o P J 10 4
18 65 115 98 2 141 36 59 771 281 7
a0 90| g0l  een| 1780 7200 ass0l  weo| 7ol e200 410
= - 9 6 7 8 19 1 2 7
1 1 9 9 4 2 7 1 -
3 1 5 8 32 19 17 13 a7 39 ”
= - = = N w 1 1 1 - -
3 3 2 2 2 6 2 3 - 9 2
1 & 3 - - = 3 = - = -
- - e l - - ] - - - 1




{2) by vertical hauls on July 4, 1962,

Station No. 2 4 6 13 15 17 24
Time 8.20 8. 28 8.3% 8. 58 8.50 8. 42| 9.10
Depth (m) 2.0 9.0 10.7 3.5 6.0 10. 0 2.2
Water temp. (°C) = = - - - - -
S.G. (15°C) - = = = = - =t
Settling volume (cc) - - - - - - -
D shaped larva - 81 19 12 36 42 10
Umbo stage larva 14 400 79 15 103 134 38
Larva of Spisula sachalinensis - 89 37 2 36 53 13
Solen krusenterni - - 1 - - - ~
Siliqua alta = 1 4 =& - 1 -
Patinopecten yessoensis - - - - - - -
Mytilidae - - - - - - -
Hiatellidae - - - - - - -
Clinocardium type - - - - - - -
Mya type = - = - - - -
other species - 1 2) - = = s
Total of pelecypoda larva 14 572 142| 29 175 230 61
Gastropoda larva 1 16h 115 17 21 59 39
ECHINODERMA
Pluteus of Regularia - - - - = 1 =
Spatangoidea - 127 92 3 12 39 1
Clypeasterida - 54 55 - T 25 1
Ophiopluteus larva - o1 162 = 2 16 =
Bipinnaria larva - 3 2 - = it =
Polychaeta larva i 9 3 18§ = 7 13
Crustacea
Zoea stage larva - 2 6 > i - o

Cypris stage larva - . = = e > -

Other animals
Actinotrocha larva - - = - - - v
Cyphonautes larva - - 1 = = =

Plidium larva - =

Macro zoo-plankton = = =

Copepoda = e
Naup. of Copepoda - = =
Brachiopoda = = =
Sagittoidea = -
Appendicularia - - =
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26 28 39 41 43 54 56 58 71 73 75
917 9200 9500 946 9.400 10.100 10.15 10.18 10.50 10.42  10.37
5.8 9.2 2.1 56 7.3 38 62 B0 28 6.8 a.0
4 47 39 35 40 398 171 69 187 95 321
32 87 29 67 113 647 561 191 831 442 1,002
1 23 2 26 25 385 90 38 236 118 5IR
= = = = L - = = = 1 =
- - - - 1 9 2 3 - 14 =
= =" = - 1 - - —_ - —_ ==
= = e = . o i - 1 - -
- - = - 1 — - 1 = == =
47 157 70 128 181 1,432 824 302 1,255 670 1,841
150 68 145 770 400, 490 1,400 320 860| 1L 41@‘ 2,470
- - - - 2 1 3 1 1 2 2
32 75 2 28 223 187 331 315 558 274 1,140
9 46 5 23 108 61 172 130, 136 171 850
2 139 1 7 105 12 9 73 525 57 440
1 1 - - 1 - 1 = 5 1 2
- 5 8 - 3 1 1 5 - 1 1
~ 6 - 5 3 - - 7 - 7 22
- - - - 3 2 1 - 7 4 29
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(3" by vertical hauls on June 24, 1264.

Station No, Y1 Y2 4 15 26
Time 8.50 9.05 9.35 9.50 10. 30
Depth (m) 6.0 6.5 52 6.2 5.8
Water temp., (°C) 17.2 16. 8 16.2 14.5 14.3
S8.G, (15°C) 19.4 18.1 22.0 22.7 22.7
Settling volume (ce) 1.0 0.4 Lo 6.0 6.5
D shaped larva 29 4 5 65 18
Umbo stage larva 427 94 107 408 115
Larva of Spisula sachalinensis 12 - 2 18 3
Solen krusenterni 2 19 10 6 1
Siliqua alta 5 2 9 £ 21
Patinopecten yessoensis - = 2 4 5
Mytilidae 4 2 1 2 -
Hiatellidae - - - 1 -
Clinocardium type 3 1 2 11 15
Mya type - - - - -
other species 28 1 3 5 1
Total of Pelecypoda larva 529 123 141 548 179
(Gastropoda larva 7 7 7 5 22
ECHINODERMA
Pluteus of Regularia - - - 2 =
Spatangoidea K0 40 8 3 -
Clypeasterida 10 10 3 = &
Ophiopluteus larva 210 10 21 10 -
Bipinnaria larva 1 = = — =
Polychaeta larva 5 7 1 5 2
Crustacea
Zoea stage larva - - 4 - -
Cypris stage larva - 1 = = =2
Other animals
Actinotrocha larva = - = = -
Cyphonautes larva = = = 1 =
Plidium larva ~ - = = =
Macro zoo-plankton
Copepoda 8, 000 3,400 8,400 11,800 1,700
Naup. of Copepoda 1, 600 1,400 2,700 1, 900 200
Brachiopoda = 1 = = =
Sagittoidea 2 4 5 2 12
Appendicularia 430 90 20 170 34
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36 16 56 67 78 #8 o8 K1 K 2
1050 | 1113 | 1L40 | 1245 | 1310 | 1330 | 1355 | 1420 | 14.55
5.0 5.3 6.3 7.2 7.2 7.8 7.0 7.0 7.5
14.5 14.4 14.7 14.7 14.5 14.6 14.3 14.2 15.0
22,9 22,7 22,8 22,8 2.7 22.7 2.7 2.7 22,8
- 17.5 18.5 19.5 19.5 19.0 11.5 6.0 1.0
1,667 81 72 152 126 58 - 18 2
60 | 1,208 534 | 1,674 | L.466 | 3,174 60 2% 33
52 4 54 266 50 28 - 2 2
18 14 54 36 16 10 2 - -
26 10 18 14 12 - 8 5
8 2 6 34 3 6 - -
= = = = 2 S . & -
2 60 20 10 26 16 4 - -
- 18 - 8 - 30 - - -
1 6 6 14 0 2 - = 1
1,869 | 1,448 752 | 2,214 | 1,804 | 3,446 72 54 43
20 20 38 50 60 74 4 - 1
C_ 6 4 = 8 = = 4 e
19 100 40 22 - - - -
% 120 100 18 72 - - - 1
68 400 100 % 126 - - 6 1
5 2 4 - 6 - - - -
4,800 | 8000 | 4700 | 8400 | 9,400 | 6,300 | 6,800 | 4,400 | 4,800
430 20 E60 | 1,200 980 80 200 1,800 | 1,600
) - - - - - - - -
- 6 2 6 36 8 B 12 19
70 36 34 80 300 8 - 10 75
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(4} by vertical hauls on June 25, 1964.

Station No. |2 | a| 6| 13 | 15 | 17 | 24 | 25 | 28
Time 15.03 15.05( 15.10( 14,33 14.38| 14.43| 13.05] 13.55 14.15
Depth (m) 25 7.0 1.0 22 7.0 1.0 21 6.8 110
Water temp. (°C) = - = _ = -1 15.2 = =
8.G. (15°C) = - = = _ -] 22 8 = e
Settling volume (cc) 7.00 1500 1.0 80 250 320 7.0 27.5 26.5
D shaped larva — - =5 = ) 6 4 134 -
Umbo stage larva 6 = 29 2 178 70 200 714 42
Larva of Spisula sachalinensis - - - - 8 10 - 12 =
Solen krusenterni - [ - - 8 4 - 20 6
Siliqgua alta - = - = 4 G 2 2 =
Patinopecten yessoensis - - - - - 2 2 2 =
Mytilidae = e = = B = - o =
Hiatellidae - = = = - - - [ -
Clinocardium type - 14 1 - 4 1n = 3 10
Mya type - - — = = 9 s - -
other species - 9 = = 7 = = 4 4
Total of pelecypoda larva 6 220 20 2 2320 110[ 28 904 62
Gastropoda larva 2 a0 4 g 20w g s 16
ECHINODERMA
Pluteus of Regularia - - - - 4 - - 2 4
Spatangoidea - - - - 120 2 = 240 =
Clypeasterida - - - = 260 = —| 280 4
Ophiopluteus larva 2 340 19 - 420 43 —| 1,100 274
Bipinnaria larva = 4 _ = _ 22 = 2 4
polychaeta larva 2 16 4| L| = [ = 4 f
Crustacea
Zoea stage larva = = = = = = = = =
Cypris stage larva = & 1 P = 2 - = 9
Other animals
Actinotrocha larva = - = = = = = = -
Cyphonautes larva - - - = = - & - i
Plidium larva = s 2 = = - = = .
Macro zoo-plankton
Copepoda 7,9000 6,800, 5,700] 10,5000 4,700/ 6,700 2, 600 5, 200/ 6, 400
Naup, of Copepoda 1, 8000 1,300 1,400 H20) 740[ 1, 600 401 880/ 1. A00)
Brachiopoda - = - - 2 4 = - 9
Sagittoidea (& 160 11 2 24 20) 100 160 34
Appendicularia 14 580 40) 20 1,020 7200 26 900 730




34 | 3 | 3 | 44 | 46 | 48 | 54 | 56 | 58 | 65 | 67 | 69 | 76 | 78 | 80
13.10] 13.16] 13,25 12,30 12, 40| 12, 47| 10.10) 10,35 1115 9.50 10.00 10,10/ 9.15 9.25 9.3
20 60 89 =29 60 82 20 62 88 20 65 90 20 60 90
16.2] 13.6) 13.8 16.2 14.6 13.4 151 14.3 14.2] 14.7] 14.5 145 147 14.4 145
22.2| 22,6 22.8] 225 22.7] 22.8] 226 227 229 2.8 227 22,7 2.0 2.7 227
4.5 11,0 25.0{ 1.9 14.5 33.5 4.5 13.0 385 3.5 1.0 31.3 3.0 14.5 125
4 o 326 -| 56 396 - -| 68| 8 2 136 2| 32 4
34| 108 1,332 3 7oAl 1.368 96 5(1 472 2200 93[ 1,004 36 300 80
- - - = =0 - - - 8 L 2 68 4 4 10
9 12 1 - 22 44 4 - 8 f 71 16 2 18 -
- 6 4 - 4 4 - - = It 2 4 - B -
1 o} 00 =] 10 2 - 2 R 2 - 4 - 2 -
= — =, = = = = = = = = = 2| = =
- - - s -, P= | ey - - - 4 -~ - —
-l 30 =6 -| s0 32 - - =20 4 - 120 | 10 4
= = = - g 12 - - - - —J 8 2 f 2
- 6 18 - 10 4 12 o - 26 2 16 8
64 1701 1. 762 3 o6 1,8 112 54 584 284 114 1.264 50) 446 108
-l w0 -] 2w | -] 1 -| 44| - 10 6
~ - 4 - sl = -l 12 2 1 .ﬁ - 12 -
- - 80 - 60 - - 4 2 5 1 2 -
- —| 2a0f - 160 1 = - 19 8 19 344 4 112 -
- -| 880 -| 4201392 - ~| B32] G2 2200 1,5u0| 14| 436 260
- - - - -l 39 - - 37 - 3 a4 - 8 4
-l d ¢ - 4 f -| 4 1 24 9 -| -] 4 -
) =t = = = = > = = = - 4 = = -
s a o = - = - - = - D) - - - -
8, 8000 8,900 8, 800( 2, £00/13, 700:11, 300, 5, 400/ 5, 200
1,700 980 1,800  600| 1,400 1,800( 1,000 80
- 8 = -~ = 8 - =
g 42 12 11 42 3 4 6|
2 560 szq 1 380 1,28 GO




(5) by pumping from several different layers on June 25, 1964

Station No.

2 g - S = £6 -
Time 13. 55 = - - = 10, 35 -
Depth (m) v.h 0 2 4 6 v.h 0
Water temp. (°C) = = = = — o -
S.G. (15°C) - - = = - o =
Settling volume (cc) 27.5 1 - - - 13.0 0.5
D shaped larva 134 2 17 9 21 = 3
Umbo stage larva 714 13 45 55 4% 50 14
Larva of Spisula sachalinensis 12| = = = = = 1
Solen krusenterni 20 - 5 2 2 - 1
Siliqua alta 2 = = = 1 - =
Patinopecten yessoensis 2 - - 1 1 2 =
Mytilidae 9 - = - - = _
Hiatellidae 6 = = - = = |
Clinocardium type 8 i 1 = - = =
Mya type o = 1 = = el =
other species 4 = e 2 2 2 1
Total of Pelecypoda larva 904, 17 6Y 69 69 54 |
Gastropoda larva 26 - 1 1 5 = 5
ECHINODERMA
Pluteus of Regularia 2 3 1 - - - =
Spatangoidea 240) 15 21 4 5 = 2
Clypeasterida 280 200 14 22 o ov =
Ophiopluteus larva 1, 100 50 291 25 35 - a
Bipinnaria larva 2 4 3 = = - —
Polychaeta larva = 1 1 = 2 =]
Crustacea
Zoea stage larva - - - - - - -
Cyprs stage larva - - - - - - -
Other animals
Actinotrocha larva - - - - - - -
Cyphonautes larva - - - - - - -
Plidium larva = = - - - - -
Macro zoo-plankton
Copepoda 7,800, 5,200 290 400 390 510 5, 200
Naup. of Copepoda 1, 600 880 200 180 110 190 80
Brachiopoda i = = = - - -
Sagittoidea 4 160 - - 1 =
Appendicularia B4l 900 57 35 45 63
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i = — 58 s oy = - - =
= = = 11.15 = = - _sJ - =
2m 4m 6m v.h 0 2 4 8 =
0.4 0.3 0.5 38,5 0.8 0.5 0.6 1.4 2.8 =
4 - 1 A8 9 2 14 15 19 -
19 20 25 472 14 37 33| 51 9 -
7 3 1 8[ 3 - 5 5| 4 =
= 1 N 8 1 3 1 1 1 -
= 3 = = i = = - 3 =
= - - 8 = 1 1 - - -
. - = - = = | = ik -
- - - 20 - 1 2 3 - -
- = - - = = — 1 - -
e 2 - - S - == l = -
20 20 27 584 27 44 6 7 122 -
- 2 - 16 1 - 1 4 9 -
- = 12 - 4 2 9 2 -

4 - = 4 1 1 2 2 = -

1 2 = 12 5 7 4 9 2 -

g 8 3 532, 26| 38| 2] 2 20 -
= = - 32| 2) - - - - -
1 - - 12 - - 1 4 - -
520 560) 530 490, 16,400 115 610 290 780 1020
160) 300 200 1510) 4, 100 64 240 90| 230| 430
= 1 - - 4 - =L = 1 1
1 - ~ - 12 - - 1 2 4
14 4 6 - 1, 020 6 28 14 46 114




(6) by vertical hauls on June 26, 1965,
Station No, 13 | 24 26 28 8’ 34 36 38 38’ 44
Time 14. 07[13. 36| 13.41| 13, 48] 13.55 13.04] 13.08{ 13.13| 13.19| 12. 30
Depth (m) 3.5 25 6.5 11.0 13.5) 3.5 6.0 7.5 11.0 3.5
Water temp. (°C) 17.3{ 17.8 16.8 16.8 16.& 17.3] 1A.5 16.5 16.5 17.5
S.G. (15°C) 20.8{ 19,0 23.20 23.20 232 18.9 229 231 23.3 20.9
Settling volume (cc) 1.20 3.0 60 18.0 19.00 0.4 50 &0 13.0 0.3
D shaped larva 12 16 8 103 120 7 15 25 129 4
Umbo stage larva 16 64| 308 3,775| 2, 810 26 77| 638| 3,873 15
Larva of Spisula sachalinensis 34 68 718 1,258 844 17| 232 713| 1, 400 6
Solen krusenterni 38 46/ 188 1,250 600 26| 36  494| 1,064 H
Siliqua alta 3 6 8 16 18| 2 3 4 19 =
Patinopecten yessoensis - - 1 32 3 - - - 36 =
Mytilidae 4 - - 2 - 8 - 2 3 -
Hiatellidae - - - b 2 - - - = =
Clinocardium type I = 13| 215 162 - - 14 442 1
Mya type - - 2 13 34 1 2] 12 14 -
other species 1 - 2] 20 4 - - 3 - =
Total of Pelecypoda larva 107) 200 1.24¢] 6,685 4.628 87 268 5.905 6, 980 34
Gastropoda larva o 100 10 a0 16| 20 10 130 0] 4
ECHINODERMA
pluteus of Regularia - - - 3 6 1 - - 1 1
Spatangoidea 330 150 240( 110{ 280 3 250, 240 230 7
Clypeasterida 70 60 20, 230 320 3 90| 330] 140| 11
Ophiopluteus larva 200 - 10] 3600 660 = 3 5 - -
Bipinnaria larva - - T 11 34 - = = 10 =
Polychaeta larva I lml 16{ 120, BO{ _’,0( sd 140! Jd 40 10
Crustacea
Zoea stage larva - - - - - - - - 1 -
Cypris stage larva - - - - 4 - = = = =
Other animals
Actinotrocha larva - - - 8 - - - = — -
Cyphonautes larva -l = - - - - - - - -
Plidium larva - - - 14 22 - - 2 50| -
Macro zoo-plankton
Copoda 3, 200(1. 300/ 4, 100| 3,70 7,700{ 2,700( 2,600 4,600 3,900 900
Naup. of Copepada 1, 900{1, 200| 3, 800| 2, 100] 3, 000]  410] 2,400) 3,300 1,00C| 400
Brachiopoda = = = 1 - - =t e 1 =
Sagittoidea - 2 20 120 60) 1 40 30 120
Appendicularia 3 70, 180 100 €0 20 300 100 9% 1




46 | 48 | 48’ | 54 | 56 | 58 | 58 | 65 | &7 | 690 | 6o | 76 | 78 | &0 | 8o
12.85| 12,40 12.47) 11.40{ 11. 44| 11.51] 11. 58 10.33| 10, 38 10.3€| 11. 04 10.02) 10.12] 10.15
6.0 7.5 97 53 68 95 1.8 50 80 108 118 7.5 9.5 10.5
16.8) 16.5 16.5 16.5 16.5 16.5 16.5 16.1] 16.2 16.3 16.3 16.2| 16.3 16.3
2.6 219 21.9 229 2209 229 229 230 228 2298 229 23.0 23.1] 23.1
30 20 30 24 40 8 11 40 30 80 50 200 3.6 4.0 280
211 48] 78 3 3 126 47 3 1| 106 49 2 15 156
16| 476) 2,078] 25| 374| 2,851 1,311] 130 616] 2,758 1,452 1,174 882 1,594
172| 412 632 1] 165 395 w2 126 313 950 510 432 250 886
38 671,586 28 89 a3 227 152 om0 611 229 382 209l 308
6| 18 30 - 6 3 4 1 a4 = 7 3 @ 12
4 a4 14 - 60| o6 - 1| 20 28 8 6 2
1 1 g = = o = =] = ] 1 = = =
- = < = 4 - 2 & = A - 2 4
of 4 156 - 5| 185 62 2 39| 76 124 43 62 160
= 3 14 - | 16 28 1 2 20 4 1 5| o8
= s 42 = = 1 i = = g4 o = = =~ 8
360 1,033| 5,494 57| 644 3,968 1,877 415/ 1,256 4,571| 2,433 4,164 2.068| 1,453 3,180
3l 20 100 -| 10| 2100 160] | 30| 100 s 20 2 1200 180
= 1 1 - u 8 g - 1 6 4 1 1 8 8
140 160f 2000 24 3200 170, 90| 50 1200 =200 370 34n 2100 160 180
50, 2600 600 15 570, 260 270 300 500 20| 70 360, 2200 s0l 240
ol 50 130 | 1 o1 1500 200 80 =m0 21 40 60 30 280
= 1 6 -| a0 30 10 - - 30 3 -l 20 50 120
40, 200 30 15 60| 10 e +| 10 1o| | =0 100 10 co
-l - a -~ - a - - - - il = o = -
= - - P=c = 2 pars — Py 1 = = - - -
-l = 4 -| - 1 -l <« - 1 0 = = - -
= = 4 - 4 30 20 - - 1 71 100 40 10 6
2,800 2,300] 5,000/ 3,200| 3.900| 4,300| 7,400{ 2,300 3,900 4, 000 3,900/ 5,400, 4.700| 2,900 5, 600
1,400 940/ 2,100 2, 200| 2,700, 2,700( 2,200/ 1,800( 2,500| 1,900 1,400, 3,200 3,300 810/ 1,700
S - . - 1 - - . - l -l - - ==\ =
30, 140f 80 1| =20 1000 500 1] 500 500 20 1o 30 30 140
8| 40 1200 17| 40 2 100 s0 700 8o 1500 8o 1700 60| 60




(7) by vertical hauls on June 28,

1965.

Station No. |2 4|66 131517 |1r|o|28|34]36
Time 16.40[16.500116.56[17 .00/16.17|16.20116.25/16.31|15,30/15.30/14.26 14,31
Depth (m) 3.00 5.5 85/10.8 2.9 6.5 92135 4.5 9.5 3.0 6.0
Water temp. (°C) 14. 9] 14. 81 15. 2| 15. 3| 12,2/ 12,5/ 12. 6/ 13,2/ 13.7 12.5/ 14. 8 14.0
S, G. (5C 22, 6 22 6] 22, 4| 22,7 22.7| 22, 6| 22. 6 22. 7| 22. 2 22. 6{ 22. 6] 22.4
Settling volume (cc) 1.2 4 0013.0016,0] 9.0021.0, 6.8{13.00 7.0016.0{11.0] 12.0
D shaped larva 44(1,200, 34 29 2 82 106 12 8 86/ 39 14
Umbo stage larva 196(3,821|1,585( 878 67|1,142/3,772) 748 2731,836| 354 752
Larva of Spisula sachalinensis 7| 311 188 2420 9 13s| 736 81 3| 154 15 14
Solen krusenterni 5| 266| 351| 226/ 4| 65 245 116 9 95 - 16
Siliqua alta 3 1 1 1 1 114 28 5 4 5 11 6
Patinopecten yessoensis =l = 1 7 4 9§ 183 8§ -—| 22 2 5
Mytilidae = 2 1 6 = 2 Y = = = = =
Hiatellidae -1 = - = = 4 111 12 8 10, - 2
Clinocardium type 12/ 64] 39| 75 55 290/ 159 29 140 54 118 134
Mya type 5 - - 4 1 1 8 9 -~ 23 - -
other species -1 31 - 3 - 8 =5 = (J = 2
Total of pelecypoda larva 27215,796/2,200(1,471) 142]1,741/5,0031,021| 445[2,29]| 544 945
Gastropoda larva 20| 197) 150 160, 4] 32 216/ 160[ 20| 350 20/ 40
ECHINODERMA
Pluteus of Regularia 1 &0 1 2 1 2 29 20 4 3 = 3
Spatangoidea 801,090 4100 550 7] 50, 180, 120, 201 90 60 220f
Clypeasterida 301 2701 440, 350 3 90 340{ 210 10 140 1 80/
Ophiopluteus iarva 280( 950] 480, 490 74| 120{ 4100 210] 174 120, 140( 110
Bipinnaria larva 2500 150]  60] 100, 10{ 200 1200 40] 20| 40[ 10 &N
Polychaeta larva 1200 4 2 3u| 70 70 2 90| 7n| 70 110| 20
Crustacea
Zoea stage larva -l - 2 I = 1 1] - - 1 - 1|
Cypris stage larva 9 = = 1 =l = ad =| = = 9 =
Other animals
Actinotrocha larva - = 1w - - 1 9 3 - 2 - 7
Cyphonautes larva =l = = = ¥ 3 = 4 3 2 3 -
Plidium larva - 6 200 2 Il -1 100 18 = 1] - 5
Macro zoo-plankton
Copepoda 1.300]2,300[2,0003,200(1,20C 13,5003, 100/5,400(1,500/4,000(2,300] 3,200,
Naup. of Copepoda 190| 160, 290| 270, 210 240[ 230 640, 260| 380 590 520
Brachiopoda =l = = =] =] =l =] =] = B = =
Sagittoidea 200 76/ 110 60 120 250 260 80| 140, 130| 4¢| 160]
Appendicularia - 71 20 50| 20 5 40 10 40 20 2 30
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3s|33'|44|46|48|4s'|54 56 58[55\65 67 | 60 [ 69" | 76 | 78 | 80 | s
14.20114.5003.0¢ 13.1013.2713_&)!2.30'12.2612.4::12‘50111.1610.2010.58 1125 9.42 9.47| 9.57/ 10.00
sl a0 6.1 s0l11.2 35 6.3 90120 38 60105 1.0 40 58 80 100
14.0 14,2 17.2] 16.3 16.1] 15.7] 16.2| 14. 9/ 15.8/ 15.5/ 16.8| 16.4 16.6] 16.5| 17.0] 16.5 16.9 16.4
o0 6l 9971 22,9 99,3 20 4 22 3| 22 5 22 0 22,6 22. 7| 22. 2| 22.3| 2. 3] 22.3 226 22,5 22.4] 225
12,00 9.0 1.7 4.615.0/26.00 0.5 1.3/19.0/22.0] 0.6 1.¢/10.0| 24.00 0.6 2.6 7.0, 8.0
58 133 -| 14 59| 55 4 22| 246 37| 3 129 209 1000 4 71 45 248
1.94203,324) 242 53201,888 97dl 112 7052636 5200 63)1.0632,530( 1,798 82 738 2,000 2,304
16 134 24 a2 13 oz 26 177] a8 7| 160 z74| 98] 7| 52 2500 241
6 112 14 54 73 102 48 25 151 8 16 71 78 230 53 58 151 112
- 4 s 9o 2 -| 1 79 o -| -| 4 18 2 -| 3 3 8
a1 12| -| & 1 8 -| 3 3 n| 4 - 6 =20 11 3 3 8
o=l o a1l 4 o - 4 -] -] s 3§ - w - 3 =2

- 8 - - < oo - - o -] -] - -l 1 - - A -
184 56 5| 34 215 21] 5 24 538 25 3 2 45 169 1 5 17 20
6 171 - 7 6 13 4 -| 2o 19 7 9 13 40 9 14 1nl 12

of o -| 1| 4 2 1| ¢ 3o -| -| 2 2o & - -| -| 4
.3063.800 201| 67912.28911,196 18201,018(3,.808 736 103|1,4453,268 2,562 167 944 2,483 3,210
140 100{ 10 50‘ go| 2400 -| 20 180 1000 2 60 40 140 20 40 50{ 140
1 10| -| 1| 1| 4o | -| 13 o -| -| 1 2 -| - 5
170 120, 260 4c0 150 150 60| 30 100 eo -| 4s0{ 3e0 100 7| 50( 490 160
1200 440, 700 70l =0 130 100 z0 120 40 | 1800 360 176 -| 90 3100 140
1300 4100 40 50 =20 80 —| e0f 1200 90 -] 150 300/ 380 1| 80 250/ 450
500 110, 5 3 4 1q - +| 15 100 30 100 30, 21 - 1 60 20
20l 20/ 60 90| 30 50 7o| 50 40| w - 170 200 s0] 70| 70| 8| 40
gl & o o 2 = =] =] @ B = = =l = =] - il -
o] ] o S g S S| = A A S 4 W o = = 1

d 3 =] o 4 =| = =| 4 # = = =| ¥ | = = =

“f i = = W =) = W@ s = # o= & s =] S8 = =

| 200 o -] 1| o - < 6 2o -| -| 3 17 - 1 6§ -
3,50005,7 2,4004.4004.5003,3(11‘1,&1\4,0005,100 2,40004,50005,5004,000{ 5,500] 2, 900/ 4,500| 8, 500 4, 800
880[1,000(1,500{ 940 640 960' seo| 580 640 902,300 700{ 920, 610( 3,300, 2200 1,100

-l = ] < a o A < A < < o - A - A -] -
160 110 60| 160 2000 40| 30 130 290 1100 30| 60| 180 25¢| 30 20 300 240
o0 40| 110 40, 150 110 2o 30| 7ol s0] 200 60 200 140 10 70 230, 30
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(8) by pumping from several different layers on June 28, 1965,

Station No. 67 l | I | 69 \
Time 10. 20 10. 58 N
Depth (m) V.H 0 2 4 6 V.H 0
Water temp. (*C) = - ~ - = = =
S.G. (15°C) - - - - - - -
Settling volume (cc) 1.0 0.4 0.4 0.2 0.1 10. 0 (1
D shaped larva 129 3 26 39 2 2 2
Umbo stage larva 1, 063 7 68 102| 71 2,530 5|
Larva of Spisula sachalinensis 160 2 11 4 5| 274 1
Solen krusenterni 71 1 7 2 1 78 1
Siligua alta 4| = 2 9 i 18 _
Patinopecten yessoensis - - - = ” 6 -
Mytilidae 5| - 1 1 - 3 -
Hiatellidae - - - - - - -
Clinocardium type 2| - = 3 = 45 -
Mya type 9 - 2 1 = 13 -
other species 2 - - - - 2 -
Total of pelecypoda larva 1,445 13 117 154 15 3,268 9
Gastropoda larva 60 9 40)
ECHINODERMA
Pluteus of Regularia - - - - - 1 -
Spatangoidea 450 3l 12 17 4 300 3
Clypeasterida 180, - 2 6 2 360| 1
Ophiopluteus larva 150 - - 13| 4 300| 1
Bipinnaria larva 10) - - - 1 30 -
Polychaeta larva 170| - q 7l 1 20 =
Crustacea
Zoea stage larva - - - - = - -
Cypris stage larva - - - - 1= 1 -
Other animals
Actinotrocha larva - - = - = - -
Cyphonautes larva - - - - - - -
Plidium larva = = sz = s 3 ~
Macro zoo-plankton
Copepoda 55000 670 380 600 170 4, 000 170)
Naup. of Copepoda 2, 300/ 430, 410 430 50, 700| 50|
Brachiopoda 1 - - - - - -
Sagittoidea 60 - <~ 11 1 180 -
Appendicularia 60 AJ 3 4 1 20 3




| e | | ]
.25

2 4 6 8§ a5 VH 0 2 4 6 g 108
03 02 o6 08 04 240 04 06 06 o8 1.6 24
11 54 3 1 6 100 1 7 50 24 a7 2
35 432 14 9 5 1.798 1 21| 457 303 208 132
5 21 4 2 -l 195 - 9 3® 55 1 2
6 8 - 1 1| 230 - 43 11 20 23
= = 1 1 - 2 o . - - - -
= 5 = - = 21 g - = 4 - 2
1 - - = s = 7 = 1 - - -
] e . - - lI . - - py - -
1 18 1 1 - 169 = ! 5 2 10 17
- 3 p- - = 40 o a 7 7 7 2
= 1 = = e 6 = - 3 3 1 ]
50| 542 23 8 12 2,562 9 38 604l 404 303 03
3 13 - - 1 140 = = 23 12 12 21
= = - = = 28 = = 4 4 1 =
16 o - - - 190 7 6 41 2 s 2
5 5 = - -l 170 - 5 17 16 1 3
45 6 2 2 380 & 1| 15 13 : 6

e - - - - 2] = = 17 - = =
i 10 - 2 1 50 - - 1} 4 4 3
= - = = = 1 = = = & = =
£ - = = = 3 = - - - - -
- 1 = - - 17 - - 1 9 - 1
930 5200 150 60 120 5,500 90 270, 470 490 390 620
80 90, 7 100 60| 920 o0l 180 130 1100 190 260
" 29 3 1 4 250 - 2 13 24 14 2
3 ] - - o 140 3 3 zsi 2 4 1
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(1) October 9-10, 1962,

Appendix 2. Table of the

Station No,

3‘4'75

6|8

9

1n|11(;;

14[15 16

17

Depth (m)

2(6.2

rshus

tLﬂ&ﬂaahﬁ

1L411~:.

65|&6

10.3

11.9

Spisula sachalinensis
Mactra sinensis
Peronidia venulosa
Solen krusenterni
Siliqua alta

Yoldia notabilis
Pactollops pulchell
Mercenaria stimpsoni
Phacosoma japonica

Other pelecypoda

0

1

0
1

0

8

0
1
1

(41}

0

{

1

1

n>

o
o

1
i

3

Philine agrentata

Bunatica pila

Scaphechinus griseus

Station No,

43

45

46

53 | 54

Depth (m)

10.0

59

6.0

1&4&7

5.6

Spisula sachalinensis
Mactra sinensis
Peronidia venulosa
Solen krusenterni
Siligua alta

Yoldia notabilis
Yactollops pulchell
Mercenaria stimpsoni
Phacosoma japonica

Other pelecypoda

111

0
8

2
1
1

Philine agrentata

Eunatica pila

Scaphechinus griseus




youngs in bottom samples.

2021222324%2627|2829393132333435363738394041
6.0|7.8]9.5/11.4[3.5]6.0]7.0]8.6[10.0/3.7[5.8|7.2|0.0/11.1|3.3|5.8|6.8|8 0]0.3|3.8] 6.0| 7.0
of o a3 o o 1 o s o o 153 # 1| o o 7 8 w6 o 2 n 2
of 1| - =| -| 4| 1) 15| 3 1| & 30| o -[ -| 2 o5 35 19 -| 1 2
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o) = = = [ g I S e I I = = B (™ = e (= G B
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10.4/3.8]6.8 8.0]9.5 1.0 4.3 s.5|s.1 w.niu.ol 1.8/7.0|8.8/ 9.4]10.7/3.7| 6.2| 8.0/ 0.1 |10.2
13| 4 5 4 14 6 1| o 7 1 1| 2 8 15 579 2 5 1o 1| 3 2
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56

(2] December 23-24, 1962

Station No, | 8| 9|10|u|12]|19]20|2|2|23)22|30|n|3]s3

Depth (m) I l | ' | |

Spisula sachalinensis| 0 1 0 0 0 0 0 o 2 o 3 o o o0
Mactra sinensis - 1) § 2 g = - 1 18 - —~ 5 &
Peronidia venulosa 2 1 = = = = = - -] = U &l = = =5
Solen krusenterni & = El =t o=l o S B B & _ - _ A =
Siliqua alta = = sl &l ol =l = = =] S = s s = =
Yoldia notabilis - = ] = =] = =] = = i = & = = =
Paetollops pulchell afl =l =] = =] =] Al H] =] = =] =] =] =] =
Mercenaria stimpsoni| -| —-| -| -| -| -| - = = - - - - - =
Phacosoma japonica = =] = =] =] =] =] =] =] = =] S| =] =] -
Other pelecypoda =l = =] = 2 = = = s = = = = =75 =
Philine agrentata =l =l wmf =| & =l =| = =] =] = B = =] =
Eunatica pila A = = =l =] = =] =] = =] = o] =] =] =
Scaphechinus griseus 2 16l 2 =| =] = = =] = = 2 o e = -
(8) February 25, 1963

Station No. | e ] | e
Depth (m) \ | |

Spisula sachalinensis 2 1 4 5 11 1 3 9 20| U 4 2 300 3 (}l
Mactra sinensis B = - 11 4 3 1 - 0 =l = - 7 10 4!
Peronidia venulosa sl 5| = = = = = = =] =| = = =] = =
Solen krusenterni wl =2l =] =] =l = = =] =] = = A =] =] =
Siliqua alta = wl o= =] &l =l = = =] =] = s s =i =
Yoldia notabilis - =t = = = - - i -] - - - 1 1 =
Paetollops pulchell al =) =] =] =] =] | o] =] = = =] s =] =
Mercenaria stimpsoni| -| —{ —| =1 =| = = = = = =| = =] = =
Phacosoma japonica ml ol =] =| &) = = = e = =] = &= = =
Other pelecypoda = = = = = - = - - - - - - - -
Philine agrentata = =) al = ] = Sl =l s s e = = sy =
Eunatica pila - ] w =l =] = =] =] =] = =] =] =] =] =
Scaphechinus griseus 3{ =l = =| = = = =] =] = = = i =1 =
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39 | 40| 41| 42| 43] 49| 50|50 52|53 59|60 61 [62]63|7|72|73|7]75
o 4 1 5 5 0 17 146 o2 8 o o o o o 2 o
| - = - -] 4 3 8 § 1 1 -] 4 2 o - - -

- - - - - = - - - — — - 1 - - _ —_ - - -
- - - - - - - - 1 - - - - - — =, -— - - —
o I I O I I O - I e (e A I I

9~ p0-_B1- Pz

19 | 50| 51 | 52 | 53 [, PO P12 5% 1 54| 55| 56 | 57 | 53 | 59 |60 | 61 | 62 | 63
2l 19l o o 1l § d o o & 15 1 o o o 0 0
LA - o - -] <]y ] 1 8 -] o -] - 1 1

= &= =l Sl =] =l S =1 Sl = =l Al =l =] =l = Sl sl = s
= 3 = 2] S§ = ] & =51 & = =) 3 = = & & =) = =
- - - - — —_ —_ _ —_ - _ —_ -— - —_ -_— —_ —_— - I
| I I ! I S I (A I a‘ qd -| -| - | | -
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(4) June 29, 1963

Station No.

35

30

37

40

43

Depth (m)

4.4

6.0

68

4.4

8.9

Spisula sachalinensis
Muactra sinensis
Peronidia venulosa
Solen krusenterni
Siliqua alta

Yoldia notabilis
Paetollops pulchell
Mercenaria stimpsoni
Phacosoma japonica

Other pelecypoda

Philine agrentata

Eunatica pila

Scaphechinus griseus

Station No,

48—53

49

53

49—54

50—55

Depth (m)

9.1

4.0

s

9.9

3.5

5.7

Spisula sachalinensis
Mactra sinensis
Peronidia venulosa
Solen krusenterni
Siliqua alta

Yoldia notabilis
Pacetollops pulchell
Mercenaria stimpsoni
Phacosoma japonica

Other pelecypoda

55

Philine agrentata

Eunatica pila

Scaphechinus griseus

=1

10)

10




Jun, 29-20, 1963
39—14| 40—45 | 41—46 42—117\43—48 4 | 45 ‘ 4 | 47 | 48 |44—19 4550|465
3.2 | 5.5 0| 78| 90| 40| 63| 74 | 75| 96 | 3.4 | 56 | 68
15 21 1 0 0 3 2 0‘ 6 o 23 20 0
- - - 2 2 - - - - 2 - - -
4 1 - - 9 ] - 1 1 - -l 1
- e — . = Ja— e 1 - - o - -
- — 1 - -~ - - - - - - - -
4 - = = = - - - 5 - 3 3 -
52—57 | 5558 | 54 £5 56 57 58 | 59 | 60 | 61 | 62 | 63
85 | 97 | 30 | 58 | 7.4 | 88 | 15| 35 | 60 | 7.8 | 9.2 | 10.6
0 0 3 1 0 0 0 0 0 0 0
- = = = = = 1 - = = = =
- - - - 3 - 2 - - - 1 -
- - - - 1 - - - - - 1
- - - - - - 1 - - - 1
- - 5 3 - - - i 8
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(5} November 6-7, 1963

StationNo.

[3-]

10

14

15

16

17

Depth (m) 1.5

8.5

s
o

6.0

4.7

6.3

10.0

11.5

Spisula sachalinensis
Mactra sinensis
Peronidia venulosa
Solen krusenterni
Siliqgua alta

Yoldia notabilis
Paetollops pulchell
Mercenaria stimpsoni
Phacosoma japonica
Other pelecypoda

0

Philine agrentata

Eunatica pila

Scaphechinus griscus

Station No,

48

19

52

53

56

57

Depth (m) 7.0

3.5

7.5

8.9

6.5

7.1

Spisula sachalinensis
Mactra sinensis
Peronidia venulosa
Solen krusenterni
Siliqua alta

Yoldia notabilis
Paetollops pulchell
Mercenaria stimpsoni
Phacosoma japonica

Other pelecypoda

0

en

Philine agrentata

Eunatica pila

Scaphechinus griseus




23 2425|2627 (28|29|30(31(32)|33|34 3‘5|36 3’:'138 39
10.5(2.5|5.0(7.2|9.7 Il.BHI).O 4.7(6.5(8.1(10.4(2.6(4.8(6.0(8.09.03({2.0
o o o o o o o o o o o o o o O 0 0
- | 1 o | =) 2 9 3 - -| -| 2 -| -| -| -
— I =] =] =] =] =] =] =] = = 1 =] =] =] =| =
- - - - I = - - - - - - - - - - -
= = = 1 1 = = = =] | =| =| - 1| -] -
= - = - - 1 s = = = = = =i = 1 = =
- - - - - 9 - " = - - = = = . . s
= sl i = 1l = = = = = = = - = = = -

61| 62|63 | 65| 66 67‘68 69 71| 72|73 74|?5 76 | 77 | 78

K=

I
7.018.1(9.5(3.5/5.9(7.5|9.0 10.('42.0 5.1 6.8[3.0 9.0/2.0(5.0/6.3
o o o o o 7 11 1
3

=1 | S I (T == -1 (S (T S (= = - I~ B | |[C- (s
- = = = = = - = -1 = = - - 2 - -

= A A =] = =2 =] =5 s o=l &l = el = = =




(6) December 16, 1963

Station No,

13

14

20

26

Depth (m)

1.8

4.5

5.1

1.1

4.7

5.2

5.0

Spisula sachalinensis
Mactra sinensis
Peronidia venulosa
Solen krusenterni
Siliqua alta

Yoldia notabilis
Faetollops pulchell
Mercenaria stimpsoni
FPhacosoma japoenica

Other pelecypoda

Philine agrentata

Eunatica pila

Scaphechinus griseus

Station No,

71

72

77

79

80

81

Depth (m)

3.2

4.9

5.5

=~
o

8.9

21

Spisula sachalinensis
Mactra sinensis
Peronidia venulosa
Solen krusenterni
Siligua alta

Yoldia notabilis
Paetollops pulchell
Mercenaria stimpsoni
Phacosoma japonica

Other pelecypoda

12

Philinea grentata

Eunatica pila

Scaphechinus griseus




29|3o 34|35394r) 1 4s|49‘50 54lss|59 60
s0| 48| 20| 45| 20| s8] 20| as| 20! 48| 20| 45| 20| 43
oo o o o o o o o o o ¢ o o

Y A N (N (N K AN N NN NN N N N N
L o L e | - B ] w =

I

' (R | o -] - o ¢ 16 m| 18 v
g2 | 83 | 84 | a5 | 86 | &7 | s | s | 90 | o6 | o7 | a8 | e | 100
45| 60| 73| 80| 15| 30| 57| 72| 82| 20| 50| 61| 70| 80
150 18 6 ul ul o 14 13 1 o 2 3 2

- = 1 = = = - 1 = = = = =

- — - po = = —5 | = £= 2 - - -
-1 - -4 - 8 4o - | - < & - < -
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(7} February 19, 1964

Station No, |

31

46 51

Depth (m)

Spisula sachalinensis
Mactra sinensis
Peronidia venulosa
Solen krusenterni
Siliqua alta

Yoldia notabilis
Pacetollops pulchell
Mercenaria stimpsoni
Phacosoma japonica
Other pelecypoda

Philine agrentata
Eunatica pila

Scaphechinus griseus |

(8) Junme 26, 1064

Station Mo,

(3]

(L]

19

=
B

3

Depth (m)

—
j= 5]

4.

1]

1S

-

L

)
=]

Spisula sachalinensis
Mactra sinensis
Peronidia venulosa
Solen krusenterni
Siliqua alta

Yoldia notabilis
Paetollops pulchell
Mercenaria stimpsoni
Phacosoma japonica
Other pelecypoda

I o N O

1 0 VG O ) O 7'~

[ I L6 I

IR (0 100 O VY U1 P (B

IR 1 B ey [

(NN O N O O A I

=

O

Philine agrentata
Eunatica pila

|

l

|

|

Scaphechinus griseus

Station No

~3
~1

78

fv =}
—

Depth (m)

1
[

s

o

Pl
i
oo

2
&

Spisula sachalinensis
Mactra sinensis
Peronidia venulosa
Solen krusenterni
Siliqua alta

Yoldia notabilis
Paetollops pulchell
Mercenaria stimpsoni
Phacosoma japonica

Other pelecypoda

R

0 T O e ™% %

=1

(L O O O

BT B Vadles

A T O 0 o O O U

O O A O ™ 7

[ O P O P

A Y Y O O™

| U O VOO B ™

Philine agrentata
Eunatica pila

|

|

1

Scaphechinus griseus
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(9) October 30-31, 1964

Station No,

15

16

Depth (m)

6.0

8.0

Spisula sachalinensis
Mactra sinensis
Peronidia venulosa
Solen krusenterni
Siliqua alta

Yoldia notabilis
Paetollops pulchell
Mercenaria stimpsoni
Phacosoma japonica

Other pelecypoda

Philine agrentata

Eunatica pila

Scaphechinus griseus

Station No.

Z0

46

47

52

53

Depth (m)

5.0

6.5

7.5

8.0

Spisula sachalinensis
Mactra sinensis
Peronidia venulosa
Solen krusenterni
Siligua alta

Yoldia notabilis
Paetollops pulehell
Mercenaria stimpsoni
Phacosoma japonica

Other pelecypoda

10

48

13
113

Philine agrentata

Eunatica pila

Scaphechinus griseus




21 (22 (23|24 25| 26| 27| 28| 29|30 313233

7.5]9.2)11.0/4.0]5.2| 6.8 8.2|10.2/ 3.0{ 4.5[6.0] 7.1 9.0/ 2

ol il = g =S = = 2l 2 = = = s

- — - - - = - 1 - - - - ="

57| 58| 60| 61 | 62| 63| 66| 67 | 68| 69 | 72 | 73

-l =l =| -| | | -| -| 8§ -| - 1
- q =] =] =| B = =] =] = = =

= H = = & =) & = = = = =
— - - - - - - 1 - - - —

£.5[10.0/5.5|6.8/8.0/9.5|5.5|7.0/|9.05/10.0, 6.0 | 7.0 [ 8.5




() March 3, 1965

Station No.

38

39

43

44

Depth (m)

8.5

3.8

6.5| 7.5 | &5

4.0

Spisula sachalinensis
Mactra sinensis
Peronidia venulosa
Solen krusenterni
Siligua alta

Yoldia notabilis
Paetollops pulchell
Mercenaria stimpsoni
Phacosoma japonica
Other pelecypoda

O

Philine agrentata
Eunatica pila

Scaphechinus griseus |

1) June 27, 1965

Station No,

(8]

o

13

—
=]

Depth (m)

1
-~

=
e

2.0

4.3

e
)

1.0

Spisula sachalinensis
Mactra sinensis
Peronidia venulosa
Solen krusenterni
Siliqua alta

Yoldia notabilis
Paetollops pulchell
Mercenaria stimpsoni
Phacosoma japonica
Other pelecypoda

Gl d Ew A Wes

R TR T s

AR R

hwd Bims s e

S O O O T (9P

LN LD b s

L O O O ™

100 0 1 L

Philine agrentata
Eunatica pila

|

I

Scaphechinus griseus

5
=
O [ T O I O
=
o

Station No.

=
=7

g

o
-

o
by

o
L=}

Depth (m)

&
o

-
(=]

6.5

&
e

4.6

e
~

[
.
e

Spisula sachalinensis
Mactra sinensis
Peronidia venulosa
Solen krusenterni
Siliqua alta

Yoldia notabilis
Pacetollops pulchell
Mercenaria stimpsoni
Phacosoma japonica
Other pelecypoda

L O O I

O W Y

NET R LR

i |l T I Miogg A

L T s I ™

(O 0 P [

L O BT

TR T RAERrY

| A o P D

Philine agrentata
Eunatica pila

I

|

Scaphechinus griseus




5 | 46 | 47 | 8 | 29 | 50 { 51 l 52 | 53 MJ 55 | g6 | 57 | 58
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o 24 o o o o 0 5 2 0 0 0 0 0
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= 1 - = 1 p 1 - 9 -
5 3 : . = B _ 5 ) .
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12 October 15, 1965

Station No,

10

11

12

14

15

17

Depth (m)

4.8

7.0

4.5

6.5

8.8

11.8

3.0

6.0

1.8

3.8

Spisula sachalinensis
Mactra sinensis
Peronidia venulosa
Solen krusenterni
Siliqua alta

Yoldia notabilis
Pactollops pulchell
Mercenaria stimpsoni
Phacasoma japonica

Other pelecypoda

- S - .

Philine agrentata

Eunatica pila

Scaphechinus griseus

Station No.

42

43

45

47

48

51

57

Depth (m)

8.2

10.2

4.5

7.0

el
o

6.5

8.5

9.0

Spisula sachalinensis
Mactra sinensis
Peronidia venulosa
Solen krusenterni
Siliqua alta

Yo'dia notabilis
Paetollops pulchell
Mercenaria stimpsont
Phacosoma japonica

Other pelecypoda

Philine agrentata

Eunatica pila

Scaphechinus griseus
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21 |22 | 23 | 25|26 | 2r |28 |30 | 31|32 l 33 | 35 | 36 |37 |38 |40 |4
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Studies on the ecology of the scallop, Patinopecten yessoensis(Jay)

1. On the growth and annual ring formation of the shell.

Kuniyoshi Maru and Akio Osara
(Hokkoido Abashiri Fisheries Experimental Station)

The authors studied the growth and the annual ring formation of the shel! in the scallop,
Patinopecten yessoensis(Jay) which had been collected monthly from Lake Saroma throughout
the period ranging from May 1962 to March 1965.

The results obtained are summarized as follows:

1. The shell increases rapidly in height during the first year, and the rate of shell growth
decreases gradually in the shell older than three years. After being marked with the sixth annual
ring, this growth is extremely reduced.

2. Two concentric rings are marked annually on the shell during the periods both from late
June to mid-September and from mid-December to late February. The ring marked in summer is
more distinct than that in winter, so the former is considered to be more suitable for year ident-
ification than the latter.

3. Shell growth begins in March and becomes vigorous in both April and May, but it decreases
during summer (late June-mid-September). In October, the growth commences again and continues
until December. After that, the shell grows slowly and remains in that state until the following
March.

4. Water temperature in the bed of the scallop varies from-1. 5°C in March to 18. 5°C in August
and shows a regular sine-curve.

5. The solid matter contained in the stomach of the scallop is composed manly of diatoms an
d detritus. Their volumes increase in the following two seasons, i.e.,, March to May which corres
pond to the vernal resumptive season of shell growth, and October to November corresponding to
the fall resumptive season of shell growth. These seasons correspond to the seasons that diatoms are
produced actively.

6. As to the factors related to growth cessation and ring formation,-@diminlution of metabolic
activity resulting from too low or too high temperature, @physiological disturbance caused by breed

ing, or @unfavourable conditions within shell itself are considered.
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Fig. 1. Map of Lake Saroma, Hokkaido, Japan.
© : Station where scallops and planktons were collected.
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Table 1. Mean distance from the umbo to each annual ring marked on the right valve.
Htome 2] pjng I 1 2 3 4 5 6 7 8
Number of shells | 1qq 199 194 165 100 46 16 4
Range (em) /14.9~7.2|6.8~11.5|8 7—12. 3|9 9~13.5/10.8~14.1/11.5~ 14.6|13.2~15.1 |14.0~15.1
Mean distance(em) 6.0 8.7 10.9 12.1 12.9 13. 4 14. 2 14.5
Standard deviation 0. 46 0.57 0. 63 0. 61 0.63 0. 61 0. 54 0. 50
Mean + Standard 5 54 803 10. 27 11. 49 12. 27 12.79 13. 66 14. 0
deviation 6. 46 9. 27 11. 53 12. 71 13.53 14. 01 14. 74 15. 0
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Fig. 3. Growth curve of the scallop.
The figure shows the mean distance and range of the value,
from the umbo to each annual ring marked on the right valve.
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Fig. 4. Relation between seasonal change in growth of shell height and water tempera-
ture.
(A) Curves showing the seasonal and annual growth of shell height during
the period from May 1962 to March 1965.
(B) Seasonal change of water temperature in the bed of the scallop.
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Table 2.

Monthly mcan shell height by age groups

Date ~remy e 0 1 2 3 Date ~ltem, o |0 2 =4 uDal.e dtemg el 0 1 2 3 4 5 :
Ran 5.2~55 | 7.5~54 |01 Range 6.5~8.8 |Wt~1LH{1~1 Range — | — Jur-ryus-ny
ge 4 ng
[May18)62 Mean 54 83 0.4 Apr. Mean £4 we | ns Apr.17,64  Mean — | — | u& | 128
Number of | : % 26,63 | Number of 5 " G Number of M [ 5 c
measurcment’  ° measurement . ) 5 measurement ;
Range 4950 | 1R=04 |0.4~118 Range 19-49 | 7.3-5.4 JI0.6-11.2{H.4~13.3 Range 3= ~4,7 [10.1~12.500.6~13.8{11.9~13.6
Jun. 6 Mean 54 05 | May 24 Mean 85 W0 1l May 15 Mean 5.4 na 13 Bo
Number of n 3 » Number of | = 9 1 Number of 15 n n "
It M) : measurement measurement )
Range — | %5 foo-n3 Range L6 | BE<RT [0 T~100 10T ~18.7 Range X — [as-122]l4=135]127-184
Jul. 20 Mean — | s s | Jun.26 Mean 46 81 1.6 126 Jun.3 Mean 8 | — | 13 1.1
Number of — | 3 6 Number of i - » i Number of i | — | s ) .
measurement measurement = 3 5 measurement ) ) i
Range X ST PR R Range 5.5~3.9 | B.5-99 [10.8~10.8/12,0-120 Range ¢ 8.2~9.8 [10.5~12.6[11 .6~ 128 |11 o106
Aug.29| Mean &4 82 | a2 I! Jul.30 | Mean 7 $4 | us Jun. 17 Mean Ll 0 |'n 22 | nz
Number of . | Number .of o Number of ) A
measurement | measurement = measurement ;
Range 373 | 83~10.4 |10.7-123] Range T~6.1 | B3~10.1 [0 E~ 11801 7~13. Range 04 |s3-m0 s~ s 1~nafiz -1
Oct. 2 Mean 64 ¥ ‘Aug. 24 Mean | ] ns 2.4 Jun, 24 Mean 34 54 14 4 1
Number of 5 3 ‘ Number of % Number of ! A 1 %
measurement - |measurement, measurement * -
Rnﬂge 6.3~7.7 |K.9=~]10.5 |10.7~]2.0 Rll'lge 5.0~1.7 O=10.0 | 30.6~12.1]11.7~13.4 Range LT7~60 | —— |11.2~12.0[18.8~12.5]12.5-13.8)
Oct. 23 Mean 7.3 0 | 14 | Sep.26| Mean 64 9 s | e Jul. 23 Mean g | — | nE | 23 | ona
Number of " v pE Number of & 5 Number of a =1 ; w
measurement i measurement § ) ) |measurement $
Rnnge T5~82 | — [l08~1L6 Ra_nge §A=T 1~16.6 |10.5~12.2|11.2~12.9 Rlnge 5.0~6.4 [Ro~112 [1L0~12.512. 4~ 13 4} 11.5~13.8
Nov.29| Mean i | — [ n2 10ct.29| Mean 14 : | Aug.23. Mean \ E 21 | po
Number of o Number of i x 5 Number of J u ] 5 i 15
measurement measurement ) ) measurement . B
Range S.E~E6 [8.7~10.3 [l0.8~124 Range - g T~inx L:x - 2.1~ Range —6.6 | — |9.5~1L6 iL4~132{12.2~ 108
Dec.24 Mean 75 10.1 5 INov. 14 Mean | M | ne - Sep.17 Mean 59 | — | ma 124 B
Number of ® 5 n Number of n # | u 1 Number of 5 | — | © 15 n
measurement ) ) measurement | | ) measurement -
Range — |sg~111|106-18 Range 7.7-89 |9.8~10.8 |10.9~123|11.8~15.1 Range 6.6~8.0 | 9.1~10,5 |10.4~12.5/11.5-13.5)12.0~13.7
Han.3063  Mean — | 13 L2 | Dee. 11 Mean 8.2 13 i s Oct. 30 Mean nd 10 i L 130
Number of T [ . Number of 8 15 5 " Number of 1 2 I o 15
measurement measurement i = ement
Range 6.9~8.4 [10.2~11.011.2~12.2 Range — —_ —_— 123131 Range GE~T.7 [2.1~10.6 [10,7~11.8[12.0~13.4] 12.3~13.4
Feb.
Feb, 21 Mean 13 s T e Mean —_— — | — | Nov. 26 Mean 7.3 i 10.1 w7 126 1.0
Number of & . % 1064 | Number  of el — b= Number of 5 |5 " 15 "
/measurement ) asurement measurement |
Range 68~5.7 [10.1~10.8]10 5~12.2 Range 85 | — [ra-ns| e Range — |sens | — | 127 n2
Mar.20| Mean 27 | w5 | 16 |Mar.13| Mean 25| — | u5 | 22 |Mar.1965 Mean — | 93 | — | m7 | B2
Number of . i N Number of N S i Number of — 1l % —ll 5 1
measurement ) |measurement ement

Note : 1.Dimentions are given in cm.
2.Arrows show change of age, basic month of alternating age is June.
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Fig. 5. Monthly mean increment in shell height of the right valve.
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Fig. 7. Formation of 1st annual ring.
1. 1 year old scallop (Without 1st ring)—collected on July 23, '64.
2. 1 year oid scallop (Without 1st ring)—collected on September 17, '64
3. 1 year old scallop (With 1st ring) —collected on October 30, "64.
4. 1 year old scallop (With 1st ring)—collected on November 27, *64.

Fig. 8. Formation of 2nd - 3rd annual ring.
1. 2 years old scallop (Near 3 years old scallop)— collected May 15, "64.

2. 3 years old scallop (Formation of 3rd annual ring) —collected on June 24, "64.
3. 3 years old scallop (Formation of 3rd annual ring)—collected on August 23, '64.
4. 3 scallop (With new enlarged shell) — collected on November 27, *64.
5. 3 ye scallop (With new enlarged shell)--collected on December 24, "64.
6. 3 years old scallop—collected on January 30, "63.

7. 3 years old scallop—collected on February 10,

8. 3 years old scallop—collected on March 20, "63

9. 3 vears old scallop (Near 4 years old scallop)—collected on April 26, "63.
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(Radiograph by Dr. Kurimura.)
Fig. 9. X-ray photograph of right valve of Patinopecten vessoensis (Jay)

a. Taken June 24, '64. an. r:annual ring (summer ring)
h. Taken October 30, 64. w. T :winter ring
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Fig. 10. Relation between seasonal change in volume of plankton
and volume of solid matter in stomach of scallop.
(A) Volume of plankton collected at scallop bed.
(B) Volume of solid matter in stomach of scallop.
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Fig. 11. Seasonal change in gonad weight.
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