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Ecological studies on the seed production of
scallop, Patinopecten yessoensis (Jav)"

L EE

Kuniyoshi Maru

Hokkaido Institute of Mariculture
Shikabe, Hokkaido 041-14, Japan

Annual yield of scallop in Japan has shown a notable increase since 1970, and recently
attained to a level of 100,000-150,000 tons. Undoubtedly such increase is due to mass production
of seed, development of intermediate culture and farming management of fishing ground.

Neverthless, there still remain problems to be solved relating to the culture of this species.
One of the most important problems is the instability of seed production caused by fluctuation
of spat collection, so it can be said its stabilization depends upon the seed collection.

In recent years, various researches have been carried out on this species, however, there
have been no studies on early life population dynamics or fluctuating causes of its population.

Therefore, the present work has been begun in 1964 to increase and stabilize seed pro-
duction in Lake Saroma. The author has investigated its reproductive ecology, factors control-
ling spawning, and increase or decrease of spats and larvae affecting seed production. Basing
on these results, he has systematized the predictions of spat collection as a technical remedy
to prevent the instability of seed production, and finally inspected their reliability.

The results cbtained are summarized as follows:

1. On the basis of formation of germ cells and their relative amounts, the maturation processes
of the gonad were classified into the following 7 stages, (1) undifferentiated stage, (2) differ-
entiating stage or resting stage, (3) early growing stage, (4) late growing stage, (5) maturing
stage, (6) breeding stage, and (7) degenerating stage or spent stage.

2. From the above criteria, seasonal gonadal developments in cultured 1-year-old scallops were
categorized as follows.

Early growing stage, May ; late growing stage, May-June; degenerating stage, June-August:
undifferentiated stage, June-September ; differentiating stage, September-March ; and early
growing stage, Octoher-March. In early and late growing stage, the gonads showed male
phase. After that they proceed to degenerating stage and undifferentiated stage, thereafter
differentiate into either male or female, remaining in that state until late growing stage.

* el CEE Ao (1983412 1)

* The work was submitted as a partial fulfillment of the requirements for a Doctor’s degree
in Fisheries Science at Hokkaido University in 1983.
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** Present address: Hokkaido Hakodate Fisheries Experimental Station, Yunokqwa, Hakodate,
Hokkaido 042, Japan.
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As for cultured 2-years-old scallop and native scallop older than 2-vears, their reproductive
cycles were almost similar to each other, i.e., maturing stage in April-June; breeding stage
in May-June: spent stage in June: resting stage in July-October: early growing stage in
November-February ; and late growing stage in February-March.

3. Spawning scale, which is controlled by size population of parent scallop, age composition
and difference of gonad weight, has greatly fluctuated in number of released eggs, ranging
from 20010 to 4001012

4. Gonad somatic index (GSI) representing relative amount of gonad showed no differences

between male and female, and its averages were observed as follows.
Resting stage, 7: early growing stage, 10; late growing stage, 15; maturing stage, 20; early
breeding stage, 16: late breeding stage, 11 and spent stage, 7. Therefore, population is
regarded as in maturing stage, when samples greater than 20 in GSI value exceeded 50% of
examined individuals.

5. The value of GSI corelated with sea temperature at which scallop inhabited, and matura-
tional temperature showed 2.2°C. The major spawning took place when cummulative sea
temperature over 2.2°C attained to 285°C-.day. Annual variation of spawning season was
caused by attaining time to this critical sea temperature.

6. Swimming larvae appeared from late May, most abundantly in June, and disappeared in
early July or mid-July. During late May and early June, D-shaped larvae predominantly
appeared, and in mid-June replaced by early umbo stage or umbo stage larvae, then developed
to full-grown larvae in late June.

7. Horizontal distribution of scallop larvae showed high density in the east region and northern
coast toward ecast side of Lake Saroma. This tendency was kept stable throughout larval
period. During this period larvae greatly decreased in number, only remaining 0.01-0.08% of
released egg at the end of pelagic life. Larval decrease in number was greatest in the early
development of egg, secondly flowing loss to the outer sea, and natural death of larvae.
Large amount of larval flow was caused by prolongation of swimming period owing to the
delay of rising sea temperature.

8. Growth of larvae showed a linear regression, and growth rate in shell length averaged 5.1
per day. The settling size of larvae was estimated to be 263.4413.2 # by the measurement of
prodissoconch 11, and required 28-56 days to attain to this size, after 36 days of swimming life
in average.

9. Spat settlement ranged from mid-June to mid-July. Attachment of spat was found in lavers
from surface to bottom, most abundantly from middle to lower layer. In this lake high
density of spat was exclusively observed in east region showing 200-300 individual per m2,
whereas 5-70 individuals per m? in west region.

10. Shell length of spat exponentially increased after settlement. It took ca. 100 days after
fertilization or ca. 60 days after settlement to attain to 10 mm in shell length which is used
as a seed for intermediate culture. By this time, late August, ca. 50% of spat detached nat-
urally from primary settlement. A linear regression relationship was observed to exist bet-
ween the amount of remained spat on collector and that of swimming larvae more than 200
in shell length.

11. In order to stabilize and plan the seed production, the following keys proved to be available
for the seed production.

1) Time of high breeding: when cummulative sea temperature above 2.2°C reaches 285°C.day
after April 1.

2] Spat settling time: when larvae up to mid-June attain a shell length of 260 ¢ calculated
by the formula of larval growth.

3/ Spat collecting time: 100 days after high breeding.
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4) Amount of seed: represented as a regression formula, y=1738.82+67.87x10%, where x is
maximum amount of larvae above 200 p in shell length, and y is the amount of spat as
seen in late August. Or 50% of early attached spat in early July.

12. For the improvement of accurate prediction of spat collection, various inspections are
indispensable as mentioned below.

1) Amount of native population over 3-vears-old scallop to be retained in Lake Saroma as
a parent population.

2) Predicting method for prolongation of swimming period resulting from the delay of rising
sea temperature, and flowing amount of larvae to the outer sea.

3) Predicting method for the amount of early settled spat.
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Fig. 1. Annual yields of scallops in Japan.
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HDH. fud, PEREZROE LR (1943), PR - (1A (1943), NISHIOKA ef al. (1949), (114 (1943,
1950a, b, 19514, b, c, d, 1956 a, b, 1957) iz k 2K 1E, EESHEEEIC X 5 FUBapil, Kokt
BEOBISNHE 7o & DRSO TH S,

R T HAWEAED N TORBFEEL, CnbOBERVERE L TR Sh e EabhT
FRZERFFESETHRG, LL, ThboMRIE, +27 44 OB 2/ RBHTRHC L oM
AR E LTERTAC ikl T2 di, ENN-LEESENYBRTHSEHREZES
¥ COBRERBEZHS ML LS ET5 BTtk ofs, Lzt T, EANARTEHC tomin
KR L s > THIRMBRORFCED TR EVHFS L LG LB LBV O WE 2 A THSD, Bl
PHUCIZU 2 D, WRMMEN TH 2 HEARO BB 2 TR+ 5 ce T L Hricmi e L Tu
HERFCEMGASERIRTVWS,

Pk, 1964GELIR 19TBIE £ €, sk & 7 4 A OMNEME & U 5 A b v = A RS 0 0O
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ZOWMERIT - 1o e =i, JCEEHEE A & — v 2 iR AL 5 W8 91 km, KR 149.2 km?2
WAMT, AR IATGWSR20m, X2 moE Al k)4 k—> 28iclLTw5,
Bl a7 2 o YMOWILEIC LT, BHRAM & KO —onbi- Tl h, ThEhKELIm &
19 m ORISR b oM@ EL B L Tv 5 (Fig 2),
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%3
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Fig. 2. Sketch-map of Lake Saroma, showing
the isobath in meter.

R R — 7 2 i S AGHE AR T ~IA T B AL, BRI~ S iEh 2 FER L LTl
R~ TR 5 (- P8 1973) 2%, 1 MR S 5 B A LBRRILAERORIE 6% ot X (R
Ki5 1969) 7oz, 1@iFRC/MHERA AR L R T 5SS h L T -Boic s K5,
FO Tz, WS A6 D A A L T 70~130 cm/sec TH DO T, PMRIHTIR3~5
em, 26, FOMIETIIESTRHEEh, HHCHEBAE T 2em/sec LT &5 (LB 1973),

KM Ok 2 2 5 &Mz —1.0°C LUFRaitAs, 4 Aofkgownx8c, WA th 5
8 Hicix 20°C iz T5, 20tk Anbdiic A, EFBOKREE IR, KRZET
el (Fig. 3), ZRARRE—AHS KR O P9 70 30K B e~ i« kIR A e T
(Fig. 4) 25, Ko REEiiE LoR L il - £ 5 (Fig. 5),

e @R FROPIATEA LTV A2, Wl S 2 THAKECRA TS =)l &, ¥R
KRB RRCRA T B o =<2 Jl[A z ofiofisrc k& W BEE 52 T3, Chs@llofki Table 1
DX 5T, MEREO4~5 J PR ELiiE . Licdio T e #olira#iniis
LUMIREL TR 33% ZRTa% PIIKAL 5 332 Hils LUEDHRUK Tz < HE< (Fig. 4), %
IZE RS 4 - 5 A ARRERIC I ZR K CRR B S R KBS B Hbh S (Fig. 5),

RERPLRZBRELYEVT, KEImabldmEBrXoKKIcR2 T4 DERRALRTED, #
OSBRI S KR Iz (Fig. 6). —J, KEB©#52% 1235 766 km? A% Fig. 6 1=
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Fig. 4. Sea temperature and
salinity at surface laver.
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Table 1. Monthly average volume (m3/sec) of the inflowing
water from the rivers (1975).

Month River Saromabetsu River Baro
Jan. 31.0 1.80
Feb. 3.84 1.90
Mar. 3.82 1.74
Apr. 54.90 15.17
May 29.21 5.87
Jun, 2.7 2.23
Jul. 5.11 y 1
Aug, 16.16 10.30
Sep. 12.11 5.75
Oect. 2.69 6.40
Nov. 16.95 4.25
Dec. 1.37 1.54

Density per
648m’

1- 10
En- %
[0 51-100
EEEE 101200
- o

(] spat collecting ground
iz Culture ground

Fig. 6. Density of native scallop in 1964 (A) and scallop culture ground (B).
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T LR 2 T A RTEFSE LR ShT5, RO ~Glant Lt Table 2 ® X512, &
3 (5 8,000 HEMED 0 W4, 5,200 5 FEtko 1 E#EH 4,200 HEED 2 KlEkr - collE 2hTns, =
HH DR 2 7 7 A L IR CE A M 55 hoMEmiifs & 2 b, oKk ThEEShAE
EEABY I F A F DT L TREFE LT A, = OKBEOILHAE (Table 3) 1211 B:5 2 Hic
M COFDKETS %2 25 LRI ER CR L IEH & /o b, 150 mg C/m¥/day G, 3~6 H o 1/20(x Ko+
ElpH, BEELABHOICIEFRE 20 X 5ol € Ly is & 25 T2l s v T s
KA MR T S IRMC S D, 19TTIRCZS X CCETH BF99000 b v D& 2 7 A FREER HIF S
NTWB, e =f{illidh2 T 0 O EERTHE & Lo, WA cH 27 74 BWHE L LTS h
TWAHKEKTH S,

Table 2. Amount of cultured scallops (x10%) in Lake Saroma.

Age 1975

class June July Aug. Sep. Oect. Nov. Dec.
3 894 23
2 41661 41661 41652 36242 24802 13487 1386
1 52521 52521 47413 44079 44089 44447 45219
0 384756 384756 384756 384756

Age 1976

class Jan. Feb. Mar. Apr. May June July
3
2 1275 1189 1135 968 540 235 125
1 45108 43833 43833 43833 43833 43833 43833
0

384756 384756 384756 384756 384756 58550 58550

(after Fuji, 1980)

Table 3. POC budget (mg/m2/day) in Lake Saroma.

P, primary production ; I, inflowing amount of POC ; B, amount of
biodeposit by plankton feeder; F, amount of POC taken by
plankton feeder; D, amount of POC dissolved by microbe; S,
sinking amount of POC.

Duration ) 1 B F (D+8S;
June-Aug. 1224 4 134 225 1094
Aug.-Oect. 1928 13 121 284 1776
Oct.—Dec. 1032 13 235 440 853
Dec.-Mar. 146 2 69 178 53

Mar.-June 2639 12 84 221 2506

(after Fuji, 1980)

1. SFELERE & ERRIR

AT, (AEBEOTER A I T S MIEL LT, R0 CREARN A FI R BLT 5, LizdisT,
AR B EEROETERE AW 62035 ECRABERT R I 0B 2 Hh T A 1ED b T, IRgiE
MBI RAEEL, Iz M+ 2 A REGFHEMIT S & 726 X s IR 028 B i 2 B AL e i
O A P+ 5 L TR MR A RET L LB,
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CHET K27 HADETHA 2474 BOEMAERCH LT, AWMBEREOFHALL (L4 1943,
YAMAMOTO 1950a, MASON 1958, ¥ - 7 1961, FIJf - /6l 1967, HENNICK 1970, NAIDU
1970, TAKAHASHI & MORI 1971, 3 - /g 1973, /Ml - 4UH 1975, OsANA1L 1975, # 1976, 1978, #%
£ 1977, ¥ - 4 1977, JIIECHIS 1981, WALOBEK 1982, JI|¥{iH 1983), H{## %Al+ 2 B (TURNER
& HANKS 1960, SASTRY 1963, 1966, 1968, 1970, 1971), pEAiisit] & % LW (AF 1940, LA 1951 d,
YAMAMOTO 1952) e K0 & { OMRAHHF R S h T &, 205 b, ANRRIHE L IR - 1RO KT
IR NS L LTE D, HEbRECES  CoNBY ERMBIIROMR & REBELY L i LT
ERRNCH S 2z LDz MASON (1938) i £ B Pecten maximus QEBER o ToHE LNEEBS
(1981) ic kB 2 7 4 4 T FRMBEZ M@ L LFHi BT Eiw,

FER AR EIRBER & LCARBHEREE L bio, &7 41 BAENOHFAE{Ms5LTVwHT L
ih, AHFECET AR THRMORBWD S A THRHETERVHETHA I, COLLBETHIEHIE w2TH
A OEFERRCB L T2 A AMARORIEE & & Lic@EMEERC G T LRI L Tl { 2 LA
IR HE TS L TREL LS,

ZOETE, HAMERSEMBEEFCOVCENERORTEARLL L L THENLREICESET
OYERHEE 2 R L. S AT 5 MEOFER & L o TR Ao BN L2 o i T2
b, EIRREATSERC OG- TRRN A I .

1. #EFE

RO RHGRER L BT 5 120, MMEERL Fig. 7T on Lol A ORMIER X 0, £, HA
EER LS Bio s\ THMEIC L 0 fEA 1 a5 hFh 30~40 AT HRE L. FREEE LRI e #,
i ARRER AT L, SrREo o EREh R L b Y) it lERIN 7T VIR
WCRIE LBl OAEC L HE6~8pD 57 4 VHINEL, FF7 4 —A FD~7 bFv Y vE
o v O TR AT MBS L, ch i Rlo@Bh 2L THTEE LR, -
H—hic X B PAS IGoBHEAS L0 / vk XA oA L L, SR IRRIE RS
Tz,

® | Dredging site for mother scallops.
. Sampling site for cultured scallops.
. Sampling site for native scallops.
¢ Anchor station for measurement of sea temperature,

Fig. 7. Sketch map of Lake Saroma, showing the localities
at where sampling was performed.

2. EMEBOEREE
AR RS A LR & LR s L ORI N X ORCE o Cas b, AR ARG ) 6 P 0N o0 2 L e
faoANlici T LTy b, BRI BGER T, A (1976) X hkd XS5 cKy EhTuwb (Plate I,
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Plate 11\,
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DELTHAMTE & b, MR ET 2 (R, WO B 2 R0 BN T, BRE
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HEXoicied (BFEREN), BEEoERIC L3y IRREL { ChTHilaiz e~ L, B 25~
40 71, HP{E 55~80 o2 > B — i DRREAINY (HEMWID) LB,

Ok 5 I MERORHGAEY L Lo LT, B0 BB E 2k 7B Lz (Plate 111,
Plate 1V), 7ci5, BESORic Mk L & Mk 10 ELERicEOH L, 1P TOERT
B S i AR 2 IR 2 S E T O, B 5 L i TR T AR T
HAHETROPHEAEED 1 DL L,

AL (0 1): kG CHEREOHIR NS T, EFFEMREET 5.

el CRRCEAERE) H5 ikl (RofdEE) (5 1) : Bt ciapiBiaiias i L, SRHE-Ci2 oMl
i & g oo BREHRE 2 HEBR W 5, — oo BB BRI o BRI o HBLARES b s,

BRI (5 TLJ): RSB Cirsl—dk, & oolihERa & B RERG & To s A bR, JRNLCap
ORI BN HBL L, SRS R oo DR fEIa 2 e MR D212 20% dihd L 5i12ied,

PRI (3 LIS : Rt ciapy 2 b L, A EERGC AT AR T oL S 580 (FTHR) e
20% 12+ 5. BRR TR BRI EM o IR 20% L LT, oMo BREEIRAYRE 20% A
Wb,

ROMO] (5 LV ). K§HLo /)12 20~80% DR T IR A i, FREL I RUI O SR FFRIK A A R
D 20~80% #5355,

B (VI : T H5 B SRo/itic X b, BiEL B & Lo/ bR RS G A,
115 TV AR B KRN & CodRMIIEAL, BE TR, SEIRRER, IREIREUN O SRR A
et ABERSHRB, COMIE, 25T R LUIORIBEES I & 0 iR To 2 h G EvEREER O
HERS50% DL EARFLTUAHIE, R HERS0Y KL k- iz icptehs,

BIEH GRECEGE) 52 b T () G VIIE) . sl o s A Mk o ichic
L DFERICEB LT > T BH, 0 THR BN D IRAFRS T8 2 I RIS A b s, £/,
IR IR TR RS, BHEL C 2 BRI £ SEERUIO o BRELIIG & R 1k b o BRI o BRIk
RBEPEALRS. Zhb o keI ARSI X BRI S h 2 @25EHHh 5. KRIE
RS T AR o RS BRI oA, BREHER-CR REERE, Rl ARG Ehic X h IR s hT
W3,

3. & 5 B M

FFHAO 1 IGEER & 2 BEERC O TOMME L RO B, 0 TR L E MR omN &
REBBICL LSV TRLIzOA Table 4 TH%, 1GEEO 5 A oMk LME s ETH D, B
e BRI ES T s EE T b T b, WEIICET B KRS SR, 6 H2b 8 Aicit,
ZhHOEERR A TR o BECBE S, 9AABSMEBICA b, 10 BicilERi~FET 25
WEL B 2h 5, 10 LR Tz ca oy obict F o tv 2oL, i



Table 4. Seasonal changes in the gonadal maturity of the scallop.

Age
1-year-old
(Cultured)

2-years-old

(Cultured)

2-6-years-old
(Native)

Neuter

0

Date
collected

May 20, 1975
17 3
1

June
Aug. 1
Sep. 20
Oct. 8
Nov. 13
Dec. 4
Feb. 2, 1976
Mar. 11 7

15
11
11

llI]iINV-Vl I

12

2T oA ORI BT S R RN o

Female

Male

21

13

- L =

]

- TR S T

11

v 12, 1973
18
18

19
. 20

20

17
Nov. 7

Dec. 5

29

W o s

3= TtV

1974

1963

g
—
e I TR

10

17

1964

Apr. 17

(S

[ ST L I 3

Ll ]

1
13
15

6

3

N
-]
o )

-
—
[

W N N
-
S
—

(8%

N - W

17

15

10 5

15

4 3

112 1
13

e

-

10 1
9

Note: 0, undifferentiated stage; [, differentiating stage (immature individual) or resting
stage (adult individual); II, early growing stage; I, late growing stage; IV, maturing
stage; V, breeding stage: and VI, degenerating stage (immature individual) or spent
stage (adult individual).
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MMk IR ENC E CRETAMEYNE kD, 20X 5z, LKMAKLEEE LTHERST Sz
BAER, AoeMiLeE TRt b5, DR 2k 2 T bl & L CREMRo R
WOWo® ¥, 7o, MECERINFRAREIO RO RH ESbh 508 CRETT S ATl X 5
WHBEOE 2 EH R LY, WThLEBPLIFC F CRRF LV ATEL TV,

2 A TR S b 5 Ak s 6 A Eic v TIREHIOREE & & b, il S ROHI,  Bhie T
WL s cOMBIMEL R L, 7 Hic iR 2 4 <ol ciy 5602 d 2 X 5ic
thH. o, 10 A cRkiboME2 @S LTw525 11 26 M2l - Loz il
b, 1ATFwAE 2 A LSl ERINcBiT oMt 2603, 4 Hioiz T Cioiiiic A - 22k
p—iadsbhd L oicic b, 5 Ahiici 2 MArREMEY L OIcE s,

2 Wik L 6 Wb & Co Mk 5 7 s A RGO RO BEBES, 5 H2 b 6 Hicad Tt &
OIS T Mk A A o Ao b T s, 7 Havk 10 Hicixfkik Wiz, Fo#, 2 An6 3 AEiE tu
ICREN, RS, 1 4 BcR el £ TE LS. Chb o R E TR 2 BRI
RTERMEN L ESTEU LTS, 20 L2, 2L EoMEO - X 5ERURTI A REER, EBTH
FWRERLHELTR —CHa b, 5 Hphiss 6 AhliE cogiil, 7H2510 A £ copEfEs, 11 A
53 TCOREN, BI04 Ao 6s 1EY 1 AL T 5 RRMeREARY L2 Z L4 0RL
T\ B,

RO R L b e 5 RO Bk ek & 2ok, kAR T B RO RO 58,
BAMBIEE (GS]) L LT FT200 %l THS, 2 EoETFRMMAR - AABEAED GSI L4:5
MRORF LKL LTy LoRERBR — Lic ¥ Lavf-obt Table 5 TH 5B, GSI ([ —BUABR Tix
MR X A ERRERHLRT, WMo RBHI N vk L, Foldtic X hEd Rz
LGN THH. Vv E, WERAYT GSI OFMfEE 25 L, WERCH 5 EE T 20 %, S
HBATIZIS bake T L0 TE, BB T TR0 T Chs, F2C, GSI 2120 28z 5 Mk0%
EfED 50% Ll A pi 8 B IS b, GSI 20 ko @Es 2 MED 50% Ll L 55
FXFiC S b, FrucglEey T 10 A#o GSI &Mk 22 M EChob sl TH
CHEEATIVTHALS,

Table 5. Comparison of mean gonad somatic index
between male and female.

Gonad somatic index Test of difference

Gonad stage = — S

Male Female Fy, Fu.as
Resting 5.8+3.7 7.44+1.7 4.74>1.75
Early growing 10.34+2.0 11.0+1.9 1.11<1.74
Late growing 14.0£5.4 16.6+3.0 3.24>2.26
Maturing 21.24+4.5 20.4+3.7 1.48<1.97
Early breeding 15.9+4.2 16.7+4.5 1.15<1.69
Late breeding 9.8+3.1 13.0+3.5 1.27<2.84
Spent 5.6+1.4 7.6%1.9 1.84<1.86

AR & A R4 T A 0] (5~6 A) icdsih 5 BAMARES 5 i 2 B o GSI Hil 434 (Fig. 8)
IR X VR TSN S A L6 5 AT E CABTAC L, BFE L TOEBETREL Zhuc
MELT6 A Enb 6 HFlE coXRanto b, 20225 GSI OBMiflio 26 AL K X
wohhAC k, B 247 GSI RMEoBIRICERORD - LOkikHbbLTWA, =
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Fig. 8. Gonad somatic index of native scallop
during the spawning season.

D= bk, YIRS X OIS A SR T E CoOMIMAMEIC L D RELSEBH LTV S Z 2%, D
RBBAMEC L DB CREIGEVDHE Z a7 LT\ 5,

1. ERBREOEREZOER

PEINE DA E Sk, PEINCEEE A B BAERIE O (AR & SRR R I A MR (R AR o B IR & DB &
LCHEET A Z T &5, Fig. 7 L g dic sy CTERB O Mo #ic I v Rt BRERIcd, &
DT RERIRE & 0 IEIIREOER I AR AR L, Wlba 101 (RIATE - /D 1967) L LT i b
P AR O K = SEHEE LicD Table 6 OfRThHH, o, TEFEMEFC2VTCE, Kl
i L 7 AT AR O LA A B A JEi e L C R B TRMME AR HEE L Table 6 O Flilfic il 7z, 1 HE#Y
h ORIk (v) SEREOWER (w) LoOficiy, y=(292w+19)x100 TRXh 5 X 5 fe— KRR
ST A (AR 1964) T, FESRBHEANGNIC A 5 B L TIIic4% 6 A oAk ER S Lo Lt R
I o TkbizehEhoRic B0 2 IO 2 eI Y5 2 Licic b, Table 7 A FFIC BV
T GSI ik b AT, BUEHAIFRICHS 5 H EM# Tic 5 6 B kit A4EIEE S L o PILAiE
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ek, EXEMGIiRoEN S ERIIR A RS T Table 6 (25 L - dEPMESE R R ic F8 U CABEH
PifikAe ke f-fEBAS Table 8 TH %, #HMEHIPRIIEIC L 2 EIRE M O F R AR R O® %
B L CARIC X ho Rk VB A kLT B,

PEIPRBLO I L A2, EIN L Sha IO R & 2 & L b EIRRER O BB L i
hiEfsbisl. WE2A2G 5 Aokt 2 AAMEER s X OFHE IO AR EER (G) LERo K

Table 6. Population size of female scallops (x10° individual).

Ee‘ﬁa"" Age 1964 1965 1966 1967 1968 1969 1970 1971
scallop
2 792 475 338 608 480 233 233 233
3 1084 1917 708 912 578 446 217 217
. 4 910 650 1658 516 540 532 415 202
Native
5 785 856 1489 1148 685 502 495 386
6 521 396 628 608 1041 637 467 495
7< 2452 3510 3138 1687 1263 2143 2585 2838
Cultured 2 0 0 562 4547 4144 4132 7985 8929
Total no. 6544 7804 8521 10026 8725 8625 12379 13300
Table 7. Mean gonad weight (wet gr.) of native scallops.
A 1964 1965 1966 1967 1969 1970 1971
8L May June May June May June May June May June May June May June
2 5.2 3.0 6.2 28 H5H5 35 7.3 19 K52 30 31 1.3 5.5 3.8
3 17.5 6.2 18.2 7.8 14.4 7.0 23.2 5.5 23.2 7.9 9.9 4.7 19.3 4.0
4 28.3 10.5 26.1 13.9 2565 8.4 23.8 11.8 26.7 11.2 1.8 6.3 23.4 7.3
5 29.5 13.1 34.8 13.5 30.6 10.4 29.2 8.2 37.5 12.0 20.0 7.7 24.8 9.1
6 26.1 13.4 36.6 17.8 34.5 11.9 36.7 12.0 39.2 12.7 26.2 6.6 24.4 10.7
7< 33.5 1456 42,5 15.3 34.3 145 42.4 13.3 39.8 12.7 20.2 8.8 26.4 11.7

Table 8. Number {x10!%) of eggs released.

Female scallop Age 1964 1965 1966 1967 1969 1970

2 5 ) 2 10 2 1 1

3 36 89 15 47 20 3 8

) 4 47 23 83 18 24 13 9
Native

5 38 25 86 Tl 37 18 18

6 19 22 42 44 49 27 20

7< 137 279 182 144 170 154 122

Cultured 2 0 0 3 56 20 43 54

Total no. 282 413 413 390 322 259 232
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E()OMEHEA 2B E Table 9 © L i b, = OWHBICIE 1=0444G—6.728 L\ 5 — K EIRBISRA AT
T35 (Fig. 9), PUREIAREET Ao, GSI 20 25Tl EA Sl ED 50% L L LB Thsh
B, [BER L b GSI20 T2 KA RS & 2.2°C Lk, KROEABA CH A C (Fig. 7)
kst B 12 Mo RFEARRMEER L & 9T, WEicE L4 8 X o EIIc A -7-6 AkE T
DREADKERA 2.2°C s & LABEME LTRSS, chaiiBEREL LT Fig 10 wiiRli, =
DEC T CIE i TR~k 512 GSL 20 Ao M &2 AR D 50% LI 4 5w 2 IR A ok DR s 4R
LLTWABDT, £OHM% Fig. 8 2:bR%, Fhw Fig 10 fickliz s > TEbLLTH B, A
TREE T AAER TR ERFSRIC X 0Bl h 5 A% IO RIS 230°C. H 26 315°C- H Ol T
P 285°Ce H i LIRS LT\ Be BRI D4R X Aok, Z ORURHRECET %Kik
APFEC X HEECRNT S L5 2 EnTED,

Table 9. Sea temperature at which scallops inhabited
and the gonad somatic index of scallop.

Scallop Date

Temp. (°C) GSI
Feb. 21, 1963 —1.5 15.5
Mar. 20 1.0 15.4
Apr. 26 4.4 21.9
Feb. 10, 1964 =0.5 18.7
. Mar. 13 =1.2 B |
Native
Apr. 17 1.8 18.4
May 15 7.6 35.5
Mar. 19, 1965 —0.8 15.5
May 9 8.5 23.0
May 18 5.8 23.8
Mar. 8, 1974 —1.4 9.8
Cultured Apr. 11 0.8 17.3
May 15 8.0 30.7
10
8
s
o 64
>
s
@
£
=
3
0 4
0
-2

o T ) A e
Gonad somatic index

Fig. 9. Relation between sea temperature and gonad somatic index.
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0. Undifferentiated
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100
Fig. 11. Cyclical changes of gonadal
maturation.
7 Thin line: Juvenile individual.
5 Thick line: Adult individual.
April
Fig. 10. Cumulative sea temperature. 5 % =

Surface sea temperature more than 2.2°C ARG A ARFMRR AR FRO 1oL L
measured at anchored station of C are T, AWFRTIIEMARROHE - RE LML L4
accumulated from April 1 in each vear. R A o T B kA b ot = OFE, W7
Arrows indicate the peak of spawning. D RIS A & B 1o abie A A T A
X B E L b, HREMCH DI HBHED 5 T SR T L& L, ©
OFB R L T ZhE THRO S - 2EREEC OG- TOAMBUREGEEIC OV ToR
A cH n, Fig. 11 oot i cxs X i, 1 REFEOEHMROFETAR L 2FE
THREHNE CinEDt, LoBRENBROBR F o E ST, RIS h THOHEM R T
BERC 2B LT - THORAICETH LV IARY LS Z L. T, 2RBEEOEMIVIIER Iz R
THMMEAEL ARBRETRERERORVC EXHBRIC LI
FEORIE L LT o 2 ki 3 Ll Lo gk X 0 EHIFA A S 2 & (Table 10) 25 BEFBEFO
R [ 23T o Tuieual, FHAEO ML & & G IUA AR R LT 5 BRI AR L A
BB LT A LRRETH D, SHICIUAMEEELIMAT S0, WEE~DBSOEGIINE -

Table 10. Amount (x10) of eggs released
per native female individual.

Age 1964 1965 1966 1967 1969 1970 1971
2 631 1053 592 1645 858 429 429
3 3321 3078 2119 5153 4484 1382 3687
4 5217 3538 5006 3488 4511 3132 4455
5 4808 2920 5776 6185 7370 3636 1663
6 3727 5555 6688 7237 7692 5781 4040

i 5567 7949 5800 8536 7933 5957 4299

Mean 3879 4015 4330 5374 5475 3386 3596
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TLBTHAHH, Lil, BEOEEREDS L & Cit, EPSERYBRT2EBEO 5 b 2 BBEARDE
EHIBE~OF G542 20% LIFicT ¥k, LidiatT, MEEEhs Lcode<#ickvTiz3MLlE
OB BE B DKL kil T 5 2 a5 H L LML ETH S,

ELICERESENE L oo o T, EHEEGE O RE LR RO SERRBI L > THEEERS
(HELM et al. 1973, BAYNE et al. 1975) @7, #iffikEO S 63 ENPRO KX X L L HicFERc X
LEEMIIOES, M S h 5 Eho BRI 5 MEHIH S 2 SR o i X3 2 I AR O F L E
OFGEFMT S L TERG. 20X 5 RERCHIVEE BT 2 4: 150, FRGEFNCRERS
BiclEhTua,

IV. F#EHEFOERE

2T H A BoEEE BT 2 EN L. BEFM5E (DREW 1906, GUTSELL 1930, (14l 1943,
SASTRY 1965), HME* 5+ 8F (JORGENSEN 1946, REES 1950, MERRILL 1961, =Ekf 1962, M 1964,
- 59F 1964, CHANLEY & ANDREWS 1971, # 1972, PENNEC 1980), {fEshdo B & o+
BAREFISE (SB 1940, YAMAMOTO 1950a, #58F 1971, /NB - 4 1970, #5 1973) 2 HHRS
5, FESEBEETFOBEY A — AR s TREMIZEN L2 RRESTEZ Ly,

FHSHETROBEL, HHERNDEOMGRERCAZ (MY THZ LRYARTHS. 2D LI +
2744 ORRAEES OB BE, SRR ER SRS Tl St/ s BEEER S A
TwWaI bicieh, EPHBEASECI Y REZVERZRL TV Y, Tl ENoBEC o TH R
bz h BT 5 C LB LB,

CORTE, ET, AR BT S A8 KA OIS B & 2 T A A ERERT B o OBIE
W BRI B vic Lictic, chicd &5 Tk 2 7 4 f FRES Ao IR B & £ o BT oS EL LW L,
DWT, BT A TR T S BRI THN R I 2.

1. A %

PSS, 5 AT L b 7 A LfWics T Fig. 12 iR LcgHSicsv T, nE30cem, #H
XX13D7F v 2 vdy bick VEBHOEME CORARIC L 7. 1o, MERCV-{ 208 Tk

Fig. 12. Sampling sites for swimming larvae and spats.

A and B indicate A region (west part) and B region
(east part) respectively.
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FH v TR X D MAERIE L OFA L 2. BRIEEURHE 10% i< ) v CHEDOH. & 2 T H 1 Gh4Ei
ffi B L OFGIATIE AR 130 ¢ Ll b 2ot B L, AlRAEE L, FEAHo -t 2oic
REES (1950) oJ7ic X b kiiisERE v — ¥ Tk ok (ki A ERese, Mgt cHEL, 7V ey vey -
LT EE L TROTE Frcsi o st L,

2. REFHAZFHGHEOEBNSH

H& A G OME, SHEEORK, BREEOBELE, ChE ToESBORETIES 1R
M LESTHEIL T3 (REES 1950) %, LITFicnmTHEIC L @A T LA0ETHD. HEOHK
o 4T Fig. 13 xRl

VM

Fig. 13. Developmental stages of prodissoconch larva, its hinge
morphogenesis and terminology used in description.
1. D-shaped larva (SL 145 z). 2. Early umbo stage larva (SL 170 p2).
3. Umbo stage larva (SL 228 p1). 4. Full-grown larva (SL 270 p).
A. anterior ; ADM, antero-dorsal margin; AM. anterior margin;
HL, hinge line; LV, left valve: PR, provinculum ; PDM, postero-
dorsal margin; PM ; posterior margin; RV: right valve; SL;
shell length; U, umbo; and VM, ventral margin.

D B : @52 100~150 ¢, HFHERE T BHOBHIAL R ROBRTHIEAFT, itk
HoFliEE L ~~TeRg . SoNp LB, ThFh2hvw L3 B0 HD, 151
PHE SRS D S CEEASRY L TV B A TR EIGEC R Lo, RORPRITCHiBREFET S,

PR A 150~200 o+ %5+ 5., AN~ R L TEMECE D, SIAREFREOS
RICRLPWH LcBE LTw5, 3~ fofaiizt5, coMicigfmilsvbhsd kicis,

AT :  200~230 p OFEY L2, WEORHITSBEON#EcE CTRAL kB, FEHELVEE
M2 T CREL V. BB E oh, RO R lgSicthEh3 215 Boikks
Lo, iRy HSRRTCHbh, BoREN AL 5,
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PR . AR 230~310 p T A, MIEE LN 2 X 9wz 0 JLEURE B 5, BiiEeo M
MUIBE e, o oo lEg PRI E CRERIRCIT S, R DB TR R . Sl
S5fevL6MA&Tenh. BEN2M0 1D L, BROKPITCHERS i EORGSHHBIL, X {FE
LERZd2X51Ce5h,

3. HhEOHERESH

ThEnOREMRTHIH TR L L 5 BB A Lol icoun €, ZolBNELES (b
M2 KBTS L g RS Fig. 14 Th 5, P iEIn s S iz 1968 4R L 8FE LS 5 AT
L O g O MBI A b R, BAYCHER LTS 6 B AT 7 A L Uh i BB Hh
B, coOf, 5 ATWAE 6 A LM DBEMshE LT 585 6 Ao/ s &R IEIN
B L OBIEMSEA C B Lol h, 6 A TS BRIk Ellaahint, &
SEYOCHIA 2 THRIE SRIYERO 5 L CIMBIRAAR b B2 o 2 H 2R Licd s Table 11 G, zh kb
RAE & b REORCEIIZ 6 BicZbhTwad o tcdfiLTuv 5,

Zh b 0o RNERR (Fig. 16) (2R R T5 0L 20D ERE L 2E0H 5 T & &5
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Fig. 14. Appearance of swimming larvae at st. 2.
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Table 11.

Maximum number of swimming

larvae appeared at st. 2,

Date when larvae abundantly appeared

Maximum density (ind./m?)

June 5, 1964 700
June 5, 1965 520
June 17, 1966 1100
June 12, 1967 1500
June 3, 1968 640
June 28, 1969 390
June 12, 1970 820
June 4, 1971 1200
June 12, 1972 690
1969
uln 1967 May 28 1971
20 Jun. 9 N 31
10 N = 250 1968 Jun. 4
48 N == 1200
May 25 May 30 -~
0
20 1 Jun. 12 N = 203 /[J%\l N-3 19
10 % N = 1500 i 72
T 1{ ﬁ Jun. 3 i b Jun. 11
F May 28 N - 339 3 .
20 Jun. 14 = N 144 E E N - 99
" — M A 10
£ N — 651 Jun
133 Jun. 16 May 31 ] Jun. 5 ? E 5 N 108 Jun 12
o N =200 N Y el N-=92 | Junsg | N = 692
—~ 20 Jun. 18 ) N 151
R '°‘EEE N 335 Jun. 9 Jun. 14
~ 0 Jun. 3 N =135 Jun. 10 %% N 580 | Jun 15 N 254
o 20 Jun. 20 N = 640 N = 102
o0 Dm 200 Jun, 11 Jun. 1 E 5
5 2(0) Jun. 22 Jun. 8 N .49 1 P Nun,s]ZE L1 =3
3 N— 114 é N - 212 . Jun. 17 N-— 64
&' = = o 13 Jun. 16 N 310
= 20{Jun. 24 N-- 80 Jun, 12 {f\\ N= 114 1
L o N— 169 Jun. 21
0 é Jun. 18 {Jun. 18 N-220 [N--524
%’g Jul, 28 N 88 ; N =45 1 ﬁa d dowm
0 gl e 100 Jun. 20 {Jun.20 N-—177 N 97
204 Jul. 2 N 47 Im Jun. 22 S
m] E i i N - 1150
33 LT Jun. 18 :‘-‘”-423‘ Jun 22 N r}'?Z f ?E {4 Jun. 23
2 N o [N % : |~ e
10 Jun.28 (N 385 {Jun.25 N 480 |Jun. 26
Zg Jul. 11 Jun: 21 N 496 %
1o|N 75;&\ e '”ﬂ Jul. 2 N-d4 {Jun29 N=115 1 Jun. 28
I 5221 ik~ ! ' & 1 n-25
309 Jul. 17 Jun, 24 i |
: ] 5
N 28 N 54% !Mifé:&:oa 1 Jul. 1 N-99 N 35 A
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Fig. 15.
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Shell length ( <10y )

1416 18 20 22 24 26 28 30

1316182022 2426 28 30

Histograms showing the frequency of shell length of

swimming larvae and several fitted normal curves calculated

by the probability graph method.
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Table 12.

Regression formula

Year of larval growth
1967 * L=5.1D— 76.9
** L =4.7D-110.3
1968 L=4.3D+ 23.8
1969 L=3.2D+ 27.0
1970 * L=5.8D— 44.5
** [ =6.0D— 96.3
*** ], =6,3D—176,8
1971 L=51D— 46.8
1972 L=5.7D— 61.0
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Fig. 16.
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Growth of swimming larvae.

Duration of larval swimming stage.

Duration of swimming stage
_ (day)
36
39
42

Days are accumulated since May 1.
group of larval appearance respectively.

Note: L and D indicate shell length (#) and day respectively.
Simbols *, ** and *** indicate 1st, 2nd and 3rd
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BEMETOARE., ¥, 260 0 ARALTHLhAARITS B 1 Adlis L-g4EmBITE coRl
RhbbTo bl h, WEDKIFEIMA R L &b, 20X 5ic LTEH Lo Eld
(Table 12 o 41M) 12 28 A RN 5 56 [ KOs, 36 [ESESRE.

O, e WIS BT B IFEN AR R Lo oTREEIR R A TV B A%, B THIE R L
H Mg %7 > T (Fig. 17). o e igic, il duld &2 X 5 el %
LA, REBMLS I Ly, OB RS L e b, Lash ooz s Msie BT X0
IkiE T L 5Tk (Fig. 18),

IFAESE O KF oA (Fig. 19) i, WFhofficss O b iRl o sl liiiAK &, = hickt
< WO SRR A AR L T B, SO Enk, MRCERRZDBD, MABICK
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Fig. 17. Vertical distribution of swimming larvae at st. 6 in 1968.
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Fig. 18. Diurnal appearance of swimming larvae in
different layers at st. 6 in 1968.
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Jun. 12,1967 |

Wy N : noof larvae ( 'nt)
D ! D-shaped stage larvae
"B“W_. U, . early umbo stage larvae
Uz: umbo stage larvae
F . full-grown stage larvae

Fig. 19. Horizontal distribution of swimming larvae.

MLTHBZ ETRVTROECICTHILH LT3, Lird, REMOEMCEG TR mBE S L
AL, TR K Z e B 5 = L fE ST B MiEEeEic b o TR,
5 A S M & (2 E R AR R S hTuv B,

1. FEOHEFHORER

4z Fig. 19 Tilic X 5, #$4oWESflifiloMmE i, Mg~ 5 c2h THWck
A, 2T, COWESMICE & ST e wHSkOERLHET TS 00, MRZAES (A) ¥ (B)
O 2 KR E o L (Fig. 12), KK L 0if st oBfFi% Fig. 19 X D5 L7 Table 13 ©
HD. PEHEOBFHIL 1969 £ xEECT, WThOELRTEETE <, HETEYy. EBMEBELD
12~14H HOREGEDBfFER LY 25 L, 1967 ED 542x10° 5% L LT, 19704E0 106 x 10° 4% Z ik
W&, 19694ED M8x 100 Akt Pied, siERick 2cEA s abhs, o 3FEMTCRENBRE
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(31967, 1969, 1970 £EDOMAV= %\~ (Table 8) 23, Py OBFR &2l L L BFHEMRICI oL Ehs,
COX SR L HEROK E LS, HERFOFIC LA PR ERY IR LTV S LB RS,
T T, FESHEOBAFRE D Iy 1969 4 LB S 1970 R 310 B IR R DL A BB
BHEET D = i L DL TR A, M o®EESI Fig. 19 o5 X 5, #ERcailichoon

Table 13. Total amount (X109 of swimming
larvae in Lake Saroma.

Larval stage

Date Region = = Total
D U, U, F
A 159.7 74.4 0 0 234.1
Tiiiie: 12 B 235.2 72.7 0 0 307.9
Total 349.9 147.1 0 0 542.0
1967 —— — —
A 0.4 15.7 26.9 8.0 51.0
July & B 0.3 2.7 121 2.8 17.9
Total 0.7 18.4 39.0 10.8 68.9
A 6.6 27.4 13.6 1.2 48.8
May 31 B ‘ 0.8 3.8 3.0 0 7.6
Total 7.4 31.2 16.6 1.2 56.4
1968 — e —
A 0.1 0.7 17 9.9 12.4
Fnis 10 B 0 0.2 0._6 _ 2.2 3.0
Total 0.1 0.9 2.3 12,1 15.4
A 3 0.6 0 0 4.3
May 29 B 7.2 8 0.2 0 10.5
Total 10.9 3.7 0.2 0 14.8
1869 ——— — ——————
A 0.3 2.4 4.9 1.7 9.3
June 23 B B, 0 1.3 _5.3 5.3 12.9
Total 0.3 3.7 11.2 7.0 22.2
A 9.6 19.9 30.6 9.7 69.8
June 12 B 13.4 10.7 8.3 73.8 36.2
Total 23.0 30.6 38.9 13.5 106.0
1990 ——
A 9.6 15.4 33.6 27.7 86.3
June ‘18 7 B 1.8 1.8 5.9 6.0 ) 15.0 )
Total 11.4 16.7 39.5 3.7 101.3

Note: D, D-shaped stage larvae: U, early umbo stage larvae; U, Umbo stage larvae;
and F, full-grown stage larvae.
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HLT, MESTRBEETHLOT, Fe<iE Fig 19 O oWESfiz Lizd T, A, BoO 2K
AL, B0 s A E o), & XA, Bl s aEHiiciz U b, SBINrRESE
F 5 ¥ TOMFGEIED TR AR~ ORI RIN T % BEER A IR 7 442 X - THEH LT A,
A, B s CRPIRF I J82k L 2oiR il B O MEER O b L THMEERY 250 5 L, ThEh
DS B ORI X - TR~ LT 5. Thbbh ol T, HHMMCRHEL %
ORI B & O KZeiic X 25D, NS, £OMKOMERZ £ |\ foffi
SELv, FLT, FRENENEBED LEFEL TSRS THEL T, TTESEBE0 23 LK
FETH. LidiaT, A, Bl coifiEsdERoEMHEIZ Vi, Ve % A, BlEBETh EhoFHKE
Bl Sa, Se, SeThLh AR, B#Es XUSHBROTFESNERE, Qo Q2 ThEhibli s A fl,
A gl b BHgR & ok, KRR E B 2Lt VRATHEL S 5.

Va -d—jf——(SB—SA)Q—KSAVA—(SA—So)Qa ................................................ (1)
\f'BdTé;B=—(SB—SA)Q—KSBVB ............................................................... (2)

v, A, BljiERIc 50 5 IEERRYS h o EREREY EhEh Py, Pe & 75 &, BINIEEE L EhTh
DT Pa/Va, Po/Ve L LTHLbToENTE, chi®lifetts LCQ) 2 2#hE, £ED 15
R AT EREOML Q) WREs.

S, :L[{ P +(Lﬂ>—,f( _1),1"3,}(1_ ’o-To.".K.),,-u.-r..n

23’0 VA I 4 ‘?B p=
—{_5‘: +( lﬂ__i;g—K _1)-{;:}(1— ]°+F,.:—&‘) e*“’:ﬂ'..):] RPRERRORNRRINN i )
__a [[Pa Lk ra—K Pel ..
o 7o [{ Va +( & '-1) ‘_J-B}e (=70t
Py L—-1—K P\ _
L (BBTE ) B ] o ’

A Q __ 0

="y s @y = Vi L= ;(fl+¢'o+&o+2x)
T =(@+K) @+ K)+Kag, To=vVB—T

A, B g TOERLSEROREIIC B A FESETEL. 3) ) XOoFRE bIERDS
ENTESD, T Va, Ve i2lFEiRE Fig. 2 75 2hFh 8.338x 108 m3 45 L F 4.064 x 108 m3 L3 ©
%, Qo & QIHIFOIEAA (1980) i X B &, 866X107m? 35 X OF 284 %107 m3 CHh 5, ¥1- Soix#inE
PR CIREE MBS BRIV DT & Lz, LasL, Pa, Pp 5L Koo, FEEBN L ofE
RSB BT O T, BEII A 5 L 7. Table 8, JEilEMIMA 3L 7= Table 12, A, B jijifihk|o
TRl % i L7z Table 13 #—§5 1L 7 Table 14 726k L 5icHEiE Lz,

(3), (@) Xoicliz, FHENEORKIMBIA (Table 11) LI A A ~7Ciz 2 [EORMEH (19704£6 B
12H, 6 18 H) kKifX+5 A, BlilgRo +h FhoifEdEBEYRATAZ Lick b, 2 Rict3
2HAOAIEANEHR A, ThEM{Eiclh, Pa Pp, KARDERS, 1271, 1969 Fio0Tid,
TR R RO MBI H DB 2 h g5 i {, sy 6 A 23 A o gEE 2 oA L,
5D Pa & Pe (38R & TP iz 19704E0 P, Pe AFRFRIEHAIT2 EEL TR L.
iz, Kix(3) () X&HD LCfico K 2{RA LB coifilh g L —H oz ke, hb
OHEGEN % —35 L izDAt Table 16 Th b, RKadvief FREEA DA TIE, FEEO N E 1 CoEilE
SRS bR D, EHC, FEEEOBIERIL 0 25 1 ¥ COFEMER ORI - hFho
HHEOKERART B L TRBLNS,

FHFO AR S IR ETE 2 17 - 105 £ o B AR U 7R R %
EdHE Fig. 20 orsichbbicbditi¥s., 2o Cc1970FE0ENIRE Table 14 il X 5
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Table 14. Fundamental data for calculation of larval density.
Amount Duration Standing stock of swimming larvae
Spawning of of —_— ———
Year  period released swimming Diie Days after  Density (no./m%
€BB s investigated ouset of " .
(day) (% 1014) (day) spawning A region B region
1969 26 3.22 56 June 23 37 15 23
June 12 14 41 172
1970 35 2.59 30
June 18 20 17 212
Table 15. Density of occurring larvae (P/V) (no./m?¥12 hrs).
Year Region P/V K
A 2.68
1969 _ 0.04
B 22.06
A 1.60
1970 0.0235
B 13.18

Note: P, no. of occurring larvae per 12hrs; V, volume of sea water;
and K, coefficient of mortality.

1969

(Amount budget of 37th day after onset of spawning)

Released; Fertilization

egg
3.22x 10"

1970

(Amount budget of 20th day after onset of spawning)

Released, Fertilization
a8 e e B

1.48 10"

Fig. 20.

4.60x10" (A)
6.20%10" (B)

10.80% 1010 (18.6%)
K =0.04

Natural
death

Mortality
Swimming life
’

Early
larvae

Post
2\ larvae

1.16 10" (A region)
4.66 10" (B region)
5.82x 10"

1.35x 10" (A)
1.90x 10" (B)
3.25%10' (55%)

4.42x10" (75.99)

Natural
death

Mortality
Swimming life

1.79x10'° (A)
2.79x 10" (B)
4.58% 1010 (16.9%)

K= 0.0235

Early Post

larvae

larvae

3.93X 10" (A)
_7.70x 10" (B)

2.67x 10" 11.63x 10'° (43.4%)

1.06 10" (30.79%)

Budget of swimming larvae.
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PR o B H 2 EIIBHEE 11 X 0 20 H B TERRIEIO 35 H LIS Y - T 5 O TEEE B E % 22 BRI ]
ThRL, FHucHEIIMEH L o HEN  TOHEAE U TR L 2. W6 & LS EN 0w £ Tl
o 99.8% (2 Xyt A R S A Z L TIGEL TuvA 4, 20, FENENCES oM
HioliEchk Zuvgluv a6 Tuvwa,. ZoioMED 5 &, (FilE o R+ 2 a0 Eid6m
HIZAZ ATl 0, BRFECIC L 2 MEEINE L L 1T~18% THH A, fHfE~ORHiciH 15 L 1970
D 40% icxf LTI ETIZT6% icEL T h, TORRE Lot ERBCRE L ER
L2 TuwD, 1969 454 1970 EDJEHIIRNIL, FhF 56 His LU80 [ L HEEZRTV-507T, Filil
Moz & v, Ao R L THIMC #0580 EoBfFRomb 2 L7125
LTWwWasERE L 5

5 = =

TRl OB AL, T hROFECE T L E ARG (Fig. 19). oz kit ch b0z
RO EIBEHAChkT A 2 L2 MR 25 L0 TH Y, R T IR ER B S A
+5 (Fig. 6) Z & L M#iA 55 Tha 5. iz, WO+ 47 o 7 OBMC L b ZTEC
D4 ) EFSRTVA aEA R AR L o0 KRS Z Lo R ENBREREIC B 22T, Bk
ORMRCIHR T A REARCTVLBEFELLNS,

R 2T N AIFESED LT L AMERC 2T, 1D B A & NS O &, 2) fEE iRy
T A i o E ISR T A (YAMAMOTO 1977). F s ] CREl 2 h 2B R4 o1 % cosii ¢
0.2% AEFEL, 26ciiiiitighd & Lo+ 5 ¥ Gic 0.01~0.08% #VERT 5 LHEE S hute (Fig.
20), COffiiEiREN IO E RO 5~43% iy LTS 2 24 Fig. 20 kS hTuvwb. ABRELTFT
O RS RESE D T AR 0 L v, A A 2 H 4 Mya arenaria ¥l ¢o> 0.0013%
(AYERS 1956), =2 —wu o 2L 4 Cardium edule 70> 0.004~0.006% (KRISTENSEN 1957) L\ -5
kb, ¥l A (Crassostrea gigas) T3 DR (G0 T4 RS02 20% LIF (G
I 1978) L ERhTwB. k2T H A TROEMEEER L, chooffiLlblgL - TkEnk
HERVRLTwD ERSAT, RFEYAHLRLEbDEEL LR LS,

TR E O MR~ D FEH ROV T 1969 AEOPEIR X b 37 [ [1, 1970 4E@pEIH & b 20 H B oMUY bz
LCa& &, PR 1969 4542 1970450 2 5 TH 5 128, pEIIIRIC T2 Rt RO LR 2 huc i
L, 1969 fF12 1970 4E0# 2 iz fc » Tu B, 2O 196942 3511 A IRl L i rEse i s 2 K i
b oRit (Fig. 10) i X A2 40 ThHh5. DICKIE (1955) (1, (KK Placopecten magellanicus OhH:
DEFLELE, BECILHAERSONAE L b1 LRl X 2540 LIk 2eTuv3
LT3,

H 2 7 A PN ENORERL, BT LKMo 2 BRI - TEFEERSBH, HevfllickuTiz, Kild
LS & b SRS h A TREB O A EO M~ ORI RO A E S L, g0 KOS
WA HRT S EHIC - TV 5 L@ ST B h 5.

V. fE#AOBRE

2T HAIZOGTUL, THEERA bR L ) B A~GE U O BT L aREfr 2 AR, 2
FHA ) THRAERBICHE - 2-@ED 5 6, 1AMOMELICERR, 1 ML 2 kAo MikL A Lo
FRLCud (1A 1964). {35 #E SRR REFU L S0l (ARl IE L3 EOREIC & b e AR L R x <
AL AU Y - T b, E0rsic, KO- LR ERE KIS TREOZhic i+ 2Pk
v lvbhTued (1A 1964), + 257 F 1 EREE T, AR H@E 3~5em oK E S
ETHETOREMEL, ABMNTHENIC L ) AREC RIS 2 2T, REHSHE M2 2 kaRmiE
EHizoORBERE G OIBES LR, 2O RiEMEL MR ED O/l - L TRV TS,

a2 T HA BRGS0 (KT 1949, [icp 1958, MERRILL 1961), “f:fiE (ACF 1935, k5 1934),
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MREHIA (L4 1954, YAMAMOTO 1960), Bihifitt (AF 1949, (L4 1956 b, 1957, [HffF 1956, jHI
B 1974, fijE 1977, MR 1976, JI[ELHT - P51% 1980) /¢ &0 o i COEERNL 2O X 5 erhEE R
WD FELTER A E CHG LT E L, PRFERC AT T A S0 s Ao AT 54
MBI E R 2 IR - el Tz Ly,

o fEVA SRR Lem CHUE TORBARR L L OGO TR & o
Biie L, F& LTHEEBC ST 2RERBOMELIME S C L L L, Thil, coRESicETS
* O OB EE) AR O §T R S LT B E e e S SRR R B A L ol
, REERWHM O DRACLEHNY AT > ECH N Frh b it oz Lickd b THB,

1. #REHE

HEH D (&I X O SRy, Fig 12 oon L aiifbdiic K ) =5 b v 7 4 4 4 (15x50 em) {7
BHEL, ChlmBHa iz 2 m HECIRERICEE Lo ek a8 L Tl Lic. #adniicii
D BT RIS B2 R K B 7o L oK T 7 4 b A Bl 2 TEREE < WG THeV % LTS RER 2 K S
SriEL ot AMARGE T IR L OBEORERTT - 12, HBRF T TofAOR%ER . fiHoM

SS

Fig. 21. Spat (shell length 390 11, prodissoconch shell 280 p)
shortly after settlement.
LP, length of prodissoconch; SP, second prodissoconch ;
and S8, spat shell.

1967 1968 1969 1970 1971 1972
n=118 n=47 n-14 —n 46 \ =12
4012m ™\ % —259.9 x =261.3 % 274.3 %~ 266.5 223013
’ Y‘lm m B 174 \T\IlI1 : J% i\“'“" |
0
n-- 165 90 26 5 B * - 260.0
40)4m M\ * 256.8 2623 ‘ﬁ: 271.5 n %20 57, 7
5-10.9 551101 s=133 Qs 117
0 N
= ‘ L [ '
>
I n-210 | n=67 n-25 n 48 i
€ 4016m X~ 256.9 %=261.8 X 278.0 ¢ 264.8 4
3 5--12.6 s =106 5 9.6 s- 13.8
g”m : (AT :ﬁ N
| o223 n- 54 noa8 |n-s6 s 12:8 x ; :
4018m x 2574 | x--256.3 «- 276.0) % 270.9_ [ e e
5 12.4 s 13.8 5 10.7
i SN. M ‘ \\
0 e A
225 37 nz |n-54
40]0"‘ : 263.5 r-‘ 61.4 : 275.81% =263.0 s —12.5 x 268. . ; gﬁ;j
20‘ ms 1.6 jﬁ\lu @ s 14.6 [ N :

J \ g
g 24 26 28 30 24 26 28 30 24 26 28 30 24 26 28 30 24 26 28 30 24 26 28 30
Length (X 10 )of prodissoconch
Fig. 22. Histograms showing the length frequency of prodissoconch and
the fitted normal curves calculated by the probability graph method.
n, number measured ; #, mean value; and s, standard deviation.
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FHED U ERAMICE LB 5 v % o+ (8H 25 mm) &1k - M EIE (R 19 cm, 155 55 cm) @
iR THAR LR A By, —ERHRNE TR D L, RS LT AR S C offiit Mm@ T
i Sh-REHARO zh Fho@EEEH HH E L.

2. ERORREBEG

AR TUC M S8 5 < KW e i@ % (Dissoconch) §5 5% (Second prodissoconch) @ il
ISR i L T8 (Spat shell) 2K+ 20T, {(HOKEZ 23 K0k E 22illETs
ik haz baiti s (Fig 21). #35M 2 Lo SRR 08 Mok & K& HlE L -5 Fig 22
Thh. WThoRickntd, ¥, WTFhOFECE T HHERMORTH R OK X 3 2Rk F R
SAiE LTRERD, chbOREES e CASSIE (1954) ORERENNC L b IEHL LEREERD 5 R
FIERE Z LDl Fig. 22 o i Lz, FHEOFEYMEAE 2225755 28 iR A
Tubh, 2ABEAZC LI FERNL 26344132 Lich, ZOZ Lid, &2 7 H 4 iS4 EE 260 ¢

250 ® Major mode of shell length

O Minor mode of shell length 1967
20| | Range of shell length
20 . Major peak of spawing /.'

180} & Minor peak of spawning _-~
-

120! ~ Spawning period 52
= Settling period ~Z = -

Aok

Shell length (x)
588388

g8 E B,

Apr | May | June | July

Fig. 23. Growth of swimming larvae.
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BEECHE LI RER BT L b2m T b0 Chs. Lichi- T, BN HEET~BT
FTHO, il W BOFINCEY T AIRES AR ST KO R S X OFRGC B T s MR E
260 T BN CH b, ThEhOWFINA M E OBEIIARE S # TR - 70 %,

TSRO BRI ORERFA L 2R L7 Fig. 16 OfRIch L SEFROMABELX -5 L, wTh
DIFIC T b ERMEIEH & Oz —KEBIRASHGT T 5 (Fig. 23), #5260 gz 200 M ko i
ERNThETLH—-THBL L TG ZORMOMEEGEROSBERMO LM E FROME, S, +
OFFOFTHEHE & FTT2HES 260 o (238 LR Th F SR 28 T - o b, Fig. 23
DESKREIhS, f-L21E, 196THETIR6H 2L B L 7H 21 HoBiaEs L R THE L 7 5.

Table 16. Seasonal changes of the spat attachment
(individual/1500 cm?2) at st. 2 in 1967.

Layer June 24 June 27 July 1 July 4 July 7

(m) 18 . S _ AJ;S _S ) ]S s 7£b S Jﬁ.S S—
2 0 0 1 1 0 0 8 10 4 7
4 0 2 1 1 0 0 6 4 4 30
6 i : | 2 3 2 2 14 16 15 52
8 1 2 3 6 8 5 24 22 37 125

10 1 1 3 1 4 2 7 11 20 77

Layer July 11 July 14 July 20 July 24 Aug. 1

(m) I8 S ]S S 1S . S __JS s J_S S
2 1 v 8 35 7 136 0 64 0 98
4 22 13 73 175 31 593 0 309 0 247
6 73 81 215 374 29 884 3 539 0 759
8 204 149 260 746 6 735 2 1074 0 1386

10 79 107 21 272 2 283 1 514 0 759

Layer Aug. 10 Aug. 26 Sep. 8 Sep. 21 Oct. 17
18 S 1S S 1S S 1.8 S J.S S

(m)

2 0 88 0 15 0 16 0 6 0 0
4 0 129 0 179 0 166 0 18 0 12
6 0 1086 0 635 0 174 0 179 0 176

0 1562 0 769 0 481 0 379 0 256
10 0 1135 0 314 0 327 0 i 0 176

Note: 1.5, just attached spat; spat collectors were set on June 15 in 1967.

WELS 2 ICE T LRSS LA#ERFO 5 o E@oBRo AL Ak Thbbit
HEHEOBEONBIREA 45 & (Table 16), 19674 cf)bTHENRBOLIEDZ6 A2AHTHY,
HBREORDLRI oo @XTH 24 N CHE. ChbHOFFIL Rl 0tz e 4
HESE L7z Fig. 23 AVRTHIM L B TR LTW A S LB nth b, coWdi:, FilEshtomEn»s
O FEBWHEE LY Lo LARTLOTH D, chich L5k, e wBlic ki DR R
OHFEB~OBMIFIC L v ERIZH B2, 6 Hplab Tz cihE b, B L4 7 Adhimciag
THakiicld 5,
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3. AEEAORE

196750 7 A Efab Faic st T 6 n i o SRl y & = LR Lico i Fig. 24 T
#%. CASSIE (1954) OFEic L WA Sh TV A IERSNix TS L, RIE2HCHTHh, Table 16
IOEIBT6 AFHefHLEETHD, F2H2TA LR THE LA THS LHEES
Hn, FENCHR L 1 B 2 B~ T c B A BB TR h T 50T, Rilioxg
ELTHBIN 2L S5,

Wi, ThFEhoMcouCifESE: (Fig 15) 265 #ER (Fig 24) ©F 5 & TOBREN D 2ol
ffh (Fig. 25) %45 b, (RS OBFeo BRI IEE BT H 5 0wk LT RERBEO SRR

30

10

Frequency (%)

August 1
N 3248

10

[
Shell length ()

Fig. 24. Shell length composition of spats (including depth
of 2, 4, 6, 8 and 10 m layer) in 1967. Superimposed normal
curves are derived from method of Cassie’s analysis.

2000
— 1500
=
5
5o
3 o
n K &
9 °
N Spat q’(‘b
pa
Dy
B0 .
L
1 June I July TAugust

Fig. 25. Growth curves during the early developmental stage of scallop in 1967.
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1968
14 .
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W 1969 |
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26 L-00199esmio ®6| L-0.009ewo
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& /
] : )
l e _ — _,*-,___qi:‘_* —
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Days alter fertilization Days after fertilization

Fig. 26. Growth curves up to 10 mm shell size.

By ke b, (EUBGRMIBIRCES C Lavbh k. SO X5 LT, 1968 4F & 1969 4RICOWT,
b 10 mm fiigic BT 5 F TOMBHE (D) &8 (L) LOMGHEM~1-0 Fig. 26 Ths,
FHRENRDEL L=0.019900810 L [ =00029¢0-9070 CiiXh, FHOFCHT LTS
NAHFBEI10mm OfFFICET 5212, BAEERRIFL0 HLELTVS,

i AE#AROHE

(PRI TH 5 6 Achiicid (Ol 2) (o3l L 70 o M0 S IERICE S F THHIERER 2 X
Hhnhh, (FEREYHE L ORI 3 Cafioho® Lol i A SRS (Table 16), —o X5

gug. 2 Aug. 31 QOct. §
109 &m N-10 N 67 o N=24
12 b=y N — 66 N=35

» 4m~ % | :
B aft g2 o N=3
- N-24 N=12

x76m - -
2 ]J]Iﬂcg_f \ s s
T ¢ -———Qfﬂ}éﬂu— -—-;:,ﬂ{rﬂﬂjm}f——
=} N 4
Dw s =2FE N 228
3 8
B H8m
2 w(h
%
o 201 -
5 'bm_ N33 N 39
£ ot e

=131 i

ZzA al E 133
60 [110m

0 =

- -2

N N - 40

o N =178
201 =1

w04 |H E

T Ty T T T I T T TrTTa Frvrrrryrrrrrrrrrror

0 n 0 10 00 10 2 30

Shell length (mm)

Fig. 27. Shell lengh composition of spats in 1968.
Upper histogram, spat on collector ; lower histogram,
spat detached from collector.



teff RS LSV TERBR 1KY b off
AR EGE O % 45 L (Table 16), 471l
DFETREE TR T2, BTN E S LW
PCHE LT B, S OWKRIETREEE 26 (4515
ABITLcHEEORK- X b0 Th b, M
BIECPHECRATALDTHA S,

(B 3 LOYERBNC R & L Chlile L%
oz h FhoREfl% 5= L2oH Fig. 27 €H
H. ZOBBETIE, REBED S LEFEM KT E
THoteZ &b, BEIHC XIHL0 TRk,
FAB% B bhb, 8 A Lokt sk
OfFL 2~6 mm THD, (FHHER & —8 i
Hickhs., LaL, ZoOBMIE8 A FaicFLy
WAt Tiobb, HAEE BEREELS L,
A 5 mm L 13 mm iR Lo 2 2ol
WML, (FEEGRIE8 H By &% Mk
Troidied, LaiodiizgE 13 mm o
BRXEELcS. 261210 A LB
B 18~20 mm (CEHEA L B, WER TR
FFLhAE EEboTuh, BB AMRAINIM
btk L oldkogEch by, Lol sdEikit
TwBHNDT, ZOREROLMCEAREE LY
TEAAT{ BT 5% 6~10mm OFEH (LA
1964) &, Pills Sic XaEfiRoRBCENTS
HEHERChET ARERR ORIy RET S C
EVIES.

PED L5z, &R SL v
EDSTHRIZOEFES C 212 Fig. 21 6 $HH
TH D, TOWFIA—FRTL KB X DS

2 FHAAOBEHEBECHTIEEFHWFR 33

Sep. 9-11.1967

Aug. 30,197

Horizontal distribution
of spats (ind./m?).

Fig. 28.

Zh (Table 17), %7=, B§Miic X - T4 75Ty % (Table 18) 25, 6 H FHane 7 A LAt <
AETECETT Lo 35 B HLBE 23k [ 15 0 oo DR & 20 52 1E 10mm Dk & J1IET5 8 H Tl
(Fig. 26) iz, MEREHECRAFHE LD 50% M HRER & L THEMCBRIFL LA L ATIVWTHA S,
FEIF A~ o0, FHEREHORIZTT S 8 Adhlss 9 A s it 5 (R OB it i L
tzoH Fig. 28 CThoH. MEOK Z S0 MO DIXEIC L h kK E{ Rican ', WBEREIV-Th
DIECHECTLMERCREL TV 200 %8 TH 5.

Date St. 2
July 16, 1976 2835 ( 0.0)
Aug. 6 1252 (55.9)
Aug. 25 803 (71.7)
Note:

Table 17. Detaching rate (%) of spats at several stations.

St 13 St. 9

St. 12
584 ( 0.0) 520 ( 0.0) 393 ( 0.0)
500 (14.4) 250 (52.0) 252 (35.9)
318 (45.6) 170 (67.3) 204 (48.1)

figures indicate number of spats per collector.
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Date
investigated

1965, Aug. 14

1966, Aug. 10

1967, Aug. 18-20

1968, Aug. 17

1969, Aug. 20-24

Table 18. Seasonal changes of detaching
rate (%) of spats at st. 2.

No. of spat (7500 cm?)

No. of
Spat per
ws

607
230

602
4000

3565
3163

Detaching rate (%)
1967 4,000 0.0
1,945 51.4
1,165 70.9
661 83.5
620 84.5
Table 19. Number of spats collected from
the spat collecting ground.
No. of
No. of No. of
Type of collector coilelcinur long line  spat per
peling 8 (100 m) collector
Poly-ethylene film 1000 180 9
Stringed scallop shell 4500 4 7
Total 184 Mean
Poly-ethylene film 1000 293 600
Basket (50 cm) 200 } %5 2852
” (30 cm) 50 949
P. film in basket 465 50 2179
P. net in basket 460 53 3173
P. film 3838 102 250
P. net 1500 55 1935
Total 310 Mean
Basket (50 cm) 424 166 1659
P. film 3000 54 15
P. net 1500 40 113
Basket (30 cm) 05 } - 2176
- (50 cm) 95 5436
Total 310 Mean
Basket (50 cm) 432 189 306
P. net 1860 71 64
Basket (50 ¢m) 275 308
» (30 cm) 660 60 119
P. net 1560 53
Total 320 Mean
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8 Aehfghs b FHIC AT T, BIBTHENC I 3 0 5 R Rk o & S E 2 it L7280 i 2o s
REE Beh it B Ukt Table 19 iz ¥ Lo Contz, MO RIHEFHS HV=FL 7 0 L AHH
W) = U BRI S FAMEE SR A0S, WIS T o B Tl (BRI L e B R
ORIGH TN SR T Y, T, MR LER CHECHR IR TW20T, i Shicfts
RERBNT, oSBT AFEERNEY L0 E ERM LT A LR TRELRDIIRV-LHITHD, 1,
< Wlic s B EN I Fig 6 i3 X5, ZoOYTHROREEO A TCT-TWADT, S THL
AR, FoftvrecfllickFA G RRA HH b LTV 5B, TOffiL, 800 L{ks 5 3L{E
ke, 4Eic kb kECEREZRLTV5 (Table 20),

Table 20. Number of scallop spats collected in Lake Saroma.

Yeﬂr = Frype Of eqllipment' N'U. Uf slg?:; ;fEr .{;(f)tzi)ar:g‘

Type Collector Sgnipment equipment C?Ei‘éﬁ‘;d
oot Raft yoodem seel Folyedylenc il bog g w0 s
- Pobetivlene il bt 0 7w e
1966 Long line ” 293 600,000 175,800
1967 " Pilyetiop e 0 & 310 1,342,600 416,219
1968 ” ” 310 524,000 162,440
1969 ” » 320 155,000 49,628
1970 » ” 350 1,232,400 431,323
1971 ” » 596 2,014,000 1,200,344
1972 ” " 646 677,000 437,970
1973 ” ” 945 2,428,000 2,294,460
1974 ” " 682 4,668,000 3,183,576

5. %

Investigations were carried out from late August to early September every year.

Pt con 7 Ay fous LR BT %R 6~10 mm (i fFERERI AR ) - THKRET 75 L5
N5 (s 1965), AW Th, HEHEFUSHATH 8 A& Tic# 50% #ibi% 5 - LaRe bkt
(Table 17, 18) A%, Bi%RE L MEREOBICIIAZ SOXERIEDLR T, LT, r~fick
ka7 A EHERBS AR T - THRE FTEBsO, Pl tbfE 10 mm &5 Lz
TXipu, el TR B PIZT A TIE R ORI A3 £ 5 IR0, ORIl Eic X - T
KOFBEAGEIRIC D, WIE CLIHGRY LolhniAb s L oiciks (BK 1978), BiksrkEZ 50
EREH AR BT A M L AT, S0 L5 KO X B EE s EAOREIA i b, BEH
P EERESSEH SRSV C Ei K ERENADA LK LLND, BAOREI G A E L
BaY- LTwa = sk, Chlamys opercularis =2 Pecten maximus O ERERICO>VTHHEShTw3
(BRAND et al. 1980},

Pl st~ f AR T o (P RERURF OB BB G, (S REN O AT B A2 Bz LCu 505, 1RlEs
A O ENC AR T A P EHIEO AR #E 2 53 ERELRDL O TR,
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VL. BHEEOFH

ML OLERD 5 L CHlIcR IR TED, 2 0MEeMEE ShTuaoir, KBERGEV9 &
270 A OMEAEEOER L, EL MR EE L IRIC TS oo~k L LToTFHRE#i ST
hs.

a7 oA A EOER TR | Bi, BREEE, o cLibEil et ERORR THS. Zhic
(LR O AR L R A T2 - LAF 1038 THD, DL TN L H5BRE 10 mm B ED
(FRHER OB L BY RS2 TR T2 - Lo 2 oRMi L e, o2 - 2haibis, EYAE
PEDGHE{LIZ K X {HifT AL D LB LIS,

NBEE Ticah 2 7 A DML LFESE, EERCES £ CoERTBRIMO B>V ORLTER
B, ChbOREL, 0¥ FHEEEEOREL~DOHFG LV O CHEERRCIEE, B TE LS D
HMREEGATVSH, & ZTRMlEERED THbLICES 2 by, BEhBRAREIHCHE LT, o
b b TPRARYEG L, dbe Tt T s IETS Z oL,

1. FHROAXE

HeTHick 55 2T 44 OLERIL, T ChECORBECHETRM I LIcE L TER, 2
TH AL 2 WSS IR & L TnA T A5, AT A0S 25 L ERROEMNA L b0
3l EoMETHS. EHINTHE FlOEREE LTH 1 » AEOREEFREYER L B RATH
HEACHE L THEEBCBS. coMfEfERE8 A TS 9 A Ef) £ T 10 mm i+ 5481
PHEAEFCBITL, KARH, $HEAFERSARYR C2RICEFT L UlkLcs, 50L25, H
FMOHMTZO X5 IiFR O A ME LS 6222955, 1 Db (I Eimc i
fiTampc R ATl T2 ENT, CheEfickib Lo KRREENTH 5. BEIdAim
BT TAEABTHT, EERBTEMOM SRR AN - L CHRIL, —haREcHT Ik s
HHIHICIT 5 ABLTEL LG ABHTREN TH D, COMENEGEERN LV bh TV SHETH
Bo WMFCOVTIR, HREBOZEI & oKLY THH D 5 5 2 AN EEOEL B (LLEARR K
W TH Y, ZHITIZEREIC U5 E S E ol L ToB LS TFHO L bOERE A
3. ¥z, BECOVTIR, FERAPRITRCE 2 8I00E T 50 & o RO Tl 4L RO s{E
IRESLTLLETHY, EHARLCOBRMYEI A FMOf-b0BR LS. 2O L5 RGPS
R ETHAOEIEREMBEN R L LTOMEN EEOMI S L OFill -0 EMELE 55 » Fig. 29
DESC—IELS B, chcH LT, chETHe=dlick T, DRGEOMBIEER D5 L3S
o HBLH 26 L OBOMREREET S = L THERH~OBITRglZ T LT &7 OKF 1945, A
1965) 7%, MEHOGE T L ORI, £onlfERIC oW To TR o oA M, Toizs
Rty E R R A TR T A E Tt EL b o 1,

bebk, HHKROTECE LSV ThHEREYTFMT 5k, BRI HFETHENFEO L L

. ‘s ing e | ottom inhabit Gl

Life cycle I.‘r':"_""‘"g [ Spat —,IB "'d iduvu'nh;ﬁ Adult

(spnwmng) attach to turn to ) \

snbslralum honom ife -~
l ; .l e‘l anging method
Culturing procedure Spat collec!m Seed collm;tmn L— Seed culture —— ‘Culture{ Transplanting method
I(Seed production)
i) i}

Prediction [sp;wn.ng date rpate and site for a‘[S'nmd collecting date

Spawning ’“‘e)[ placing the collector "L Abundance of seed

Fig. 29. Prediction for production of seed scallops
with reference to the procedures of scallop
culture in Lake Saroma.



x4 otk AEENEE 37

ZARAMCIBRETES LN RROBREAMA RN LD Lo EThiv, TTCHRLTER
X5, haTHA OERHSHHOREICES ¥ CoL BT RS AEMRR, Co X5 ikk
SefEa itz TR L ORI S B A MES AR L TV 0B ChH D, T T, ZOXHIeHIE
#5E2 T, ZOPRCHLRALRBEIC & SUTlam Tl 2 R TR RDH 5 = L TTHO KA LL
HEBEA. Tllicd & SUTTRL, FhadEimic Km S+ 5 i, ThehofimnJis
TV 5 B Ol A2 E vl TIRTH E LToBERIZRV, EIBRBICoWTs, EEREOW
GAVERRRNIC O A = L itV O TET L PG Ty, BN & L ToFRER
ORIGZOWVTIE, REEBOER-ChMH AR OB S FHlic &S Citmfic i Shic Tk
HEFRIC o h by, O EEL, MiEF Colbhick g T A4 ORI EENERE o
AT AR R &S0 T F il o &t
Ly DU TR £ et + 5 fobic Tl & 92 19771975
$EIR LA 1975 4E 26 1978 4E % 0 KR & Lic ke ,“lf
TaZ EiclLi. il
PEPPRS I :  Fig. 30 2B I IRE 2 R L7oR
€, IR O TR A TH 5 285°C- 1 ORFEREC
ETAHHBEP KA TR ER TV, #EDREIE
BH RS O IRER b AR cHE T s 2 L0
&% (Fig. 16) © T, BEREC X3 TRILFEYD
HOBMBEOEH L h RDHE-RKER BRI 80
DOHERT B L THIEL 5 5. FlETT - 121975
AEh e 1978 4F % TORIER = & OFHELYE O £ 0
JEar it Fig. 81 iz, Fiocohicd &S Tl
fill £ FORFA% Pz AIE U Ol EE# L LTORL Yy 50, Predicitig Buie: of
Ot Fig. 32 Thb, FRBHITRETFM L i spawning based on cumu-
HHL, 1975, 1976, 1977, 1978 FCEhEh5 A 27 lative sea temperature.
H.5H18H.5H23A,5H19HTA b (Fig. 30),

&
=l

g

8

1978 hf
s hdd
15 A 15 20 25 30
April May

Cummulative sea temperature (C-day)
22

0 1915 1976 1977 1 1978
June 6 f June 1 May 28 June 2
20I[“ n—49 [h n = 3860 n=420 FH‘I- n=734
0 : lasi®
. June 4 June 4 June 5
20 . o 8% = 1os0 "TL‘ )
20 June 13 June 8 June 9 June 9
2 ™ | e SR I ]
= a0 nnimmh___AiMHh__
> 20 June 16
~n n =780 June 12 June 13 s June 13
0 o n=201C n=510 n= 1167
4 J 20 4
& » hm - 2340 L_.J:E[[D]:b:~
0 June 19 9 June 16 1 June 19
20) Yuly 1 n=570 n=1120 | n= 328
% July 7 June 24 n=10 iy 1 25 30
20 n=23 n=290
052 5 % N 15 2 30

Shell length (X104 )

Fig. 31. Shell length composition of swimming larvae.
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280
1975 1977
ﬁzw B
I
g 20 ]
160 ]
]
=120
2
1 B - B A
0 T v T T T r T T l T - - - — T "
280
B 1976
5240-
5200«
EISU’
3120
" -
LT I e e e g . 8
0 T
e 0 20 3 10 20 30 10 20 10 20 3 10 20 30 10 20
May June July May June July
Fig. 32. Growth of swimming larvae.
EDDOJ| 1975
zm'777777777l.—--__-----.-- i IDDO‘
220 1975
180 $ o
14 1976
100 [ D-shaped stage larvae
0 4000 T Eearly umbo stage larvae
2601 - e AT am st T m <= Umbo stage larvae
£
220] 1976 - 3000 B yl-grown stage larvae
8
180 y
=140 _E 2000
£ -
¥ B
- 3 1000
Em S ™ iy i e e s ey e e i E
a_ | oen . z
220
180 A 8
2000
140 P 1977
1ooJ. /
0 1060
2y 1678 / 0
v
180 -/. 1978
140 / 1000
1001
% @ @ 0 o = 0 2 .
May June July July
Fig. 33. Growth of swimming Fig. 34. Anpearance of swimming

larvae up to mid-June. larvae at st. 2.
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Z AU L CIR S E DGR, (Fig. 32) 2BHEGE Lo ARRE, W# A% L Tai Uiz Table 21 T 4835
Nk oc, FREFRDFERCI~3HIEEDERL L TRD LN, BDHTHVAKETRIL TV,

Table 21. Predicting time of peak of spawning.

Fing Anticipation from accumulated Formula of larval Estimation from
sea temperature growth left formula
1975 May 27 1.=4.32D—31.84 May 26
1976 May 18 L=4.78D— 2.29 May 17
1977 May 23 L.=5.380—25.77 May 20

1978 May 19 L=5.656D—-23.28 May 18

SR . e =l T, FES AL ERCBT T 6 Hhtyns TASORIEL »
A (Fig. 23, Table 16) /x> T, {FOBMTHS 6 A FH ¥ TSRO RBL#ET T o010, E<
£ 2D 10 Bz Ko 6 Arig & T bERNO FHA T 5 BB B A 5, 115 L 5 B e T
ThrREEL BOFEROKE EHLFEEHE 2600 ThE (Fig. 22). £ T Fig. 31 166 Ay ¢
OFME D BFAR A Y, 1o iR (Fig. 33) icb 250 T, HIER OISR RN
260 p i AR, Tieb b REO H 2O RER B TFHlF 5 £ Table 22 o L 5icrkahs,
IRl DR & HBLO JR 2 L e Fig. 32 & Fig. 34 ©, {EEsEolB rashi -12H
i, A BITORT 2nTHN i+ 5 2 £2bh s, e <l A1 Y40 SR
1 #H (Fig. 23, Table 16) TH 246, MHEEMEAERTHHS 10 Rz ichsc beins s,
Table 22 X b, (FEBIAOTFH L HRMOBIZIE 2~6 FBIOR b 235zt Fillicini 2 19 2 & & %
2bhd,

Table 22. Prediction for the major setting period of spat.

Date of spat setting

Formula of larval growth Spat setting date
Year i based on the formula
up to mid-June from left formula af Birval giowth
1975 L=3.74D- 6.30 July 10 July 7
1976 L=4.29D+15.16 June 26 June 24
1977 L=4.55D+ 2.66 June 25 June 23
1978 L=3.78D+45.35 June 26 July 1

HER DIRHUR & FW R (PAERER AR & L O hMERO oo df T AR, 53E 10 mm o L
riR F okt L LTV B, Fig. 26 of5EA 6, - oRpliz R4 #2100 A Hicgg4+ 50T, FiE
BN TRLEE C T L 7o IME M 1 o> 100 A2V Pl £ 7c%. Table 21 o) 2 o A A6 Filll LA H A%
R Z LR Lizoht Table 23 03 MTHS. ZhboFlHE, FhFhoFERckTsHERRD
WRERERS R IR (Fig. 35) iodh &S Thkb @i 10 mm i LA b2 2 bic k
b, FMOBEEZEA DS Z LM TES., Table 23 L b 1 LA HEE O BHEIEE DS 11 H &2
SHOBECWEFTHELHHL, BMOHTHELLAHATFTH LTSz LidlLE»ThD,

12E1 7 B OFESHAEM A &2k % 5 44 &k (Table 12) 3, = offillic k X cilgex 513, RHEO
AERGC 2 b T\ RSN R & fod, RO R F o EIN B ARTET L # 0 CoiAKZEINC & & i 5 Al ~D
i TH n, ol Fig 20 TRLA L5 CifElMoRtic 2 b vk & ieftiz 2 5. LaL, ©
O OWMFEENIC X RN RE, 40 & 2 Al & BosE~ollie 7 i k- THEE (Fig, 20)
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Table 23. Predicting date of seed (shell length 10 mm) collection.

Anticipation Actuality
Year - s ; - Date when spat
Peak of Date of seed - h pa
: . i g Growth formula of spat attained to 10 mm
spawning - collection — in shell length
1975 May 27 Sep. 4 L =0.0273¢0.0584D Sep. 4
1976 May 18 Aug. 26 L.=0.0303¢0.0591.0 Aug. 23
1977 May 23 Aug. 31 L=0.0631¢0.05910 Aug. 26
1978 May 19 Aug. 27 L =0.0528¢0-0526D Aug. 26
104 , 10
1975 / 1977
3 8 ‘ 8 .
548 6
%ﬂ L = 0,0273e % %0 / L =10.0631e ™0
<4 4 ;
: /
Ll S/ 2 ait
0 — 0 e i
19 1976 L1 rems |
= 8
g ot /
£ 5 6 /
A L= 0.0528e% %50
= 4
3 /
L 2 g
o i T
20 40 60 80 100 20 40 60 80 100
Days after fertiization Days after fertilization

Fig. 35. Growth curves up to 10 mm shell size.

Table 24. Maximum density of swimming larvae
and number of spats at st. 2.

Number of spats in late August

Maximum density of larvae over

Year 200 # in shell length
- L (no./m3) - (x10%/equipment)

1967 V5] 134.3
1968 129 52.4
1969 306 15.5
1970 554 123.2
1971 566 201.4
1972 124 67.7
1973 329 242.8

THZET, ZL{REMIRYSIAE Laic T ETY, Y E L L CER T A KREECHAND
WREELSL T2 LTy, —F, fFRERIMR#E o 2ol R% "L (Fig. 25), #
WELTHRENAHE10mm 2 Kol a5 (Fig. 26) # CioidifEliEo 40 Al%EES< &, BB X
F60 HAHEL, FMEE TR T Fig 29 miT X oo, o 7250l EEs - oficiin s h
Bo L7Aio T, BB OB RIS EAATHE R ~ S BT Lo e 2~3 LA TR 2D
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Table 25. Maximum density of swimming larvae
and number of spats.

Maximum density of larvae Number of spats (X 10t/equipment)
Year over 200 y¢ in shell length — —— ———— g
(no.fmd) July (a) late August (b) Ratioof atob
1976 1198 347.3 143.6 0.41
1977 880 386.7 226.8 0.58
1978 983 866.0 482.0 0.56
Table 26. Number of spats attached to collector
in spat collecting ground.
No. of No. of ) SR )
. No. of No. of spat  Total no.
Yiour Type of collector  long _ Date spat per  (X10°) per of spat
collector per long line investigated 'H -
line (100 m) : collector equipment (x105)
i¥6 Poly-ethylene P 799 July 15 2427 9709 7010
net August 27 435 1740 1256
July 16 868 3472 3087
1976 ” 4000 889
August 25 359 1436 1276
ly 13 967 3867 3082
1977 " 4000 o7 W
August 24 567 2268 1808
July 20 2165 8659 6832
1978 " 4000 789
August 25 1206 4820 3802
1978
[]
= 400
w
=
3
<
o
5 300
£k
2k
&€ 200
B
w2
82
§7 1001
=

. 500 1000 1500

Maximum density of swimming larvae over
200x n shell length (no. . o)

Fig. 36. Relationship between number of spats
and density of swimming larvae.
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CENFELVWZLLERD, ZhEDEHERILoD, TEAEFEVEEDTMEZTS v, 1
AREOFMNCIT TR L B O M B AR - L CHifi e L, v THEOoBHE S I5IET
SHAP R TME: & L CTHEMTH S, FERICIHT B85 200 ¢ Ll EoK X 077 5 5 4 3 ik
(Fig. 15, Fig. 31) L 8 A Filic kit 535 HEH A (Table 20) #—§§17-02% Table 24 ¢5 5. #ER
(EABY/mY) % x, HEFUR (MEHBUEDS) 2 v LT3 L, Wiz y=17388x+6787x100 Tiil 55—
wEREBME BN Eh 5, L L, ZoBEL FilicHV- 20 THIUE, 1976, 1977 35 L U° 1978 SED £4EH
TO20p L) FOKEZZEL-FEGEER (Fig. 34) 2507 Table 25 o 2 Mofliica L, 3
RERL RSB (Table 26) 5.5 % 2a57- Table 25 of5 4 Mo 8 A FIOHGHERR L, LXThbPX
hi AU S Ak X (R b o @iz e e o, Fig. 36 (= Table 24 ¢ hi-ERMED
flic 1976, 1977 B LU 19TB ECORERL ML THELTH D, cohiiz 1978 E0 L5 i h 05D
Abhd, OB BEOFESE & HFHEORH O ROMESH LI Sh T obicies
borEzbh, FrCRFPMELAYBRIAT VS,

6 A FWa6 7TH B F THFERCBT Lo RIERL 8 A FTHcizslERo» o &
LTERTAZ Liche s, ZoMiciziEs0% Ofk7 B% T3 (Table 17, 18) = L2 CicHb it 2
hTwd, Oz &L, 7TA RG-SR CofHiE B0 50% » o fmifas LcFalta
ENTELZ LML TV, T2 THSOMORER AT L OO 7200 (5 R k%2 Tl
42z kL L1z, Table 25 o577 A £ 8 A% L= (& # A KoLk, 1976, 1977 35 XL U 1978 4E ¢
Zh#h 041, 058, 056 TH h, vihi 50% gAY & -TEh, ZOTHIZENEE RS TERIL
teflite & 2TV BZ LA,

PRt - TFRlOBIEES RS, TR A 8 L20nt Table 27 Th 5, £ & LCiEESEON
R ANE 2 LT o hE COPHICHE~T, o2 CHRL RGN AT 2158 3 2T
Wik S, FEEARPERT O e AR e P S G OO T THUAZ S BCEL AT A X9,

Table 27. Predictive system on scallop seed production.

o P . ' Content of Time of
Object Varying factor Method of prediction p(:edf:ﬁo(:‘ preldicti?m
Population size Total quantity of released egg
of parent presumed from gonad index
scallop and its and age composition of parent
Spawning  °8° composition  scallop
< . Cumulative sea water tem-
?EP:I‘;:;:& A perature 285°C over 2.2°C 5;::: n(i)rflg mid-May
calculated from April 1
260 s+ in shell length attained Major
Growth from larval growth formula up time of
to mid-June settlement
Swimming - — — 10 days before
larva (T;:::;Ia:::ium Ouantitative. 2% of collector
eated death, flow Dispertion model of larva scale of
out to outer sea) larva
S 100 days after peak of Date of seed
Growth spawning collection
Regression formula between
Attached Quantity of larval density over 200 ¢ in bH:}l.f,emggég
spat post larvae shell length and attached spat

Quantitative collection

in late-August
8 scale of seed

50% of actual amount of

Detaching rate early attached spat




s 27 AL OMPERI T 2 EEFHRE 43

2. FHMLoMEAS

BEhTwaMELR KRILT2245. 1 oRFESEROMEERO TlbiclTsZ L Thb,
filli: 2o < FHGHERBE RO TRl A e A Hlind el A A BRI A 2 L TH B,

TEHIFEAEREIR I MA TS0 2o LT 5 (Table 4) TH A, 2 MIFOREHIIRLBIED &
WOEBC L BRI kO 20% %#% Tiz\ 7o\~ (Table 2, Table 8), LT, He<ilickitdhs
FHA MRS E S LT L BRBEAROE Ik X KE L { Tidiebiew, MM B ARME
BECBIET ARG, ETHE Y o =i LTk < S EHAMERO K EEN LD L By irDh,
APl LR Shie { Tufe by, ERBLHULAEIHLAL = & OMEEER O K & & & #EMIC T 5 Ak
OFEIINERORINC s A MBEEROXELOMNE L LTRDBZ Ll CE S (Table 8) 25, 4oL
A, THUCHEE < PR B A L S HEE T A E CIo3E o T, PRERERFO MEEEND 5
b, EHTREVELHLY L 6T 0w, KEER OB & 4 i 5 R o £ EE 5 s~ 0
FilEs DRI LBz HhTv5 (Fig 20), 4L, Fic X 5iEEE0MBRAMELMC SRS bIE,
PEBRE: & Rl sh A ik L oM codioki, OV TiziFESE R RICHT 5 ARBEETE~ O EFEIZ o
TR A AR AL Moy, cosicd, EIRREORE L L, Ad~oiticiNTS
MEERDFE L TO TR RS TROBERN LICMBE LS THS I,

PERPE IR 200 ¢ DL EO BB E U 25 TR & AR R & oz B BRIk 2 h T
5% (ITO et al. 1975), AP TiLe4 & L R R - oBO M Fh BN < o, FRIE & RO B
i, bR oA kEG-C L (Fig 36) 2EECEY, k¥ Tilliis LCFReEs%iv. O
FlGRL, CTEB MG B0 RA KR T5 2 Lic X n(FERE X D E#HH O 2
i LTFMLES ETaLcARTMLTVAY, o SO ®BIC 7o 510 Lizas i 260 ¢ %
2 5 BEI S ETE~BITT 5 bRl E R s iih LT, dd» THEBRE AT 205 F
JEET B, Lo C, flif & LToOME 10 mm & FoE LR R, X osuREcTill+s
ik, (RO AR T 2 025 HBo JinTh b, huc i T REPBE OB B o] L,
FoTHEEVLrcToaz Lok E AR L kA5,

VII. E #

F 2T HAMAEEOLEEMAE I D10, e <flickidas 27 71 OERAERE L ERY LA
THEN, R ERAROWBL LN IvFoTHEROMEL L RTEEOERIZ L
SHAREELXENL, ROEEG1-.

(1) EROEORREE 2 MO & o HdHk OB kic b & 5T, Ao bl 2l £ 2zixdkk i,
BRI, BRI, BN, R, MohEE T E R el T L, cha s LTRTR
Wil s X ORI ARE O R 2 B L 2e,

(2) WL MaBEOERUL ARz, BEGIM: 5 A, WREI: 5~6 A, M4LW: 6~8 H, Ku{Ell: 6~
9H, edl: 9~3 A, MR : 10~3 3 L oA 7oL B, BRI IENT S X OBRINicEES LT
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PLATE 1

PLATE 1.

Photomicrographs of male germ cells in various maturation stages.

Fixed in Bouin’s fluid and stained with Delafield’s haematoxylin-eosin.
Magnification of all figures, 1,170 times.

FFig. 1. Primary spermatogonia.

Fig. Secondary spermatogonia enveloped in cyst membranes.
Fig. 3. Secondary spermatogonium in telophase.

Fig. 4. Primary spermatocytes in pre-synaptic stage.

Fig. 5. Primary spermatocytes in post-synaptic stage.

Fig. 6. Primary spermatocytes in the first maturation division.

Fig. 7. Secondary spermatocytes in the second mzturation division.
Fig. Spermatids in spermiogenesis.

Fig. Mature spermatozoa.
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PLATE 1I

PLATE 1I.

Photomicrographs of female germ cells in various maturation stages.

Figs. except figs. 4 and 7, Bouin fixed and Delafield’s haematoxylin eosin
stained. Figs. 4 and 7, formolcarcium fixed and Sudan black B stained.
Fig. 1. Oogonium. x1,170

Fig. 2. Qocytes in synaptic stage. X1,170

Fig. 3. Oocytes, nucleolus appeared. x1,170

Fig. 4. Oocyte in yolkless stage. x1,170

Fig. 5.  Oocyte in volk-formation stage. x1,170

Fig. 6. OQocyte in late yolk-formation stage. x1,170

Fig. 7. The same stage as above. X520

Fig. 8 Oocyte in maturation stage. X590
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PLATE I11.

Photomicrographs of transverse sections through testes in various
stages of maturity. Fixed in Bouin’s fluid and stained with Delafield’s
haematoxylin eosin.

Fig. 1.  Undifferentiated stage (unspawned individual, August 1). X360

Fig. 2. Differentiated stage (unspawned individual, December 4). <360
Fig. 3. Resting stage (September 20). x96

Fig. 4. Early growing stage (December 5). x96

Fig. 5. Late growing stage (unspawned individual, May 20). %360
Fig. 6. Late growing stage (February 28). x96

Fig. 7. Maturing stage (May 12). x96

Fig. 8. Breeding stage (May 18). x96

Fig. 9. Degenerating stage (unspawned individual, August 1). X360

Fig. 10. Spent stage (June 18). %96

PLATE 1V.

Photomicrographs of transverse sections through ovaries in various
stages of maturity. Fixed in Bouin’s fluid and stained with Delafield’s
haematoxylin eosin.

Fig. 1. Differentiating stage (September 20). X360

Fig. 2. Resting stage (July 19). x96

Fig. 3. Early growing stage (unspawned individual, November 13).
x 360

Fig. 4.  Early growing stage (December 5. x96

Fig. 5. Late growing stage (February 28). x96

Fig. 6. Maturing stage (May 18). x96

Fig. 7. Breeding stage (May 12). x96

Fig. 8. Spent stage (June 18). x96
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Tolerance of scallop, Patinopecten vessoensis (Jay)
to temperature and specific gravity during
carly developmental stages

Kuniyoshi Magru*

Hokkaido Institute of Mariculture
Shikabe, Hokkaido 041-14, Japan

To know the tolerance of scallop to environmental factors would be indispensable for
fishermen in order to manage adequate aquaculture. Neverthless, there have been few studies
on this subject, especially during early developmental stages. Therefore, the experiment was
carried out to examine the lethal effects of temperature and specific gravity (o;5, abbreviation :
s.g.) on scallop using the indicaters of mortality, ciliary activity of gill, oxygen consumption
and heart beat.

The results obtained are as follows:

1. The development of embryos was declined at 4°C, ordinary at 8-16°C and most rapid at
20°C. Fertilized eggs died entirely at s. g. 2-16, and showed normal development at s.g. 23-26,
whereas abnormal at s.g. 18-19 and 29.

2, Even if the larvae acclimated both at 12 and 14°C were transferred directly to 2-12°C,
no dead larvae were observed. But at the transference beyond 14°C, larval mortality increased
with rise of temperature, and attained to 100% at more than 20°C. Larval mortality was not
observed at around s.g. 25, but occurred except it.

3. About the rearing spats at more than 22°C, the higher the temperature rose, the shorter
the time for them to die became. Spats survived at s.g. 17-25, but the mortality of them arose
at outside of this range. Byssus attachment of spats reduced according to rise in temperature,
and it was greatest at s.g. 23-25.

4. All mortality of 1-year-old scallops occurred at 28°C after 4 hours and at 26°C after 3
days respectively. In the case of temperature at 18-24°C, no mortality arose even after 9 days.

5. Upper lethal temperature of 1-year-old scallops was considered 22-23°C from the ciliary
movement of gill, oxygen consumption and heart beat.

6. Mortality of l-year-old scallops was observed at s.g. 164 and increased at below this
grade with lapse of time. On the contrary, no mortality occurred at s.g. 19-24.

7. Ciliary movement of the gill of 1-year-old scallops showed a highest velocity at s. g. 24-25.

B b 3 26 0K B R

* Present address: Hokkaido Hakodate Fisheries Experimental Station, Yunokawa, Hakodate,
Hokkaido 042, Japan.
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Table 1. Materials.

Material Collecting method Shell length
Embryo Artificial spawning 60~99 s«
Swimming larva Vertical haul 160~ 300 s
Spat Collector 14.0~20.3 mm

1-year-old Culturing basket 27.4~56.5 mm

Table 2. Method.

%e_velt..\p- Water - o & 7 N
r;lteangt:l Tolerance Effect t(;g'n&;)). S.G. (o5 pH }i-eezt;.]::lg 3;«;{}35 Aeration
Water
temperz}ture 4~28 23.0 —
W.T) 5 160:¢¢
Embryo ( Development 8.2 s 1/ecc
SsaaR glass bat
gravity 8 2.35~29.00 =
(S.G.)
Swimming W, T. ) 2-26 25.0 300 ce performed
larva s.G. Mortality 135 10252710 82 {lass pat 110
” W. T 18-28  25.0 31L — performed
Spat : 8.2 plastic 20/3
s. G,  Mortality 16.9-19.0 12.39-26.53 bat (p. b.) =
w. T. Mortality 18-28  24.2 82 4L p.b. 6/4L  performed
Ciliary movement 0~30  23.97~25.30 8.2 — — —
1-year-old Heart rate —1-30 23.49~25.31 8.2 — — —
O, consumption 5-25 24.69 82 4L p.b. 15/M4L —
S.G.  Mortality 9.8-113 9.7-2418 83 4L p.b. 20/4L -

Ciliary movement 20 9.5~30.2 8.2 — — —
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HwL, Thoh pH —gic@e Lok FERIEG S8 rahic X 0 BB (o0s) CRFL, (05—1)
x 10 TEm Liz. WO BEERBSEAY 50% L) L2 5o Te-5 BTy L 1.

METESR T SETE (M R < 100/ BER G RL & L, 70N, TR ConMmRubist, PRESE IR MR L,
{FAFHEE 3 2 O° L ek Cixfdishic L 2 ERPMBIE O Ibic X 7. F1z RAOMFRRITE ARG
(A < 100/Be AR - L, BB LoFHES L.

OB EEE IR HOBE X b 3~5mm O/ aWh i L, —B#EiEK (0;=23.97~25.30, pH 8.2) iz
S 2 WA B DB &, BRIBHEAGT 20 Sr [N L 2o, MRS Loy ¢ — Lo 7 AT T~10 7
Hde M &4, HLAZIEMINS b oo sl Al L 7=,

OB B OME:, PR H OS2 IEE 2, DA S, SRR oK Ah, 10 4 HE)
FrL o, BATRERYY b O f1EhE A L.

MRS, WA LK oMc e vF a5 2 TR UK O 4 — AL T T, (R 20
Kili% E X 2em Ol 25 7 4 v CR-ToAM L, M—¥ROER AL Ahf HBARLY, ThEhit
SEORRICTEE L RN At SESRBEME S S 10 5, 80 rEEREICERAKL, v v 2 7 i L hij
(risl), BAEATREY Y OMEEEER LY RO

= BR B B

1. &

HEOKRIC L2 REHRE%Y Fig 1 ol KiR4C 56 28°C £ T H b, 28°C CHERLAMLER
%15 BEOBB TTNTHIE L2, ¥, 23°C CIIETEOMBIAMTRO 8°C O 5 {E TR T -1 £
OO KRR T IER e RETH - 1o, FAMEE 4°C TS, 8~16°C pichflE ¢, 20°C CTle b i,

= B

Stage of devebpmen't

e i

4 8 12 16 2 23 2
Water temperature (C)
Fig. 1. Embryonic developments of scallops at different water
temperatures. Stages of development as follows:
I, fertilized egg: 11, fertilized egg with polar bodies; IlI, 2nd cleavage:
IV, morula; V, blastula; VI, gastrula; VIIL, trochophore; and VIII, Ve-
liger. This explanation is common in figs. 1 and 2,

© normal

A,

& abnormal /’ "-.,“h's
o s

w dead I&- uhrsﬁ‘\

Y e iOemeam0, N 0
/’/,/"‘ 2ahrs N\

m
fertilization

Z 4 6 B 10 12 14 16 18 20 22 24 26 28 30
Specific gravities (gw)

Stage of development
—mE 2 < = &

Fig. 2. Embryonic developments of scallops at different specific gravities.
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Wl L5 (Fig. 2) ¢, KHE2~16ic AR ZRIlz T8 L, il 18~20, 29 TixREs
KHRETR 23 © 3~6 fF CIHB L 72 [ER e REMGOLBIA S - 7202 El 23~26 ic Ao b O G i
BeREVB LA,

2 P E
12°C 2 14°C iz 1 RERIE L 7-ifili s 2 2~26°C 1B L, 24 B0 B3R 2 R Lz Fig. 3 TH

1004 o acclimated to 12¢C f""-ﬂ'—--“
& acclimated to 14C /
!
/
Y /
® /
z | d c 27¢ ' A
fu 100, 28C %C ¢
5
= -
* 4
] 250
g
2¢C
0 Ls—--v- - - - : - 0 2 Wand18T
2 5§ 8 1N W 17 2 23 B 1 2 3 4 5§ 6 7 8
Water temperature (C) Days required for death
Fig. 3. Mortality of the scallop larvae ac- Fig. 5. Mortality of spats at different
climated to 12 and 24°C for 24 hours. high water temperature.

100

4

100

Mortality (%)
g

0

Byssus atlaching rate (%)
g

. 18 19 20 21 22 B 24 25 26 27 28
0 12 14 16 18 20 22 24 2 Water:temporafine (G)
Specific gravities (g.)

Fig. 6. Average byssus attaching rate
Fig. 4. Morality of scallop larvae after of spats at different high water
24 hours at different specific gravities. temperature in 24 hours.

\L

[

]

I

A

3
8

® mortality
- byssus attaching rate

Moartality (%)
T
g
Average byssus attaching rate (%)

piel s
et vm————" §
18 20 2 24 2%
Specific gravities (gu)

Fig. 7. Mortality of spats and their average byssus attaching
rate at different specific gravities in 67 hours.
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B, $EZIZCLUTOARCB IR CLMELRVY, Thilz s tilicsBERERIE D,
20°C L\ T2 100% & 7c -1,

e (Fig, 4) T 17 e 24 R0 i S57E 21 50% L & 7 o 2, JEiR 17 DL B Gl Bgsesh:
B h, BITL TCIR0% Licote. LvL, WH2T o/ s L HOREN LR,

3 ff W ¥ B

fHEREH % 18~28°C O KR THAEF L, BHCET S ABE# -0 Fig.5 Ths, 2EMET T
28°C =i 16 B508, 27°C Tix 2 H, 26°C Cix5H, 24°C T8 HAE L, 22°C TiX8 HT10% R HE
FEL. 20°C, 18°C 128 AfEBL T LBEN LS Wit » 1. HbeTEELRAOMHRL, KEF S
{feB>h TET L (Fig. 6),

Wl (Fig. 7) (QH 15 LUTF € 1 Wi i B65Es°
Abh, Wli124 T 67 RRIc B L 1.
T 17 Lk 25 % T3 67 MERRRE L T 4 385D A b hie
Moty 265 CIXETOREL AL, BADH
ML 23~25 TRA W <, oz Thaic2h
TETFLE.

4 1M B & R Mg)‘f_ﬂn

EkiRic X oWt (Fig. 8) Tit, 2¥8EH 2 28°C ¢ 51 4 ¥4 5 6 7 8 9
ABSR, 26°C Tiz3 A ELA, 2°C LT 18C £ TO AP ST P
FRHTIZI HAEBL T LI & & h ot Fig. 8. .Mortalit].f of l-year-old scallops
: at different high water temperature.
28°C L 26°C THREEPOH 27 H A 12ilE Ak E{PEE,

SRR ORI 5 NI ERIR L, T I L)
e A% RN O 2Rl L - 1= (Table 3),

8

Mortality (%)

Table 3. Behavior of l-year-old scallops in high water temperatures.

. Water Valves _—_'Mamle-s_i Tentacles 1
claped P Shu 0000, OB Miiew marers uoude srons ‘end Stll Move
18 1# H# # + +
20 # # -+ + H# +
54 hrs 22 + + HH # + + #
24 + + Ht 1 + i
26% 1 + # + + #
28* # # H He
18 + + # +  # o+ #
20 # # i #
45 hrs 22 + +# H# + - + #
24 ## 1 +#* + + #
26* # # + # +# +

Note: *, excessive secretion of mucosity: +, prominent; +#, more prominent; and #,
most prominent.

Kz X 5 EROMER)o#ERE (Fig. 9) 12 0°CE{ T2 0ic/ena% Fo72¢ ﬁmiabﬂ'fﬁi:rc <. BR

BB TR EN D A T KA R B0 h CGREEBOEE RS Y ik v, 20°C
M TRBERICEL, 25°C TINEICRP Lz, BIOMMIC LB 18°C 25 30°C ¥ TORBEMEO N B



43.7mm in shell length

a 51.2am
W 47 9am
25.
29 4am in shell length '

sl 60 47 7nn 1
£ ® 49.9m i
£ § x
-t o 1
-k . 3 :
§ 2 2" '
é = ‘I 2 /} |
> 10 \a 2 30 & t
& \ -

= " H / {
9

g [} v o 1

5 \ - i | '
i 3 \ ] }- 4
o X 10 / ¥ }

i
———r - + |.‘ 0 rfo,¢ ‘\'\
0 5 10 15 2 25 320 2

-1 2 5 8 11 14 17 20 3 26 2
Water temperature (C) Water temperature (C)
Fig. 9. Speed of gill ciliary movement of

l-year-old scallops at different water
temperature. Vertical lines indicate
95% confidence limit of mean.

Fig. 10. Heart rate of l-year-old scallops
at different water temperature. Ver-
tical lines indicate 95% confidence limit

of mean.
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Water temperature (C) Specific gravities (5

Fig. 11. Oxygen consumption of
l-year-old scallops at different
water temperature.

Fig. 12. Mortality of 1-year-old scallops at
different specific gravities.

TIE22~23°C TR L), ZOERI L, 30°C T0icico1,

Fiz, KRIC X5 OBHEE (Fig. 10) (2 CC LI T 0S¥ 7ed 25, KRS ERT 30 o2h Tk E5
L, 23°C CREG L b, 26°C Tidnsid L1z, oMkt 22°C, 27C clikEr R Hhiz,

MR (Fig. 11) 12, KEAEGCIRCEHERRLIEV2, KRS ERT2icoh T, 200C T
BiEn st h, 25°C CixEd L1

Wi (Fig. 12) (211640 268 260, Zh i HECEET, 2 ofER RV S8
AW oo to. O 18.82 X b 2418 ¥ T3 67 BiRilRE @ H L 8551 25 hinds - 7z, Hoil 9~12 0JEREF
Dk 2 FHA OB R —FOMEETR A Ui, R E 2 b LM, otk F<ToM



R & T H A ORFEOMNC B 5 I & TR 61

Table 4. Behavior of l-year-old scallops in various specific gravities.

Sk, Valves = ~ Mantles "~ Tentacles
Time Specific T o o .
elapsed  ETAVity gp.. Open  Open  With- Ventral Pro- Con- Ex-

P (15) narrowly widely draw margin trude tract tend
9.70 +
12.07
14.09
16.40
18.82
20.88
2249
2418

Still Move

G B
=
-+ +

£ % $$‘

6 hrs

|+ %% 4+
e
EEE R
4 2 F F
=%
* % = *

9.70* Ht 1
12.07* H# H#
14.09*
16.40
18.82
20.88
22.49
2418

£ %= £ *

+

48 hrs

EGE R E
+
* & % + +
= £ % £ +
+ + + £ =
® & & &+

Note: *, secretion of mucosity and excretion of mucous faeces; +, prominent; +, more
prominent ; and #, most prominent.

» w
-

N
(=]

//+"

—

—_
o

=L

Speed of ciliary movement (mm. min)
o

O™ 14 16 18 20 2 24 % 28
Specific gravities (o)

Fig. 13. Speed of gill ciliary movement of 1-year-old scallops at different
specific gravities. Vertical lines indicate 95% confidence limit of mean.

knik & Ptz (Table 4), #7:, ALEBUEROAM~EE L, ShF@E LIRS L, Bokihkh
HoRo MR HRl L7z, Chicx L, JLH 164 DL LRI Clafni b L &, AERAROA~ZE]L, ik
FR L AT E E, EHE A R L 12

Wi kA BCE T o8 (Fig. 13) (3, #1247, 10.20 T3 0 T, 15~17 (o7 T 2000 M 4- 1
L, EHICHENRES EEELW LT 24~25 CRMICEL, Hl25 282 2 S dERHET L.
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z 2=

k2T A DR AR, K s LT, NISHIOKA ef al. (1949) 11 10~15°C, 30~40%., 7ehCH 12°C,
3% il & LT\ A, 4lnl, %280 1o R KL 8~16°C, ltHid 23~26 Ch D, FEAHRT
NISHIOKA et al. k|131F—3T 555, Hisro 40%0 (1ILTE (o15) 1CBELT 2 &L 2985 L h, FEHOEBH T
Z O TR {, LISt oTz,

SHEfRIC DT 2B b, Pecten maximus OF4 583 15°C ¢, 18°C & 20°C ClEahE2 MBI L,
B E ¥ TES fehy - 12 (COMELY 1972), [fEO R0 12, 15, 18, 25°C o4k ME TR EL 18°C Tk
<, HERIZ15°C CRLTE, 25°C € 0% Th 1= (GRUFFYDD & BEAUMONT 1972), %7z, Placo-
pecten magellanicus 0 12~19°C Of#H TI12 15°C € pediveliger (3L, 19°C TREICHIEL, B
4313 16.9~30.0% CIE# e Fe ¥4 L= (CULLINEY 1974), X642, Argopecten gibbus (COSTELLO 1973)
CikiR 23.0£2.0°C, #i4r 35%0 C, Aequipecten irradians (SASTRY 1965) T3kl 24.0+=1.0°C, 184
30%0 T, ThENSERMTCHZIL TV 5.

chb®aE Lwd b, FEKEs DO L - TRAcsH, HF#EAKRANDOEDOKE THEE LS
HITABRRIH <, FMOOKRTIRREEN L WEF 25, chid, FEEOERECHIBEL o045
FBAMER TR L, 200C P EOBBRTIMES oo 2 EE—HLTWwA, Lizho T, KRS coifEshE
BARSABCET T84 L hd, T LAANIC ER Lo o Ees kK E <, WA 20°C 1T
kA EFr B, PRS0 EILTE, TR S IR e & 2 E R B o R 23~26 10 6
h, EHEO 27T CHESE AL R L BB 27T, PR 22 (0 SR S h, B TR TH
HETZ B

HERER & L BEEOTHRICH T Bt E 205 £, ¥ ET 5 HEuE 26°C TR Tz |,
1A T3 A2 L, MHEHEROLA 1WA L b & it cie ok e s (1977) o X hid
A 25~26°C OB T 0TI A H, 1MEATIZ7 AR, 2IBAKTIE2 HE T L, Fhott
AR EARIRCE V., Placopecten magellaninus @ bR (3 20.0~235°C ¢4 b (DICKIE 1958), 10°C
ThARER AL, LI TEROMEA R L b LEpKE iz 8y (PoscAy 1953, DICKIE & MEDCOF
1963), Z® X 5[ —f <6 BT X - THRERE R - Tu b,

&2 F A AN OMERTNE, 1A (1964) = Liud 0°C {1 Cixiditic k% b, 5°C 75 20°C
DO CIHRED R & bt - Tl i 5%, 23°CrfiT5 LT 35 L~ Tuv b, i, LN
R (R 2 BB (xePE (1977) 12X B &, KO Bz L b icvafim L, 23°C 0 < TR % AL,
28°C TR 0B s, ZhEMEDPHDOERBE LUK ZIRAMETCHER LI LBt oTw5,
L2 L, AKicr T 2t AN & Akl chds, ok ) aERBENERTL Abh, MR
MH20°C L h 25°C THALTWBZ Edbh, HEESIREK L RAHEET 22~23°C LHEE S5, MORI
(1975) ic X B &, k&7 # A4 FIBAroHER S 21~24°C Pl Eo@KiR T @E L7t v 5, ZHIRMUNSKY
et al. (1977) 12, &7 # 4 OFFRERT 21.7°C, ERRRE —1.5°C ¢, —hbETto Lkglaoin
FEE k3t s LT, U EOBGERIET A L, S 27 51 ORI 22~23C ThHD L
2ENhb,

W2, LA (1956, 1957) (RHER (i 10~13 mm) OO M EEEN TR, E L L, EHR
B 12.99~25.620 (015=17.16~37.56) Cillfi) L, MH (#&K110~140 mm) & & S IERHEAK (18.11%) X b
b MK (21.49%0, 015=28.93) T 4~13% b\ iEIMEA R LI LG L Tish, ZOMTIREL L Rics,

g (1977) 12 X B &, DREINENENY 80% HEK (015=19.09) T4, & 2D A, 40~60% #iEK (a5
=9.16~14.12) = HIEWE 2 B - F-Lifi-<Tv 5, BH (1976) i Zhul, O (% 23~34 mm) (1
Cl1 10,665 ppm (4y5=13.95) Cix 19 K<, MIH (%)% 98.2~115.0 mm) (& 8,851 ppm (715=11.44) Ty} 22
Wi MIE L 2= 2 & vh, OB H R Hic b~ bic g 22 LTva, 27, felk 1977)
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rAug, OMEMIZL, 2IBMEAEL D158, HRI6 LT/ s & 5L LA EBET 5 Lih~
T, FHEOHBTIE, FHHEH L 1 REECIERKROMG2H - T, EEc RO i ]
Thotz, LovL, WHELLHRITUFCrlEE2s. WEOMLTL RAOMHER & HREE
FOMRENSH LT, 23~26 LE2 HhA,

2 TN A OUMBEES S B E L A RFEHMORE, EEAtEC oV TERL, AOBRE:H.
1. BEORAEMEEL 4°C TR, 8~16°C 2ihEEET, 20°C TR Fh -1, 23°C TREEI HAL,
28°C T T THREE LA, R 2~16 i AR - STRTIIESESE L, JHil 18~20, 29 TiIREAHBL L, 23~26

REETH -1,

2. 12°C & 14°C i2BIF L 1-iBlse % 2~12°C OKRICE L T L 8EN A bR ich o7z, Linl, 14°C
PLEOKER TRiSRic e 52 SEERIE {, 00C U ETRTSTHE L. Rz 25 E{ TREEN A
Lhieh ottt ZhiAOHKE CREENA AL,

3. {FAFREHIZ 22°C DL E TiakiRAE VR, BB B T MM D 51, E1o, BREHELT~25 T
AR L2 C ORI L7, BREBAOMHERILKEL WS Ldicoh TET L, Hh#iA 23~25
Cife b §§7 o 72,

4. 1o SRz, 28°C T4RER), 26°C T3 N THRFRLEEIEL T, LaL, 18~24°C
O 9 ARE LT LIRS hich - 1,

5. 1WA SRR, BUEEIEY O, MEAIER RN, 22~23°C LB b,

6. 1 MMEMA I 164 2B BN BB R, Sh X W EREAMETF L, 28R R i3 KSR
otz LivL, MM 19~24 CurBsTE Al bt - 12,

7.1 Whfi Ao S EIME) O My, S 2425 Clg @A L,
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Abnormal gonad development observed in the
scallops, Patinopecten yessoensis (JAY),
cultured in Funka Bay, Hokkaido

Kenji KawamaTa

Hokkaido Wakkanai Fisheries Experimental Station
Horai, Wakkanai, Hokkaido 097, Japan

To study the factor of high mortality in cultured scallops in Funka Bay, Hokkaido, monthly
changes in frequencies of normal, abnormal and dead scallops were studied from May 1980 to
April 1981. The cultured scallops used in the present study were one vear old. Monthly
changes of gonad condition of cultured scallops were examined from April 1980 to September
1981. This examination was [rom the histological and gonad indexical point of view.

The maintenance of mature condition of gonads in summer was more remarkable in abnor-
mal scallops than in normal ones. This is true of both one year old and two years old scallops.
Frequency of abnormal scallops increased largely from June to September 1980. Frequency of
dead scallops increased from July to December 1980. The maintenance of mature condition of
gonads during the summer season seems to be associated with high frequencies of abnormal
and dead scallops. The abnormal gonad development is one of the important factors causing
high mortality in cultured scallops in Funka Bay.

MUK T I9TTAED 5 1980 4RI A T, B & LC1IGRMA 2 7/ AICRE~VIEBR SR L ., 0
Bz 2T, (1) BEREHOFL, (2) MBI OE L, (3) 427 44 HEORMBER i L 0B
MRS hTELY, BECE - TLEORMMFE S Th Ly, FFE, W~V IEBS I L
KBTI T RO LR &R - dai AR 28R S5 2 &, Lich T, R
ETFHRWIVEC L VB Ed 3 Wb ic LT L), 20T, chicl|z#s, ~VIEHGRD
ZHRTWS LG 2 i COBRMEIBIN T, LR AL~V IEOTIREBIG L 2 bty 2 B A &
DRFGRRA R LT, WREA LSBT e (e b R A s h A Z E R RIB L oo Ci
E15,

AL B, ATRCH« 0 ZHE L AR O TR A o il ot KR R
DWELFTH, i, HEHRIRIC S0 ZHHG R R O BERcsLBE L ET S,

#r®ES A130 (19854:3 F 26 A=)
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mHE LA E

S THG R 2T AL, KIS T 2 ERC YT 1979 458 L ORI L 22, 1980
G4 Bk 19814E 9 H ¥ THREMAORMMED (KE10m M) R FRLL-HETHE. 20551k
B EOREHL, 198045 A5 1981484 H ¥ ¢, 1BH7z b 11~12 s L 10 Bua o ([ER 50 em,
F8H 21 cm) o k5B FREA 19804E 4 Hicibd L8254 A 110~120 AR L 1. BEmEe~L
FEMR O MBI -~ COfehmb 34~100 FHELHIBCEAM AN L, 220, RERE
BlLthD-0p 1980457 A6 Th b, ThLLaiopeH: 198044 Ao B THfO b oiclbhi, 1,
2 BB, 10 BLAs ICIER i & SRR & 2w C 1B 5~6 il (KI5 2 & T198L 4%
4 AicE TR Lifn 12805 5 A226 9 A % TfgH 40~60 (AR L 7=,

AWML, HDBED RE SRR ~OMER A Fic X ) RENGk L EEEE-2XKRL, =0
BT h ol WETER, EMETREIE L1 ¥, EWEE s REEEDEFEBPRES
Flem BT V- AEMER %, 77 YIRECIRELRICHEBD -7 7 4 vEEIC X D 8 OV
EL, F974 - FO~=tF2) vi=dorvoHEpMariil THBFEHEE L,

BRLER

EHEERENOEMBREAE Y, JINALY oKyl L ST BE LI &5 Table 1 ©
BB, IEFHEE - REE LR ML, #1005 284 2 A = ToORBURRE, Bibbl, B4t - wuRr
W, RN, BRI, BB, MRS v ot oA Y - XS s LTkl LT v B, L
L, Table 1 THIBH v X 512, 1 HHIEREECir 6 H LIERGORSE « BIRUMC 24 3 5 MR B 2 o,
RIS T 5 WO I BlA 205 Owr 10 JUl, oo 18 2 25 0@ 12~1 L ThH 50
L, RETFTIIHERE S b PEIRE R0 A M L T ClRAE - Bl o s HIGIERICE ¥ D,
RS OB EY T 2EER A b iV EEEZ LD TE D, FRCHERERC - oM 2 8% Th
B TOL 5T REFELERHIFERC Lo BEY SEHEAL TS 2 i, 2ECRE L oMERFc
DThAbha I EMAERZRSE, ZoKR IEEFTI, 911 AcadilioBkoBlitA
Zohic DIt ~<T, REF TIXTORMNC L 240 7~22% o4 - 2 MESBEBL R L TVw5E0-9
B TREGEGARINEhA Z L e, ok 5 elEBROR (L, ENHURE RN CIERHL
DRVEEZECR-TVWEZ L TEAHbERTV5 (Fig. 1). LisL, FFHHCE~<ToBERM S 2 77
1T, EIRMCRBERERO BN S 2 fThbh 5725, BAoLR#aOR{L - BN c#E T
L, Bit - BEMoEA& 8 AL X A FAShiky5 2, BEillic kT aRBioMEo iz E -712<
Zbiiewd, Fhuc~T, SEOTEFERL, 7T~8 Bicl#iofikr Bl L Tuw = b, B4k - Biio
EFEAILAEFTHE LT A S0 HILD, Ticbb, BMG 2774/ LGHEEE LT, el
12351 % R RO R o B NS B S B 351 2R 4E - BIUG B2 AE 4T ORI L5 RIREOff
HOEEThLLEL LY,

fEH O A AR (110~120 k) wifd 2~V 38 & RO WAED W & 2520 Fig. 2 Tha,
ANEEoHAgr AT MNLicoi6 B2b T A0ME, 8 A6 9 Ao TCH b, REBEEORIN 1~
3 nABRTAVWERGEOHIGORMA T Hnb 9 Bofils, 10 AxG 12 ADRzAbh 7z, 198044 A
75> 1981 4E 4 H # TOMICETHER L7 1 O 50% 2~ FEL, Bho 80% REEMBEET, FHEME
BHTN20% VIR EE o7, TOX S I REMME L~ FEMEO MBIROHEBZ, 197740 1980
EFTROCEMABTORE~VCIEHE TLRCERNY LIRBAR T o L LEEIL TV 5,

HifRY T~k 5, BASERMA 2T V205 » A T {Ed, ToH2 » A CHEHEBTIE
X0, SMIBTHRBICEL, BRI EREIL sV FoREE L, RE~VEOR Y
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Table 1. Monthly changes in gonad condition of scallops cultured in Funka Bay.

Gonad condition

Mean
Health gat:&)l?ég ) Male Female 7 Hermaphrodite 'I;lc:)t‘al hsv:‘i;lllt Age
N L e R il
Normal  Apr. 16 1980 10 9 11 30 698 0
May 6 » 3 30 17 1 51 716 1
Jun. 9 » 616 4 6 1 1 4 726 »
Jul. 7 » 1 6 115 10(1)* 8 2 43 T2 =
Aug. 5 » 3 4 15 154 10 1 48 705 =
Sep. 8 » 12 1 10 13 9 45 897 =
Oct. 6 » 22 7 2 25 2 64 899 »
Nov. 5 » 2 6 (1) 7 1 1 28 968 »
Dec. 2 » 8 3 11 22 1013 »
Jan. 21 1981 3 71 16 1 28 1108 »
Feb. 12 » 211 1 18 1 33 1134 "
Mar. 9 = 2 7 16 25 1201 "
Apr.13 = 3 3 17 1 24 1194 »
May 14 =~ 112 23 3 39 1173 2
Jun. 15 » 6 6 2 1 4 9 6 34 1204 -
Jul. 13 » 5 12 6 2 25 1 51 1131 ]
Aug.12 » 1 13 11 18 43 1267 »
Sep. 17 » 4 6 11 P 23 1300 »

Abnormal Apr. 16 1980 1 6 7 14 672

Jul. 7 » 4 4 4 52y 2 2 1 22 737
Aug. 5 » 3 4 1 51 1 14 790 =
Sep. 8 = 22 2 2 6 2 7(1)* 26 845 =
Oct. 6 =» 7 5 4 2 8 21 6 1 36 842 =
Nov. 5 =» 212 2 1 12 1 30 894 "
Dec. 2 » 2 5 15 2 24 88 »
Jan. 21 1981 4 14 1 19 6 1 44 96.8 "
Feb. 12 » 119 1 8 9 38 1009 »
Mar, 9 » 16 4 911 40 1003 »
Apr.13 » 10 12 17 3 42 98.9 n
May 14 = 9 6 2 17 1124 2
Jun. 5 » 5 1 10 16 1125 »
Jul. 13 = 4 1 1 4 13 1080 »
Aug.12 » 2 2 1 4 9 1168 =
Sep. 17 » 4 1 5 5 3 18 1187 "

Gonad conditions are described as follows; Il : Early growing stage, Il : Late growing
stage, IV : Maturing stage, V : Spawning stage, VI: Degenerating and Absorbing stage.

Numbers in parentheses show the number of scallops having both male and female
germ cells in a gonadal lobule. These gonads seem to be in the intermediate stages
of sex alteration from male to female. The scallops having these gonads are regarded
as female.
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Fig. 1. Monihly changes of average gonad indices of normal and
abnormal scallops in Funka Bay, Hokkaido.
Gonad index: gonad weight x100/body weight without shell.
Solid line: 1980, dotted line : 1981.
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Fig. 2. Monthly changes in frequencies of normal, abnormal and
dead one year old scallops cultured in Funka Bay from April
1980 to April 1981.

Abnormal scallops are characterized by the deformity or inci-
sion of shell margin or the adhesion of brown film-like substance
on the inside of shell margin.
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Licological study on rocky-shore
crabs in Oshoro Bay

Kazuhiro Takanasur®, Tateki MivamoTo,
Yoshio Mizutorr™ and Masaichi ITo™
Hokkaido Central Fisheries Experimental Station

Yoichi Hokkaido 046, Japan
¥ Shiribeshi-hokubu Fishery Extension Office
Yoichi Hokkaido 046G, Japan

Ecological investigation of rocky-shore crabs in Oshoro Bay, west of Hokkaido, was carried
out from June 1983 to June 1984. Their feeding activity was also observed in a laboratory. The
results are summerrized as follows:

1. Through the year, Hemigrapsus sanguineus and Gaetice depressus were mainly found in
the middle and the entrance of the Bay, respectively, but Hemigrapsus penicillatus was found
in an artificial tide pool, which was mostly closed environment. These habitats were rather
shallow, less than 1m in water depth. In the season of active movement, large individuals of
G. depressus and H. sanguineus migrated to about 4 m in depth. When seaweeds grow rank,
Pugettia quadridens was found in the seaweed beds, while they moved under scattered boulders
on the bottom (1-4 m in water depth) from October to March when the seaweeds were poor in
growth and water temperature went down.

2. Berried females of H. dentata were found from November to May, but those of the
others from June to August.

3. Changes in feeding activity and increase in body weight in G. depressus and H. sanguineus
positively correlated with a seasonal change in water temperature, indicating that the environ-
mental temperature is a main factor for their feeding activity and body growth.

B LG &

MIRICAER TS5 H =B, 77 Py OO —2L LTHEHSRTW31%. Lal, his
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* Present address: Muroran Branch, Hokkaido Hakodate Fisheries Experimental Station,

Funami-cho, Muroran, Hokkaido 051, Japan.
oy AL31 (198543 A 26 A% H)



72 BT - EARE - KR WHE - R

B|ECHL L, B T oy bl A R, FARRCE @Lh LTS,
Fio A =HOMHIROBH LML T2 L 2 Lo, ERCEL SKO ZBhE s Ev o ik
PER TN PR OB i %

MR&ELUHE

. &# %8 &

(1) it i oo i i

AL H A RO SRR (Fig. 1) CfT - 7o, ERI, BolRod o S B2 5t (I~
V), dEmsaic 28 (VI VI 2301 (Fig. 2),

WMERNOWT - B Fig. 3 icniliclsxnThs, [EITFREOMBY L, Thuc#i{MTh
A, 1L IV B XV i PR #mc g < 8y Eifosond, [ EINTE L& HiRTskEh
WThHs, VEIPEHEK T, KEXHTRIGEHOE Vi { kb, VIIEIZIA7 7 “EEERN T, WM
vz ) — FECHECHSEOBE R LRETH S,

F'ur\.tul'a

Oshoro Bay
Hokkaido

Fig. 1. Maps showing the sites where the present study carried out.
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Oshoro Bay. experimental lines.




Table 1.
bottom type of each station.
: Experi- Distance
L;)!::a‘tlljon mental Station from the Depth
i line No. shoreline
No. (m) (m)
I 1 10 0.9
2 17 0.9
1 21 3.0
I}
2 27 15
1 12 1.0
West side ]
2 35 3.5
1 9 1.0
v
2 25 38
1 8 1.0
v
2 14 1.5
1 0.5 0.2
2 0.5
VI 3 0.7
East side 4 14 0.9
5 40 25
6 60 4.0
Vi 1 8 0.5

Bs

B3
: Some boulders (10~30)

: Many boulders (10~50)

ERBSoRARCAR T =8HoxE 73

Distance from the shoreline and depth and the

Bottom type

: Some boulders (30~50) on the tidal flat
A

”

n (10~100)
” (10~50)
" (10~30)

: Some boulders (10~30) on the sand

”

A : Many pebbles and few boulders (10~30)

b

on the tidal flat

: Some boulders (30~50) on the tidal flat
: Many boulders (10~50)

"

: Some boulders (10~50)

”

Many pebbles

Parenthesized numbers are diameter (cm) of boulders.
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totowd, foizif6 AoSEERIL, 6 Ahrs T AR Tii-1-b0Ths.

MEEE L ORI UM Lo s S o A e, BT EOE 2 borlik Y2, 2~ AT Lo Liz, f2/2
L, 1984 4E 6 A OB T, = /4 # 4 2—iFHvi,

1 74 BOED oMy, BOBNEETCE - TElT 5100, 171 BHETARCHE
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OHE IBW it fkoBER, » (26 —-BERTROMEREEY 71, ok, fRT-OER
WCaiL, BEAE ORI ERRERF O A A 2o, E s EREME (We) (&, We=(Wr—W)-100/
WioR X DB Lz, We kBB EO RIS TE, W @ THHEERTH S,

= 0

L % *

Table 2 i L MiRKHIB fll, WREEBZEARE SR, 2L, BREBTL Y PV BRSEOA LT
WM Liedrote, I 1005, =hvvAH=F vy, LAYy FHH=, Azkry=,
af G WH =, 2Th=Fwod, FEMGEY P GOTUTORRE XOFBEMBH W,

=41 5 MiOWEED HEA LA, Wit #HER I~V (g L2 T5) S diEoBAR VI VI (LY
HETH) it EEOB LA TEML, Table 3~7 @itz fiZ LOBMEIKkDOEED TH
Hics

LS4 Y H=: FERETIZAREBROKELm CHEESBERD -2, RCEENGH -0z DR
OKELImMm THAHI 1265 HEFCRafiribhich -7z, BERIOKEI~35m k5 L0°D Bo K%
15m Cix, 10 Ak 3 A Cofitdid AL AbhT, FL@WELKI -7, CHOKHEISm TEIAH
DI A B R, BEOKEAS m T BEAL -1,

FRTIL, A BHEITCERTHEMM AALA, A, EROWEQRYE L TRbAE» -2, CHo
AKE25~Am CizTHL 1 B CTHEL Tofiniabhizdt, o bKEAmicfiLTwi0i8
HO XA Ca#H-1- (Table 3).
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=12

T A, ERICHETRIA 2R BERIES 220 80 o1, BRETREENEVLAEL{DHT
i ALz, CHTCRAE25m ©7, 8 A X003 Hiz, AH4m €8, 9 DK\ - I T 5fin
Zb it (Table 4),
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(Table 5),
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Table 2. List of the crabs collected in this study.

Scientific name Japanese name
BRACHYURA Gaetice depressus (DE HAAN) Hiraisogani
Hemigrapsus sanguineus (DE HAAN) Isogani
Hemigrapsus penicillatus (DE HAAN) Kefusaisogani
Sakaina japonica SERENE* Nihonmameganidamashi
Pilumnu minutus DE HAAN Himekebukagani
Medaeops granulosus (HASWELL) Suehirogani
Cancer amphioetus RATHBUN Koichogani
Pugettia quadridens quadridens (DE HAAN) Yotsuhamogani
ANOMULA Pachycheles stevensii STIMPSON Kobukanidamashi
Hapalogaster dentata (DE HAAN) Ibotogegani

* Identified by Kooichi KoNIsHI, Zoological Institute, Faculty of Science, Hokkaido University.

Table 3. G. depressus. Seasonal change indensity (N/m2) of the crab collected
from different places in Oshoro Bay.

= 1983 1984

. Bottom Depth 3 = = B - o e - i
Line type {(m) SR M. June July Aug. Sept. Oct. Nov. Dec. Feb. Mar. May June M. Le
% A 0.9 1.7 55 45 4.5 @5 M0 50 156 05 15 656 30 4.2+3.8
B 1.0 -1, V-1 05 40 50 45 65 30 40 35 45 1.0 9.5 4.2+2.5
3.0~3.5 -1, M-2 1.5 0 0 0 0 0 0 0 0 1.0 0 0.2+0.5

4.5 -2 0 0 0 0 0 @ — 0 0 0 0 0
e 3.8 V-2 0 0 0 1.0 0 0 0 0 0 0 0 0.1+0.3
D 1.0 V-1 80 7.0 20 6.0 30 1.0 0 0 0 0 9.0 3.3+3.6
1.5 V-2 0 0 2.0 1.0 0 0 3.0 0 0 1.0 1.0 0.7=1.0
Vi VI A ~0.5 VI-1,2 35 215 13.0 4.0 20.0 95 4.0 165 5.0 13.0 15.0 11.4+6.6
B 0.7~0.9 VI-3,4 05 2.0 15 5 65 45 35 105 11.5 3.5 12.5 5.2+4.4
C  2.5~4.0 VI-5, 6 0 0o 10 05 1.0 05 0 0 0.5 0 0.5 0.4:-0.4
E 0.5 Vi-1 6.0 13.0 120 55 7.0 28.0 4.0 2.0 50 12.0 50 11.1+8.3
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Table 4. [H. sanguineus. Seasonal change in density (N/m?) of the crab collected
from different places in Oshoro Bay.
= = o 1983 1984 -
§ Bottom Depth o ==, = 2 .
Line type (o) Station No. §oe July Ang Sepi: Oct Mow. Dee: Feb Mer: Mar June Mean=S. D.
[~V A 0.9 I-1,2 19.5 4.5 7.0 0.5 23,6 365 195 10.0 54.5 20.5 4.0 18.2:+16.1
B 1.0 m-1, Iv-1 0 1.5 1.0 0.5 2.0 0.5 0 0 0.5 0 2.0 0.7+0.8
3.0~3.5 -1, m-2 0 0 0.5 1.0 0 0 0 0 0 0 0 0.1+0.3
4.5 nm-2 0 0 0 1.0 0 —_ 0 0 0 0 0 0.1+0.3
C 3.8 v-2 0 0 0 1.0 0 0 0 0 0 0 0 0.1+0.3
D 1.0 V-1 1.0 0 0 0 0 2.0 0 2.0 0 0 0 0.5+0.8
1.6 v-2 0 2.0 0 1.0 0 0 0 0 0 0 0 0.3+0.6
- VI, VI A ~0.5 vi-1,2 1.5 5.0 2.5 0.5 2.0 4.0 1.0 3.0 8.0 135 15.5 5.11+5.1
B 0.7~0.9 VI-3,4 0 1.0 1.0 0.5 0 0 0 0.5 6.0 1.0 5.0 1.442.1
C 2.5~4.0 VI-5,6 0 0.5 1.5 1.0 0 0 0 0 0.5 0 0 0.3£0.5
E 0.5 ViI-1 0 0 0 0.5 3.0 5.0 0 24.0 2.0 4.0 4.0 4.2+6.8
Table 5. H. penicillatus. Seasonal change in density (N/m?) of the crab collected
from different places in Oshoro Bay.
— = —— = 1983 - 1984 o -
. Bottom Depth S I = . N
Line type (m) Stk N June July Aug. Sept. Oct. Nov. Dec. Feb. Mar. May June MesaS.: D,
I~V A 0.9 I-1,2
B 1.0 m-1, V-1
3.0~3.5 -1, m-2
o 4.5 -2 o o o o o 0o 0 o0 o 0 o0 0
C 3.8 v-2
D 1.0 V-1
1.5 V-2
VI, Vi A ~0.5 VI-1,2 0 0.3 0 0 0 0 0 0.5 0.5 0.11+0.2
B 0.7~0.9 VI-3,4 0 0 0 0 0 0 0 0.5 0.0+0.2
C 2.5~4.0 VI-5.6 0 0 0 0 0 0 0 0 0 0
E 0.5 Vi-1 5.0 4.0 12,0 3.0 14.0 15.0 23.0 28.0 7.0 10.0 13.0 12,2+7.8



Table 6. P. quadridens. Seasonal change in density (N/m?) of the crab collected
from different places in Oshoro Bay.

1983 ) - 1984

. Bottom Depth ; - = +
Line type (m) Statiot No. June July Aug. Sept. Oct. Nov. Dec. Feb. Mar. May June Mean+5. .
I~V A 0.9 I-1,2 0 0 0 0 0.5 3.0 10.0 7.5 0.5 0 0 2.0+3.5

B 1.0 m-1,1v-1 3.5 1.0 0.5 25 3.0 5.0 3.0 4.5 3.5 0.5 1.0 2.5%+1.6
3.0~3.5 -1, m-2 0 0 0 0 1.0 0 0 0 1.0 1.0 0.5 0.4:+0.5

4.5 n-2 0 0 0 0 0 0 0 — 0 0 0 0
(& 3.8 -2 0 0 0 0 1.0 0 0 0 1.0 0 0 0.24+0.4
D 1.0 V-1 0 0 0 2.0 4.0 0 0 0 2.0 2.0 0 0.9+1.4
1.5 V-2 0 0 0 0 1.0 0 0 2.0 0 0 0 0.3+0.6
VI. i A ~0.5 Vi-,2 0.5 0.3 0 0.5 2.0 0 0 1.0 0 0 0 0.4+0.6
B 0.7~0.9 VI-3,4 0 0 0 0 0.5 0 0 1.0 0.5 0 0 0.240.3
C 2.5~4.0 VI-5,6 0 ] 0.5 1.5 0.5 0 0.5 0 0.5 1.0 0.4+0.5
E 0.5 ViI-1 0 0 ] 0.5 0 0 0 0 0 0 0 0.0+0.2

Table 7. H. dentata. Seasonal change in density (N/m?) of the crab collected
from different places in Oshoro Bay.
T o =5 . 1983 N - 1984 . .
. Bottom Depth . —
S > I +5. D.
Line type (m) vatin Ko June July Aug. Sept. Oct. Nov. Dec. Feb. Mar. May June Mean:t5.D
1~V A 0.9 I-1,2 0.5 0 0 1.5 0.5 0 ] 0.5 0 0 0 0. ]
B 1.0 m-1,1v-1 13.0 5.0 6.0 12.0 3.0 16.5 9.0 7.5 15.0 18.0 5.0 10 0+5.2
3.0~3.5 -1, m-2 9.0 12.0 4.5 8.5 23.0 8.5 0 5.5 7.0 10.0 7.5 8.715.7
4.5 n-2 0 0 0 0 5.0 0 — 0 0 0 0 0.5+1.6
G 1.0 V-2 6.0 7.0 1.0 7.0 .0 0 0 3.0 2.0 6.0 12.0 4.6+3.7
D 1.0 V-1 0 0 0 0 0 2.0 0 1.0 0 0 0 0.34+0.6
1.5 V-2 3.0 6.0 5.0 0 1.0 0 0 1.0 0 2.0 5.0 2:14+2:3
VI, vi A ~0.5 VI-1,2 ] 0 2.0 0 1. 5 5.0 0 0.5 3.0 2.5 0 1.341.7
B 0.7~0.9 VI-3.4 245 240 145 12.0 15 5 18.5 10.0 10.5 165 16.0 21.0 lG 6 5.0
C  2.5~4.0 VI-5,6 30 35 15 20 65 65 20 05 25 4.0 5.0 3.4+2.0
E 0 0

0 0 3.0 0 2.0 0 1.0 0 0 0 0.5+
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Fig. 4. G. depressus and H. sanguineus. Seasonal changes in size-frequency
distributions of the crab collected in Oshoro Bay. Stippled bars represent

berried females.
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WL E ORI MRl L CEEAME P SRk o
iz =Dt 9~3 Hic %55 7 (Table 6).

AFErFH=: FRETCIZBEO1Im, 3~35m CRES
Mrabntz. ZOfORIzVTRLEEIED - 12,

jiE Tk BRECREMGCEED SR AL A, TOEEIL
FRAALCTRLM 7. CRTL, WTFhokELLE
EN A A MR €A 72 (Table 7),
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Fig. 6. Size-frequency distributions of five species crabs collected
from November 1983 to April 1984,

Moo EEEL (i), Fig. 6 o ki3 ffilr 744 v H=, a v ~eih=011~4 f OFEME
e —IG L U A R L, F22 k50 3§ - i b BRI o€, BRI 3 X04 bhB &
{R5E LIRS O A A RO 7 75 A0 TR o, iFRREPELY 1 mm 5 072 mm & LTFT
Uy O oA Table 8 i Ui, #8ifE 0 BRHILOHFEIIK O L35 0 TH - 12,
g4 =: HEHE12~14, 16~18mm O 22Ok B h 5, AR 1 mm €3 20 FB5r
Mivzirta &, ORI, 129, 175 35 L 00205 mm Tho1z, ZOPNE 1% K TEH SR,
ZAUZE 10 mm LT OB 51 2 12 ~OFEAK E G I2h T, 10mm L EOE ST fev, BB
fizde d D ETS L, BEEZR B, 3HHOERAOMAELIFFICIE L, FEHBLRR -
tzo HiZ A SOER G OFHE212.3, 189, 265 4 L0 30.8 mm ThH -7z, 3%HA © IFE #-1i 26.5+3.96
A, 2474163 £ 2840930 201250 Ch, O3S0 IEM IR EAERUTH-1o0% 2O H
2 25% K CEHE ., F«OFLELHHECIETS L, B1IHHIZIEFELL, 2HA Cigo
JivibFEmichEw, 3HHUBR GO h T b hEd o1,

A 2H=: #HHE10~12, 20~22, 4~26 mm KA BB RS, hEx 3 20E#SHcys L, £0
SEfifiie =, 107,193, 246 mm Lip o7, 3HHOEMMM L Ebint AL, BEAZERIAST
i IHHE2HFHOTERAIMLIZ LA EE S ieh 1z, B2 20~22, 24~26 mm A BBh 5. Th
LR 1 mm T3 oD ERSHicaG AL, 1EFHL3HHOEMSMOB M EEN 40 E2IERICK
e ot. A S L FOEEMEILE . 16.8, 204, 255, 306 mm * 7t »7-4% 1 BHOTFESMAO
EREAERR VA0 L ETH -7 1 FHOERI MR ZHIZ 22125015 £ 1284368 £ 1524031 i
e, BEOERIMOFEREREEALDE by, ERTN%Z 4 0L THRER 1S KETEAS D,
A 10 mm LLF & 35 mm L) EOFRCET 2 L2 ~0F 5k Eh -7, A HETS - 1HHOFH
SAAEEL L RoTuwz, LaL, #EO 10 mm iggo @Az ERIZ S <, AitoMo 22015 &, 3(P,
0.025—-0.01) %724z 4 (P, 0.25—-0.1) icfpi -8 2 4, 1 HHOER A O FHffi2 158~159 mm L /g
o o

AFEPFH = fffi211~12, 13~14, 16~17 I L 18~19mm ([t B h s, = hi 3 201FRy
it s &, FOPHfIZE « 110, 134, 166 mm THBH, FHOPEREH SR, 4 20FEHRSH
e Ah L, HHEA0 i DBER T ERVA, FORHILE ~ 6.2, 101, 135, 190mm -7 h, 4FHH



Table 8. Test of goodness of fitting between the observed frequency distribution

and the fitted normal curve.

Mot E}?:f_ No. 1 No. 2 No. 3
Species Sex val**
N. D* f Mean S.D. f Mean S.D. f Mean S.D.
~ (mm) (%) ) (%) -
9 3 1 42.2 129 1.8 30.3 175 1.44 275 20.5 1.66
4 1 30.0 124 3.27 1B6 135 1.31 155 17.0 0.3
G.

depressus o
a 3 2 2.2 122 104 67.2 21.2 751 106 30:3 0.92

4 3 39.4 123 211 15.0 189 1.60 38.6 26.5 3.96

6.3 10.7 0.94 b55.1 19.3 3.78 38.7 24.6 3.36

+
w
-

4 1 6.4 10.7 0.9 40.7 18.4 3.45 38.0 23.7 3.51

H,
e @ 3 2 11.8 120 4.77 449 193 3.31 433 2.3 4.47
4 1 313 16.8 4.15 297 204 2.08 23.2 255 1.54
- 9 3 1 2.2 11.0 0.83 46.3 _1;.4 0.91 29_.5 16.6 1.22
f;:_;mm 7 3 1  63.4 79.9 3.3 24.3 11.8 _:.’_.64 12.3  20.7 2‘66_

4 1 22.2 6.2 218 37.4 101 1.% 21.3 13.5- 1.27
* No. of N.D.: No. of normal distribution.
** (lass Interval: Class interval of observed frequency distribution.

No. 4
f Mean
(%)
3.9 19.8
7.0 30.8
14.8 24.3
15.8  30.6
19.1 19.0

18.19 6 0.01-0.005

o2 df

S D.
1.79 6.4 5
6.73 7
0.35 21.05 15

17.44 15

3.56 16.90 13

7.26 8

1.89 29.47 13

0.50-0.2%5

0.50-0.25

0.25-0.10

0.50-0.25

0.25-0.10

0.75-0.50

0.01-0.005

0.005>

0.75-0.50

0.75-0.50

TS - WY o8

* IO

— 1)
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Fig. 7. G. depressus. Seasonal changes in

size-frequency distributions of the crab
collected from the different places.

1983
10
June ] [J—L
10
‘July ]_:_ P | —
10
L I
1
Sept. D]
Oct mj_ﬂ-u
cLl.
“ =1
gm-
Nov. 'S
'.E—: E —y, e —
~ 10
owe ]
1984,
Feb. 0} I '| .
104
Apr. J —_—r e W e
10
Wy L B o
J 30]
une I 'I:':‘
= s T e
10 20 10 20 10 20 10 20 10 20
Carapace width (mm)
Line no. 1 i § A" M v
Bottom type A B A B c
Depth (m) 0.9 1.0 0.5 0.7~0.9 2.5~4.0
Fig. 8. H. sanguineus. Seasonal changes in

size-frequency distributions of the crab
collected from the different places.

1983 20
June g |
—— S T I
e L
— kil vs— —_
e ol 1
S o S =
Sept. 10] ‘J__L
Oct 10
P . T . .
e & M N §
>
34— B = g
Dec _m]
1984 ~— - =
Feb. 10}
e s T e
e S
— = ﬂ_ =
May mi
M I |
June mj Ij:l‘:l
20 20 20 20 20
Carapace width (mm)
Line no 1 m Y| ¢ v
Bottom type A B A 8 Cc
Depth (m) 0.9 1.0 0.5 0.7~0.9 2.5~4.0

Fig. 9.

H. dentata.

Seasonal changes in

size-frequency distributions of the crab
collected from the different places.

Bithol=v e+ Wh oo Ruy

18



82

AR - FOREREY - K LUBEHE - DU RTE

Table 9. Seasonal change in the propotion (%) of berried to total
females. Total females mean the individuals above the smallest
berried ones in size.

June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June

G. depressus 15 85
H. sanguineus 39 73
H. penicillatus 100 33

P. minutus —
C. amphioetus — 100
P. quadridens 100 0
P. stevensii 0 100

H. dentata 0 0

Body weight (g)
3

a: G depressus ()

y= 4,210 (1= 0,995 n=41)

b Gdepresans (*)

y= 3.6 10 (r ~0.998, n= 42)

e H.samguincus | | )

y=T.70 104 (¢ 0.987, n— 25)

d: H.sanguineus ()

y=4. 3 104 (¢ 0.997, n~ 28}

1

88 B B

o9 O

104
0 10 20 30 a0
Carapace width (mm)
Fig. 10. . depressus and H. san-
guineus. Relationship between

carapace width (y) and body
weight (z) of female and male
collected from Oshoro Bay in
Feburary 1984.

1983

5
0
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1984
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= == =i == 0 — S = p—
0 0 0 = 0 = 0 0
0 0 0 — 0 = — 0 100
0 86 80 — 90 = 81 15 0
0. - +0. x
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* Female

© Male

o Intersexual male

4 Intersexual male
parasited by
Suaceulina sp,
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Fig. 11. (a) G. depressus and (b) H. sanguineus. Relation-

ship between Vl-abdominal width/carapace width ratio
(y) and carapace width (&) of female and male crabs
collected in November 1983 and February 1984. Broken
lines represent a carapace width of the smallest berried
females. = correlation coefficient. Intersexual males
were excepted from a calculation of the regiession lines.
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DEEHERZED 3.88 LR & T o e, MERERILEET S L0 /A L0 2 /AL L {—FL 1,

A = iR 10~12, 16~18mm & E— F 215 2 o0BEA A5 T-05 BRI ok Al
hf;ﬁ‘*: 7ce
BYAEH=: 2 8~10, 16~18, 20~22mm & £ — [ £ T5 3 o0k A bR, HEL6~10, 18~22

mm & E— F &5 200N AL R,
Mol EEEINCHRRHIE Y 25220, L IL VIO 54 v =, A 2 H=BL0AELYH=0AY
ORERILZ & « Fig. 7~9 iop L7z, SHOKBIKDOLE) Th-1z.
74 H=: HFEIOmm EFOBEKI VIS0 AR, [0 VIGOBE T X
bhizds, CRicizAbhichotz, iz, CREicAL-HEEO S {12, PR 20mm L EoMETh -1,
AV H=: P10 mm EROPEE VIEA RS 2bh, $R25 6 Hio®hoto, 1, Ik X
VIO BRCE, bFricibhis, CRiciabhieh otz 12, CRlichs i+t
B 20mm LLET, BRlicZohi-@ikd 20mm LLEDOL 0 %051z,
AFErrH=: BERFELHAKLt-TED, FORZZOMELBEBIz£h -1,
3. EEREHOHREHE
EHEO gD B L, e 54

ot AN
Vi =0lllmm; 4 ¥ H="185 8 / " /n
mm, {HXF¥H=T93mm ChH- _'5'15' L4 \ o
1= (Fig. 4, 5), %#z, #7414V H= Bl \. /
(2140 mm, =7 -~EH=|%200mm g \. /'
Ch otz s g
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(2, 19834ETI2 7 A0 86% %I = § § % i /
6~9 Bic kb huf=p5 19844F(126 B .“:.‘5 " \ [r— - is)

2 k
TTTCIL60% OBIETAL Rz, 1 @ J S,

2

v = ORIk, THD 3% ik
Mic6~8 Hizabht, € A+ yar
=3 11~5 A * CHIREE&EL A6 R,

"3
T

—. B0y
Fo# iz 11~4 § €80% LLETH 2
iz, FOMOH =BTIX, HIEEE B
bt AL L 6~8 RictusE 3,
&b, ¥
1 PEEERS LOPIEEMEED 2
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T4V H=BXOA ¥ H =01984
iE 2 Bkt HERER O R & ko
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BUER% Fig. 10 ik Lz, il & b HE Fig. 12. G. depressus and H. sanguineus. Seasonal

P " ot . changes in water temperature (a), feeding rate (b)

@?775 iﬁﬁ-l‘b’t‘f. UL N R and the rate of increase in body weight (c) in the
WP - TSR & { e 1es laboratory-reared crabs of different sizes.
F fz, RO HERED O TG & 56 1 * Large-size group. ** Small-size group.

HibE/ PR OBER A 19834511 B £ 19844 2 A /r 2 8L Fig. 11 iR L7z, EShicA v 7=k
oz, HEiEOBRMABEONN Y L oo Rbhi, chbicit, 72e A FELTVSE
DEZHTHROCEOND -7z, ShbZFERRERROHR B 72, 12, HEXWEE L, Bhofuip@



Table 10. Carapace width (CW) and body weight (BW) in the reared crabs.

G. depressus H. sanguineus
Manih - Largei Smali o Large - Small
n CW (mm) BW(g) n cw BW n CwW BW n CW BW

1983
June 5 27.4+3.71 10.7+4.29 5 15.8+3.56 7.0x1.14 5 31.6+1.95 16.5+4.36 5 16.0+1.41 2.2+0.73
July 5 28.8+4.44 12.5+4.39 6 13.7%1.37 1.3:4:0.34 5 31.8+3.27 16.9+5.66 5 14.6+£0.55 1.6+0°29
Aug. 5 25.24+3.03 10.542.53 5 13.0£3.61 1.1:40.90 5 29.44+2.88 11.0+3.47 5 14.6+5.32 1.94+1.58
Sept. 5 28.24+1.64 10.5+2.31 5 13.4+0.89 1.0+0.16 5 28.8+3.70 11.5+6.33 3 23.0+2.65 5.6+2.26
Oct. 5 28.6+3.51 10.9+4.29 5 12.2+2.59 0.9+0.37 5 30.0+3.24 14.455.45 5 12.8+2.77 1.2+0.88
Nov. 4 32.6+1.78 12.4+1.41 5 13.740.91 1.0+0.16 5 31.94+2.60 13.9+5.01 5 17.3+1.99 2.0+0.67
Dec. 5 29.4+1.84 11.5+2.51 10 13:242.30: 1.140:67 5 31.445.42 14.4+47.83 6 14.5+1.71 1.5+0.47

1984
Jan. 5 28.5+1.73 11.8+2.52 9 12.6+2.27 1.240.72 5 30.6+5.31 14.7+7.94 6 13.9+1.75 1.620.50
Feb. 5 28.5+3.43 10.8+4.02 10 13.04+2.11 1.040.45 5 28.3+1.97 11.3+2.68 4 12.5+2.47 1.1+0.53
Mar. 5 28.8+3.47 11.3+4.23 10 13.0£2.29 1.0£0.50 4 28.4+2.23 11.3+2.98 7 12.4+2.63 1.0+0.56
Apr. 5 28.3+1.11 12.5+1.60 10 12.24+2.11 1.1+0.57 6 31.143.82 16.7+7.36 i 12.8+1.54 1.440.52
May 7 25.4+3.85 8.31+:4.14 11 13.1+1.48 1.1+0.35 5 28.0+3.30 11.8+3.00 13 11.0+£1.76 0.9+0.45
June 6 27.4+3.12 11.543.80 9 13.0+1.26 1.4+0.43 6 27.6+1.52 10.24+2.45 8 11.5+2.19 1.1+0.52

8
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BHBOMRECER T2 =Ho4L@B 8

AL Ak ECEEOEBEA AR L,
5 A ERRB

HEHEX T -7219834E6 A5 1984 £ 7 A ¥ CoOMBA AR, FHIEHE, TRMmBoE(Ly Fig. 122
MLtz iz 4 BOREBRMENEO PR L o FEHii4 Table 10 R L7,

MR, SHE S L RO 6~8 HicinL, 8 Hice—2 Eich, 9 HH6 ORI b L1,
1~3 Azl K<, 4 AL WMUEMLE, £~ 208 AOEMERIL, 74 ¥ ¥ = (K81, (+)283, 1
YH=(K)T4, (/N27.3% CHh, 1~3 H Tit% #, 0.01~0.3, 0.2~05, 05~1.0, 0.8~1.8% TH -1z,

EERINR SR L3R U bR i L2t ©—229AC BEEor—7L01 2AEI -1,
Ay H=(N x4 ALSTEMMEL LR LI, eF54 v H=0NRZ6A»LERLE, €—~209HD
fliiz, 54 77 =(K)302 (h)755, A ¥ #=(Kk103% Ch-1z, fets, SHOA 79 = () 1 2F 5B
HEHE 3 IR CH - 1ot BRI 2 A U, 2o 4 LA G LU R & Wk CTH - 1o fzsh, 77— &
ELTHER LD -1z,

AR, REMMB LS (KB D (D) oA R s L 7.

HROVBRIMMh OB B EOH &4 Table 11 123 L7z. & 54 v = (2 7~9 AD 80% &Rk
6~10 HicBic@Eni 2, 1 7 7= () 4 7 Ho 80% % Hedhic 19834E 6~10 H 35 L UF 1984 45 iz 4
Bhfz, Livl, 34V %= (K28 9 cH~60%, 4 24= (K129 Aic20% rBELizct¥
Teus,

HRONBWHIPOFCEEDE 4% Table 12 (il k54 ¥ 4= (k)28 9 sk~ 40% HIE
Tlie A1 7H=(K$8 9HICH~20% MBI L. 7474 =0)) 21984 4 4~6 Hic 9~11% %
L, £ H=() 2198346 Hiz 20%, 8 Hiz 60%, 1984 4£ 6 Aiz 13% oA b i,

Table 11. Proportion (%) of the molting individuals to the reared crabs.

S 1983 1
Species Size® June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June
. 0 0 60 60 0 0 o 0o 0 o0 0
G. depressus

20 80 80 80 60 0 0 0 0 0 22
. 0 0 60 60 0 0 0 0 0 0 0 0

H. sanguineus
60 80 40 50 50 0 0 0 0 15 38

* L: Large-size group, S: Small-size group.

Table 12. Mortality of the reared crabs.

—— 1883 1984

Species Size June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June

L 0 0 40 40 0 0 0 0 0 0 0 0 0

G. depressus
0 0 0 0 0 0 0 0 0 0 10 9 11

H. sanguineus
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z =

L. % il

PHBOBINCAERT S 7 =FHoaid, SRS 3 0BT EN £ oAb i,

123N TH 5. PO PRI O L D SRR THD 5. ok i, BEEOS Y
A2y 7EEHOLEL WoiliRETRY, ThiZRRORICLAEShTWAY, KlET, ~
7HA VI =ORAER L AEESNEG-THL I ERA (VIIE) iR LA FREZA T3 (Table 5), ©
FAIH =24 7 H=DRLEEIGVRELSLRET S L, e v V=0HHiERETHD, 1, fi
ORBCBEVCTHOHOERETHREZRE 2 =HDRLALRA Y H=Th-t. ThBEDOZ L4k, 4
PH =R TA VI, D AEE O BRI R L LT B Z ER I hbhE, A
VYH=, eFALIH=, Frdg 2N =0 TERGIEICERTS EGHhY, hb Al 28
IO 2T AL DTHEA S,

FAEBEORH THS, MIICEL TS =M, FodB EcRBHbhoLoXBRVTIREALYR
LhY, EROMNH, B4 &EhH #BELENLrOERHELEL LT\, ¥, SE0OR%TI,
LIy H =04 v H=ilnh LBECEA LR O BRI A AT 0L, £ E YA =125 08
fr, BAEOTHEICHE L TER LTS, oD, fHEFH =i, eIFA4 Y H=L4 4=k biER
DY EBAEDEHAL, O SV BRICHAOphLAS D, a0V A, CRSHZAICmES DR
iZizdicys (Table 7), = ~xxn =215 X 5, @RI OB R SRS,

LD 1 DRKETHS. 54 v H=A Vi =ik JEL1mEkLYFELSBIKE T3 (Table 3, 4),
A F b H =12 UEECAS S KE A m LR CHEEL 5 < (Table 7), A 1~4m 28 LB -
Mg Ehi,

IR TS =Moo Z 0 L5 e REEER L fioiE, S L oSN LB RoRE L LT
Bbhtuva, 2hbd=Ho+Ti00F04FEOoREYHS 2010, HICTHICHA B ETHS 5.
2 B )}

LI Y H =AY H=OBE, KE25~4micHBlT 50, BFR20mm L) EoXRIMEGER S,
= FG KIS T & - 72 (Table 3, 4, Fig. 7, 8), 7=, B 10 mm LI F o @ METHIGEO VI# St 1
&L Abhie, ThbDZ &b, 74 Y H=b4 V0 =3, {THREIOWEECEL, FoMuo
AL m Lo A, BEA REEE RS Lieh s, SRR KBEE ES~a il Tv5
DTHA5.,

Y ~EH =L, FEORELSTERSLLOMEICS{, ARBHEOAEIm L AR T, oMM
D5 HTHHIC11~2 §  COBEN A -1- (Table 6), #7-, SKRMOBILE T2 TG ORRE:
Hhic % oMk A b, 0, fEEREE ETRE D ARG BNC S VT 8~10 Bic M £ e s, =
MO bk ay ~eh =3, BEINCEEENE 2R R0k 2 L, i bie e n, Kildat
€T Liad BRI KIEOTRVER FiciE Lz U, KAMNEF - clTLo iR shs,

AF Ly H =it HEAm LR BRicoAi L, AREEL KRG L BER-—-Bincabhiz, ohb
Dz Ehb, ERMBEIILAS VLD EHE LGNS,

A 2 A =1k, ARETCIERSAP I AR S, L, ghircREEcRERTvS S
Linb, TOBIEGEELZBRD,

3 mEEFH

T4 Y H =B XA 7 =DOIEH KRk E {EIFL Tk, 15°C ZMa5 & IR cifRkici
b, 10°C LT TRz & A EIHHIR B 2 {Thied - 12 (Fig. 12). Z#@c L FEBMCi2KE 1 m LikokEn
TSR ELTEHY, RS TLH R EA Lk, CoELRNECHD L E2HRS,
Linl, av~Eh=, afF 32 7=Ti1 KEH7TCLUTicikcs%Zit 7 v AL ST iElkY



BHBOBR-ARTLZy =HokE &

T LA A, b I YA =R, YN =T, SHREAEHNHAL S 5T, KEBRED
R A A DL S S,

Fho, AEETIIAME L 19844F5, 6 H O OfEIE, 198346 AL hE{lt-Twb, Th
3, 198346 A £ 1984 4E 5 F o kiAM 2 U (Fig, 12), 1984456 Hixth X bEi<, Rl LK &
EER OPIEA R L T B, 2720, 198346 H & 1984 425, 6 A i o2, ERMMEOKEED
MECLEE L TWAC ENBLBNE, T4 V= () HEBVCT 1984415, 6 H L b 19834 5 H o kit
oK T CH h, EEEZ (R L0 VN ol EiE T,

4. FEDRER MR HIE

LS4V =kA v H=0faiiky, 198345117 A% v — 212 6~8 Hic Xt (Table 9), o=
Lk, FEIML6, T HEdhlaz, $EHIRT, 8 Hadhlictibh, JuIpiEias1 » A L TcE 5, 1984
it eI4 Y H=OEIRMAHHE L DY < thE s TwB, 7 744 295 =13, WL b T < RS
WBEB LI THD, 445 H =050k, 11~4 Bic@uBlacabhii-o Eob, I 10 B Ta
511 B B, Wit 4 ATFa2:6 5 Aicfrhin, a6 2 RickseBrbhs, ToMmo s
=KL, BBk VL A S IR, WRHUBAM S s TEdv o foh, b 6~8 FicHu R s e
Shtkh, chbOfoEI s s SHE
2ha.

ko X 5 feH Mo I & 2B o K ik (Fig. 13)
b, A #FAH = Ao Eo Iz, KR 10°C %
Wz AESEE D, £+ b7y =0, 10°C 2
BFAblIckEL B2 BRS,

Wi v =14 A F~8 B, o e 7
AV H =2 11~4 A1), F4:, WUA v H=floxs

/ \ /
A\ /

Water temperature (C)

A =%, (R T 10~5 Hicju iyt s h 519 L
W EhTuva,

5. MA-HORE SEMFEHR/NE

—inc R, =T 2 e, B2
By =7W, 729 = b =MOiFilsh g Ty
=kigh, LUFEiS &£ ofd 6 iz R A B ICEEH

S

T T T
I A § 0ONDJFMAM
Fig. 13. Water temperature in Oshoro

Bay. Water temperature was meas-

ured by Oshoro Marine Biological
Station.

BAHET 5,

vIA VA= AV H = OFFEGEE, KR 20°C i T HTH AW, FhiFEREORE S LK
TS L, RIS EL T8 H FEaG 9] EWciE+5 Lbhs, LichioT, 19834 10~11
JHBL L 72 (Fig. 4) Bl 2~3 mm O ff{E<° 1984 4E 2 H D 4~6 mm ORIk 2 0 Bl (1983 4E8f) L ¥ 6
NAH, O Lk, 19824ERE1 1983457 H ok 6~10 mm, 8 A (i 1 ™) O i 6~12 mm, o 8~
10 mm DFF (Fig. 4) b, Zhid 11~4 Bicidfid & 4 12~14 mm o & — F#& 28 (Fig. 6) 2K
LTwhEHErbhb,

Fio, b S OJUIERO Y, 1Ll mm Ch o1, ChaVERERNRMSTIEETHS - 2L,
i & BEETIE = OB (Fig. 11) 205 LHE%E 2R A, Els X OHUE & o BEL S s 5 f2bicit,
EHICHMIGRE Y ST E BT,

4V H = 19834E 10 Hio HBLL 22 i 4~6 mm o EAD 0 fEHE (198345 &2 h5, oo
L 11~4 H O CieElE: 4 14~16 mm ic&— FER L OB AR LTV Z L bhs, 10~
12mm i bR ABR B2, ZOMCEBERECHED EHAHAENE . ZOT 2, FHIEEHERCST
BMEOEGPRRIC L L IBINC X5 2 EAE L LM BB TIRE U,

* OIS AERTEORE L L, MHUAT~8H LB bhaoT, BATHLIEBE L,
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1983, 1984 4£ 6 H oM OJaIREEDHIK (Fig. 4) 2L 9 Fkr X 18 mm SHERTE, ZoZ &k
LI =LAk Fig. 11 icX - T HfFShDH, $£72, 16~17 mm THRBRICET S L 5FEW
L —FTt 5.

APy H=: FFHEIZA~58 LHEEZ RSO T, 19834 11 BicifBl L 72 4~6 mm® @£ (Fig. 5) i
OB L bh s, cOFHZ19834E 11 55 1984454 A (Fig. 6) 3s 1O 1984 4E 6 Bicit Tmm BLLTFO
BABH LTS EE LIRS, Oz Lnk 198347, 8 H Ci2 10~12mm #, 9, 10 A Ciz 8~10 mm
E—FLETHEHL 19824 B2 005,

4R A 9 mm i L HEE T 25 (Fig. 5).

EFA P H=, A VH =, AF ST =0PHIL, ThEhoMiCif X o HEDHA Kk Zh -1 (Fig. 4~6),
iz, ra =19 2rofos =B CRESh TGS, fBihofEzBiE VSR okt
KELBBRLFALCHE LELZLNS,

¥ i, MR TR T DKo IEC A W& LS, KEIFE TS, 9 HoEkkitico
LAkt (Table 11), Zo C £ob, HEwBEEOB B GuBEEO T L b bEV-C LR S,

1L 77¢ -y =HoSRTFoEEERD 122 Bbhs » =oAL EREY 1T -2, i #1983
6 A 19849E6 A ¥ TERE TT -~ 1. BEEHZM~<5 00T, 54 v =474
=Hfv, TS A T A AR S LT 19834E 6 H 25 1984 4E 7 Hepfy % ©fF - 12,

2 YN =R A 2L DHPERORVESEICIRE AR o, 4 Y =26
PEm RO, & F 4 Y = 2RSSO, 7 7 N = RSO omGIR T v E SRR,
FRAENKRE L m IR ES { 2t A F 4y H =K L ~4 m OEG TR BES { Abhi:,

3. eIA v =kq VN =ORMEKIEKRIICRE 4 mHL CEBRE TS, 22l =
(BRSNS SRR A PN AL BT S A% BRI I KR RIS 2 B ISR TR 2200 T, KB Lm LYK
OEHMCBE T2, 794 Vv H =LA H£ ¥ W =OFERPBENL 2V LHEE IR,

4 eF4 v H=bq 75 =DRERE L CTRNNREKRO LR, Fic & i 2B evmnm L,
fEg R 15°C Ll EcIEmciBRicin b, 10°C LIF iz & A ST L 7sy s,

5. A A F¥H =0 10~11 B, WHEA~5 A Ch ot L34 V4=, £ 2H=, 5744
v H =D 6~T A, W T~8 A Ch 1. BB, ¢ 74 7 % = 12§ 11 mm,
AV H=138918mm, £ FF ¥ HF={1#H9mm LHEELhi-,
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Seasonal changes in photosynthetic rates of
Lanunaria religiosa (Phacophyceae) for
the presumption of production

Keiji MATSUYAMA™

Hokkaido Central Fisheries Experimental Station
Yoichi, Hokkaido 046, Japan

Annual plant of Laminaria religiosa MIYABE commonly distributes on the western coast of
Hokkaido. The young sporophytes appear at December and grow rapidly from January to May.
The biomass of this species shows a higher amount than those of the other algae throughout
the vear,

The photosynthetic and respiratory rates of the plant collected at Oshoro Bay were investi-
gated from December 1981 to July 1982, using the polarographic method with Clark-type oxygen
sensor under various light conditions. The data were caliculated per unit blade area, per unit
blade dry weight, and per unit weight of chlorophyll @, and were approximated by right angle
hyperbola. As the results of these formulas, the seasonal variation in the maximum gross
photosynthetic rates per unit blade area shows an inactive change, and in maximum photo-
synthetic rates per unit blade dry weight shows a steadily decrease. Ix attained maximum in
March.

Diurnal courses of net photosynthetic rates were caliculated, using mean diurnal courses of
irradiance (PAR) by solar radiation on March and May 1982. Net production rates per blade
per day in various conditions of irradiance on March and May 1982 were estimated by gross
photosynthetic and respiratory rates per unit blade area, per unit blade dry weight, and per
unit weight of chlorophyll a. The values of net production rates per blade per day, measured
from unit blade area, tend to be estimated pertiently. Supposing that 100% of irradiance by
solar radiation is compensated for the whole blade, RGR (Relative Growth Rate) estimated
0.045-0.085 (March), and 0.046-0.058 g-g—1-day—! (May).

B b o6 s KA B

* Present address: Hokkaido Hakodate Fisheries Experimental Station, Yunokawa, Hakodate,
Hokkaido 042, Japan

#rHY Al132 (198543 1 26 HEH)
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B C & I

e Pa i — R 2R T Y, R X B A OO LB LS > T, RV 4
2 v 7 (Laminaria religiosa MIYABE) O {413 12 A 26 3 Bicaur CIMBL L, @@ Ec b b BY
ML TERL BFERLEL, =7l v= 7 v cHOMHEE SRS L CRER 1 5ETR
ﬁ—c-;;)a?.z.l)n

Lo €, AMEDEAREEL RS 6 c T35 2 21, AMOLHMHELW LT
BZL04bd. EERYHEET S ETEHTHATH S, Fhlit, KAMEORE A0 KL 6B AR £
TOXREREES L OWIREEAY RS, 261, Lam— il EANSRCH Tl HEE X e
W, T, ZomRERleoTcs st s,

A ABICEk i, KRB W CTH#R S ORI 2 R L CF 2 - ook e e ik f
ARERE Sk, fo B ONCEFIE AT 5 B LB R A0t - € F & o o i Ay 2R R R T (7 AR
K L L B 5.

ME&EEUHE

1981412 F, 19824E1 A, 3 H, 5 HH L 07 A 2Rt Mobificis v, BERECHLEVERY
BEESRAKEH0Sm DA 5, V42 FRETEZRELL, EREORLEBEOEG-HINE 247
F=F=IC L»T, TR 1cm? OREN%H, Wl 2.

WEW % AR T X PR LB, 107 0 A 80K %2 A oKl Cill s L e st s, BIEPKIRICIT R EE
o, L2 RERRAHA 12 BRI I, 150 pE.m—2esec—! -G, # 24 WERIESHE L W) 0 rids s 1 2 65004 ol S 41214,
Tt L 1o,

Wl HGHE 35 X ORI ORIE L, 7 7 — 7 RIBESRE R AT ) (1 24 W IRESR = = 2 — (YSI Model
53) i\ 1z, BIERBHOEAIZS M £ L, EEicii 7= 2 = 7 #—5 7 (Kondo Sylvania KP-8) %
AL, 4toRE, BETos Y 42 v 7B ERITOXR TR, il coRXoXRTROBE
it KR T+ v+ — (LI-COR Ltd. Li-192SB) # L, &M AT O RABEL 72,

FRR PR EE OWGED H i, 2PV TERORE-Ffho 6B LSRR OMEL T -1 3EN %
3R Lz. MEE ABOMRELOEEIZMEL, 0%, 7w w7 4 4ali%h JEFFREY &
HUMPHREYS @iz X hifllE L 1.

B o RO HERE, i, SRR, TR R (=R R - W > 100), $ERT L OEiERIC
iR oEE, 2ee 7 4 vatfikd Table 1 gzl iz,

N4 U 35 X OEEHEE S 6 A A HEE T A b, AR A BT A LA B b, RS R

Table 1. The date of experiments, experimental water temperature, and
morophological data of Laminaria religiosa, collected at Oshoro Bay.

Experimental Blade Blsde Blade Blade Blade Chlorophyll Dry

Date tem\;::::ure length width  weight  area ‘hli:;t; 'mg:lg—l cml):‘l:::l
y (°C) (em)  (cm) (g) (dm?)  (mm) 7(Wwel wl) (%)
Dec. 22, 1981 5.3 25 05 0.07 0.009 0.08 1.240 15.8
Jan. 20, 1982 4.2 8.0 28 0.20 0.15 0.14 0.827 12.8
Mar. 12, 1982 3.8 110.0 4.3 15.6 3.40 0.59 0.469 13.0
May 31, 1982 144 149.0 125 143.0 1247 1.45 0.276 14.7

Jul. 22, 1982 20.0 59.0 7.6 55.1 3.45 151 0.304 17.0




Y AT OERE

WYl % TaMmiva® oBEA P=>bl(1+al)
PrEL, PirganoHeE, Dot
T, a b XERTHS, /o¥, Yal=Ix) 13 E D ARH
REAHE AR (Ponas) 3 0 e, (=47
LB E DAL blal= Puax) (ZIEKEXAGEETH S,

Y ity
wHVTRD I,

L F

1. jEAﬁ*z—j’tm&

MK (P) Tt Lo AR A ik, i
Ailk, 7 = w7 4 a o FHREY 2o T, TAMIYAS
DRI HTITF-EE R L0 (R) % Table 2, 3, 412
Lt AR 2RO A HGEE (Py: Po=P—R)
T#bL, Fig. 1-a, b, c iR L7

1. HEERSOOXEGH dh#R (Fig. 1-a, Table 2)

u"f’J_L'JAJEL((H) VRSN 12 Bz 54 0.190 Tk -
Ehon, 1AE&3BicrhFh 0117, 0120 HEFL,

5H, THERL, £h£h 0164, 0186 L etz In

12 3263 AECHiL, 3 Hic 350 pE-m—2.sec—!

Lie B, O L5 i 220 tE-m~2-sec~!, 7 f
i 107 pE-m—2esec~! g ot HEGE B A K GG HGE RS
(Pmax) 1% 12 A, 1 Hiz 22~24 pgCeem—2:-hr-1 ¢, 3

ik 421 pgCrem=2-hr=1 Ligghic iz b, Digglidaid L,
5 Hiz 36.2 pgCeocm—2-hr=1, 7 H{z 19.9 pgC-cm-2-hr-1
Efootz, b3 Aoffiis, fLEV7 A oo
21 {5 Ch -t WPRGEET, 12 712 2,00 2gCeem=2.hr-1
Efeh, PRUEZviesml, 7 Az 3.96 pgCrem—2.
hr=t Lot

Table 2. Estimated functional
(r),

MIYABE per unit blade area.

Date F #
Dec. 1981 P= 1-1(-)01_?)851541 0.99
Jan. 1982 P= Ift%gigf 0.99
Mar. 1982 Pe 1-8(}1383'8[ 0.99
May 1982 P f%_g%; 7 0.98
Jul. 1982 P= *1100133;;31- 0.91
B R ,'J:;Cjc_m—_z-hr-‘, I: tE-m=2.5ec—1

it

Ix

118

203

107

BHEEE

B GREE o F AL

=
10

5.3C

Dec. 22.1981
0 T T
20
10

4.2C

Jan. 20. 1982

3.8C
Mar. 12,1982

NET PHOTOSYNTHETIC RATE (ugC-cm-+hr-')
e

14.4C
May 131, 1982

T T

Fig. 1.a.

curves per unit blade area of spo-
rophytes of Laminaria religiosa,
from December 1981 to July 1982,

10

20.0C

Jul. 22,1982
14

T L
500 1000
PAR (4 E-m - sec"')

Net photosynthesis-light

collected at Oshoro Bay.

formulas (F), correlation coefficients
Ix, dP}dl, Pmax, and respiratory rates (R) of Laminaria religiosa
g

7‘{,’; Fiasx R

0.190 223 2,00
0.117 238 248
0.120 42,1 2.75
0.164 36.2 3.00
0.186 19.9 3.96
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2. ERESEEY0OASH St (Fig. 1-b, Table

3)
T EVEEERRTY b D%,ahk—ﬂ&tmﬁlmlﬁﬁ LB TH
oty 0L D AR (G1) 12 120095 LEELEL- i
#oi L, LLEBMA L, 3 Bic 0011 &2 7c -7z, 3 A LIEKE
EEc ERT525 bk ARIZD S S L,
5 Hiz 0.008, 7 Hiz 0.006 & 7 - fz,  HEGE R IHOGS G
JE (Pmax) (312 A O %) B# T 111 mg C-g-ldry
wtehr=t Lfeh, LI#gEMA L, 7Hi206mg C-g-ldry
wtehr=1 &7 70, PERGEEEE 12 A 099 LRELEL,
wEALT7THO012mg Cog—tdry wiehr=! bic iz,

3. /007 4L aBEHDORER iR (Fig. L-c,

Table 4)

T CRHEMRTS b, BRI B b oSl o
Btk Th ot b kb ARLE12 Bic 1208 2y
<, 3ALIES A, 7H &fEeHicid Lz, HETEAHRE
FEA I JE (Pmax) 1212 A2 1419 mg C-g—! chla-hr—1
EfvAy, 1Ak (1849 mg Cog—1chla<hr-1) ¢
h, PR L7 Bioi(E (402 mg C-g—tchla-hr-1) &
feotz, PREEEZ 12 H 120, 1 H 190 mg C-g~!chla-
hre=t &5, RIS Lz,
11. £EROHETE

FV A2 7O AR ) OEERYREET S0, 3
H £ 5 A OKEHGEREE L WloEIE % R G2 A i,
3H &5 HADHEBBEO 2 v 7 BEEOER L T o kB o
Gt = o F — D WA IR Wi (PAR) oA B2
wHEE L Fig. 2 iRz, 2820, AW w s |
LIRS AR AL I L 2Aliic st A3 A -5 o

Table 3.

Dec. 27.1981

0 T T

Jan. 20, 1982
-

C/ T

ir
Mar, 12,1982
0|

a4 T T

NET PHOTOSYNTHETIC RATE (mg C-g-'dry wi-hr-')

1=

hi May 31,1962

sl T T

1 Jul. 22,1982

DL[ = T
500 1000

PAR (uE-m-*.sec"')

Fig. 1.b. Net photosynthesis-light
curves per unit blade dry weight
of sporophytes of Laminaria
religiosa, from December 1981 to
July 1982, collected at Oshoro
Bay.

Estimated functional formulas (F), correlation coefficents (7),

Ix, dP/dl, Pmax, and respiratory rates (R) of Laminaria religiosa

MIYABE per unit blade dry weight.

Date F r
Dec. 1981 P= 17_:_)(??)3{,5 I 0.99
Jan. 1982 P= HLOO?)S%I'S[ 0.99
Mar. 1982 P:ifg(l)(l);a;] 0.99
May 1982 P= 1*_3(?0 0315 I 0.98
Jul. 1982 P=y figgg;z 1 0.90
_7P:£é: mg C-g-Ey wtrhr=l, [: #gE.m—2-sec—!

Ix

118

204

353

P

dl ‘max R
0.095 ITE 0.99
0.043 8.7 0,90
0.011 3.7 0.24
0.008 1.6 0.13
0.006 0.6 012



l.l}l—
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o
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E
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0
° Mar. 12,1982
g u’ T T
o
5 osk
z
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o 500 1000
PAR (xE :m7-sec')
Fig. 1.c. Net photosynthesis-light

curves per unit weight of chl
a of sporophytes of Laminaria
religiosa, from December 1981 to
July 1982, collected at Oshoro

Bay.

Table 4.

Date

Dec. 1981

Jan. 1982

Mar. 1982

May 1982

Jul. 1982

hwvAavFOoEEEREEIZE TS

{7 ROEEE O FE (L

95

AR ASHETEEAEC L, SRR G
Ak, EBHAEAICIEE R ERBRSE R A RTRE
ORFHZ L b, 049, 052 £ L7z, ¥z, RO LK
iz s FRMoLFTHAHNC oV Tin, Sl okEst
T Fov ¥ — DK AWAT IR (PAR) ZHI5E L2z &5 #2
0.78, 0.98 & L 7=, JKifii T XA AT HOH
eal Bk 2 £ 2 v FOWERER TOXA AT
A e o MEOREY 07, 0.8 Th o1z, K mATRB}
lit (PAR) ©FEHH AL 20 & e EE 100, 75, 50, 25,

125, 6.25% OBEHRPUEL, BIEHREE O H AL
Fig. 3 w#EMHEY » O X400 2 v THE

ol Ly

HeE L1

IRRADIANCE (yE-m~?.sec”')

Fig. 2.

1000,

4 6 8
TIME (hr)

—c=March 1982
—e=May 1982

10 12 14 16 18 20

Mean diurnal courses of irradiance (PAR)

by solar radiation upon the Laminaria-bed at
Oshoro Bay, were estimated by the data of Japan
Meteorological Agency at Sapporo.

Estimated functional formulas (F), correlation coefficents (r),

Ix, dP/dl, Pmax, and respiratory rates (R) of Laminaria religiosa
MIYABE per unit weight of chlorophyll a.

F
po 12081
~1+0.0085/
[)7 _9'051
~1+0.00481
po 462
~140.00281
po 4131
= 1+0.00451
p. 3881

1+0.0096/

P, R: gC-g-1chla-hr-1, I: pE-m—2.sec!

0.99

0.99

0.99

0.98

0.90

Ix

118

dr
di

12,08

9.05

4.62

4.13

‘max R
1419 120
1849 190
1621 106
918 76
402 79
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Fig. 3. Mean diurnal courses of photosynthetic rates per unit blade
area of Laminaria religiosa in 100% (@), 50% (a), and 125% (W)
of irradiance (PAR) by solar radiation on March and May 1982,
caliculated from Table 2, and Fig. 2.

Table 5. Net production rates per day per blade of Laminaria religiosa
MIYABE in 100%, 75%, 50%, 25%, 125%, and 6.25% of mean solar
irradiance (PAR]. Nel production rates were estimated by gross
photosynthetic and respiratory rates per unit blade area, per unit
blade dry weight, and per unit weight of chlorophyll a.

Net production rate (g wet wt-blade—1-day-1)

Date 1009% 75% 50%
area weight chla area weight chla area  weight  chla
Mar. 12, 1982 1.32 0.70 1.07 1.07 0,57 0.87 0.72 0.40 057
May 31, 1982 8.27 6.62 6.62 7.29 584 5.84 6.00 4.81 4.81

Net production rate (g wet wt-blade—1-day—1)

Date 256 125% 6.25%
area weight chla area weight chla area weight chla
Mar. 12, 1982 0.23 0.13 0.17 —012 -005 -0.10 -028 -015 -—027
May 31, 1982 3.61 2.83 2.87 1.49 1.18 1.18 —0.07 —0.66 —066

FELibORRE L. 2hic, SXERGEEO HEZEL L 0PUGHEEE S, 1HEIEY D, 1 A4 0 o4k
Hes2 L1z (Table 5). /o3, 3 Ak L0656 AOEHRERY » ORERERILST 1o Lizain 29, 27% ¥ AL
f2. FORE, 3 BICIXERRNRY ) OXAHEEAYECHEE L o E R L5 < HHRIEL 100% L L1
B, 1.32g wet wt-blade-l-day-1 CH-1:, Zrr7 4 LaBYHOXEHEEYLHE L3 Aoy
ERPEmEY O FhiconW TS, WHEEY 100% & L7 1.07 g wet wt-blade—1-day~1 &7 b,
HETIREY D DKM A HEE L 7RO 80% Th -~ 1o R ETRY v XA 22 HE
5 U1z 3 H o4 B Rt JER L < HSHIANE 100% & L 7:IFF 0.70 g wet wi-blade—1-day—! Lic b, HERFEY
D DN A HCHEE 2 I HETE L 1RO 53% Th 712, 5 AIC b EHRRY b OWARGEE R i HEL 7
PR D A5 <, HAHIREE A 100% & L7:fF 8.27 g wet wt-blade—l-day=! Tk -7z WHIERREY H O
KAHGEES LU 7w 07 4 L a0 ) ONEIGERE 2R LB ERZF U &b, REREL )0k
HGEEA M HETE L RO 80 Th -1,
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F1o, WOHHBEER 100% 2 U o dEEl R A s R L2 3 A ol ER (RGR)® (2 0.045~0.085
g-g-l-day—! 5 f O IER 2 0.046~0.058 g-g~1-day=! T&H - 1=,

z &

+ Y42y FORAB—KlhEE TAMIYA® OB I T ot. vV 22 vFTR3AI Ix
276 < e b, AWl b 1,100 pE-m~2-sec~ LS EET CLERMICRbd o, BRI (27
v 7 9% 4 (Undaria pinnatifida) %\ AEOER LT - 12858, 18 £ 3 B2 1,400 pE-m~*:sec™! T
LEHCEOTET ERL, ZooXERNKZWTHA S LERIL 2, AHEFN L LM
DIz < <, 1,000 pE-m—2esec! DX T EAPAEH e, KERFHGMIEEZ SR, 3 iRk
ERKkEVvERbha,

B (LETFRED 2 v TR i (Laminaria sp.) O XA R—REERHE & £ OFHELANE L 7=,
FOSE, W (2~3 H) K 5°C 710 ml Oy-g—1dry wi-hr=1, FH#(5~6 A) ki 15°C € 4.2 m/ Oy g~}
dry wt-hr=1, T8 (8~9 H) K 20°C ©2ml/Op-g—1dry wi-hr-1 T - fz, KING & SCHRAMM® (2
BREESA M, = v /B2 (L. digitata, L. saccharina) % &%, 22 O8O & R HE A PIFIC
bz hl~Tv 5. TOKE SEEOM 1 F -0 L HEAIGEEIRE {, WEFOoOMIMMNoE L
HiE, 27RO L 2W TR EMERSRLC T o722 &, KERSHT TOXAGHGER: L. digitata
T34 (5°C) =15, #(10°C) 4.0, # (15°C) 4.0 mg Oz+g—'dry wt-hr—=! T&H b, L. saccharina T34,
BIZ 20 mg Oyrg—ldry wi-hr 1 Tho 122 LEBE LTV 5. ThEhOFEHTOLY £ 2 v 7OXE
HOERENL, M- B ot Laminaria sp. X W& <, L. digitata » L. saccharina {ZJ~ifn e
b -1z, = OfEE KING & SCHRAMMY) Osf-<Cu A8k, 144 - LiEEFp ok, &F
WO, P KBEDBRBE ORI LB B2 HRB,

FWEERRY » ) 2 v TR CRTEO GO XA RGER s L ORI 7 — 4 70 2B R
HARTE, TOPTHEER MBIV TRUETV22, 15C COHBRIRTHH0T, SO kY
Aav7ofREHET S enic @SR o EHN—BREMEA AV, 5°C TOXAK MR L HEL,
TAMIYAS O HTizsvsd L, P=0320140011) i=fcotz. 7:27°L, 1 pE-m-2.sec—1~50 lux!?) *
L, #fiir P: mgCeg=tdry wt-hr-!, I: gE.m-2.5ec! L L7z, ZO&R Ixi290 gE-m—2hr-!
% 12032, Pmax (228mg C-g—ldry wt-hr-! g7z, I, ‘:,l;,, Poax bk 2av7D12H0
HRIoE, o g’ﬁﬁv:&u%&#&m%mﬁﬁﬁuauuyifﬁv:tﬁﬁméha.Lm
Ly Gl e X KB, W@ gom i kD LBz Hh, o X GO M- -
WTRASHROMRNLETHA S,

HEMRTEY D, EHRERRYS D L0 7 v e 7 ¢ b a Y 0 OXAERORE, Fh o i i
D 21{f%, 185f%, 465 ThH D, HEMMEY Y TH LI Pmax TEENLELI P, EREREY D TR
L7z Pmax TRO K ED o7z, ZhuL, IS E SV EEAMAL, KEMEAE Y LoV -HETSoEE
BIML 2ot EL2 LR A, HHEW (37 7 4 (Eisenia bicylis) & 52 2 (Ecklonia cava) ®5 ok
&9 AORGEOXGHGEE Y EMFCY 0 L ERETRRY 0 TEAER SEO& Y 22 v 7OBR AR
2, EHLORMTLMRAL DHETEC, WALRTRERRY ) oMol ERE Lz o L HBELT
VAL B i3 v T 7 h 2 OFERFONRGHGEEOERHIBILE T 2o w7 4 L afln ToOBELD
fehrofe AL, I6HC, ThERORMTOBLOFi LY 2 2 v 7 LRRE-TWH E2REL
T, chbid, ThZhOMTOREHROME, 70 e 7 4 4 a ROBHELOBROM ., BEH
EoRVICERTS LB bhB,

* HiMW ER (RGR: Relative Growth Rate)= %-%}}’ (grg—1-day-1)
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FV A3y TOERERRESCBL, TS D O AEGERE R K HEE Lo R Ml e~ < e o
72042, KING & SCHRAMMY), & X OB AURERY b ORSHGEE CI2iinc X o k2 h®nh s b
WUTVB L5, TG ER 2 RAERTORRE) S B obic, BEERHIRY ) O TR EY
LhRE( ot bl ZhD, RV 4 a v 7ORMERRY IO 7 v v 7 4 L a REIETCIE <,
ERBTCHCERSALRSBY, 2O Lk, e e 7 4 4a B4 0 ONSEGEETERTESYS h 0 XA
ML DFfLic kAL G LHENTE L S,

Chboz bink, SRORED L5 cERTEO L 2682 B 20 CHEE L -8a, BHEEeY o
O N B I A HE I L A E B S B AR R & i 5

H/ A2 FOIRES Hictsd s LEES ) 1 HY 0 oMK L5 ecm ThHAH0), =k biddk
PERICHERET5 & 04~05g, 13~21g L&z b, SEO THRIEL Y h o EROBRECYTI2MR
W LEED 1 IS 2B 3 B i PR BED 1/2 LF, 5 Hiciz 14 26 1/8 LIEHc v
EBZbID, w7 A2y 7HRECHETE3ANL5 AT, o X5 cBENOXEEaRC
TledhrLMETEL S,

S8, AMOEERYEETA0IC, ESRERCOWTHAMLEHES LETHS LA, SRR
LnoXSHERLECHE LA EROMELY LT 210, o 22 S£080, (HEBS 2
DIERBHED S MEEDKTHREXHTET A LERHA 5. Ehic, BEAOKENE, EhorEdliksy
FABZLickh, SAEKY) OXEM kY 4 o v I HEOLERYHEET A ENTHEL LSS,

3 9

1 +7 A2y 7ORTEOEER ML TEE LAV, 12 A2:6 7 A £ TRAROKRICH b 124
HF T,

2. WARGER s X OB 2 B 4 I A HEE T3 o i B H X 2 B e T A By B b,
TAMIYA® OR Tz,

3. FETAFEME LAz /chiIo{ £, 1,000 #E-m=2.sec-! CLENIHEA V<, TAMIYAS) o]
X ITREST,

4. AfDEERSKE L, o3 HickzwLBbht.

5. ¥EmMBEYY, ENRERRYD, 7e e 7 Aa BN ) OXSEGEEONERSEMTIL, XERGEED
WML ERPCG ) TR b, ERERRY ) TRIKEH -1,

6. P\ T3 A L5 A0 AIES oK MELHEE L. 100%, 75%, 50%, 25%, 125%,
6.25% OHGHREERFO LR AT L2,

7. 1EEREY D, 1 HY 004 RA MR L AR EmWRE ) oXGuGEE > Kb e A e L
W Hoffciibiv 2 EEzhi,

8. 100% OWAHBEEAFERTO LMK Yot 2 LT 3 Ho W3 Je % (RGR) (£ 0.045~0.085 g-g—1-
day-1, 5 A DM FES13 0.046~0.058 g-g—1-day-! ThH -7z,
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Seasonal variations in growth of the blade
in Laminaria religiosa MIYABE of
Oshoro Bay, Hokkaido

Eiji Ae, Masahiro KakiucHi, Keiji MATsuvama®
and Takashi Kaneko*™

Hokkaido Central Fisheries Experimental Station
Yoichi, Hokkaide 046, Japan

Investigations were made from February to November in 1983 on seasonal variations in
growth and decrease of length, width and area of the blade of Laminaria religiosa MIYABE,
collected in Oshoro Bay, west coast of Hokkaido.

Data of growth and decrease were obtained by measurement of the vertical and cross
distance between series of hole punched in the blade at intervals of 10em from the transition
zone between stipe and blade. The results obtained are summerized below.

1. The maximum growth values of length, width and area in the blade reached into 2.05
cm-day-1, 0.18cm-day-! and 17.67 cm2-day~!, respectively, during February and April.

2. The highest decrease values of length and area in the blade occurred during March and
April, reaching into the maximum value of 3.72c¢m-day=! and 22.06 cm?-day~1, respectively, in
April.

3. Positive correlations were observed between the blade length at the collecting time and
the blade growth during March and May.

4. Negative correlations were observed between the blade length at the collecting time
and the blade decrease during March and May.

5. Positive correlations were observed between the blade length at the tagging time and
the decrease during April and June.

6. Any correlation was not observed between the growth and the decrease of the blade
length throughout the season.

* OB e o SR A K o R B iy

* Present address: Hokkaido Hakodate Fisheries Experimental Station, Yunokawa, Hakodate,
Hokkaido 042, Japan

O bl #E MK R g

** Present address: Hokkaido Wakkanai Fisheries Experimental Station, Horai, Wakkanai,
Hokkaido 097, Japan

WLy Al133 (198543 H 26 HZ#)
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¥ XM E

H ¥ 427 Laminaria religiosa % LT, BRIBY 2ifhive & ZEEOREEO Ml 1
LIERERIC2WT, FHLY A EREHEREECEAD MELROFH AL L UEADER & B Kk
HGrEfiROBFHC oV THELTV5. LasL, EEo4s R EmMNONA RS XUER S Elilio
WA BOFEF AT T &I L -2 e,

AR Tk, 1983 SRS hfcflifh S L o e T — 2 e VT, B L N0 TR R, BEMRTO WO RE & W
P ROFERAELS L CEROBEOEL & OWFHIC OV THETOBELTT - 12,

WP L, SALICRE » B0 fo i fe el A R B R (R T < N S

W E A &

HAEDNL, PHREEREOKEN~Ocm OB EIC B Shizs 22 v 7HHOPc@EL 12
(Fig. 1),

FEiz, 1983E2HAH 11 HE Cffor- (Table 1), vV 2 2 » 7 MEHCHE w0 ET, @
HERBANT S obc B2 LR 12 mm OfEAY 7 v = vy — A 2 A AR I I @ik
DXL Lotk =4 2 4 — 5 — 2 TR B B T AR o iz 10 cm S CIEES 3
mm DN BT, ThFRAZHF 0B IUREREOAMHL R TORE (BE) ik
L, cheOBERBEAIN~34 HE (22 L9A 1026 11 § 15 H 2 TOMALT5 AH) HiE Liciic
B Uz, BR Lo, BE R IN - ANOME LB RS LUROBRE L T il oEEo Bt
ARE L, AERICE R LW AR U, BEmRNE, SIS 10 cm [ & PO 500 B Aol i
¥R SY oMBHER LM, TofofirEHBCHEVGELRERLD T, ThEFROROM
RO R i LA E FTAROEOREROFHEZ T LRSI

a v 7HOERE. MR LA ER S EEOBRE» S
EWS T AMA ML 0% E LTBh, BEROMMEGSROa v
O R L VG E LTS EShs, AT, EBEO By
oRimis s ch fhofiit R ol kR, Badot

Table 1. Date of investigations and number
of samples.

Tagging Collecting

0 Days
Date No. Date 9 investigated

sample sample g

Feb. 17th 30 Feb. 28th 10 11

Mar. 9th 30 Mar. 25th 1 16

Oshoro Bay Mar. 25th 30 Apr. 11th 16 17
Apr. 18th 30 May 12th 24 23

. May 12th 30 June 8th 20 27
June 8th 30 July 5th 24 27

July 5th 30 July 29th 30 24

Fig. 1. Maps showing the in- July 29th 30 Sep. 1st 26 34
vestigation site in Oshoro bay 30 Nov. 15th 15 7%

Sep. 1st

and the location in Hokkaido.
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kW, HoARR»SH-thThofir i ERR, SREIFOKH L, ERORERRY, &
Elibiz, Thehd e fivORet, o080 L EEROL RS DOER LERROBY O Th £hofi

L AGRICHE Lok,

Relative Growth rate (ecm+cm—!+day—1)= (

1. EFREBLEOEHE(L
MU CEH U oA o By - SR grro B, BN, SERIBE O P4 Table 2

Growth value (em-day-1) =

#

Growth length
n days

e

Length after n days ,)udl—-rs_l
Original length

Rl

W, 3AFCAMICHIMLT, 3 H FcENoBRKETHS R29cm 25L, FOEML L.
iz, 6 AECMMLT, 6 8 LWiIcEROBRAMTHS NTem LELI . F0#, BAMA2 AT
EASTER AT 5 Z Eic X » TERRW B PP L1,

FEMmBHE, 5 APWCEMORAETHS 7393 em? L LM L1,

Table 2.

Mean and standard diviation of the length, width and area

of sporophytes at tagging time and collecting time in 1983,

Duration of
investigations

Feb. 17th-28th

Mar. 25th-Apr. 11th
Apr. 18th-May 12th
May 12th-June 8th
June 8th —July 5th

Blade length (cn;} )
Tagging Collecting

46,5+ 7.98 66,2+ 9.20
92.94+22.44 57.84+-26.,33
87.6+23.95 74.5:+20.84
90.9+21.43 75.54+-19.54
71.8+13.77 39.6+11.93

Blade width (em)
Tagging Collecting

474097 5.7+1.25
81+152 11.2+2.06
8.9+1.87 10.7+1.99
10.8+1.82 11.3+1.35
11.7£2.01 104+1.67

Blade z;reai(cimﬂ)

Tagging Collecting

159.56+ 41.17 285.1+ 6857
550,1188.80 475.6-+253.48
548.8+210.29 567.8+175.94
739.3+£224.53 639.5+-174.86
662.2+188.68 319.2+127.74

56.5+15.48 48.8:+15.82
54.6+22.46 4402148 11.1+2.82 10.6+2.78
51.9+1834 274+ 936 101279 85%2.21

94+1.37 92+1.30 434.8+181.35 366.31-168.30
484.3-:305.25 346.7+212.05

420622844 176.2+ 98.00

July 5th -29th
July 29th-Sep. 1st
Sep. 1st -Nov. 15th

2. EROERERPVOEHEL

2.1 FEERENE 50 em KHO4ER

RIS 5 50 em [KE]D 10 em Z o FKOEROIERE S JOERROFEH LY Fig. 2 105
Lz,

EREOAREL, ORGSR EBRTH D, B X - Caiigafkcigshi,

2.2 HEHA koA R LW

ko @ @AY b ofleo g R, ARk E W o R®R, ARt L OHMAE, W koFEx
{k#% Fig. 3 wm L1z,

HA R, ARRo MRS o 8 Az 2 H o # #F H0.089+0.007 cmecm~1-day~1, 2.05-+0.35
cmeday—! FpilLiz. 20K, £RERPLTCEZ10 CiRizE A LERLE,

R ol4dmR, LREOFEEMMGoRAME2Aicndhiz, R of g, 4ALETCC
88% OMET~ 1 + Ak L, TOffiiz —0.031£0.029 cm-cm~t-day-!, —2.07+2.19cm-day-! L4ERD
BE&R L. i, TORBEEEIIAEZVERY AL, ToRiE~A1 AL RVRE, THUEK-03
cmeday-! CTEELT.
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Fig. 2. Seasonal variations in the relative A
growth rate (a) and the growth value (b) -4 WW
of the blade length of the blade below 1983
a level of 50em from the transition zone. Fig. 3. Seasonal variations in the relative

growth rate (a) and the growth value (b)

(M): 10cm from the transition zone
of the blade length.

(C1): 10 to 20 em portion

(@): 20 to 30 cm portion (W) : Growth
(0): 30 to 40 cm portion (C1h: Apparent growth
(a): 40 to 50 cm portion (a): Decrease

RO AR, MR, EREA R LA T 2 Bic £ FR 0.006+£0.007 cm-cm~t+day~!, 0.26:20.31
emeday—! G, liLIEL AF ORI RN 2 AR S Lic, £, i EiicinL, 40k
it FhER 006940029 cmeem~1eday=1, 3.72::1.78 cm-day=1 & JpA: e, RGO A fli% Lol A
i CHEMOR K2R LTz,

2.3 RV S BRI

2H17T NOFERE L AAMEL vFohi el b REEEROr 2 AT 4 » 2 % R ® Fig. 4 iR
LA

EAZE A S LA-11 B 15 HORBEERI22173cm 231, B3 L ORKRIFOH 24 fHoi L
o, E-BRUER S EHEESSEDI-11 A 15 H O B0 REHR ki 1938em icE L. —H, &
A OBEOEBEOMV L B L TRa - REWP iz 3026 em T, REEER LD LEGEE AL,
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Fig. 4. Seasonal variations in the overall

growth in length (—) and the loss of
length (0—0) of the blade.

3. EROLEEROFHEL

3.1 A5 50 cm Ko k4L

WKL A58 B0 em KR 10 em = & O F 52
B AEROAERES LU E R oA b4  Fig. 5
[T By

EARIL DB 10 cm fH5r o ke A B 34k 2 12 0.054
+0.010 cm+cm—l-day-!, BT 4 H h)ic 0324
0.10 cm+day—! ¢, FhFHEMORIEZ L. #
O, LFEEEE L, 10 Hioh Rz L A LI
% <38

WEROIER B 10em L EO e B0 55O I
i-&f’:éi. HRROBFKMIE, 20 cm o CiiiEs 2

, BEN4AH B, 30cm g CilEs b4 0L
f), 40cm & 50 cm {4 Tl L L5 A W Tho
foo FRAERAUZEELT S R () 20 em {45 10
H, 30cm & 40 em {4313 8 Aebfy, 50 cm {f4riL 6
Apf)tdh -1z,

W oE R, HEROZR LD LECSGEER S L
oo EOEIGIZOWT RIS 10em X [H] D E
T4 R EERILEH S 10em {50 o 4 ko
RO R 45 &, HAERETHTY, T
31% —E'EE'D’) S

3.2 RO HRnTodf

EEORERED BT oA R, Lo ges
Fig. 6 iRl
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Fig. 5. Seasonal variations in the relative
growth rate (a) and the growth value (b)
of the blade width of the blade below
a level of 50cm from the transition zone.

(M): 10em portion
(LU): 20 em portion
(@): 30 cm portion
(O): 40 cmm portion
(4): 50 ¢m portion
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Fig. 6. Seasonal variations in the relative
growth rate (a) and the growth value (b)
of the maximum blade width.



106 FISOEw - HARE - BUM - - &T %

HEER AERL4 A EiicFh#h 001940009 cm-cm—t-day~!, 0.180.08 cm-day—! CHER DL
Kamliz, £0 ARG L, 5 Apf) £ T 23% OEOLEN~ 1 F Ak L. b
N6 ATTHCIL88% Linh, ThFREFEROREY LK,

4. EEROERIHLOFHEL
4.1 BERILEAS 50 cm K04
BRI 50 cm [KIHIO 10 em = & 0 4K RO RETRE O HA: Jek 45 k 04 Bk 0B {k% Fig 7 e Lz,
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Fig. 7. Seasonal variations in the relative Fig. 8. Seasonal variations in the relative
growth rate (a) and the growth value (b) growth rate (a) and the growth value (b)
of the blade area of the blade below a of the blade area.
level of 50 cm from the transition zone. (W): Growth
(M): 10cm from the transition zone ([): Apparent growth
(["]): 10 to 20 em portion (4): Decrease

(@): 20 to 30 cm protion
(©): 30 to 40 cm portion
(a): 40 to 50 cm portion
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SEAIEH A 10 em KO M AR JE 312 2 A2 0.148
+0.019 cm2-cm—2+day—1, 4 Fe it 1r 4 B Wi212.96
+4.73 cm2-day—! CiEBloE AR L, 08, 4 2000
FOREE A L, 10 e Rz 2 A L LT,

RIS 10em L B ER, A feh

O AINE, 10~20 cm KECiriiF» 2 B, #E» L
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Table 3. Correlation coefficient of the exponential relation between
some morphological characters of the blade.
. e & ' Lc Lg

Investigation Vs, VS, vs.
date

Le Liwt Lg Ld L'we Lg Ld Ld

Feb. 17th-28th 0.81* 069" —0.04 —033 0.60% 0.41 —0.60 —0.25

Mar. 25th-Apr. 11th —0.07 067* —0.13 0.44 0.90% 0.94* —0.67* —048
Apr. 18th-May 12th —-021 0.62* 0.09 0.59* 0.86% 0.76* —064* 031
May 12th-June 8th 049  0.77* 0.01 0.58*% 0.90* 0.39 —0.28 —0.22
June 8th -July 5th 0.75* 0.68* 0.27 0.53* 0.86% 0.32 —-0.12 0.19
July 5th -29th 0.89* 0.81% 0.25 0.25 0.89* 017 —0.12 0.24
July 29th-Sep. Ist 092 076* —0.06 0.32 0.81* 0.07 0.05 —0.45

Sep. 1st -Nov. 15th 0.78* 042 0.23 0.84* 0.56* 0.47 0.33 0.00

*: Significant at P<0.05.
L t: The blade length at tagging time.

L ¢: The blade length at collecting time.

L/w t: The blade length/blade width at tagging time.
L/w ¢: The blade length/blade width at collecting time.
L g: The growth/day of the blade length.

L d: The decrease/day of the blade length.
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Seasonal changes in standing crop and production
of eelgrass (Zostera marina 1.INNE) in
Notsuke Bay, eastern Hokkaido

Toshihiro MizusHiMA*

Hokkaido Kushiro Fisheries Experimental Station
Hamacho, Kushiro, Hokkaido 085, Japan

The following results are obtained by the ecological researches on eelgrass (Zostera marina
LINNE) in Notsuke Bay, eastern Hokkaido, from May to December 1980. Their biomass and
production in the bay were estimated by unit patch sampling.

1. The densities (shoots/m2) of Zostera was the highest value from spring to early summer,
May-June. It decreased from fall, and reached the lowest in October.

2. The standing crop of Zostera (aboveground) showed a unimodal seasonal variation and
reached a maximum in summer, July-August.

3. The area of Zostera belt in the bay was estimated at about 35 km2 The biomass of this
species reached a maximum of 12,784 tons (4,474 tons of carbon) in July. It declined in fall, and
reached a minimum of 5,542 tons (1,940 tons) in December, respectively.

4. According to Fuji (1977)s model, the production of Zestera is composed of the following
four subdivided ones. The recruitment was prominent in June-July, and the significant defolia-
tion occured July-October. The growth was prominent in May-August, and the withering was
concentrated August-December.

5. The respective productions in dry weight from May to December, were estimated at 34
g/m? in recruitment, 190 g/m? in defoliation, 233 g/m? in growth, and 85 g/m? in withering.

B L &

7 =% (Zostera marina LINNE o £ REMEHEI- 2\ -T2, PETERSEN (1918) OffZLI¥% { i
MERTED (Hth, 1973), A7 <=sfh rF 27 Pl TARELEE L L2774 2 A0BHK
PPN B A EEMEAFER ShTuv5 (45, 1982, [0, 1982), LiLigsis, bAEisWTIRF0Kk
Brisz7~=BoBFEROMESESEE ROV To@mRIZZ L, JHAETO MUKAL Alol
& (MUKALI et al, 1979, Ator & MUKAIL 1979, Alol, 1980) o —jlio#is, +e<@ToEt (1977) ©
WMENBBITE R,

TRERCETS 7 v 2 0RFROFMECSLEDEEREHL IS TEZ L, ko A = CORBR

* Bl tBEIREBRERS e 2 -
* Present address: Hokkaido Institute of Mariculture, Shikabe, Hokkaido 041-14, Japan.
W®S Al34 (19854E 3 H 26 A %H)
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A T T 2 ic R ) TR S, BHTic BT B4 » h £ = CAEROBBECEONE 1Y Bt
5 ETLERIEMRI L 25,
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BTV AD, Z 2 TREFEO 7 0B LERCOVTH LRIV oM REHE T 5.
feds, AT ABICELE D, AEBOBMEN S ECEBE Yt ut, iR EEREL W
82, LU, BRURFERIETIE, A SNl ORMT 5. £ BfrESLCHy, HIE
NGB REGAE S OMEER e L LiF 5.

HAENMRLEESE

PR A S i L, SR O BRIMERGC & 0 B S h B RN R S R o8 12 km, R
8km DN TH S (Fig. 1), WAEEnAsl L bicis 5 2ROK X7 ¢ A4 (FFAEE F el &
ThBBIRET S SO NSl ARV, KA AL CH ), TOmEEEko 70% ok
TATVS, BEBIRET7T 20—l bt - TV A0, Buo—ific & ¥ 7 < % (Zostera caespitsusa
MIKI), #7:{BoO—Sicit=2 7 <= (Zostera japonica ASCHERS and GRAEBN) 234 L Tv5. A
D72 EHREFLTORAEREETRSm R TH D, FL34FHE1~2m THA,

2 Notsuke
" fairway

Hokkaido

0 2 km
[ ]

Fig. 1. Sampling stations of Notsuke Bay in Hokkaido.
Eelgrass bed is shown by shaded areas.
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Fig. 2. Seasonal change of water temperature
in Notsuke Bay, 1980.
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Fig. 3. Monthly variation in shoot density of eelgrass
at Sts. 1-4 in Notsuke Bay, from May to December
1980.
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Fig. 4. Monthly variation of density and standing
crop of eelgrass in Notsuke Bay.

FOEHMHLY L b 10 HolMid 5T THARHIT 5, 4 H BEE IR X BT sz b
HAECLME SR Tl b (Alol, 1980), EEEMO L 5 ThD, BB TO St. 2 S XV St. 4 (3 8
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fboER, £RBEEORVCED EEBPhDY, COECOWTRAEBILCHELLHALELTHL,
W Lfeby, el e Lic ko, 4 BB 7T v s SoX oEAY L LTl D, BROLRFE
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ROKIANRET AN EALL 5 BT, liFlk FRALOEENSELNHLFEYTS - L T
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Fig. 6. Histogram in leaf length of Fig. 7. Occurrence of the reproductive
celgrass at St. 1 in Notsuke Bay (lowering) shoots at Sts. 1-4 from
from May 1980 to June 1981. May to September 1980.
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Table 1. Estimated biomass of eelgrass Table 3. Seasonal change in averages
(aboveground) in Notsuke Bay. value (g/m2) of the four subdivided
= — = — productions of eelgrass at Sts. 1-4.
Month Dry weight Carbon weight ——— =
(ton) (ton) Recruit Defoli With
- % -ment -ation OTOWth -ering
May 5818 2035
June 8262 2892 May -June 14 87
July 12784 4474 June-July 24 109
Aug. 12342 4320 July -Aug. 45 37
Sept. 8500 2975 Aug.-Sept. 12 7
Oct. 6630 2321 Sept.~QOct. 19 36
Dec. 5542 1940 Oct. ~Dec. 10 42
Total 34 190 233 85
Table 2. Monthly change in density of —
eelgrass and average weight of a leaf The production is estimated by the subdi-
in Notsuke Bay, from May to Decem- vided four productions according to FuJi
ber 1980. (19777s model.
i R T Average dry )
Densit B
Month ¥ weight of a leaf Table 4. Estimated several productive
(No/m?) (g) ;
—— — e —=— biomasses of eelgrass (aboveground)
May 1303 0.131 in Notsuke Bay.
June 1218 0.200 —— =
7 2 Recruit Defoli . With
July 1316 0.286 “ment -ation Orowth sering
Aug. 1166 0.316 e :
Sept. 808 0.309 IJ?gggjeigh‘ 1190 8155 6650 2975
Oct. 742 0.262 B e cocnn
Srbon Welgal 417 o854 2828 1041

Dec. 786 0.207 (ton)

ARG SHEBSAMAT 208K THE, Chb2BEL T = o G PEMERS VT, (1) o
s ELDOEF MY 51,

=¥, Eeo 7 2Bl EER) © AR Table 1 waili= X 52, 5 Hix58%10 ~ » Tk
ofedd, TRICHRAD127X10% + vichiz, 012 Hicb55x10% | ol L,

iR AT 572, Table 2 w5 Anb 12 Aok s A MO 7 <= OFHER L —EY b D
AR Li, chlin, 5AnBIZ 07 vE0LuERRE RN, B4, L&, BE0&E) Lkbieon
Table 3 ©#h %, L 6~7 A3 LU710~12 HicZb iz Biicizdbiov, BEE 7~10 A oE 65K
ICAbi, ZEic8~9icll2g/m¥)A%xmiLtz. LERFENLGEICSEL, L b6~T Hic 109 g/m?/H o
ERBEAYRL, 5~12 A O CIL 233 g/m? &tE L, EROP L %0 50, K st
¢, 9~12 Hiz 36~42 g/m2/ f &5 L 12,

I DKo 7 ~e 0L dEHRA Table 4 (SR Uic, IRINE/ERA bt LBk &K 2d
bR E A~ 93%103 | v LUM9.6X108 b v DIZIZIINT L 7ofiiA 43 Le.

WA s\ T, 7=Ei XD Macrophytes [KBIE#E) OFific X B ENzF 514 221k, H
B, HEH PR~y AOFHEE - L TR 25 & bh Ty s (FENCHEL, 1972), FRffic
BUTIRSRIE LA Lzt 910, Kk 7 <z=s4iESh, HhbERE2 R ERE L CEEEHtc
HREL, DT EEEBLORD, ChbLT7<2REOT 74 5 AL L BAmlgL oo L
T o B2, B o s fiE T 5 LT THECSH S,
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® #

198045 A 12 A ¢, dbiBEE O 50 4 84T, 7+ O EREET ORI, #
[ LBGEROFENE(LLA Y, IHCEBRKOBFR L EERFCOVGTHE LU TFomBE 2,

L 7==04HEWELS A6 6 AofE AL UEICR LI <, R ETL 10 Ao s /v - 7.

2. 7= OB Qo EIEAT) xEZO 7 A2 8 Biclik & e AR OFMi LA i L 2,

3. Wk (197T) o EF b T =0 ERIT S L, EEEROMK TR, # X DN
6~7 A3 LT 10~12 HicRich b abh, BT~ AcErote, S odRr, A
5~8 Hic % {, AHilkix8~12 At Lz,

4. 5 Ak 12 Ao ERE) (2, VI 34 g/m?, BiE R 190 g/m?, AR 233 g/m?, KHiR:
85 g/m? FHETEZ iz,

5 B{EO 7T ~c0ORABHERIITHD1LZTX100 + v (44x108 + »-C) EHETHY, BM212A
D55x10% + v (1.9x10% + »-C) tHEEZNT-.
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(Hokkaido Central Fisheries Experimental Station)

=V i

(Hokkaido Hakodate Fisheries Experimental Station)

b 1 38 37 9 B K o K B ) W )
(Muroran Branch, Hokkaido Hakodate Fisheries
Experimental Station)

db e oE o 9B K e G BB

(Hokkaido Kushiro Fisheries Experimental Station)

e dE v @EKE R R B
(Hokkaido Abashiri Fisheries Experimental Station)

At 4k 38 7 AL A e AR Bk 85 R ) S 85
(Monbetsu Branch, Hokkaido Abashiri
Fisheries Experimental Station)

A€ #3585 . HE N OK E S B 8

(Hokkaido Wakkanai Fisheries Experimental Station)

JE ol A BT R T e v 2 —

(Hokkaido Institute of Mariculture)

[ W09 100 M W
i HFI6049 H 13 0 R i

I

046
Szl BB Az ilimy e cp My 238
(Yoichi, Hokkaido, Japan)

042
P f 85 )1 (R 1-2-66
(Yunokawa, Hakodate,

Hokkaido, Japan)
051 )
SE W o i FLET 1-133-31
(Funamicho, Muroran,

Hokkaido, Japan)
085
s ey 2-6
(Hamacho, Kushiro, Hokkaido, Japan)
099-31 ]
#EhEE 31
(Masuura, Abashiri, Hokkaido, Japan)

094
HLG Ry 7
(Minatomachi,Monbetsu,

Hokkaido, Japan)
097
fEANHE K 4-54
(Horai, Wakkanai, Hokkaido, Japan)
041-14 )
A RREE T A< 539-112
(Shikabe, Hokkaido, Japan)
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