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Summary

General ecology, gonad development, stomach content, artificial spawning,
fertilization, larval rearing, spat collection and growth of geoduck clam, Panope
Japonica were studied based on field sampling and laboratory rearing from March,
1992 to August, 1995 in Korea.

Gonadosomatic index (GSI) was increased markedly from October. The index in
April was highest and that in August was lowest. Reproductive cycle could be
classified into five successive stages: multipication (August to October), growing
(December to March), mature (February to April), spent (April to May) and
recovery (June to August) stage.

Twenty genera and 33 species of plankton were found in the digestive tract, and
most of them are phytoplankton. In spring, 21 species of planktonic foods were
identified, but in summer, only 11 species were identified. Nitzschia longissima and
Rizosolenia alata were present in every month. Weight of the digestive tract was
fluctuated seasonally: higher in winter and spring, and lower in summer.

Adult geoduck clams could be tolerated within the range of 5~20 T in water
temperature, and they could tolerated considerably well in lower temperature than
in higher temperature within the range.

Spawning induction by the stimulus of open air drying or UV-irradiation into
seawater was not affective. Spawning induction depended on maturity of the clam.
Temperatrure stimulus for spawning induction was not responsed in April, but
responsed 15.0~25.0% in May and 5% in June. The spawning induction was more
sucessful as 15.0~450% to make fertilization effeciency by the stimulus of
incision of gonads. And ammonium hydroxide (NH4OH) stimulus by supplement
(8/1000N~10/1000N) into seawater made 15% spawmig effeciency. When
ammonium hydroxide solution was injected into the gonads, only 5.0 to 10.0% of



the adults were spawned.

Fertilization and hatching rates depended on temperature and salinity of rearing
conditions. Optimum conditions were found.

The eggs were demersal, and the oval shaped newly-hatched eggs changed into
the spherical ones of 70 Um in diameter after fertilization. In 11 TC, incubation time
after fertilization was required for 4 hours to 4-cell stage, 2 days to trochophore
stage, 3 days to D-shaped larval stage, 23 days to umbo stage, and 36 days to
the fully-grown larval stage. Time required to D-shaped larval stage from

fertilization was proportional to temperature, and the relationships are expressed as

follows:
To 8-cell stage, 1/t = 0.0209 w - 0.1167 (r=0.9967)
To blastula stage, 1/t = 0.0055 w - 0.0192 (r=0.9825)
To trochophore stage, 1/t = 0.0034 w - 0.0155 (r=0.9907)

0.0014 w - 0.0023 (r=0.9843)

To D-shaped larval stage, 1/t
(t: time in hours, w: water temperature)

Biological zero temperature of geoduck clam was calculated as 382 T.
Experiments for optimum hatching of geoduck clam were performed under 8 T, 11
C, 14 C and 17 C for 21 days after hatching. The best result was obtained in 14
C, and the mean shell length and survival rates were 1735 um and 16.2%,
respectively. Shell length and survival rates in 8 T were 140.2 um and 6.9%,
respectively, showing lowest growth and survival in the experiments. The larvae
in 17 C grew well until 15 days upto 1645 um in shell length, while all larvae
were dead after 15 days to high temperature.

Larvae were reared for 21 days after hatching in order to find the suitable
foods, rearing density, and aerating methods. The best growth and survival were
shown in the larval fed on mixed foods of Isochrysis galbana and Chaetoceros
calcitrans. While the lowest growth and survival were in those fed on Chaetoceros

aalcitrans. The good result of growth and survival were obtained in the experiment

ii



of the larval density lower than 5 inds./mf, and no difference was shown within
that density. Optimum density for larval rearing were estimated as 5 inds/md.
Aeration methods in larval rearing tanks influenced growth and survival. The best
result was obtained by the down-jet aeration method.

The settling rates on the sand botton was 36.5% and that on the polyvinyl
collectors and synthetic fiber glass net was ranged from 3.20 to 6.56%. Growth
and survival of the spats for 43 days after settlement was different in accordance
with the settlement methods. Daily growth and survival rate of the spats settled
on the sand bottom were 33 um and 11.2%6 respectively, and those of spats settled
on the synthetic fiber glass were 22 um and 3.6%, respectively. The spats of 1,500
Um in shell length and 39 days-post settlement started infiltration into the sand,

and the spats larger than 1,900 um in shell length finished infiltration.



I. & &

272 270 (Panope japonica)e QX FEE (Mollusca) %7 (Pelecypoda) ©|X| &
(Heteroconchia) ZA}%-2}34 2 7] 3} (Hiatellidae)oll 430 o) ®R o 12~15 cm, 3
o MZF 600~700 gislel @ate iy REolth o] ZJle HFo 2 Kamchatkast
Saghalien B Y& Flolx, FZRo2e YV FM HMEAWAA EE3H
(Habe, 1955; &A& St A#k, 1985), AU E HE &AM ZFLFF IHE
Ut7bx] EEFT AKE 10~50 me wlAES o] 10~30 cm7tA] AL 39 F2
2 F3@o| MNP goz kst BREL 2~5 cmAIE ZHEAN =2AA AR
o J8A kiEol AesAY AgHAF] BAHAAYE AAEdd KEE ¥ BAS
Lia=y

72N RBUEEI} 55%0 @3ty $ARE HRZ F£&5Hc T A4l
B3 AQAQA A & HREM LFEE BEY ALFL 32628 MT 3= +3H
1 Yo, ojF AA BAEI KeholM AHRAPe] sHE T KE 30 m LiEE A4
Bt A9FL 21,199 MTL2 351 JAGQLEE, 1990). 23y o 2AE M4
Aol AT, BA EHE AR o2 oAztA Lo oMoy, 1986497
BE A5EE ostd HEHR 1Y FTE AFEF ool JwE F EW] MK
7b dehdm Qo] A g B FA7IE Mg A3 o Fo B
A B4 o3} A ATHEEAE BT AF8 Aol

7 ZM BE AFE A YEAAM BARS K (1985)9] X9 ojd4
ol B G¥AHA Burt gz, fEAUEdMdEe € F19DS MA@AFT KR
#Y B ARSY HEZAYS YFARFTY 4YE¥E(Jeong, 1990; Choi, 1991)°l
¢ Bl A& B, EHLEY B Bire X ZIFH

A& AFMe RN BHAE BRMARS Aoz AAF 833 ofrly
AZAN A @, 4F7] R A5E ZHE o839 AAAA EIFER, OB
B4, AT 291 HARETS ALEY £E& 9% AYEYRH dTE A4
3ok



O. 8 2 Hik

19924 38 ¥H 19954 8A7HA ZAYE FIFT ¥ A7 AMtFig. DAA 27
AR/ BERETN ERAR ALHEEEES A3ld REBEE A5 ¥Fd
M F3E Z7YRNE ATFEAALE AT RWHBE A3

1. ERRE

A7 2N BRHBS BRAAT 19924 3AFEH 19934 2A7X €A 1814 KB
A0, 15 30 mE AL F 2 gEE2 MUY KBL XF 3¢ AL
A2, 15 mFFEE ITLZAZ 01 THA §33, @S2 Inductively Coupled
Salinometer (Watanabe 601 MK)2 £33t BERE@Ec AL (POs-P)3 &&
4 F7]13A(DIN)E Strickland$} Parsons (1972)¥el <3t £33 =7 (Bauschs}
Lomb Spectronic 20D)& &4t

EE NESS 7RI} ERSe ZEAA 10 cm HF22 30 cm B 74
A8 EFE MHst H202 o 10% HCIEE A4S 713t A8l dad9E AAA
A ZHFE MAF F AEE DA 0062 mm M2 F4ME(wet sieving)dtd 473
625 um Bt ZPAA 2} MPAY A2 EdFdAon, =HIAL d4AE
(Ingram, 197DE, MYPAL UBMEEE ol & ¥ pipetting (Galehouse, 1971)° 2314
£33 Ah

2. ojvl o] B R WE

ofm =N MAFe EXde S a224¢ @1 sk 19924 3ARE 19934 12
A7A 2@EM FFr1ddA AAE 278 ZAE dYLR 4 BERE B8R 'S
Y REEL vernier caliper2 001 cm7tA, 121 2EE, KETBER +HAH R
BREELS AAALEE o839 001 g7tA FH3A
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Fig. 1. The map showing of the sampling station of Panope
Japonica in Ingu, Korea.




3. MAHEY

MAERZAN Z7zM HAYEHE ZAE7] A3t 1993% 1ARE 128 7%
e 134 HHY Z4F 10 cm WY AW 1008 S 10% Ea2ntde] EEsy
AHg-3t Aot

AEE BAAM FE &332 494 RE FEAXAY] 238L HEsd 33
& digital AE2 FAY F WAHo2Z AAYS By #nPoz PASRUL. &
o] RE-L 1LE(1982), Round $(1992)& F 3yt

4. KB REGAA BT Wi

D KR 9 BoBEA W mtk

KiRdl B WS ZAEH7] A8 9719 Azt Fab A€ k(30 x 40 x 30 cm)
o} AWl 2t} 5 cm EO|E RAE AR AFE ¥ FVE EUAEA BRE
10 cm 9o =72 2AE 2+ Kifol 1002y KEdte A4L2(14~16 T)AM 7¢
L AL ALRES HAAY F A Aol AHEEAT £ BEBGHES o8& X
Ao KBS 42 0,2 5, 10, 15 20,23, 26 T 2 28 T2 FAAFAA 623
Ao R 24057t A 9] £ 7KL FAEL

oW KiBRE BENAMYG Zol TUF Ao 10va)d KET F Ads
ol FRre XAHE 718l HSBREES 22+ 10, 15, 20, 25, 30, 35, 40 % R 45
%2 ZATH 6BMH LHOE 40RMZA £FERE ZABIYAL TE AIYL 33
et PYFAZ AP

2) MRBEE

T2o mE IFAZAY A2auFE A S 15 LHAER felksd
WABAK 10 L& H91, L=2HAFANZ KEBE 5 10,1520 T 2 25 T2 243
o THEY A H§ AR KR 10 cm 2719 IAYRNE 2 A@pEz



sole) ) 4889 $HdE 271502 BE ME/F BokN RHES 94 wa
B 1 cmFAZ Qo) WEAAF 385 Pol Ha2v%E 2 GeAd) s
©HZ Pl e BHANY BoanFos BSHT,

(Co - Ct) xV

Ke =
txw

o 71 A
Ke @ BFIHE B(nl/kg/hr.)
Co. C : HAEIMMF 2t Fo| MERE(nL/L)
V o ABEAY wBAKEW
t : FTEKHhour)

w . Z7Y 2N FAke)

5. &AM

ERE BRERE oS A dstd F3AT

ERH EE
AME EBRIER = x 100
g =B

PR 1993l AHPE AEF Y 10EEY WEANY IS HEsod drFs
ol A mlojZ2oetz ofn] IHAT 10070 ol ¢& AZ3Yth

ERE e gE TEEy] At £MEE HEE S bouin Y 24X A
At 1A Y 4 MY paraffine AHY 28§ 5~6 umE A&£AHPL HEQJoH,
44 & hansen’s haematoxyline® 05% eosin2.2 2% QA&

I BBl st ¢E 500 me Aol 348 magnetic stirrer® I
o @& FY3HA FF 1 at¥ 3 S5EH HHMF FHEZAM AX EIFE FAE
Aot




6. EIER

EFERS st ALY 2ol 19934 % H 1995F7x9 4~6H0] AEXQ HF
AM A4Lel o] FEI A& VYol FL& AL ALY ENERL B
BRE, FTHFE, B4R BHEKHZR, NHOHEAL sHebd Hrsie A=,
NH4OH& A& £afel FAS: A3 3 4HEE YBsld AF5Ase 5 67}
A& A3t

BEFHBRS FLdA AT 2~3 T LR T TRIAY REAA FHQEE #
feot RISl ztolol o AME ZASUT FHERLS BAKENN HEsd
ol & WEZE 9~11 T & 371F 405 ~609H FHAD F S5 &4 W
- AL AEEH

FAR BAHR KRS Hroet 12(1974)9 Wy oo n, NHOHE #4o 3
7bete #l#S NH4OHER A9 sls5<E 24z 1/1000N, 3/1000N, 5/1000N, 8/1000N,
10/1000N 3 15/1000N2 zA3o Hr7l T Adse ass vzsgo
NH4OH& & £mflol FAste #8-& 242 1/100N, 3/100N, 5/100N, 7/100N 2
10/100N2 Z3% &9 2 s A4to] FAFH 2zt Mg 2o g 4IHds
< FASAT. FAe AHE AXNE AT F ARG RN AHENE T3
FAS A P AMEE 22 FASA A0 BF JHA A58 1
T FEor = AAHoR AP, A FEYPLE AFFHAALY. AR
Aol wet 3 HAE g ARE FA AFSFEF AW F 30 um FEANA

R A 42 3~438 AP FH B0 19 SPA2E5 ) KESH

7. 989 MR B4

Kol @& o] BAeRES BIERE 47] A8 30 x 40 x 30 cme) Atz

ZB2g £ 5 LERHIE ALEES KN KBS 5 8 11,14 C ¥ 17
2 fFAAZ F 2 /524 L 24 10,0004 KA B3LL 33w

[



Abstgich BAoREC e BERS 47 st MSRES 2 15, 20, 25, 30, 35,
40 % R 45 %= ZAF 2 LR £AES 47 10,0008 KESA 33NE
dtol FpEl % WERE ZARSYL

giEzt WS VL FA 1EY AHHA 9P WAKBASZ 2P FEA
B 33t A ATt o8 BAEBEE ZABIACY

8. Hol A& &

E Aol ALE3 HolAELS & NF MHAER T Yolg Wol o&F
I YE FA HRRFA Paviova lutherist Isochrysis galbana 2131 FZ2FY
Chaetoceros calcitrans®] 3fi& #ol2 o] &3t}

Hol P B #ES A AMEHE #HBEAE 05~1 um YEl2 YA EAR
WAk BEEE TAANA WAL E ALt en, HolAES & REF R 2F -7
(250 me, 2 DA g W= ntE A 7l(autoclave)dll ¥ 121 T, 15714l A 15
S EEEES AT FNdE A R L7120 LRAH)E Aobd A
EHFNaClO)Z 34 B FAIE F(NagS203 - 5H20)2.2 Hadd ¥ 2~3Y X
71N A conway BAA|(Table 1)& o] &3 o &3¢}

EES IEAKEMHEERA HolAE BHBRFAAM HES 18~20 C, BE<c 9y
YPFE AFSElo wigE 7] EHol 3,000 luxyt HEE . Hol2M FFHE
A7l Ch clcitranse ¥ftk 5~6H, P. lutheri®} I galbana= 7~8H A% i
TH ol Atg3tgon], of W Hojol BF HolgES BEE 1 mF 500~1,000 x
10* Mgt

9. $hAEFEH

I ZN Bt FEFAET FRLAE +I337] s 19934 3AFE 64
Atolo] F8 AM§ B8z AP K&, Ho|, WAFE ¥ @ARdEe €



Table 1. Composition of Conway medium for rearing phytoplankton

laboratory
FeClz - 6H:0 260 g
MnCl; - 4H20 072 g
H3BOs 6720 g
EDTA(Na Salt) 90.00 g
Solution A~ NAH,PO, - 2H,0 40.00 g
NaNO3 200.00 g
Solution B 2.00 me
Distilled water 200 ¢
ZnCly 210 g
COClz - 6H.0 200 g
Solution B (NH4)sMo07024 + 4H20 090 g
CuSO0; - 5H:0 200 g
Distilled water 100.00 me
Bz 10.00 mg
Solution € B, (Thiamine) 200.00 mg
(vitamin) Distiiled water 200.00 nt

#¥ (solution A 1 ml + solution C 0.1 mt)/ seawater 1 £.



sle} fHE WA AT

1) K&

IAAZRN $HE FHERAT KBS 471 95t 25 L EEAMA K&BE 8 11,
14 TR 17 TY 48 RpE S AA3 I KH4HE BHBAKE A9 trochophoresh
€ 2Ef/me] BmER KASIAT

AE S LARSR 3% BH FHFERS 1/2WEE #AIHD, Hole B f
TZQ Ch calcitrans® DA RFACAREH FFsen HFMMHAS 10,000 cells
/2, REH el A3 50,000 cells/me7t x| Aol FE BolrbaA Ho|Fg F71A|
A FF3AAT

2) HolRE

HolAEe fM e Z7RN HEY RS YEES &7l Astd ki 11
T2 AT 5 ¢ Ko BsEL 10,0004 KEstden, HolYEZA Ch
calcitrans, P. lutheri R I galbana ¢ 3ff BEE S ©l& RAT 3He EBA&E(Ch
calcitrans + P. lutheri, 1. galbana + Ch. calcitrans, I. galbana + P. lutheri)d 6{R
AREES #HEE 4330

HAERE PHELe] HolFe Z7l6E 10,000 cells/mt2 FF3AL, $hEol RE
goll wak 50,000 cells/me7tA] F7HAIZoH, RAEE 1'19 HlE2 3o §A @K
E# ftiasl FAH

3) WEEE

WEEEY Z7ZN $Ee] Rl e % A7 A9 KiE 11 C
oAl 2 £ wAC BLshELS 1 alF 1, 3, 5 SEE 2 10HEEY FEZ KAESIAL
Hol2& P. lutheri®} I galbana® 1112 EA&S A Ho|FF I Ao BAHE
< BEA e wyoz Iyt

4) BRI



ZNAZA PEE DA AR HHM EEOE T @iol ol
A 11 T2 FAF 058 Z 7R ol E (polycarbonate) AilollA F71F¢ By L
Fig. 29 o] k@mst, Tas 2 E@7t5a4de 372 Hos Udrold AA
HAh. EEEHRL o2EL vige] A HUR, TABHRLS welA 2 cm
A Fojd ol oo}z Ag EHOEZ P THE olllZ Foj dojr} wgRo=
Uo7l ST kEsi5eAe Aol 60 yme E7FAE THE 50 x 50 x 50 cm
o Ay FATeE AN JHTE WEG IR JojE AgAoz Mg
RE NPT Holk I galbana® FFAACH, WolBIFF I RAHHES FUED
S gs AR

& REBEMT o) RED} AHRS 2ANHAST 2 AWTAMN 10 L ARO
2 HES FEe AHEEKS 2FHYoH, 30~500t2 ) Hol U KRS
WH5E97(Nikon V-124)2 2 BF 4L H2AT A87H3e] 37
MR olgsto] A8V AMMERKIE 0ex e 4o Aasyh

in Ltz - &n Lta
K = x 100
t

K : HMBER(specific growth rate)
t  HEAB(z - t1)

Ltz : Z¥5#& tBAY i A7)
Lt1 1 ZB#% 6. BA $H49 37

& HES] mRA PR KE F¥E ¢V A% A4 XBEMHZ oS3 2
2 QioRkE ol &3t A&
&n(Kz / K1)
n Qio = X 10
| T2 ~ Ti
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Ty, T2 : AHFKE
Ki : TWEES REXE
Ko : ToBES REXKE

ke AMATFRT HHMERARS O3 2 Koz 423

o
]
—
o

&n Nt1 - &n Nt2

tz - t1
s . HM4AHFEXR
a . AMFEEXR
d : BRH%IER
Nt: @ ZRi# 1889 SHEK
Ntz © ZHi# tzB8 9 S48

5) BAAz
A4¥ A7 ANOVA-test® 4AI3tY Duncan’s multiple range test (Duncan,
1955)2 Bate] HEME BESFA.

10. W4 HEN RER

THRE veligerghk e A<Vt HE HE £ BAL A HATD, ZrRA
S dMe otF7A P vyt glenz F{xime Ragm Riy)Ae
FH4 AX ol o R3}gg vy

ANEFz2e EYFIRVICIE 500 £ 9YFZE AMSERen RYrF=Me 9
SHEIE |30 x 40 cm) & FHFH (30 x 50 cm)ol FAAHRL1E(Z] 350 m)E ¥



€ AB7E AT FA7]AY AWy O BRI RAEE HwE)
A3te Faujdeg FHYYD sAYgoz HX)3gch

T g 2o HAH A BAY £ Ue VeSS 1y AT 2 Y
Mo Kol ZHE 20 cmAE 2L ¥ Az X BMY 4 50,0008E K
F3AH. ke BAH MHEAY 1/2BEE ARf+2 n@stdth FRANS BE
RHEHAET KR HAF 108°] ZH4HRE W) B2 #HAE Ardtd AR

A7 A WES (FRE AE7I2FE (FR7 €F¥E Q712468 M) A&t 2
ANEAAE g JELEE ZAEAT. AFL @2 A ud 25y ALS
£9] 1234 #HAksAen Hols I galbana® Ch calcitrans 2/& REE&SA o
9 2@4 20~50 x 10° MK/mtE FFAAT REE FEE & 4~78 TFo2 30
ol2] o] ZFE F7ldE EFIVIZE, A wel vernier caliper 0.1 mm7Z7HA
&3 At



1. BRR%K

72N A4 HE, (LBH REKHS Fotsr) At 19924 3ARE
1993 2A7tA KiE, @y, AR, EUVE, SEWE 9 EE9 RESH 5 &
B BRe O3 2o

1) Kig

B ZALA Y KBAMFE Fig. 3% 2tk kBN EFMA 2 KB KEHHE
56~242 T=2M 3A° RiXfE, 9 RAEEILT, BKEMA & - KEM KBEX
7V 7 T AAZR Bl Ao adv KR 30 me EFAKELS 1AM 54714 10
T ol3gtyen, 2 F 3AL 56 T2 713 ¥3km, 9AA 107§ Adstne
17 T UTY BARE fA3t o 2722 M Mzdd] #&E B4
I AzEd.

2) Ao RE

Mool £hoMme Fig. 49 ol 3227~3422 % HHARAN KB 8A B
Yo b BHS FHE RAod, FU 2 % WY e ¥WHE L Holn §)
on, 727t MAEE KR 3296~3393 %= AWE e B

3) BERE

BuEMEY FHoAEET Fig 5oA9% o] 515~7.27 at/t2 X XEL 7TASRH
8AZIX7F 5 mt/t MR 713 wgton], 2ARE 4AAlolde 7 at/L oo AA
o @& W3t AN K& 30 mEAAE 6 at/t W2 A A,

4) EBVE
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BUWEE Fig. 63 o] $%TW(secchi disk) 22 74~149 m2A 5A%H 857
A= 10 m ol&t2 vuAd dgtow 12AXRE 387X+ 13 m ool ATt

5) BERHM

BRHMB T Figs. 7~8% Zo] A4dL 0.18~050 ug-at/t FAEM REAM= 9
Yol A 129714 027~050 ug-at/L2 W2} Zo] 3ot EFLS 45U Adstue
HHE @ RYY BEME F71AAE 1.84~465 ug-at/t 2N 1189 £E
M HAAFEE BT, 2de AvFoz fAEIT

6) EE %MK

L7 ZN7F Rt EENES MRS Table 20149 2tk Mz oMo K
EHERL 0.062~0.125 mm (3.0~4.00)8] 9l A (very fine sand)o] 49.20%= 7}%
3T 0125~0.25 mm (2.0~3.00)9] MALE(fine sand)o] 31.87%=2 ©vlMALA = M A}
Ao MF7F AEEE AP LH, Bl O NMEMKS 2 o8 Bo|x st
2 osilte] v &S BEFCE T4E FUtse AYLE 24

2. olul9 A&

1) BR o

BEH 278 BRSHE 4% £ A3 (Table 3, Fig. 9) EI#IY 5Ad s BE
5cm A=Y /NEHE HA o)l 15 cm oMol EAZNL, 5~8 cm MFEL 5~
20 cmoll, 10 cm o4& 15~30 cm ol M43 Yt 9= ®E 5 cm oI}
AFTol 20 cm Hol7tA BASAL, 5~8 cm AFTL 25 cm WS, 10 cm ol 4E
€ AL 20~30 cm HolE 7}L2dE ti PA BAS YL

2) 37 MRk
TEBREAAN AP 2AE Z782N9 BE #HKS Fig. 1004 BE niet go)
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Table 2. The particle size of sediment of inhabited by Panope japonica

Sand (mm) Silt (um)
Soil depth
{(cm) 05 0.25 0.125 0.063 30 < 30
1~2 ~1.0 ~05 ~0.25 ~0.125 ~63
0~10 1.2 35 86 30.7 509 45 0.2
11~20 11 5.7 6.5 315 50.2 48 0.2
21~30 15 40 82 334 465 6.2 0.2

Table 3. Shell size composition of Panope japonica according to its inhabited
sediment depth
Unit: Inds.(Percent)

. Shell length (cm)
Month Soil depth

(cm) <3 3~5 5~8 8~10 >10 Total
0~5 2@34 107 3 (5.1)
6~10 5(85 468 360 12 (20.3)
11~15 2 (34) 6 (102 4 (67) 12 (20.3)
May  16~20 2 (34)  7(19 4 (68 13 (22.1)
21~25 5(84) 6 (102 11 (186)
2%~30 8 (136) 8 (136)
Total 7 (119) 7 (11.9) 11 (186) 16 (27.0) 18 (30.6) 59 (100)
0~ 5 1(24) 1 (24)
6~10 3 (7.1) 2 (48 2 (48) 7 (16.7)
11~15 248 3 (1) 248 7 (16.7)
Sep.  16~20 2 48 7 (166) 1 (24) 10 (23.8)
21~25 124 371D 4095 8190
2%6~30 3(7.1)  6(143) 9 (214)

Total 6 (143) 7 (167 12 (286) 7 (166) 10 (23.8) 42 (100)
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Fig. 9. Size frequency distribution of Panope japonica collected from the different
depth of bottom sediment layer. D: May September.
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Table 4. Monthly variation in wet weight proportion (%) of each organs
dissected from Panope japonica

Percent (%)

Shell
Month length(cm)
Shell Gonad Meat Intestin Other
Mar. 9.7 19.3 7.8 50.1 75 153
Apr. 10.2 16.6 13.3 487 7.8 136
May 11.3 18.3 10.7 48.0 81 14.9
June 105 19.8 75 472 8.6 16.9
July 10.8 205 6.4 46.8 85 178
Aug. 116 209 7.1 47,0 10.3 14.7
Mean 10.7 19.2 8.8 48.0 85 155
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Fig. 16. Monthly change in wet weight proportion (%) of each organs

dissected from Panope japonica. SW: Shell weight; GW: Gonad
weight; MW: Meat weight; IW: Intestin; OW: Other weight.



Table 5. The list of plankton found in digestive tracts of Panope japonica

Species

April

July October

December

Amphora sp.
Biddulphia tuomeyi
Bi. sp.

Chaetoceros qffinis

Ch debilis

Ch didymus

Ch. decipiens

Ch simplex

Ch teres
Coscinodicus asteromyhalus
Cos. perforatus

Cos. megalomma
Fragilaria cylindrus
Lauderia borealis
Leptocylindrus sp.
Licmophora abbreriata
Mestogloia minuta
Navicula elegans
Nitzschia longissima
Nitz. vitrea
Rhizosolenia alata
Rhiz. setigera

Rhiz. spp.
Skeletonema costatum
Thalassiosira subtilus
Thala. baltica
Thalassiothrix longissim
Th nitzschioides
Distephanus speculus
Pargfavella denticulata
Pleurspis costata
Tintinnopsis japonica
Copepoda

+
+

+ o+

+ 4+ 4+ + o+ o+ o+

++

++++

+

+

++

++

++

+4++

+4++

++ +

+++

++

+++

++

+ o+ + + 4+

Total

21

11 15

17

+ 1 <B%, ++ :5~20%, +++

: 20~50%,

++++ . >50%.
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Fig. 17. Monthly change in the weight of digestive tract of Panope japonica
in relation to sea water temperature (SWT).




Table 6. Survival rate of Panope japonica reared under various conditions
of water temperature regimes in laboratory

EI;Iirr;e Water temperature (TC)
r.

2 5 10 15 20 23 26 28
Initial 100 100 100 100 100 100 100 100 100

6 100 100 1000 100 100 100 100 100 0
12 100 100 100 100 100 100 100 77 0
24 100 100 100 100 100 100 100 0 0
48 77 100 100 100 100 100 100 0 0

120 0 73 100 100 100 100 70 0 0
240 0 57 100 100 100 93 27 0 0

*

1008 ¥

[02]
(@]

(o)}
o

26°C

28°C

N
o

Survival rate (%)

N
o

0 X

0O 6h12h18h 1 2 3 4 5 6 7 8 9 10
Time (days)

Fig. 18. Survival rate of Panope japonica in various water temperature

regimes.
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Table 7. Survival rate of Panope japonica reared under various conditions

of salinity regimes in laboratory

zl;lign.)e Salinity (%)
10 15 20 25 30 35 40 45
Initial 100 100 100 100 100 100 100 100
6 0 73 100 100 100 100 100 37
12 0 50 100 100 100 100 100 10
24 0 37 100 100 100 100 100 0
48 0 0 83 100 100 100 97 0
120 0 53 100 100 100 0 0
240 0 0 27 100 100 100 0

Survival rate (%)

T e e SR e ST s
\ 25- 35 %o

% 20%
40 %o
X
0 % } A
0 6h 12h18h 1 2 3 4 5 6 7 8 9 10
Time (days)

Fig. 19. Survival rate of Panope japonica in various salinity regimes.
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Fig. 22. Changes of oxygen consumption of Panope japonica according
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Fig. 23. Monthly changes of gonadosomatic index (GSI) of Panope Jjaponica.
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Fig. 25. Development of ovary of Panope japonica (X100). A: Multiplicative

stage; B: Early growing ovary; C: Growing ovary; D: Mature
ovary; E: Spent stage; F: Recovery stage.
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Fig. 26. Development of testis of Panope japonica (X100). A: Multiplicative
stage; B: Growing testis; C: Mature testis; D: Spent stage;

E: Degenerative and resting stage, F: Recovery stage.
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in the gonad of Panope japonica.
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Table 8. Result of the spawning induction experiments with Panope japonica by
various stimulation methods

Number Number

Stimulation Process of of Rate
Date . . . of
methods stimulation experi- responses
ment $ 3 response
Temperature Apr. 13, 1993 10T—17T(1h*)—10T 10 - - 0
(heating and Apr. 26 125C—20T(1h)—13T 20 - - 0
cooling) Apr. 26 125T—18T(1h)—11T—15T 20 - 1 5.0
May 3 131T—-5T(1h)—12T 20 - - 0
May 3 13.1T—21.4T(1h)-7T(0.5h) 20 1 2 15.0
—15T(0.5h)~10.3T—13.0TC
May 14 144T—232T(1h)—17T 20 - - 0
May 14 144C—23.2C(0.5h)—144T 20 2 3 25.0
(1h)—23.2T(0.5h)—144T
—180T—144T
May 15 145T—-56T(2h)—13.2TC 20 1 2 15.0
—19T—-10T—128T
June 5 183T—23.0T(0.5h)—183T 20 - 2 10.0
—23.0C(1h)—183T
Dried Apr. 15, 1993 95T—-21.8T(1h)—=95T 20 - - 0
May 10 132T—230C (1h)—132T 20 - - 0
June 5 183T—25.2TC(1h)—183T 20 - - 0
Openning Apr. 15, 1994 Incision of gonads 20 5 4 45.0
gonad May 10 " 20 3 3 300
June 5 " 20 1 2 15.0
UV rays May 7, 1995 243.7TmWh/t 10 - - 0
irradiation " 4875 ” 10 - - 0
" 6094 ” 10 - - 0
Y 8125 ” 10 - - 0
May 8, *x 6094 ” 10 - - 0
" 8125 ” 10 - - 0

*. Time for stimulation

**. Dried (1hr.) before UV irradiation



Table 9. Results of spawning induction experiments with Panope japonica
by NH4OH stimulation in 1994

Stimulation Process Number Nurs?er Rate
method Date . of . O.f responses of
stimulation experiment Py 2 response
Adding of May 15 1/1000 N 20 - - 0
NH.OH " 3/1000 N 20 - - 0
solution " 5/1000 N 20 - 1 5.0
” 8/1000 N 20 1 2 15.0
" 10/1000 N 20 1 2 15.0
Y 15/1000 N 20 - 2 10.0
Injection May 15 1/100 N 20 - - 0
of NH4OH " 3/100 N 20 - - 0
solution ¢ 4/100 N 20 - - 0
May 16 5/100/ N 20 = 1 5.0
- 7/100 N 20 1 1 10.0
" 10/100 N 20 - - 0
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7. 5] PMERI B4

1) KB BEX

deo] A2 FARY LA vAe F£9 YL FHIH] Ao 5TA Y K
#(G5, 8 11, 14 T % 17 T)AM ZAGF X, BLEL Table 10 ¥ Fig. 30914
o} 2

FHRL KB 11~17 T PN 745~802%2 EA UeEloy 8 T o]3lollA
£ 405~683%2 A3t BILEKL K 8~17 T HHAA 778~905%=2 =4
Yelg, 5 TAME 50.1%2 vlad vgich

2) Mo BLEX

o] £ £ATY FAd A GEEEY Y& T3] A TEAH
FEEFX(5, 20, 25, 30, 35, 40, % L 45 %)NA ZALY 3 &, F318&L Table 11
3 Fig. 310149} 2o}
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A& 11 T A4 4d) =Z72l=/M9) I8 42 Table 129 Figs. 32~339 JEh
AT G SEMHINoln, TIPS KRAO2 WP L 70 umolthFig. 32. A). XK
o] g8 d ¢ FAYRIY ISP A5y, £ F 24%el AU A1x HHE I
o 2M 2712 =1 (Fig. 32. B), %K ¥ 4A1o] =W 4A X 7[(Fig. 32. C), 9AI3te]
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Fertilization rate and hatching rate (%)

Table 10. Comparison of fertilization and hatching rates of Panope

Japonica in various water temperature regimes

Temperature eggs

Number of Fertilization Hatching

(C) spawned Number of Rate Number of Rate
eggs (%) larvae (%)
5 10,000 4,050 405 2,030 50.1
8 10,000 6,830 68.3 5,760 84.3
11 10,000 8,760 876 7,840 89.5
14 10,000 8,920 89.2 7,730 86.6
17 10,000 7,450 745 5,790 77
100
80
60 -
40+
- Fertilization rate
o0 —+ Hatching rate
o ] i 1 1 1

5 8 11 14 17
Water temperature (T)

Fig. 30. Changes of fertilization rate and hatching rate of Panope

Japonica in various water temperature regimes.




Table 11. Comparison of fertilization and hatching rates of Panope

Japonica in various salinity regimes

o Number of Fertilization Hatching
Salinity eggs
(%o0) spawned Number of Rate  Number of Rate
eggs (%) larvae %)
15 10,000 0 0 0 0
20 10,000 5,420 542 1,870 345
25 10,000 7,250 725 4,680 64.6
30 10,000 8,720 87.2 7,580 86.9
35 10,000 8,850 885 7,320 82.7
40 10,000 4,540 454 1,440 31.7
45 10,000 0 0 0 0
:5 100
3
«©
(] 80 —
00
B
Mo
3
E 60
o
=
«
8L 40+
«
bt
[=
i)
% 20+ ~- Fertilization rate
N
= -+ Hatching rate
T
(3}
fx 0 § | 1 1 1 1 }
15 20 25 30 35 40 45
Salinity (%)
Fig. 31. Changes of fertilization rate and hatching rate of Panope

Jjaponica in various salinity regimes.




Table 12. Development of Panope japonica under water temperature of

11 T

Stages af}i(le?'p?:til?zrzgon Size
Fertilized egg 0 Egg diameter: 70 um
2 cells 2 hr.
4 cells 4 hr.
8 cells 9 hr.
16 cells 15 hr.
Blastula 23 hr.
Trochophore 2 day
D-shaped larva 3 day 110 x 90 um
Umbo stage 23 day 160 x 143 Um
Full-grown stage 36 day 205 x 185 um




Fig. 32. Early development of the egg of Pancope japonica (X100).

A: Fertilized egg (egg diameter: 70 um); B: Two-cell stage;
C: Four-cell stage;, D: Eight-cell stage; E: Blastula stage;

F: Trochophore larvae.
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Fig. 33.

G H

Development of the larvae of Panope japonica (X100). A: D-shaped

larvae (shell length: 110 pum), B: Late D-shaped larvae; C: Early
umbo stage larvae; D: Umbo stage larvae (shell length: 160 pm);
E: Early full-grown stage larvae; F: Full-grown stage larvae
(shell length: 205 um); G: Early attached young spat (shell length:

320 um); H: Attached young spat (shell length: 390 um).
_54_



Table 13. Relationships between water temperature and required time
(hours) to each developmental stage after fertilization

Water temperature

Stages
87T i1t 14T 17T
8 cells 21.2 8.7 5.4 43
Blastula 46.0 22.2 187 123
Trochophore 87.3 42.4 338 23.6
D-shaped larva 122.6 70.4 624 427

T2 A= Tuy)o) ol2ui(Fig. 32. E), &X ¥ 28°] Aud gl 43
g urE3E 98244 (trochophore larva)e 2 R 3&TH(Fig. 32. F). ol ¥ w4
& wute] wasn #7 Hzto] ¥AHT, 3AAAE BE 110 ume] DAFELE H
o (Fig. 33. A), B&E 130 um FE=S 2 Z9] diRst 534 s¥A DA AR
A ®EMEol ARETHFg. 33. C). ®#E 160 umdlAE BEF7E 6 AR
(Fig. 33. D), % 360 A (1L # 34H)0 &E 205 um= A3l A& A97} =
A WA T AMAYGE o|PatA Erh(Fig. 33. F). olwizhA o] P4 1% Wik
< 34~368 x|tk

KER MPREREES B37] Aty HIBFE DY 4R AR YHE @
&t KEH & BEBRME ol277tA] FIERME Table 139 Yetdth & K&
A BAERET AT AlolE Ren 8MXE, ¥uy], 2&A7 € DA fA7IZ7A
4942 FEIS & BAEEHN FTERMGE houn)d KB(w: T)ZAY Mfke Fig.
349} gov FAAE FIE g 2o

Ho
o

Mo

to

A 7] © 1/t = 00209 w - 0.1167 ( r = 0.9967 )
Zuj7] © 1/t = 0.0055 w - 00192 ( r = 0.9825 )
FE&A7] © 1/t = 0.0034 w - 00155 ( r = 0.9907 )

DA #4871 : 1/t = 00014 w - 0.0023 ( r = 09843 )
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Fig. 34. Relationship between water temperature and required time to each
developmental stage of Panope japonica.
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Fig. 35. Relationship between required time to each developmental stage and
integral water temperature. I: 8 cell; O: Blastula; I: Trochophore;
IV: D-shaped larva.

Developmental stage



Table 14. Elapsed days from D-shaped larva to the full-grown stage
in various temperature regimes

Elapsed day

D-shaped Umbo-stage
Temperature larva Full-grown
() stage
Early Later Early Later
stage stage stage stage

8 5 14 19 27 45
11 3 9 15 23 36
14 3 6 10 17 30
17 2 4 6 10 -

o] @A Aol o PRt HEEEA Fe AWEY KPEAES HFL 382 THA
on, KEH & BEBMA ol27] 71A 9 L2aFE AN £yEy EBAEEL
TAY K@ KM BEEIZFEH Jd BABMS KE7 HEEEE Fig 359
Uellilen, ojZo g HAaME Kild UE BRAEEE & & Ut

271229 D $49 A7tz kiEd BE WAL A Table
14014 HE uig 2o DY #H4o] 2dsede Kilo] #8452 4873t o}
A, 8 CAME Z# F 5H(F3} F 38)0] 4285HE ¥ 17 CAAME 289 28
H At S (full-grown stage)o.2 WBIcHlE 8 TAA ¥ ¥ 45A (23
F 43H)°] 28HAUL 11~14 CTAME 30~36H] FEHALH, 17 TAME KM
FRIA7EA =23tA] £3n 28 ®ESAAD.



8. 4EMREH

1) K&

FAEK 1 nt¥ 1EHS] BERZ KA 27120 HE Killd HE ®’E] K
E& Fig. 36914 2euke) 2d. KB 17 CTAdA gRel 7H3 gt 3t & 3A K9
E ®&EC 1225 um¥ 1, 23 7TAANE 1422 um, 138 A= 1645 um2 HKE3}
Foy 2 ojFo =& WL A& 14 CAME 53 3649 1182 umollA 15
BA 1595 um2 mEsNes, 21AAdE 1735 imE HEF}AT. K& 11 Tl
Ae 33 & 384 1145 um, 15 A 150.1 pm, 21A Al 160.3 um= RES K
ooy Xl 8 CoAM FREST Z7AZN $H4S F3 F 3A A 103.3 um, 158 Al
1302 um, 21 AAlE 1402 pmo 2 A3 e HAL st

RAEYED 4 kEd 48 #Ee BEX(specific growth rate: K) ¥ AMBKE

& Table 15 @ Fig. 37914 2& ups} 2t

KiB 17 TAMY #Aae] RERS 263~376(F# 3.11)9 fiEloly, o @9 %3
o] BMRERL 410~460 um(F#H 428 um)e} @EZA 7} =%od, K& 14 T
9 ERRS 129~327(3F 227)°12 BMEEELS 218~385 um(H& 3.17 im&
A PR ES BEHHY 11 TAME RER| 1.03~261(F% 1.88)2 ARMME
B2 163~3.03 sm(FH 251 im)FLH, 8 TolAMe HER] 1.30~251(F38 1.76)
2 AMREERES 1.78~260 um(FH 2.09 um)e ¥ st 26FHMS 713
3o RS e

7Y £ BE KEL 8~11 C, 11~14 T, 14~17 T, 8~17 T 4@
BEEMIZ ZH F A0 o2 BEREREKE A% A3E Table 169014
B upeol @

2EEFPMF] BR HR vAc BEREEARE 11~14 TolA 194342 713
=$taL, ool 8~11 T2 19183°]Q 28, 14~17 TolAME 1332028 7} ko,
HAE AR 42 BEREGAEL 7HF & Al7le 8~11 T R3AF 1784
2.8307, 11~14 CoAlAE 118 28877, 14~17 CTAME 7EA ] 15920, 8~17 T
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Fig. 36. Comparison of shell length growth of Panope japonica larvae
reared in various water temperature regimes.



Table 15. Daily increment and specific growth rate of shell length of Panope
Japonica larvae reared in various water temperature regimes

Water Rearing Days of Shell length (um) Specific Daily

Temperature  periods reared growth increment
() Initial Final rate (K) (um/day)
1~ 5 4 98.5 1089 2.51 2.60
5~ 9 4 1089 119.2 2.26 2.58
8 9 ~ 13 4 119.2 126.3 1.45 1.78
13 ~ 17 4 126.3 133.1 1.31 1.70
17 ~ 21 4 133.1 140.2 1.30 1.78
1 ~21 20 985 140.2° 1.76 2.09
1~ 5 4 110.1 1222 2.61 3.03
5~ 9 4 122.2 132.4 2.00 2.55
11 9 ~ 13 4 1324 143.2 1.96 2.70
13 ~ 17 4 143.2 153.8 1.79 2.65
17 ~ 21 4 153.8 160.3 1.03 1.63
1 ~21 20 110.1 1603 188 251
1 #45 4 110.1 1255 3.27 3.85
5 & &0 4 1255 140.1 2.75 3.65
14 9 ~ 13 4 140.1 153.2 2.23 3.28
13 ~ 17 4 153.2 164.8 1.82 2.90
17 ~ 21 4 164.8 1735 1.29 2.18
1 ~ 21 20 110.1 1735°  2.27 3.17
1~ 5 4 113.2 1316 3.76 4.60
17 5~ 9 4 1316 148.1 2.95 413
9 ~ 13 4 148.1 1645 2.63 4.10
1 ~13 12 113.2 1645 3.11 4.28

Values in same columns having the different superscripts are significantly
different (P<0.05).
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Fig. 37. Variation of specific growth rate of shell length of Panope japonica

larvae reared in various water temperature regimes.

Table 16. Effect of temperature reaction rate (Qio) on rearing days of Panope
Japonica larvae

Rearing Days of Qio
period rearing

8~11T 11~147C 14~17T 8~17T
1~ 5 4 1.1389 2.1185 1.5920 1.5060
5~ 9 4 0.6657 2.8877 1.2634 1.3441
9 ~ 13 4 2.7305 1.5369 1.1408 1.6171
13 ~ 17 4 2.8307 1.0569 - -
17 ~ 21 4 0.4606 2.1160 - -
1 ~21 20 1.9183 1.9432 1.3320 1.6765

— 62 —
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Fig. 38. Comparison of survival rate of Panope japonica larvae reared in
various water temperature regimes.



Table 17. Survival rate and mortality of Panope japonica larvae reared
in various water temperature regimes

Water Rearing Days of Number of Daily Daily Survival
Tempe- period rearing larvae survival death rate
rature rate rate (%)
(C) Initial  Final
1~ 5 4 50,000 34,100 0.9087 0.0913 68.2
5~ 9 4 34,100 22,350 0.8998 0.1002 447
8 9 ~ 13 4 22,350 12,450 0.8640 0.1360 249
13 ~ 17 4 12,450 6,600 0.8533  0.1467 13.2
17 ~ 21 4 6,600 3,450 0.8503  0.1497 6.9°
1~ 21 20 50,000 3,450 0.8749 0.1251
1~ 5 4 50,000 31,650 0.8920 0.1080 63.3
5~ 9 4 31,650 19,350 0.8843 0.1157 38.7
11 9 ~ 13 4 19,350 13,000 09054 0.0946 26.0
13 ~ 17 4 13,000 8,600 0.9019 0.0981 17.2
17 ~ 21 4 8,600 5,750 0.9043  0.0957 115"
1 ~ 21 20 50,000 5,750 0.8975 0.1025
1~ 5 4 50,000 36,250 0.9227 0.0773 725
5~ 9 4 36,250 26,650 09260 0.0740 533
14 9 ~ 13 4 26,650 16,100 0.8816 0.1184 32.2
13 ~ 17 4 16,100 - 10,750 09039 0.0961 215
17 ~ 21 4 10,750 8,100 09316 00684 16.2°
1 ~21 20 50,000 8,100 09130 0.0870
1~ 5 4 50,000 23,150 0.8249 0.1751 46.3
5~ 9 4 23,150 11,750 0.8441 0.1559 235
17 9 ~ 13 4 11,750 4,800 0.7995 0.2005 9.6
13 ~ 15 - 4,800 0 - - 0
1 ~13 12 50,000 4,800 08226 0.1774

Values in same columns having the different superscripts are significantly
different (P<0.05).
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Fig. 39. Variation of daily mortality of Panope japonica larvae in various

water temperature regimes.
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. Comparison of shell length growth of Panope japonica larvae
reared by various phytoplankton feeds. Ch.: Chaetoceros calcitrans;
P.: Paviova lutheri; 1. Isochrysis galbana.
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Table 18. Daily increment and specific growth rate of shell length of Panope
Japonica larvae fed by various food organisms

Food Rearing  Days of Shell length (um) Specific . Daily
organism period rearing .. . growth increment
Initial Final rate (K) (um/day)

1~ 5 4 1101 1222 2,61 3.03

5~ 9 4 1222 1324 2.00 2.55

Chaetoceros 9 ~ 13 4 1324 143.2 1.96 270

aalcitrans 13 ~ 17 4 143.2 153.8 1.79 2.65

17 ~ 21 4 153.8 160.3 1.03 1.63

1 ~21 20 110.1 160.3° 1.88 2.51

1~ 5 4 110.1 125.8 333 3.93

5~ 9 4 125.8 141.2 2.89 3.85

Pavlova 9 ~ 13 4 141.2 158.6 291 4.35

lutheri 13 ~ 17 4 158.6 167.8 1.41 2.30

17 ~ 21 4 167.8 174.4 0.96 1.65

1 ~ 21 20 110.1 174.4™ 2.30 3.22

1~ 5 4 1101 129.3 4.02 4.80

5~ 9 4 129.3 1447 2.81 3.85

Isochrysis 9 ~ 13 4 1447 164.2 3.16 4.88

galbana 13 ~ 17 4 164.2 1735 1.38 2.33

17 ~ 21 4 1735 1789 0.77 1.80

1~ 21 20 110.1 178.9% 2.43 3.44




Table 18. (Continued)

Food Rearing  Days of Shell length (¢#m) Specific . Daily
organism period rearing growth increment
Initial Final rate (K) (um/day)
1~ 5 4 110.1 123.0 2177 3.23
Chaetoceros
~ 9 4 123.0 1345 2.23 2.89
calcitrans
~ 13 4 1345 146.3 2.10 2.95
+
13 ~ 17 4 146.3 156.2 1.64 2.48
Pavlova
17 ~ 21 4 156.2 1658 1.49 2.40
lutheri
1~ 21 20 110.1 165.8* 2.05 2.79
1~ 5 4 110.1 1315 444 5.35
Isochrysis
5~ 9 4 1315 148.3 3.01 4.20
galbana
9 ~ 13 4 148.3 164.5 2.59 4.05
+
13 ~ 17 4 1645 178.0 1.97 3.38
Chaetoceros
17 ~ 21 4 178.0 185.2 0.99 1.80
aalcitrans
1 721 20 110.1 185.2° 2.60 3.76
1~ 5 4 110.1 1255 3.27 3.85
Isochrysis
5~ 9 4 1255 140.2 2.77 3.68
galbana
9 ~ 13 4 140.2 156.6 2.77 410
+
13 ~ 17 4 156.6 168.5 1.83 2.98
Pavlova
17 ~ 21 4 168.5 180.8 1.76 3.08
lutheri
~ 21 20 110.1 180.8™ 248 354

Values in same columns having the different superscripts are significantly

different (P<0.05).
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Fig. 41. Comparison of survival rate of Panope japonica larvae reared
by various food organisms. Ch.: Chaetoceros calcitrans; P.: Paviova

lutheri; 1.: Isochrysis galbana.



Table 19. Survival rate and mortality of Panope japonica larvae rearing by various
food organisms

Number of Dail Dail Survival

. 1 aily aily urviv
org;)r?iim I;Z:;g ?::x:nzf arvae survival death rate
Initial  Final rate rate (%)
1~ 5 4 10,000 5,630 0.8662 0.1338 56.7
5~ 9 4 5630 3,670 0.8985 0.1015 36.7
9 ~ 13 4 3670 2,300 0.8898 0.1102 23.0

Chaetoceros

15 ~ 17 4 2,300 1,620 0.9161 0.0839 16.2

calcitrans b
17 ~ 21 4 1,620 1,150 0.9179 0.0821 115

1 ~21 20 10,000 1,150 0.8975 0.1025

4 10,000 6,150 0.8856 0.1144 61.5
4 6,150 4,130 0.9053 0.0947 413
Pavlova 9 ~ 13 4 4,130 3,080 0.9293 0.0707 30.8
lutheri 13 ~ 17 4 3,080 2,150 0.9140 0.0860 215
17 ~ 21 4 2,150 1,560 0.9229 0.0771 15.6™
1 <2l 20 10,000 1,560 0.9113 0.0887

4 10000 6720 09058 00946  67.2
4 6720 4730 09159 00841  47.3
Isochrysis 9 ~ 13 4 4730 3300 09139 00861 330
galbana 13 ~ 17 4 3300 2640 09457 00543 264
17 ~21 4 2640 2050 09388 00612 205

1~21 2 10,000 2050 09239  0.0761




Table 19. (Continued)

Number of

Food Rearig Days of larvae Da{ly Daily - Survival
organism riod rearin survival death rate
g pe ®  ital  Final rate rate (%)
1~ 5 4 10,000 6,850 0.9097 0.0903 68.5
Chaetoceros
~ 9 4 6,350 4,540 0.9023 0.0977 454
aalcitrans
~ 13 4 4540 3,020 0.9031 0.0969 30.2
+
15 ~ 17 4 3,020 1,750 0.8725 0.1275 175
Pavlova
17 ~ 21 4 1,750 980 0.8650 0.1350 9.8
lutheri
~ 21 20 10,000 980 0.8904 0.1096
1~ 5 4 10,000 7,330 0.9252 0.0748 73.3
Isochrysis
~ 9 4 7330 5120 0.9142 0.0858 51.2
galbana
~ 13 4 5120 4,250 0.9545 0.0455 425
+
13 ~ 17 4 4250 3,100 0.9241 0.0759 31.0
Chaetoceros
~ 21 4 3100 2,420 0.9400 0.0600 24.2°
calcitrans
~ 21 20 10,000 2,420 0.9316 0.0648
1~ 5 4 10,000 6,550 0.8996 0.1004 65.5
Isochrysis
~ 9 4 6,550 4,330 0.9017 0.0983 433
galbana
~ 13 4 4330 3110 0.9206 0.0794 31.1
+
13 ~ 17 4 3,110 2,030 0.8989 0.1011 20.3
Pavlova be
17 ~ 21 4 2,030 1,620 0.9452 0.0548 16.2
lutheri
1 ~21 20 10,000 1,620 0.9130 0.0870

Values in same columns having the different superscripts are significantly

different (P<0.05).
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Variation of daily mortality of Panope japonica larvae reared by
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Fig. 43. Comparison of shell length growth of Panope japonica larvae
reared in various density conditions.



o a1 SEEES) 10EBEANNE 2 1725 um, 1668 umE AZXH REEL B
At

BAEAMGbY] FE G2 BRe REX ¥ AMBERS Table 20014 ®& u}
9} #Zr}.

WHE SEW o8t FHRERLE 236~27022 EXT, SEMES 10/ERE
ME 208~22622 Iton EEFMRES BRARREL 2HABEANAM 584 13 &
dth. AMEKEEANAMT SEHE ol AR 332~395 um= Ekon BABMRK
REL MEREE Ad3tice 25 584 713 =344

£ HFEK(Fig. 491 AN 5ERAAE 721~803%=2 307 fIey 7THARH
AZzat7t 18 21A A= 1EBEAAN 415%2 71F & £HFXE K93, 3@
BES 252%, SEEES 176%9 £oldon, I0EAEAME 54%2 7t3 AZE
AHFERE e

olZE EWR3Y 219 A&¥e RETKET HE YEJIHE F3o BHU(Fig.
45) Y= -38.832 x° + 442672 x + 4715228} 2L Aoz Yed 4 slen, HE 5
EfEEAM 7H 88 F& AT 5 Ue AR e $H4e BALES A8
A 5l W2 fHESe 3o $& A2z AlgdETh

4) EER &

7Y ZENY HELE KB 11 T Z8H F 368 ZHA=E DA ol Hi o]
WRE FHEAKES] AFo2 Ha wTIAEY. AEAE] AMAdE 49 Fte,
Bty 2eln BEREA @& HolUEFoR MEAN YAYFTEC] FAHR £
o}2E 7] ol 2R kS MR R 4£FN S9%E VIS HERER &
ZU9 F7|FF ¥ol wel EEmEst, TERg ¥ EE7Fe4 5 7HX=2 UF
o} (Fig. 2) vInfE T FA<= Fig. 463 B},

AHERABREF BR RS TEMEHRC F3 F 1384 1582 um, 21 A<=
1773 ym2 7HF ol F3sgen, Loz FE/tsel4oez 1384 1474 u
m, 21AAdlE 1694 ym2 KEINR, EEAEHRL #3 & 13684 1454 um, 218
A= 164.1 um=2 7} A=z}



Table 20. Daily increment and specific growth rate of shell length of Panope
Japonica larvae reared in various density

Rearing Rearing Days of Shell length (um) Specific Daily
density period rearing growth increment
Initial Final rate (K) (um/day)

1~ 5 4 110.1 1293 4.02 4.80

5~ 9 4 129.3 1477 3.33 4.60

1 9 ~ 13 4 147.7 164.2 2.65 4.13

(ind/ml) 13 ~ 17 4 164.2 1775 1.95 333

17 ~ 21 4 1775 1889 156 2.85

1~ 21 20 110.1 1889° 270 3.95

1~ 5 4 110.1 1275 3.67 435

5~ 9 4 1275 1438 3.01 4.08

3 9 ~ 13 4 1438 1615 2.90 4.43

(inds./ml) 13 ~ 17 4 1615 170.4 1.34 2.23

17 ~ 21 4 170.4 1765 0.88 1.50

1~ 21 20 110.1 1765®  2.36 3.32

1~ 5 4 110.1 130.9 433 5.23

5~ 9 4 1309 1455 2.64 365

5 9 ~ 13 4 1455 163.3 2.89 4.45

(inds./ml) 13 ~ 17 4 163.3 172.6 1.38 2.33

17 ~ 21 4 1726 181.2 1.22 2.15

1 ~ 21 20 110.0 181.2% 250 3.56

1~ 5 4 109.8 126.2 3.48 4.10

5~ 9 4 1262 140.7 2.72 3.63

8 9 ~ 13 4 140.7 154.4 232 3.43

(inds./ml) 13 ~ 17 4 154.4 165.2 1.69 2.70

17 ~ 21 4 165.2 1725 1.08 1.83

1 ~ 21 20 109.8 1725® 226 3.16

1~ 5 4 110.0 1253 3.26 3.83

5~ 9 4 1253 1385 2.50 3.30

10 9 ~ 13 4 1385 150.2 2.03 2.93

(inds./ml) 13 ~ 17 4 150.2 158.6 1.36 2.10

17 ~ 21 4 158.6 166.8 1.26 2.05

1~ 21 20 110.0 1668 208 2.84

Values in same columns having the different superscripts are significantly
different (P<0.05).
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Fig. 44. Comparison of survival rate of Panope Jjaponica larvae reared

in various density conditions.
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Fig. 46. Comparison of shell length growth of Panope japonica larvae
reared by various methods of air supply (see Fig. 2 for detail).



=Y FEHMG BRGEN dE AFRLS Fig. 47914 2ol 23 & 5AA7
Ae BRFEN BE AFR A7 Aoy 2 o|FRHE FRIY WBAAAY 4
RS TramEsRel 189%2 M Fhom LErtFede 105%, LEEHRL
6.8%< °lA

9. Bleshae] WA KE

272N B#ESHES KR det /RS Avtes RRARE o AR
ol w2t RILEE v FARHOAM AL Buste 1Y B YA FHoz B
gk & o] WgdlEA AMAYE BITHA ok mEM H4L HACR HER
S HAIE A Table 213 2o},

48 158 B 4o dis ¥3F 33AAY KUEHE F3uidw, YAHIE
Y RHE AHE3t KB FUF 0BA FAANRE 2o, ZAE ol & kMW
AA 3650%2 7HE FzsFouvt AudRy FHIEL 320~656%2 Fkth
EF FG3nidwe AAYUE 2R HEAQGRYED KFR(6.56%)0] F5
Jct. AE717A S ZAA s ZF 240~260 pmol A iR Eo] Iz, 43 270~300
umell A& ZE HA7F 2334 dchFig. 32. G).

3] HE| Ao FAF FHO MAEEH OE HEIN 4H7XRL vad e
Table 229} 2t}

5H 30H%E 7A 12871A 438 M9 EEANAM 2o RiAF HAS HEN KBS
£ 176 mm$} 097 mmy 1, AMEEES 033 mms FGuduat AR v
& REe] v o, AFERE 112%=2 7 Edth d3udddy kF R
BEEKHY BHRRETD £FXL KFEHT Rol 47 0032 mm, 9.6%2 HEK
#9 0027 mm, 75%° ¥l5td WP FL& Ao velyo.

MRS dFELS 37 Fe R3sed R AT olFol 7HestAI BEol
o3 F37oAM gdfdts 42 A9 gUen, #R 390 umAEAME HAo] %
FAIR 23T olFE A B &+ fATHFig. 32. H).
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Fig. 47. Comparison of survival rate of Panope japonica larvae reared
by various methods of air supply (see Fig. 2 for detail).
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T Rl FAF #MAVE BAY W 71X REAAH WE KRY £FXRE
B Table 23 R Fig. 480148 Zo] hF ¥ 1IAAdNE FHK/KR 531 um, AMHK
BE 1986 um A 2HANE FHK/R 1161 um=Z F o] ALHUR, BHEE
B 3528 um2 AT RRIATH 468 A FHH/E 1910 um, AMRRE 62.29
ImE FHAY HRAAT, F2F HA BAL 39UARE AU o] @9 H
237 BR 1500 umA L, &E 1900 um7} HE i Eo] nfi402 BAS &8
3 sg

AHFRE E ¥ 488 645%, 118 A 486%= Ayl ol4do] EIEHIY 1
¥ ¥R FA3}Y HERTIY RHHo2 AYdte Al7lde 104%9] £#®
£ Ryt



uogenguy 16 vot 6229 0T6'T OE1Z2~099°T 1214 ST Amf

uonexniut
pue
uonejuawWIpasg 1£3] 81l Ly VLV'T Z89'T~0S2'T 6€ 8 Am[
” LL 9Vl 8¢St I91°T OVET~0S0'T 4 T Amf
w oL ¢8I 1682 716 090°T~808 1574 yg sunf
" €9 IA%T4 192 viL 928~819 81 L1 aunf
p 93 98y 98°61 €S 2h9~0er IT 01 aunf
uonejuaWIpPasg (414 S87%°] 0081 a6¢ Shv ~80¢ 4 g aunf
UO[JBIUSWIPIS
pue Buneoly 117 001 - 02¢ 96 ~¥8¢ 0 V661 ‘0E AN
IS uonez (%) (Aep/warf)  UBIIN aduey durreas
uonenjyur
o ~1[I3] el JUIUISIOUT Jo sfep aeq
JUSWIYOERY jo sfeq [eAlAIng Arreq (wrf) YjBua [ayg SARBMWN)

wo03j0( pues U0 JUIWIIIS
J9ye uonenyur [jun Jeds powodpl adoupg JO S3jel [BAIAINS pUB YIMOIN) €7 S[QeL



Survival rate (%)

Shell length (mm)

100

50

1 i | 1 1 L

0 10 20 30 40 50
Days after attachment

Fig. 48. Comparison of growth and survival rate of Panope japonica
juveniles for 46 days of rearing.
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44 BEE v REERSZE KE(Choigt koh, 1990; € %, 1991), @5
(Lim %, 1991), %8 X (Sanders, 1968; Hong, 1987), EEE (Duineveld &, 1991) &
7127 Atk o] & KEe A%e RBMEDHI KR W& 9L "AA He
o] ZAIH Qe AL 56~175 T Ho2 Hol ANYAQA £2PH WA 27)g
ZM AR 47D AEHA JAAA & dYo] gle Aes BY

WAool A 2 HME 39 3227~3422 %=2A XES AFAHQ WFo AU
U 27247 HAste EFS 32.16~3393 %9 ¢AAY EXE RolB2 A 3
F9e) F2 MA3e $Y(Mya arenaria)® FHES 31.55 %(Ayers, 1956)B. T} H]
2 FHSEA MAste Aoz vEyt

BARe BEREE AET BXY B BUE 5% 838, 2/ S A% 3HA,
TE 3FFE T g3 AEHo Aoz e Fo BFERERE F£4d =
aol7h Aoy £ YoM 2 KEol 5~7 at/LtE & BiLE fNeH 7YX
Aol APy BAAL. EF FAHL AL At HA o] B YL W
o] Wlon HmBMel I Aoy o= BEMFKS H}ilo] Mg Byl oY &
ERMEAME Bnd YA E Boln lon, & F(1991)o]l REE SIAMFAA
ZAG A9 RAG RES BT

RhLSAA BALFES st 2AFE AD A4 gt Ex7t F¢59
et EAS KNEE ADoK, 1988). Mg oixe RELSFE B 2o
& HolA ggteon, IyARMY F MAAe EEL 3.0~4.06(0.125~0.062 mm)H
A9 mAHALEe]l 465~509%F AASE wAMY EHFoe2 BEo¥(Spisula
sachalinensis)®] 2.0~3.0¢ W $)(Sasaki, 1989)E.t} A PAeo|ny, Silt Ex ClayAHl
(Goshima, 1982)el M4 3te $8(Mya arenaria) Rt EENE7 €222 Yey
=3

EABLZ A% VRN AFBEHRL BR 5 cm 139 N RE dEE K
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H 5~10 cm3o BASAL, 5~8 cm 271 5~20 cm 9], 10 cm )AL 15~30
cm Zoldl HASFEEA A7 F4E P& Rl M3 Aoz Ve W
BIBREA THAAM 9A7ZIA Kifio] 16 T ol gollME ol R Lo KEHE 4+
AlA EEECZ BAAIIL 5L FA3E v, Kol 9~14 T HAY 4HA
6AZAAE XEHE EHAE Z2A ®o] AHAEFS 43 e o= #FHA
o Z7ENE ZHAR =3NS W 222 B BAL X RIe Aoz B
of #HAGAH FH HAY olFol= £HHoZ o|F3A 3 FRdM AL A
Asle oz 4z

THABE AKEES B39 dFAUA S dFFoA otrin BHd @A
AR el oA mAF HBolU {UIEUAE A A3t RaAFEHK
ot — K AKbdE A Kkl £ EHPC #HET #7152 FYdd g
HBRYAEEZE AT 7PN Rdl&ed £3 4¥A F8E AR FR2 W
o] ERIEEL I3} HHEAT /7SS A A4yt &80

#I(1960, 1962)= F=3 WS BLE AEYW RAENM vlnd d&dd Yo &
FAgo] HolHn, 1 A7 1AL 1 mm °l%}, F2¥L AL 320 um °ldtn
Bt 21, Sasaki (1987)9F ILMHMAKERES(1963)2 B3] HiLBEAM &S
FTHE TEZRAN /Y KT, HBEE BH SEAEZIE &Y koY #, =
BMAKS BiEe]l 2V3ATL Buset. £ ZAlA #EhEoR ¥l &
=2 Coscinodiscus, Nitzschia, Skeletonema B2 #1(1960, 1962)9] R 119} MH{LUs)
qon, NEY HBEMBOEC F2F7 879%2 HEEL o1 glon 19 FEA
EZ3E0l 2WINYoY BILER HolWEF HL7L 433 RS d) FEES
g5 gle A= deEU 1o oo tid A& AT} olFojAHol ¥ Ao o
AR,

AAEE] BollM HILE EES ALRE BdZA Fhsidn dsde 1%
W2 FYE HAY oA AMHERKRE By 2L FYL Holu glon,
Tt KiE FEbos JAAY FEMKS Holn ed o PUe=e 9§
A DF2oAM £EERC] BEY L35l F1 AL 4AEIEHY Atz
AY a3pso] @7 WE(o], 199422 HEdrt



EASt KH(1985) F/IFEANN FEFSE I7ARMNe KB 216~234 Tol
M 108 H £FRO] 4H~75%1 FAon, & F(19DL ZUALANA =)=
g MAzA] Kol 7~16 T WA &g A&} st

& @M e K 5~20 T MM 1085¢ AY 100% £#HEsIPoY 23 T
|} FEE %I FFA 10AF ¢ PLEILEE(LDso-240 hr.)E 2.0~220 T ¥
A2AM gEAE ZdHoY FHBdle GFAL Bolm U

B E@sd A wtel vind F3ld dF-EE 20.1~335 %olAM 20H
¢ BT AATHE X, 1980). 28y IAZAZRMNE S 25~30 %NAME 108S
¢ 2B EFIFHA2Y 20 %olAe 1084 30%Te] 4£FHYeH, 108SAY ¥
t MHBE (LDso-240 hr)e 21.4~375 %2 A Eaoi g (&xk, 1980)d H3to &
HWool F@BolH ol HHu@ MAF4e] 5~15 m2 ALF AN A 45}
A Z7YZAE 20~30 m YA vz o] M3y BfEe YzE,

MEAHRES 9B 2T oA kil vl (Gradnerst Leetham, 1914), B K
(1979)0l &J3t™ ojd £x o|ie] HWH HEHBEC Zud Bitn 1 ojFe %
of, drtHE 7tA S MERBEE 33 gass Fedan 21y g 2782
Me RBHSR HKEA Fgd] U JEH BEd F4& 230, 53] HAR
K MERHEREC 53t K 15 ToAe 812 al/kg/hro]ld Aol 25 TolAe
1583 mt/kg/hr.2 F33tAch 9o AREAM e B AERENRE YAAHL v
o HEA, 7z Adhsvle FFAY FF01Y 8424 mt/kg/hr. (B I,
1976) Bk 3A o 71449 S AHe 3.0 at/kg/hr.(Sung, 1972) Bt 3
viol M%7 87 H, AFMY 1113 at/kg/hr.(B S B, 1976)9k v 584

A7 ZMNY EHH By BASH RH(1985)2 AA MRES HEREE R
AMe 11ARE ESH S, € (019D F4E SAA 38 BadAae |
~4A2 WESTY BasHo.

2 d7dMe 27z ERYHE 7] HAste] 19924 ~19934 A £ME
EEERES ZAY A3 2Ad e g3 163, £30] 18001924 4H4d: &3 269
~282, A 275~2002.2 71% Eston, 69 olF ¢ - 9 GSI= FF3 T4F
Aot o = EMLE 12AFEH K 30~50 ume] SFRIEMIT O 2SI A



Zteted 39l 60 umeold ] FRel tiREoIgoy 7H olFdd= THIl A BF
HElZ gedoz nFo] Hol FYUE Ao MAs= =72z e ERfc
3ARH 6A7tA N XEBRMc 4ACHE SATRAAE HIESS BA KK
(1985)7 & %1919 Hust & zol& Uetdln Jled ole BEMY 2R &
Bige] Hol ¥ HYHFAH a<glo] ttEd 7IAEH, ¥ WM EBY RHAT
71240 A A7 Al Eojol RO HGHY

8 RN 4He & TPz 2= glon, ¢35 HEoR F
AEe @S 24 g do FUo2 @MAlo]l MEEAS A, 1985 & %, 1913t
Ao, £ AFME & -9 AMEE TR ¥rEos FEAY dn, |
A FAFYE Aol ATl YU IV RN AME) ¢ F7EL HuAHY
ZEE F3A FnMe Bl AU

Uy IR 12A%H 4ARHrE $Edtd 3fde 4R 60 umeldel Siol
472%2 YehUil 4 dle 724%=2 F {HAE Eolvrt THd #A7] 11.8%2 3
A

AAadded O QAT FZMMEMEB~108), REMI2~37), K#M(2~4
), Bii4~5/), BIEME~8A)Z F+EE 4 At olAolAM £RH EREN B
BHEX 2 £MEHE THY o 7zl AdVE 3~6A2 FREHY, FAF
715 4H3tEANA SAZSTLE ARG REY AME T2 #A3= g amdl
HaAMe BHA}(EHES &, 1970, & Ak, 1970), G EA - (< #, 1980)
2 FFAH %, 1993 b) FolA Eud v Utk ZAEZzMY B EE eosindl 23
A GAsEE IAAARFGATE B D KIEH Kol Ho=z wEsdTrt A M
HOEED dES HA I B Bol HAEHE Aos ol BRMMEE 4AmE 09
o &3t Aoz Q4zdch

“HHEY ERFR Hho2v BEHE(Loosanoff$t Davis, 1950; Kanno, 1962),
FTHREMW %, 1993 b), A71AF(Kanno, 1962) 5 #HER #HERI NH40HA I,
H202A 2], NaCl ol o3 (LB H§R(Sagara, 1958; Iwata, 1971; %, 1975; Lee,
1976; Gibbons and Castagna, 1984; Crawford, 1986), %4& RBHEAS:(Fs 3,
1974; Lee$}t Lee, 1981), 2173 A¥&AAF(Morse F, 1977; Matsutani®} Nomura,



1982; Osada &, 1992; Michaelidis, 1993)%°] AE= 1 1t}

BEMRS & o8 dAstd 4R 33, A 5E19 W& - $Fo] YAQew, 213 7}
T FTE AL KB 144 TY AAJFA RBESE 27AZME 232 T2 444
A7t 144 TE IFALN F 1A OA KB ERE 26 ukisio of pE e &
HORE 4 & UANUTh ol2H EEFR T AXe ENFERAAM @dx2 B
© REFR A7 Jon BEESL Zo| Ao g EHFRRC Hegd
(Kanno, 1962) B 1o 2 dAsn ik §H 3223 )M A 4ol 2§
A Aol Wrg L Bolx Yooz AFAo| = AoF ey

F7ZzNG £BHeEZ RFAYE FLYFNY EHFHA dde QEAA
19804 11A 1489 B5FE ori2 8 FHHHR L BEFR 98 190tadF: gA
2vkei7t ESRStY e Rl Q1o Bt A BRust Qow(lngERNE
KERES, 1981, 29 B £RETH g8 &I 2 A7 ALOg
Mg KRS, 1982, R, 1983 a, b). ¥t o2 —HAY FHE HREIY A
LR o7 ol Ao iR Eo] JitkM(germinal vesicle)7} 24" Fo A
A Aol o]Fo] e Rz L1 Yo (Loosanoff, 1954) FREZHES HéEol B
Aglol kol 4013 FX UtHAllen, 1953; Dube, 1988; Clotteau$} Dube, 1993).

BEAS AM(1985)2 Z7ElzMe AMEE AN 2N g Yoer
ATLZRE AZAAT FHAFA4S 224 RS2 Badigioy & d3die 4
AR YIGAS 150~45.0%9 ¥ KL 2o @At AH(1985)e] B} thxH o]
e ole e HHMEI SRR Y F¢ I YAY FHHE FA RI=
2 EJRREH, RS R ZRH SOl A% #£RAAM 2= RAo2 (AR, o]
A AAA ARE BEZE THES FEY & AT,

NH4OH& 4-& 3isol H7Fste #EAA KT %(1943)2 &7taHlo]l NaOH Y
NH4OH® ¥Fo 2 3|+ pHE =ol1 BEE HsAAH Efo FHIAAD 34
11, Sagara (1958)€ &%l NH4OH 719 7% &/1000N o] dlol A wehdHo] doj
don Basigon, B dpdAe 8/1000N~10/1000NA 713 $& RMEE e
o} Sagara (1958)¢} 2 A#E HYAT F|IZME %, 1986)d e o] #iRe=
ENFR ZEE BA g Budo Fd dat RS ¢ 5 At
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NH4OHE& <& £ K FHste #RAAM £(1970)c dEH 7SS gy
ERERS ASdded dgdlAE 100N, 71FZAME /100NN 713 F&
A3g AP FHen, £ dFdME 5/100N~7/100NA FL& RES B &
(1975)7 Rag d, 7132 BHo & BEAAM REL 33, & %(1986)0] 7
ZNE WALE NPT Bude A FEE 7T

ole] AmolA AFH o EMFHL BEFNE 7P Fx3doy A
Heoz B o RHAY HA4LE AHFHoZ HAS AIEZKAIZ Aol 713 F&
AAE Holma A I7RI/Ne AS/HLE £HEE AN AIZHAIe A
o] AxAHole} Yzt 2yt IR AHEE ABRTY AFLoz Pl
BEAEN Aol Joermz mgHn NFAVE HY] wdldol 39, Hog
HERER EWFEFR Hikol ZTFHojokgtt. FF Matsutani®t Nomura (1982)ol 2 3
Zbein] EORol Wiy AFHEEA Serotonin (5-hydroxytryptamine)®l XE7F ZA 3
o2 REHL Y222 I7HZNA dME AZAGEDE o8 ENFRT®
< AES B 9487 dcx AztEd.

Emt 55 BWA¥(Spisula solidissima)®] T I8 Kol dig witol
Fated 6~20 THSANAME 80% ©l4e] ZHEL BAx, Killo]l ¥&4E Ko %
o] {25 AHClotteau®t Dube, 1993).

ZAYZMNY IS Kl 11~17 THHANA ZTHRLS 745~89.2% R 8 Toldt
M= 405~683%2 Rt 1, BILEL 8~14 THS A 80% ol4E Ho Hud)
¥ (Clotteaus}t Dube, 1993) Rtie KEHE7 4¢ 2oz velgon, 37z
o] 7% Kkifio]l 10~15 T7} & 3~5H0°] EHHAAE U o ofne AUF
B R ERFERds AN 220N HAEEs Ao sEMolzt BEd
=3

Clotteau$} Dube (1993)% =W di(Spisula solidissima) FAEL 18 T A
A ElM BT 20~35 % HANME FHERL 80% o4 ooy 20~35 % ©I
3t oldtel oM E FH3] HLSERA ZRE BOEY FHF Wi VP
e ¢ F AR Imai §(1953)2 B ¥ (Mactra sachalinensis)?] ‘¢ @5
271~325 %M e AYACE SN, 13 % ©138F £ 379 %olBdMes B4



€ JASHA ¥ vusn o

#ZrzNe e WY 26~40 % BN ZTHRL 728~885%H 2} 15 %9} 45
%o M E ROl o] Rl A Ak, WLRL HH 30~35 %olA 80% °lBo2 &
A YEtGE24 Imai §(1953)¢] Eigte fAMSI Y Clotteaust Dube (1993)€)
By Hoge gl 2oz Jeyd.

722N XIS 2717 70 um =2 WEF(Meretrix lamarckii)$h 3tZ
M (Solen strictus)®] 80~90 um (H, 1982)o) vla] Ao} ulA=Z(E, 1994)3=
Ml 27140 271 ZMe] HBEEe R AN vsd FHE AX
M 28 ¥ 384 DFeR dusded oW Ave 110 umEAN WHEFH
(Meretrix lamarcki)®] 121 wm (H, 1982) Hoe HAAT S92 (&L,
1966)9} #=2(Bg, 1994) 8t ER02 @wodr

EI(1966)0 3t FeH 29 BlgE RRS ZH ¥ 1588 DAAA BIE
o] 27 &3 1363 ume HIEH(umbo stage)Z =1, A AT YIFRE 234
ume] EFHA(full-grown stage)sh4t o2 "oty R Iu3ng2A As iR e 42
897t A vxsigd.

F7NYZNE KBEHNZ ol FET 27 WHRLEY £y BEE 382 T
ew ol Foz Hol RN HhELS EAEAE Wil F3AT HK
el o fEolatn AAETH ¢V PRAREA Y FAYI 4AHBEN BEE o
83t} BHIE7], Eui7l, §ERV], DA Hald dE Fzte) HEAKES Botges
A BRI A Y] MEAEER Y BAERLE 42T F Qo] ML Ee] EBENE
°o]l4¥ & Ytk AztErh

7GRN Kiiol @ L] WBEEAIM TH T BB HESR WEIHE
He 8 TolA 458, 11~14 TolM+= 30~36H¢] £285U1, 17 CAdAME gMH7}
H2l giol BEENEZAM Ghdo] BiFHMLE KiBe %L IA LEH(Kennedy 5,
1974; Beaumont®} Budd, 1982; Kinoshita, 1989)2.2 eI} ghfETd Qo) MAF
Fo7t agdc

R ATH#EREA 310 Yame RBd nAE 288 REEROS ARE,
HolME, 4 KAEE X BE & 84 Aoy 2FAAE ABL RES XA



3 7 T8 BRI, Kol wet molAE Y M Fo] AT BhiY MR
A= & 9%E& viAH(Loosanoff, 1951; Walne, 1974). & AFNA Kiflo] ¥2+E
] MRS BF oy Kl 17CAME 1587AT £F3n 2 ol 28 ¥
5ol kil A% HEFAEFLS ool U2 dAAY, K#E 11 T, 14 Tel
e HF BRENEC 1603 um, 1735 umE HES}IA L, K& 8 ToA = 1402 um
el REA XA BRY HEXYN AHEERERAME Ko &€ ¥
=3

BERE BRA vAc BEREABQIOE Z¥EYE 2 BFHMY Qodl e 11
~14 TollA 194342 71F E}ou g o] 31 BEANA REA M3 AREHA K
I & = oy 53] fHEISF 4 Q109 F& 11HA ] 288772 ¥ A3
Eol o] KiBolAM RE@iEB Ol 713 ST A7I7t obdyl ALET

RMEEEE BE+S T8 By v H49 AFRLE Hdste Aol
ZH ¥ BAANAY] £HFRE gRe 7P FUYE 11~14 CTolA 115~162%2 4
Hol F1, 8 TAAME 69%, 17 CollME 17684 28 BEIALH, AMEHFERLS
11~14 TelA 09064 o422 =3, HMBEIERLS 8 T 17 TolA 01144 o4
22 A Jehd BEH £FRS T Ed K& 11~14 TolA FFIs Rl
N & ez dadd.

Ac AEAYRAES RABARSEEZ ATHENEES s HEAHARRAY
o #Est 71 F 280 (Epifanio, 1979), —#KHERS 9olZE Chaetoceros
calcitrans, Pavlova lutheri, Isochrysis galbana’} ®Bo] o]&=51 $1tH(Sukenikt
Wahnon, 1991; Delaunay %, 1992; Marty &, 1992). ol&l§ GAHX A EXNRHEEY
< MR Ff8 BEREE g2t P4 RKR BB R A7 2 9L A
¥ H(Holland, 1978; O'Connor %, 1992).

Crassostrea gigas W& C. rhizophorae 5& Isochrysis galbanag ® o2 A& &

$ F3F FHE dA2vi(Helm#} Laing, 1987), Lt EH(1990)L 8fEo] o
o] &G o|&MA uvlA = (Ruditapes philippinarum)Biisht FHERRS & 23 P
lutheri, C. ceratosporum, I galbana T2 Ho|AEL FFE 3% 433 4K
BES 9R3, C calcitrans, C. gracilis, I. aff galbana, R Chiorella sp.5 2] HolA



L FAXE AHE AT Ao, Enright 5(1986)2 RS H4EMmER P
lutheri 8 I galbanat Z7190l2x 4% Hojztn Hadln Uk

& A7 AolA 3o Ho|YEL 21HM FAEY FI EBHo|ve TFIHAL
We] R I galbana, P. lutheri % Ch calcitrans €22 zt2} 1789 um, 1744 u
m, 1603 ym Fod, A FRANME 2 YFog ztz} 205%, 156% X 115%9) 4
#EE Bd Enright 5(1986)8] B9} RALSI T

Y ERIFE YT ®RRL I galbana + Ch cdlcitrans 91X 185.2 um
2 78 F43, 4SL I galbana + P. lutheri, Ch calcitrans + P, lutheri®) &2
2 Z}7} 180.8 um, 1658 umA o, £ HFRAME I galbana + P. lutheridl N 24.2%
2 7V ¥%1, Ch cadcitrans + I galbana, Ch calcitrans + P. lutheric 24z}
16.2%, 9.8%2° £F%EE Bk oo ti3] Helm and Laing(1987)2 Isochrysis 2
Chaetoceros®] Hold 3o We i RR VY AFu oM BE—F 2o 28
2 RBA3td 238 2397 433 FAag Aoy, AEHEFIES BAsA 7
et e HEHEFIELE FFEE ZAED ®EREol © wath(Daviss
Guillard, 1958; Epifanio, 1979)1 st th. M %(1993 a, b).& A=/ 2 AFx o4
o] Polg MEBR BT Ch alcitrans + I galbana® B4 TF3AY I galbana
+ P. lutherig BAt#a, £ 71AE BEHK3E ol Bojage] o 2y
A & dAFY. 28y Ch calcitrans + P. lutherie BA3Y 23 AL BB
o2 FFYE W B 238 4ol FA ZIAYEeU ot RAHKE 2T A=
AA e FWHE BEHY] gEo] obdrst Azt

e KBAES AdME Pt BmEE Eolt ol AAFNAW o= A
olde 2 wobAE HEMY FE FER U FFE& Fol HEXR HAXNAY 2
A3z 3 WEEE/ =2 AA =HY, 49 AOF L E 232 Fho| o
o] HAmel del %SV 4ok % 1993 b). 2222 RS EmEdEol o
HY KATEE Aste AL U3 8% dol

Dos Santos®} Nascimento (1985)= ATRH4AEN o] TR B4 ML
e AFS #y 2 OKETY e 738 Bt ol o KEEWEA o =
A 9FE Loy, B KATEE FFS 1 all 10~40E8a 238 v Ao 2



214 Breese$} Malouf (1975)€ 2 #h4 € IA7|¥2 KEWEE dasld A3
A, ZF ¥ 1-68BABEE 75~120 um)dlc AHSS 1 ¥ 10688, 7~ 148 A(KRE
130~200 um)ol& 5~10fE8 Z2lx 14F ¥ ERGA(RE 200~300 um)ol& SEHE
7 AZsigy Xas g,

B d7dAMe 272N ke BEES 1 ¥ 1, 3,5 8 ¥ 10HBE e A
& Z3H(Table 20), ¥ ¥ 11AAZNNE F¥ KE 1385~1477 um2 BEH 2 =}
ol ¥ & ARV IBAARE miiREZ UElr] AlAste] REKTH(EH 3 23
Al AMS4 1 ntE 1EEE A 1889 um, SEHEEAA 181.2 um, S{EEE oA
1725 um2 Z7k3 ¥hd 10fEHE A= 1668 umol B33t Ech BEK TS 47

2 AMSS 1 alE 1EEEAA 415%, EEEAA 252%, SEEEAME 176%S
Heh Ao &EEL 10MEEE ] B9t 54%2 AFRS AZx3 A

Helm®} Millican (1977)2 #2 C gigas¥ 3R/ AFSoA AMSS 1 e 18
fEoll M SfEte= ghiao WEVE F7HEA HW DA 449 Afde HEol 16%
2%E ¥ o] Bt} YW F 9ol 60%Y HAZAS BPTy st AHFERLS f[HE
FEA & 9%¥E v 2184 FiE AEFEES 79357 daMs HERTE 7
F B B HES IS £ glolof slEE HE KT YEITH(Fig. 4H5)L T
o el 9% S5EEEAM 713 B2 BL A4 £ de Aoz Uy v
2N HEFEFEA Ao AR FAFEE S AISF 1 atF S5HEE W2 @mEste Rol
F& Aoz Azt

Az, Mug, nxgd T REe AR RESES BREH 9o BJ
WA FHzNe BlSES RS0l Aste KEHA BL olfE Ao o
o, BE7F vAA REe FRAAAE ARy KBEEESE Aol JelEIZ (L
ARk K EAERE, 1982, MK, 1983 a), HAAHFR AMERS KIlRo2sdoq 3
GRA HEE BEAD & Ae BHELARES AN BHEBHATAES o4
3o F& AL A2 v AHER, 1983 b). ZAYARMN $4EE DAAYIZL =Ha
FEKE AFoz 33 =o, HAFAE EFmde St 8, By So=2
Mol LAY £ oiEleg myARN Pt KE L £H 2 Y4B
RN



€ d7dAME £ UTE JAs7 A8t F713F $dol gl EEmy, T
EREA U EEZFFEA F AR Yo FERARY 29 RED 4R 2§ T
EMEH R 1773 um, 189%=2 713 *d3dgen, Loz LErisaaoes
1694 um, 10.5%, LEEHRLS 164.1 um, 68%E 714 AR ooz E o
FaEHAL EFAES 9%l 2d2 nXA o £FRe] I FEmEH g4
< A3 H4E BEANJIER ERKES 9% A1 Bt ol 47 £ol3
B2 £FXKE 2957 AA

TH o] WYL oot FY B WHBLC) EoB2 HAY Foyt Wasdiy,
LEZPFAAL EFY 9%S UXgcHE B3 25K FX 51 AR
ol BRsto JEmERmolat ARG watd Foz BRI bywAolt Tk
HEE NFE A2 B9 @\FHkel ALacd IrAzMNpte 45 ¢
U5 J&Ro2 Alr g,

R MEES e AT &Y, PHERK &0l3ty MEtE AT A
B3] WA AT FeYzMe #HAMA HEK AAY WEKE A 3
% %} Y wEo HhEFAF AR oL BF ST BMHARA FHE
< ojdoy Fo0E Lok HH, 1971 b).

272N LS At o8 Wi FFsdrt ®#E 250 umolME BE
g7 AAsA Aoy, HR 300 um7t HA HAo] A4 A2 BiteiA "o AR
© 2] 3650%2 7t FIF o dFuiddoly AN RIENNE 320~
656%2 Bla# Zz3gct £ G| 9WLS KFRE/ BEES B BERO|
29 Ax ¥& A2 ey olgt e HAL YARBAANE AFE vt o)
$hitol EEY YIEEIT UV WEoE HAE

71 zMe #MAE KEEH g2 RS £HFR o7t AQoH, gH F
QBEH FHEAN 2o RaAF #AY HEKEERES 33 umst 11.2%9 £HFEKZ 7}
T FEsAY. §H2EL AMBEKRE 22 um, £FX 36%2 ¢ A=}

% Lot (1971 b)ol o&d FYRIE HWEHO F3ld RIE #AE £3F
o 7 WBAME gl QAT doju E9 HiBhol ZFY ASAT K%
47 olFojAgn B1ude meo] FAF HRE wimA FPHA RS ¥ 5



Revt diuddd FHYaBo FAF HAE FEAZMNY 2ol BHYoe] o
2 FRRT B%ECl %7 W £HK] Be Ao #FH

=724 AR BAL FA F 9AAA 4 1500 umBEEH FY37) A &Eo
46EAY ZH7F 1900 um7} HB AL tiiEEo]l 2 £o2 FYste2 A HL B
B(1971 a)7t Hag FedzMe FYAA H24FL2 1.6mmeold, 23 1.8mmell A
© A AAZE 25 2ol R Bug AH {AF AL MG



V. 82 ¥

=72l ZM(Panope japonica A. Adams)®] ATHH 4£ES 93ld ZUE ook
AFAge MAste Z/UXNE WAL 2 oln|e) 4m8 EIEN, ENER 2ln
VITFAEE ol 83t AT B, H4AEME, BF L HAFAT £ VAYELRY o

€ HAEHT

ERE BEHEBGSDE AL 10ARE F71817) A1&sta 484 2822 HAuX§
HAF, 6AFH F23] &3t 80 812 HAAGYLH, $35L 499 2722 3
Aol 2, 8¥el HAANGT 4MEAME SBBEMEB~10A), KEMI2~3
H), B#HI(2~4R), Kliti(d~5H), BEMGE~8A)2 TEE U,

=271 ZAN 9 BILERAAN BEE YolY &9 FFE £ 208 BHoS A8 =%
SEo| 87.9%E AAdAth AWYE + HREMEE B 208, 98 LMolgon,
A% ¥ ML Nitzschia longissimast Rizosolenia alata®) 2% o] A},

2o ztF FAZHE AT dF v &2 H M RAHSFAZAME
AE o] Yoy, LEAFANE 540 150~250%, 690 5% W& HA
oh. NH4OH €949 #&3H7 A2 8/1000N~10/1000N1A 15.0%2] RERE,
382 NH4OH 84L& At FAEIE 2L 5/100N~7/100N A 5.0~10.0% 2}
RERE Bt 2y AASS AFFAE F$e 150~450%2 713 B4 wg
gt

Kigol W& ZHRL KB 11~17 THHANA 742~89.2% U1, BILRES K& 8~
14 TollX 843~905%2 7H¢ EUTH HABE WE SHXS @S 25~40 %%
Holl A 725~835%, BILRLS H5H 30~35 %olA 82.7~86.9%A T

RS SREMHIICE BOME%K €9 YL eY¥olAw $£3TL AH 70 ume
TR Aot £32] LAY 11 CTollM ABFE 4 EY 2 =1, 290 AU g
& AHtrochophore larva) #4, 34 Adl= DARA, 23840 A7), 36LANE &K
HiFR2 =
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AKE(wiel @& 2zt A 2822 (1)e) BAE 29,
8M X t 1/t = 00209 w - 0.1167 (r = 0.9967)
Xujj 7] © 1/t = 0.0055 w - 0.0192 (r = 0.9825)
FEA /A7 0 1/t = 00034 w - 0.0155 (r = 0.9907)
D& #4871 1/t = 00014 w - 0.0023 (r = 09843)2 | A] HYon, o] 4
A AEd 7MY AHEM JE= 382TH
Kigg 8, 11, 14 % 17 T2PAM F2F89 437 HELL 14 TAA 2197
BER 1735 um, £HFX 162%2 4 713 53R
Ho| B2 A Chaetoceros calcitrans, Paviova lutheri R Isochrysis galbanas 2zt
7 B R BRESE #1839 B ¥ 219749 4 AR3d f49 A% A
&L I galbana + Ch cadcitrans® RE& FFF ZHol /E 1852 um, Y=L &
242%2 7H FzaAAT ABVIRF P Az Ade HFAME Ch alcitrans
E @502 IFAAUE W &E 1603 umA, YEFLL Ch cdlcitrans + P. lutheri
€ TEFTFT EoAA 9.8% A
A e KAEEEA~10MA/nl)= SEE/M UTAME Y57 B&42 430
AEELS RAT, ARLEE YETHAAN 73 HRAAL SHEE/mNM Fot.
37bA air A ©E FAALS ARA B F 2ALAAA FA4 2R
A7 BEEL TrEHRCl 1773 um, 189%2 714 Ften, E@r7t5el4 1694
um, 10.5%, L@EMHR 164.1 um, 6.8%9 ol At
AB7] F7E BAAHAY Fage mauigdM 3650%, d3uldy gHHAR 2
2 320~656%2 AxIAC KH F 430 REREBIAA Zdd B33 #A
ol Af R 4FFHA YELE 47 33 um, 112%ReH, FAHIEES 22 um,
3.6% %tk
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