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WE: I RFROAREW AR MATEHETN TN, EENERFET ARG
ANISFEREMERKREHAR. BRET, OAREWHEHEBEM IS AMION, 2K
708 A 300~500 77 KL/, AR K 75~85um. HZE A T KB A E 18.6~19°C, 69 H
WA Is~I8 B4 A K& B, RKAKERRN 1S3 um/d. HME B H 42T KEK
HER K 9~15um/d, HABHB T SEFZ130~40d g, T4 &K% (4.94£0.93) mm,
He K kKRN S0~167 pm/d, FH A E R 2695 k/m’. FkZE AE 17.4~13.2 °C
FUT, EREWBYEENEZTEARKATRE, 23 148dM0EF, RN THRKT
i (2.88+£047) mm, FHE RN 6666 A/m’, BEESNMEFEERE LKL FH
ok (13.22£239) mm sy 47 L. BB AN, ERELFIRSTHETHET RBFRAW

AABEM, BEFTRARRK. AR AKE D AEH BT HET.

RBET MERE

# B B R B

KU BAGE W, AT%H; b, I, £KEF

FESHES:S961.2

G (Panopea) J& BAKR S 1] (Molluscas)
W FE 44 (Bivalvia) i 5 H (Myoida) 4% i i3 &}
(Hiatellidae) ¥ ¥ i3 J& (Panopea), &t H Lk
AR A DL, M) AT 27K IR 110 m $414 434,
BRIk 32 kg, KEMEEKZ 1m, 5~10
W4 Ay e AR R . i TC 2R PG R AR A T KA
168 AR, PR I A, % R Sy ¥ A S A8 A A 9 1Y 3
fbfr . HATC A A e s S S AT RS,
A3 1 v T RS (P, abrupta) . BRIE W0 04 (P
globosa) . B AR 2L Bl (P. abbreviata). #rvh %
UG (P. zealandica) 1 B A #4 B4 (P. japonica).
EfRET Y b, MRS E D2, LK
BERHCH 58 ek, RS2 <RIk 0E . 2Bk
AEPR 2 5000 t, 5 FDE 2R T S 90%
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MEAREE: A

PAE, MEANRT 304250, it n .

H AT s UAR 52 K — By 8~15 em, fif &
200~600 g, J3Aii T HE B AL | w1 A
HAAC B S, =08 T A7 2 50 m iy i
VIR, HEMEEREE R 30~40 cm®™. HAET, FEHA
TP BT UR L I A v, R RAREE R O,
KA W 4 B, PR BT L L ORI RE AR
) MEVE RS o AN, H AR R G A A R
TR, B 100 g KA TR TP AR IR S i 2.97 g,
24 5% 3E 1 B I8 AT (Ruditapes philippinarum) . 3CH
(Meretrix meretrix). 141 (Crassostrea gigas) 55
DIZERY 5~9 £51, IRZIHE B2, TimE e R,

TR S5 B ST ER T 20 HE4D 70 4EAR,
Horb Wi R L Ol R G R T 2 R T A
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Goodwin"™" } Anderson' JF & T =y HE ¥ #1513t
HorAn . MEEFREE . B . ARKATE . WER
JEE A N T KRR RE A A IS, Ay e I A G
BHSRESFPES TR, R EBRESEN
X v U AR A JEAT B A AN T A B R AT,
FJEAEFRE L AR AL T TR . ARk,
[ PN Ah 27 35 A Ak T e T v AETE IS R R F
THRLFR S St i Z M o AT e b ot e Ah
Gribben 2™ Fll Aragon-Noriega 28" 73 5| R iE T
BTV =2 TG FNIK R g b B A= )2 . Lee %57
M Nam "R E LM THEEGH) TR
T H A s B R B B ESY . Huo 55U T R
TR I R HOAS g e R AR K R B R
M) 4 B 5

H A I G 5 0 HE Vg i L RO g P
BTG TP R B O A L B R B A A 0 )
P AR RR 2 F O, Ik, H A s A
TBHE T A A ) T A 3 ARG . A H A
T PG N T BB K RO AE K R B SR AR E N R
DLHE o AT E N B IR TITRE T H A S
FEAKERABENTEFTLE, JFiFfT7TH
AMFPIG 2 DA RK LT K, DRI
HABMIR SR T . SR L w2 32
BERE2EAR T

(O R SRS WARES

11 FEEATEMEFSE

F NG FEFY 5 BEFEFE K 10 cm LU
b, S i, KEWE A I HE AR
ARG, T 2015 4F 5 A T A) s R T B 1
KRR A, 7620 m® K JE 5% .
U E KR 8.0~10.0 °C, Eh B 32, B 1~
240 m’, BEEWIRES A . R DL ERE 4
¥ (Isochrysis galbana) N ¥, $EHL/NEREE (Chlorella
sp.), BEHFMH 4~6 K, HIEMHE N (2~8) x10* 4~/
mL, WHEL 4hNZ5%E R E . K2k
1%,

H AT fi 05 52 DU S0 I8 25 S 7 figk ) 141
UL 1o R i R RO 2R DL 52 5%
A KA 0.01 mm. fH T KOE AR
FIOMEEE | KEEAERE, KiHE0.01 g
el FH 408 A s i ) e A i e

1 7= Fa 2 AL Z12~15d ENEFE, AR
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1 BAOEHIEINBRAS () RAEBESIE (b)
dKE, e B, £AMENE, gt

a. 7k, b.FE, c T,
M, ho 2
Fig. 1 External view (a) and anatomy (b) of
P. japonica
a. shell length, b. shell height, c. shell width, d. siphon, e. gill, f. mantle,
g. gonad, h. foot

KR T E 12.0~13.0 °C B35 DR BR & & B2, It
IR K IR TH i 2 16.0~18.0 °C JEATHE S, 2 DL HE
K. PO AT RRLE 2~6 ho SZAFBRIFEAL S BE Ry 20 A/
mL, 7KiEN 18.0~19.0 °C, #hJF 32, #ELEFTA,

4hRIZBH ZAEI A 36 h Wik kX H N D
B4 s, 300 HR i MiF TR T, 7F 20 m’
KPP TR E . AN TR R E KR THE 18.6~
19.0 °C, pH & 8.0~8.2, #hJ¥ N 32, J¢ MR g ¥
2000 Ix LA . & 5% B2 5~10 > /mL, BEE 4
HoA K B NI RS TR 2~4 4> /mL, BERE
HHK 1~2 %, 8 5~7 KA 1K, SR TR
P IEEN, dem R R oK &, MR E DA
K 1R, THRHABRAEHE S h 3, DIB H 2508
¥ (Nitzschia closterium) FI/NEREE N4, & H#
TH 3~6 ¥k, $&MEN 2 000~6 000 4~/mL.

g RS, R4l R BRI RP 1) 20 m
KV b, AR B SR e S A =
A AL ER KR ML 36 h, T AP UE R KT VR
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3d.

ANIZTEH 4y HOT VR R AT &=
(0.8~1.2)x10* 4~/mL, HEDULEE & 10~15 d J5 1K ]
BTN 2 2.5%10° 4>/mL, f H M 4 %, 4
I L2 T R R o A DU KGO R R R A
Fghdidrgr, BRPREBK 1K, 83~5K4e
K 1K
1.2 REATIEMEFSE

F NI, R AL H A Vg 1 05 2
DU BEbRE 58 55 R R R BN T M EE
¥, ENREEKEN 17.0~18.0 °C, hEF 28~33,
FE M, BEWRES R R v gE
(B A 20, B HH 3~4 Yk, HEHE N (0.8~
1.0) x10* > /mL, K4 gk 1K,

2 4~10d 757, SRR, FIHKE .
FEURRELE 2~6 he AZAGEINIFIL R R 0.5~1.0 4~/mL,
EWNHRKIE K 17.0~18.0 °C, hEF 28~33, ELE:
B

Y RBEAMNIZE Z G U0 28 36~40 h Tk
JDIELH, £ 30 m K P T A R .
FENEH KRN 18.2~14.0°C, pH N 7.5~8.0, ik
R 38~33, 4l MHEDL 3 B A A <4 i E
FFEDRGEE . 4R B Bk ke 4 A 220 3
INERE SR AR A . SR B, B HUH 3~
4%, FMEEN 500~1 500 ~/mL, AL 4% 40
W R AR KR MRS, AN ETRE VS A
o MEUIBYE:, MREILOERER A ZIR BN T, &
HEH 3~4 Y, MR NZ 1 000~3 000 f~/mL,

bt LIS S AW, ¥ H AR
FNZE NG E RS 28 s s,
3K I R 17.6~20.9 °C, pH 8.5~8.8, k& 28~
300 1Al A B AP I OAE I HE AL A%
A 49 cmx36 cmx15 cm, PIHEPUJE B A HAE N 5 mm
(9 X AR DA S g K vk, AE I 55 B R B . B
A PIHE HR A 2 000 4~ H AW G AE DL, HE DURE

oA 3~5 mm, K HE TR 28 IS b AT H AR
VARG B R DR, AR B R AR O A
PAMIEE . JOHLE SR BT L B A HLIE Sk
B 7% HAR Mg G B i R A . 5 ~7d, W
JK 5 AR 985 175 150 b 7E A W I B LR i R E R R
P KB B
1.3 MERWE

{8 1 5 i85 (OLYMPUS CX23) W £ [a]
W H A G g R B SN, Dk BRI,
XA R % B B B &y BURIHE DU AT 30 8
FHE ORI B2 RS OB AR | 4l R RCHE DL e K
Kt , HGeit & B AF 35 R AR 25 R DL K HE
DUR 715 %

1.4 BUEEDH
K FH 84 Bxcel 1 B 1 0478w Ab B

2 4

21 HEEANTEHEMEBLE

= N HLA% L5 M A b 15) H A 16 #0612
A MEME L) RO UL 1, g5 REM, BN
ek 10 ecm 0 H A MG MEMEEL o 1.2 0 1, HA
VPP R S T 2 R, BRI O R
(300~500) J3 A/~

FHIRE B6 K F K H AT # G HEARS
FEURANTE] A, e HERORS T 0.5~1.0 h 5 1 T
L= 0N . H AR A iSRG & ) 0L 3% 2
o R IG kK B LG R WoR, IR AZ A I
SN ZBRRRRKR, DEERIY, WEYARE
5 Efn, B4R N 75~85 um, {E/KIR 18.6~19.0 °C,
bR 32, pH8.0~8.2 MM T, KFHBR)E 5~10min
RATR N, A BR324 B 28 2 T8 i 32 45 01
ZHE N 89.6%+3.21%(F ML 1 -1), 2 K5 90 48 1
VB ER o S — AR N A A, 2 A O R
] g A, FR T O U 3N A A AR OE B

®1 AXEBHIEFE IS, EELEGIR~PE ALK, n=30)

Tab.1 Size, sex ratio and fecundity of the parent P. japonica (samples, n=30)

FEDUEHR  parent clams size

ARFFRTE] g CCRmm el Rmm BRED) KRR RERET) LR SR
sampling time . e* shell shell shell body siphon soft-body M M) TR
& length height width mass weight weight sex ratio fecundity
2015-05 5 113.15£5.94  58.08+5.86 71.83+3.80 379.38+59.13  26.17+8.21 47.10+9.00 12:1 300~500
2019-10 5 108.44+£10.73 57.48£622 71.1847.26 348.22+80.32  16.755.66 53.29+8.88 12:1 300~500
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2 HAEHG R L B E
Tab.2 Development stage of P. japonica

KAEMBL  developmental stage Ff 18 time
WAk first polar body 20~25 min
5 —#4k  second polar body 30~35 min
241 two-cells stage 1 h 40 min
44N four-cells stage 3h 5 min
SN  eight-cells stage 5h 15 min
1641881  sixteen-cells stage 6h 10 min
ZHEM  morula stage 8 h 10 min
B blastula stage 14h
JF i primary intestinal stage 18 h 30 min
HHFELH  trochophore 30h
D4hH D larvae 36h

ZREI G KA A 4R, TE R A IR 2, ¥
P20 53 BRSNS R B 24 Bk, T2 AR 2 A A,
Z AT LIS 5 4 2800 0 24 07 s AT 28 ORI A
=WROIZL, Sy A 4 40BN 8 AR, s
FEUR DA T IR e B 245 W A R 16 4 . 32 40
MR, 2oy 2RI 2 R AR, B3k A
(ERL T -2~5)., ZE2ZKJE 14 h, ARG A T B R
BROY, JEE AN BN R, TR R K A
TR B e, BRI (FRR T -6,7) KB 2%
K5 30h, G KE —4 B3, o LR,
FRAHEE L, X4 ERKE (ER T -8) -
ZHKi G 36 h, MR U 43 Wb SR 5E 4 i B 55 A
HILRGEBE A ALIE B, FHIE R g B T A,
HERB AT EH, WA DB A, SifR L
BAE R (ER T -9),

HARBA Y R BANZE H A i

15 pm 1

20 um 8 20 pm

B I HEASHIEHEREE
132 K500 2. 58— Ak 3.2 M0l 4.4 403 5. 16 400,
6~7. BRI, 8 i H; 9. D4R

Plate [ Embryo development of P. japonica

1. fertilized egg; 2. first polar body; 3. two-cells stage; 4. Four-cells
stage; 5. sixteen-cells stage; 6-7. blastula stage; 8. trochophore; 9. D lar-

vae

Wl RORAE DL AR K R B E O LAE 3. Bl K AT
TR, K ZE 9 Hiit A (201.88+4.86) um x
(160.68+3.83) um, it AFCT A (KM -1, 2).
18~21 H i &)y dUIF fiy 3 7 1 2 W0 I T 4% %)
o, SEFER R (316.17+24.02) pm(FEIRRE 1T -3, 5] 2),
G REEF B, ik L mn e
KK 9~15 um, 1H 6~9 H I F1 15~18 H % 4 il
ARG, ek Kot A K ERCR 1~3 pm/d,
o4y W W] A0 RO 13.4%+1.52%, AR
H 29.8%+4.82%(1¥ 3). TE H A i &)y d AR ZS By
B AR WAL B MR o F A I f 0 1 T 45 &0yt s
LIRS Y SRS S Tl ISk S 10 Y L

#3 BHAGHGE. RERHEFEKLENERAE LXK, n=30)

Tab.3 Early development stages of P. japonica in the spring and autumn artificial breeding (samples, =30)

KA B

HFEELY  spring artificial breeding

KL E LK autumn artificial breeding

developmental stage KA/ 158K /um KA/ FE5E/um

time shell length time shell length
DIE4Id. D larvae 1.5 120.19+4.86 1.6 120.70+6.81
FEWLIE  umbo-larvae 9 201.88+4.86 20 175.45%11.20
JEHALZhH  pediveliger larvae 21 316.17+24.02 32 268.70+£20.90
FKEHEDL  single-siphon juvenile 31 606.76+33.84 64 581.70+83.35
MKEHEDL  double-siphon juvenile 38 1268.33+89.62 97 1 286.50+137.45
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Bk 1 BAEHGHHBRRENRRLE
L2 BTSN 3 R ALY 4 A HE I 5. K RE L

6. WUKEMEDN; 7~9. 40U 5 a %, b. &, c f, d /K&, es. i
KA

Plate [[ Early development of larva and

juvenile of P. japonica

1, 2. umbo-larvae; 3. pediveliger larvae; 4. metamorphosis juvenile;
5. single-siphon juvenile; 6. double-siphon juvenile; 7-9. juveniles;

a. velum, b. foot, c. gill, d. siphon, e. exhalent siphon

LI 4y 2y He B A T A AT LR K PR, LR
A A A DU AT
H A Ml 2y AR 2SR, AR (K,

?ﬂﬁkikL$%ﬁmmm,iﬁ£mHm
SEH K (606.76433.84) um, K E F K HEDL
(FRRIT-5), 4K F 38 HIRFEHFEK (1 268.33+

N W W b
hn © W O
oS oo O O

—_ =
S W
(=)

S 5K /um
the average shell length
[\*)
W S
S S

(e

1 3 6 9 12 15
Hi4/d
day
(a)

18 21

89.62) um & H FEXUKEHEDL (KR 1T -6), HKE
HE DU UK AEHE DL Be 7 KA K 340 83 pm/d,
23t 60 d IS E , H AR R 73578 K nl ik 5|
(4.94.£0.93) mm([& 4), XK HE N LG 52 K A=
KN 167 pm/d, HE DLAETG %0 40.6%+1.95%
(% 3),

4y ORHE DL S KRR F ot . DIEY)
HFEEFERKAE N 0.75, ZIFFEmETK HAEE
WK &H EYOKEHE R SR kR
AN 088, ZJF TN, semockK{EN
0.71( 5)

AU H AR A SEF S8 KR 100 m?,

SE T A 2 695 K /m’
22 BEATHMEEIZE

H O AREANIS G & RAENIEFH TE %)y HUBS
BB, ENBERKIRH 17.4°C Bk 13.2°C,

4 ) T AR K R 5~8 pmvd, e AR K R
Jg 2~4 pm/d(F 6), 1E 20~29 H %, 44 K
REN, ARAMSEARKEEZ R, hltff
RN 70.6%+5.46%., DL AT 32dF A
BHNREELY R, FHFIEHEARLS, ARRRN 59.2%+
3.35%([% 3).

H A A HE DL 28 NS B KR 12.8~14.0 °C,
HE DS A K R A 18~55 ym/d, 7% i AR KR
9 9~31 pvd, 64 HIRJE K& NHKEHREDN, F
5% K x5 8 N (581.70483.35) pmx(466.00+54.76)
um, 97 HIR & H B XUKEHRED . £ it 148 d #5

350

N W
w0 o
oS O

S5 /um
I
(e

the average shell height
[\
S
(=]

—
wn O
oS O

[w]

1 36 9 12 15 18 21

2 HABHEEFEFYIRARTK @ K7S D)

(a) 7t FEASL, n=30; T

(b) 5% =5

Fig.2 Larval growth on shell length (a) and shell height (b) of P. japonica in the spring artificial breeding

(a) shell length; (b) shell height; samples, n=30; the same below
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240 KorE ¥ W 45 %
100 W52 spring OMZE  autumn 3 -ij‘ )[//E\;
S 5 80
25 % 3.0 SARA SR DU A b 1 S

8 20
TR A W 9 5 4 B FURLAG A5 0. AR
: 23 4 > AR S R RURS B M R TR L i —

AEREW B

different developmental stages

3 HEABHIRESMREFEETIHR, PUHER,
MAFER, BESERENEFER
LSRG, 203, 3 4 AFIE 3, 4 8%, 5. M DUAFE %
Fig. 3 Fertilization rate, hatching rate, larval survival
rate, metamorphosis rate and juvenile survival rate of
P. japonica in the spring and autumn
artificial breeding

1. fertilization rate; 2. hatching rate; 3. larval survival rate; 4. meta-

morphosis rate; 5. juvenile survival rate

B, H AU T 3458 K <5T m ik B (2 879.46+
474.41) pmx(2 016.49+323.50) um (/& 7), HE Wl AF
1 %N 70.40%+2.30%(] 3). A UK H A i 4l 6 Fk
ZH M EF LR 150 m’, FH RN 6 666
Bi/m’,

4y RHED R AR T . DIEY)
hFEE R KR 0.77, 25 IEBWH K, &
B E 32 H ik 2 A4l O 5 = 58 K H{E Ik B
KM 0.89, ZJ5 HIHZ T N 0.70(& 5).

H 2 1 b3 il D1 22 30 d =AM s b e 3G
i, ek, Fo. SETE A SR (13.00+2.26)
mm, (8.56+1.33) mm. (5.19+1.17) mm FI (0.46+
0.21) g, FEIEZN 25.00%+5.00%.

7000
6000
5000 r
4000 |
3000 r
2000 r
1000

0

7K /um

the average shell length

24 30 45 60
H #/d
day
(a)

e RN W R o e B S B o
PR AW, R ALy MEMERY, Strathman PV 42
TET R HE Vo T R R AR 3 i, A 4
WA HE, R P B G A R . Campbell 45 1Y
S B O YA A T /N TR A A v R A L BB B
PN G R AN R SR N SR N TITR: ) |
Gribben % PO BiF 5 2 B0, BT PO 22 U 40 G E 3 % DA
JG7E 76% RHErE, MEPEPERR & B 212 . Campbell
SN I TE T AT AR A TR B 1) AR ) 2 S /N BRI
KK N 51.2~54.5 mm, #fEEH 57.1~59.3 mm, A
(] A A 1 o) AR S T s M LU A ], /NS AR P iy
HEYE Fe 9 s 22, 90 mm LT A4 e 1 S 22 (e 1
WEME LA 57.8 £ 28.7), 90 mm A b Ay Ak S5 M 1
Poife 710 1o MEPEASIRZE T 2 b MEME AR K
A RE A T M B 8 Ay P 1 o A b i BEAE
T KWL, 76 HAHEE G A T fp 2 F i,
O 7 RN SR DURLAS e £ . AWFs ., H AW
MRS SE DS R 10 em DA F, MERE LA R 1.2
1. #£5 AIRIBER/ T 5 RYES N TN A
PR, RO R IR N TR, R L
e, MEMEH R A, RSO EKBEOT . B
BEOWEKS e sh, RFEDE, RIS, UL
KON A RS ZE A X A b AR
KHWME L, M4 S H A 10 H A H AR G

4000 ¢
£ 3500 }
o
= 5 3000 |
== L
53 2500
42 2 2000 |
[ E 1500 ¢
i z 1000 t
£ 500t
0 L L L
24 30 45 60
Hi#%/d
day
(b)

El4 HABHREFEBEHIZKRES

Fig. 4

Juvenile growth of shell length (a) and shell height (b) of P. japonica

in the spring artificial breeding
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- #7F spring —e— fKF  autumn

n.
A 42
oD

0.90
0.85
0.80
0.75
0.70

0.65 —
80 100 120 140

H e
day

TNl

‘L;
FUIE

ratio of shell height vs shell length

5 BREBHEFTMUETEBEHRKLHEINMN
AERKLERBKREL
Fig. 5 Changes of ratio between shell height and shell
length of larvae, juveniles of P. japonica with days in the

spring and autumn artificial breeding

350
=
£, 300 |
(=]
g2 250 |
==
W2 200 f
B % 150 |
=0
B 2 100 t
<
£ 50+
O n n n n n n n n n )
5 8 11 14 17 20 23 26 29 32
His/d
day
(a)

Eyip:s e
32 HEREBHITRHLE

H A 1 4 s B 24 07 205 H A X052 40 DL 2R 4
P2 B2 4 & 8 4 et AT AsE I,
KBEE 16 MG TR AE, ZHATN
DIE4H

Tk B Xk DU 2K Z G B AL A B R, KR
SR A UL Tl = Rt ) @ B U =T 1 1Y )
RH, EERAEIE . AT, H ARG # G
WAL KB N 19.0 °C, Z K54t 36 h K H N D
JE &y H . T Nam 8817 % H A g 0 oG A 90 & 30,
FEK IR 19 °C B H AR piy 4 e id 27 h BV R &
N DL, X ] fE S 0 DR & R

300 ¢
5 250 |
[}
EZ 200f
Iz <
Ry 107
2 g 100
B2 I
2 50t
0 1 1 1 1 1 1 1 1 1 )
5 8 11 14 17 20 23 26 29 32
Hi#/d
day
(b)

El6 AARBHBMEEEHNREK (2 RES (b)
Fig. 6 Larval growth of shell length (a) and shell height (b) of geoduck clam P. japonica

in the autumn artificial breeding

4000
= 3500 f
on
g 5 3000 f
o= L
3z 2500
g 5 2000
Ray :éf 1500 |
B Z 1000 |
£ 500}
0 1 1 1 1 1 1 1 1 1 1 )
50 54 64 74 85 94 105116126136148
Hi4/d
day
(@)

2500 |
5 2 000
£ 2
S =
&2 1500
i g
& & 1000
B2
S 500 f
=
0 L L L L L L L L L L ]
50 54 64 74 85 94 105116126136148
H#4/d
day
(b)

E7 BASBHIBEMRETEMEBTHEINIZK @ KES D)
Fig. 7 Juvenile growth of shell length (a) and shell height (b) of P. japonica

in the autumn artificial breeding
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KA R XK T 5 R 45 25 S A G . Bl KR Y
BEAK, HRA & & i B #i K . Lee 5% W 5%
SRR, HARMMIRZAEINAE KR 8. 11,
14 % 17 °CHIi#4E A D &) s st (] 43504 1226
72, 62.4H142.7 ho XN LI, FEKIR 11,
13 F1 16 °CIF,  wE HE TR PR 326G B & B 2 D B 4)
HAIEE] 435k 83, 60 Fl 46 h, £ L FFiA, H
AT 0GR I & T e K IR R 16.0~19.0 °C, 7
H 0 A5 b N 25 6 0 B W S, T R
H A g 1t s 248 B 97 A BsF ) 5 S sf S 1

A e s L R BRI, R
TEAIA AR 2 R 82 um, D B4 d R/ R 122 um,
D HAE 17.0 °)C W &3 25~30 d 55 &, 7F 14.0 °C
i 2ead 47 d K5 & ATk 2 2 R U A% 350 pm.
Gribben 28 238 T B V8 % W B8R BR 42 70 pm,
FEKIR 17.0 °C Z2K550 12 h n] & B AHEELE, 24h
KB ADIEY R, DIEYHMFERK A 1053 um,
2Z3d 16 d W BE B 52 K ATk 5] 247 pmf F A
AWFFE T, H AR IS 9 BR 42 75~85 um, D
T4 B B 458 K 120 pm. 7EBRZKIEN 19.0 °C
&l 18~21 d 3G &, 4 MIF R Bl 2 T,
EENAHRKIR 174~132°C, &id32d%H
G IR R T, R ALY R KR
286~316 pm, X 5 Lee 55 i 38 (1) H A< 15 1 5 4
HAEKE 11.0 °C B 75 2853 36 d & B M HE DL Y 25
AR . H AU pfds DI & RN B 2R
TS 55 125 e T AR AFIT , 2 IS H 30T A KA L P
2L ANG K  HUVR IR IS R W BT P 2 0 R
W, B AR S S A (AR, A
F 58 H I oK B H A i A 7E 52 T 40 3RS 0
PR A5, X 5 E RN, J5& EETg)
RO B 5, IR AR, T 2 TR
Wy A K SR AR A . AR T R A R A
&G M st O B, Rk BN, It
Hf A &)y 2R BE B T 48 T DL K R R IR R, X
ELAT SRR AT DU W BB AR TR, SRR IR Y &
B b B R B R H AR M G 4y A AR 2 B B X
BT IE R AE ST .

H S ¥ bt i &y e A8 25 Sk #fE DL S 0E A B A
K, 7EHEFEKIE 190°CH, £t 31dEs
AIREHE B OKERED, 38dJ5 KB NIUKEHEDN
TRk K IR 17.2 °C 32 B R FREE] 13.2 °C,
FRZAE DL E A ZEHE DL AR KBS, KA HE D
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FUBUK A HE DL 3 B A I 43 0 51 48 J5 1 33 159 ds
33 FEEFMAAESHIGEKEZENEM

UEAESR,  H AR I b G 7 N T R T 3 H 25
gy, HEMEFEAMRBASZXE, Huo
TE A [A) PR35 PR 7% H A o i s 2l R AR KOk /5
e () F 5 T e B, S B O ) 2P R AR
U2 s THEME, S A K, A, 4k
JEART 25 05, H AU #h kG 4l HOAS B IE 77 o
M AP R B, H AR RS gl R AT
B AR TR, HEDIFERAR A 200~300 pm
Gl YD 0 RS 0T TP AR R bR, HE DL B AR O 1 RS 5
TUWETES0% LA L. FHEPFFRET pH, S A
ST A 2 25 RN H A i i i 4y e S DL AR KR
BRI SE, 45 RFRY, H AR ARG
s pH L E N 8.0~8.4, WM AMIAEE T&
4394 0.8 F10.025 mg/L LA F N H.,

AT TE P IE R T H AR IR RS A R
MBENTZH AR EREBT KIS, &
ZP B KR N 19.0 °C, #h 4 32, pH N
8.0, HE DI AERLAR N 250 um Y ZRES 2253 60 d Y
BHE, HARBHIEEFZKIAS S mm, FHH
BN 2 695 Fi/m’, FKREFPEF KR 17.4~13.2
°C, hJF 28~33, pH N 7.5~8.0, F7& 4 H £
WA A ZEI e, WM R ESE HENE A
IKIEMEHR . 25 148 d OB E, HASHE RIS B
Frot Kk 2y 3 mm, F3H &N 6 666 Fi/m’,
MEE, MEENATHMETLER, &FH
P H B ) MAFTE R AR S RMF R E, XAl
e 5 FKIRAE, Huo ZEMIRIE T H A g i
I 4 HUAE 13~19 °C W4 AT A7 35, 7E /KR 13 °C
WHAFTE R, HAEKSE, 2MKEEE 22 °C
B, 4 ARG RE WAL, 2 12 H B2 Ef5t
o, Wk, ZENATHEMEET SRS, TR
Y8 SE B 1 OO A PR ACH , AR i B K R
it
34 HAXGHISHEXEFHESRI

Wt UT S ARSI B, H AT A A A TR E
A6 T5 M BB B A EF O N R R R e
o TEREACI SR8 H A RMEKOKIEIAF] 22.0°C
DL BB, H A ARG HE DL 300G 7 R R, RIS
RGBT REAR SIS, Ry 7F 52 s i 0Ok I
T 58 B H A TR B0 8 AR AL A 7, BRI
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RIS B R AL S B X AT IR R A . AESE
HRAE B AS Vg o s BT AR W2 RE A, XS TR 10
A B A G N T K A Kk B AT
TR, RIAZ 10 A LAIET H AR G R
B B A BT 0l 3G & S TR 5550 1 R RS
B, WA E ABAR, AW A, IR
E b i B AR A TS A TR EE 8
e ZEW ORI, FHRK T AERKE (4.94+
0.93) mm, [ H R FP G L 7R 25 PN 25 (8] 5l 2 A it U
LR, PSR 8 H AT XK HE 7%
B AE I SR, BN T SR KU o o A AT b
BHASH, B TREID S H T AR KER
fi% (10.0~13.0 °C), g fifi FH FH ik g 7K (18.6~19.0 °C)
HEAT H ARG B A R F, B A 2R KR E
Fhm T Oy F K, ik, #FZFSs AT H
AP IG AL A B E AR . Mz
T, FREACEESREE 10 A BA) HARVKIRZ A 18.0~
20.0 °C, IF & H AT piisy S50 (038 BOK IR, 1 Rh
SRR, TR E N A AR IR R 5
A, RBEE T —E M A . AR T S A
W= N T R R 20 E AN E AT 1
AR, AR K (13.2242.39) mm
FR) K AR IS 36 ¥ b o 7 LUJR B9 Bk 2 H AR g e
MBALEFEF T, ol 2= WA 4 9k B
SRy A IE AT R E S, T ARAS T R AR Y
JEARFRAE B A, T AR I p 0 R A 0 R A
FIPRER, FREARIREE R
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Artificial breeding, early growth and development of
Panopea japonica

HUO Zhongming, ZHAO Wen, XIAO Youxiang, CHE Zonghao, LIUKuo, YAN Xiwu"

(Engineering Research Center of Shellfish Culture and Breeding in Liaoning Province, College of
Fisheries and Life Science, Dalian Ocean University, Dalian 116023, China)

Abstract: The geoduck clam Panopea japonica is of high commercial potential. Currently, its sales in China
account for over 90% of its global sales and all the geoduck clams sold in the Chinese market are imported from
Sea of Japan. However, artificial breeding of P. japonica on a large scale is rarely reported. This study for the first
time tried artificial breeding of the geoduck clam P. japonica in an indoor hatchery in spring and autumn. Growth
and development of the artificially bred P. japonica in the two different seasons were compared as well. The res-
ults showed that for the parental P. japonica, the reproduction peak period was observed in May and October, with
a single spawning amount of (3x10°) - (5x10°) eggs/female and an egg diameter of 75-85 um. In spring, when the
water temperature was raised to 18.6-19.0°C, the lowest growth rate was observed in 6-9 days old and 15-18 days
old individuals, with a daily growth rate of shell length at 1-3 um/day. For the larvae at other growth stages, aver-
age growth rate of shell length was 9-15 um/day. After 30-40 days’ cultivation, P. japonica developed into
the juvenile stage and the average shell length reached (4.94+0.93) mm. For juveniles, the average growth rate of
shell length was 50-167 um/day. In spring, average production was 2 695 spat/m’. Fertilization rate, hatching rate,
larval survival rate, metamorphosis rate and juvenile survival rate of P. japonica artificially cultivated in spring
were 89.60%+3.21%, 38.60%+3.77%, 13.40%+1.52%, 29.80%+4.82% and 40.60%=+1.74%, respectively. In
autumn, the water temperature was from 17.4 C to 13.2 "C. Growth and development of larval P. japonica were
relatively slow and after 148 days’ cultivation, average shell length of the juveniles reached (2.88+0.47)
mm and average production was 6 666 spats/m’. Fertilization rate, hatching rate, larval survival rate, meta-
morphosis rate and juvenile survival rate of P. japonica artificially cultivated in autumn were 95.20%=1.92%,
14.60%+2.41%, 70.60%+5.46%, 59.20%+3.35% and 70.40%+2.30%, respectively. Then the spat was transferred
to outside pool for further cultivation, which could eventually reach (13.224+2.39) mm. In comparing the growth
and development of the artificially bred P. japonica in spring and autumn in Northern China, large size seeds suit-
able for bottom sowing could be produced in autumn at a relatively low cost. This study has provided a scientific
basis for larval breeding, high-efficient cultivation and resource restoration of P. japonica in China.

Key words: Panopea japonica; artificial breeding; larval; juvenile; growth
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