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Development and growth in fertilized eggs and larvae of the
Japanese geoduck, Panopea japonica reared in the laboratory
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'Dept. Marine Life Science and Aquaculture, Gangwon Provincial College, Gangneung 210-804, Korea

ABSTRACT

The development of Japanese geoduck, Panopea japonica, grown under culture conditions, has been examined
through the morphological characteristics in fertilized egg, larvae and juvenile. Gametes were stripped from ripe
broodstock and placed into two separate containers. Eggs were washed through a 40 uym sieve and fertilized with

dilute sperm solution. Developing larvae were maintained at 19 £

1°C. Fertilized eggs with 81.6 um diameter

developed to trochophores within 14 h and to D-stage larvae (116 um shell length) within 27 h. Larvae were
spontaneously settled at shell length of 311 um after 20 days. The hatching from fertilized eggs and larval rearing
were normally available in 18.5-21.5°C, and the growth was good in a cashmilon substrate, as well as sand. After
rearing of day 108 from metamorphosis, the shell length of juvenile P. japonica reached 13 mm, and growth rate of

shell length of the juvenile was 117.5 um/d.
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M E

2718 %7l (Panopea japonica, Japanese geoduck) +
olujsll 7} & (Myoida) SARERx72} (Hiatellidae)
o &3he, AR EEL] AE HEF) W3l Z7tolx, Aol
s, A, FEAE, L At Sl 23, Sy
NHE FaAt £4 o] 5Ql 4, AT, A Aol &4
313 9lt} (Habe, 1955; Okutani, 2000; Min et al., 2004).
27127 24 1050 m] AZ Wol} we) ZolA] A4
3= 500 g W9l (27 13-16 cm, 300-800 g) 2] H¥HF
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(Min et al., 2004) 24 A58 AAE A87F21F7) 55%
sz W ) go] $L Wk olel ghillo] Fisje] o
A dEe A A7} ok 2 Fole

Seeel At 1980-004dcle] A4 TotEEE AR
247 ool ofgk FEugk o2 Alo] 37}l 2006
W ol FAbA) Aol A¥-an, g} AARE Ao
A SR 852 Slsel 49 195 79 31044 A)
A% A e ARl

7718 2% (geoduck clam) o gt AF2E S
arlelzdlet Ak gt A 8 e Edolel 5
2 AABl= Pacific geoduckq! Panopea generosa
(Goodwin, 1973, 1976; Goodwin, et al., 1979; Bennett,
et al., 1982; Shaul and Goodwin, 1982;
Shields, 1983; Harbo et al., 1983; Vadopalas et al.,
2010; Liu et al., 2013) ¢} Panopea abrupta (Bureau, et
al., 2003; Campbell and Ming, 2003; Campbell et al.,
2004) = ez B2 Ae) A, WA, ZR A Sof
3t A7} 9l o™, Panopea globosa (Aragén-Noriega et

Breen and
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al., 2007) o oigt Ak 2 WA New Zealand geoduck
¢l Panopea zelandica (Gribben and Hay, 20083;
Gribben, et al., 2004; Gribben and Creese, 2005) °i H
gk e, Az 9 TR g A7) Slok

ZrjezAel Rk A7Re LA FEe} osiAlefe
digk 237} glom (Lee et al., 1997), F-2uetell M Azt
1-176E<] A= 1990 A4z o] A3t o
77} 993 Kim et al., 1991), Lee (1995) 7} HA B &3t
A AT, £B A (Lee and Rho, 1997; Lee et al., 1997),
AAAEE W SAYA (Lee, 1997), AAAE (Lee et al.,
1998) ol g A7} ek 2y 2 5 Zrje|zsfe] HEt
A= ASHA dgkor AAAd FEAM e A
F3kslet.

2 AFelAe ZrlElzslel gt o TR 2 A
THoR ARFYE FAs] A7 2AdTEA A 2
FAe el ok AF-E stk

ME Uy

1. ojw] S g A3

Aol A3 AR AX7E ol 2014 4-5900 A
B 22153k (37°06 N, 129°23" E) |4 AAstglon], A
A Al o A2 BESAS5A7] (YSI6600E) & AH-
sto] SAskglet. ARAlelE £AM sk At A
= o83t AR 4 20-25 mell A S EAkste] &
ol F g vy A stglen, A ZrlEzsle ofelx
el Hobd F71E Fdeh AlEs] AFAR F7 18T

Az 4833,  Phaeodactylum  tricornutum,
Isochrysis galbana, Paviova lutheri, Chaetoceros

calcitranss &33Fo] 40,000-60,000 cells/ml® 19 23]
(9:00, 16:00) F53F3ic) Ho| AalgS E57] Sl Hol
£ T3 Fode A ASFE 247 5 ARAA F
et 2ol S0 g 4 s0vlElE AREERSl e, Adule

AR A F5F A4 (GSD) © (AANLFTHS5FTH) x 10022 At
3130k

27|z AT 59 2024 64 3U7}HA] 43]) 2
2 AN Zr)E e AFLolAo) At g)¥e] e}
He7)e] AN LS felo gl ko] o] Brlsaln A
Ak o] Mol @2 BAE e 30 g AR H
T 2ope] S RA el 4, A, A, w4

gk ol AAEE ZR A Aofeto]
Ak, AAstL AR b e 10019 vlEE A

2. 532 LA L /A S

7745 42 18 pmo] FYIHAR F78ke] 4-& 18T
248 gz #te] FI7e WGtk FARH
A AR $lstke] o]zl mlE 1,0007H9] 74
S 83ty WATAIE NS ARS3te] 30+ 7H
Waste 23tk FAANEE SE FEHERRA
Isochrysis galbana$} Pavlova lutheri, Z12]1 373l
Chaetoceros calcitransS 19 43] (08:10, 11:20, 14:30,
17:40) 333F93, #A]7] o]|Fo= 19 33] (9:00, 13:00,
17:00) Fg3}¥ e ZEFUEE= 60,000-70,000 cells/ml ©]
Stk Wol 4 vieke fiztel AS4 A/ HEE AR
1 pm 7S FINA ASFE ARSI 9] A
A A8 AT A7 582 50% o)/de] AEAlY =
Dok o R S1Ga DA Y] AEES
e MAIE SHAsHA Helsigiti sty A=
A5kt

m

P

o %

FHEFE ARE

.48 e B R A

71A4e]| mE B 2] F ABaEH S 248
7] $13}e] 500 liter 9% PPFxo njetel] e, sfAn|E
(cashmilon) A& =E, T8 FHHFHE 22 MBE
AAsleith ZeiE 10 em Zol® Za AW 22 A
W 5 em FAE ARBIloH, 7 xolle FE] £A4
60,00071A15 #8315t} e AR A= L A4
252 1/2& 742 n3slglon| wide) 2A|gk Fof=
Al 7 ASslsit) A3 ZA3E one-way ANOVA-test
£ AAsgleH, Hd 7k F94 (P < 0.05) = 243
218l Duncan's multiple range test (Duncan, 1955) & A
AEkglc). w3 BE §A #42 SPSS program (Ver.
14.0) 2= 7A7slglrt
Zda 9 o3
1. 25j9) AR, 27 L &2 AF

71z AQA L] $4L 20-25 m, & 10.1-10.3C,
pH 8.0-81, Q¥ 339 ppt olgen, AAL wAAA
(0.062-0.125 mm) 54.2%, AAF2 (0.125-0.250 mm)
33.7%, 718} 12.1%% o] F-o]A It} AAF A= el
ZHd ¥ 34 (siphon) & Z8le] wpgtES WolEo]a W
B 2 & AdEA0] glolon, ARl o)Al HE
3350 (Fig. 1).
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Fig. 1. Outline appearance of Panopea japonica infiltrated in
the sand area located in the coast of Uljin, Gyeongbuk
province.

ez Bofje] AS 4 A% A4S SA Ax, Ao
7 105.6 = 7.6 mm, 21 66.7 £ 4.4 mm, 2= 59.9 £
4.8 mm, AZ% 362.0 + 90.1 g, B4 31.0 + 8.7 g ©|%)
on, AAEX FF AL (GS) = U7 216 + 3.6
(14.3-28.9), 471 21.4 + 3.4 (14.5-26.6) 4] = 7h) &
2JA el zfo]7} gl om Heuf Ao A E o] o2l (
Fig. 2). Kim et al.(1991) 2 19 GSI7} 19.02% A% %
o) Akl 1-44, FARYIE 3-490)aL sglont &
EApelM = 549 20907 Aol Zbsstgion 64 2490714
A 4= Sich

Seldetels ZrjExsle 19859 Fsliek onlEel
o3 AR F ) ke SRR A3 Eegtey

U]%
o

Outline shape of male gonad
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1987d0]  FAFIAEAN  leleAE sl
(Kim et al., 1991; Lee and Rho, 1997; Lee et al., 1998).
2y A5 A AAolA Fqlgh A7} 082 197413 -E
Akl o, e 3 ekl wE ks ofFEglH
I stER o3te] eyt Iy|EE AAlAe] dEAR
o] At

2733 L /AR
ez 2 A
81.6) £m °]3loH, FAF
W 2A|27|2 Ha, #4342
7], 5217t F 16A127], 8AIZF & 2af7|7) Hglok 4 F
1447ke] Ay FaAk frAo] Hof fAsiglen, 4 27
A7t Zofl= AAwoke] DA FA] (D-shaped larvae) © &
dekgla, 89 Folle 4747] (umbo stage)7h =iz, 179
AHFElE SAPE Yeldr] Akl (Fig. 3, Table 1).

DA FA1e 72 116.4 + 3.77 pm, ZF3L 96.8 £ 3.46 #m
o3, FAPL vehd 4 18Y Fo A U=
291.4 + 6.23 pm, 243 255.1 + 5.76 pxme]|3om, wpeko]
ek 24 20 9 HAE 3112 + 771 pm, 42
282.2 £ 854 pm ©]3it} (Table 2).

Lee and Rho (1997) + Z7|g|x7 A=) W] 70
pmekI Spglot F zalME Hd 81.6 pmEA Zlth
ol Ed3t 49 Panopea zelandica 77 1m (Gribben and
Hay, 2003) ¢} P. abrupta 82 1m (Goodwin et al. 1979)
S 27} vl stk

Z718x09 DA #A =Z7] (116 ¢m) = Lee and Rho
(1997 9 ®1 (110 gm) & ¥|E3I2H, Panopea

%7 80.2-82.9 (I
19TNA 247ke] A}
F 4AIZ7), 47 F sAIE

Ho®
X

X=R
A=

|

I H=hLIHI1

T TTNeT TR s
ﬁl!lllilllllll!llll ﬂ”!”'l;WL L n%

Outline shape of female gonad

Fig. 2. Gonad of male and female in Panopea japonica collected from the coast of Uljin, Gyeongbuk province.
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Development of fertilized eggs and larvae in Panopea japonica

Fertilized egg 4 cell stage at 3h 16 cell stage at 5h

&

Trochophore larva at 14h D-shaped larva at 27h Umbo stage larva at Day 8

Post larva at Day 17 Settled juvenile at Day 20 Young spat

Fig. 3. Developmental process of Panopea japonica reared in the laboratory.

Table 1. Comparison of elapsed time from fertilized eggs to full-grown larvae in each development stage of Panopea

Japonica
Stages u : Lee (1997) : : This s;tudy
8T 11T 14T 17T 19T
fertilized eggs 0 0 0 0 0
2 cells 2 hr. 2 hr.
4 cells 4 hr. 3 hr.
8 cells 21.2 hr. 9 hr. 5.4 hr. 4.3 hr. 4 hr.
16 cells 15 hr. 5 hr.
Blastula 46.0 hr. 23 hr. 18.7 hr. 12.3 hr. 8 hr.
Trochophore 87.3 hr. 2 day 33.8 hr. 23.6 hr. 14 hr.
D-shaped larvae 122.6 hr. 3 day 62.4 hr. 42.7 hr. 27 hr.
Umbo stage 23 day 8 day
Full-grown stage 36 day 18 day
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Table 2. Mean of shell length and shell height (+ standard error) in Panopea japonica from fertilized eggs to

full-grown larvae. (n = number of eggs, trochophores, and veliger larvae measured at each rearing
population)
Period Stage Mean length (#zm) Mean height (zm) n
Day 0 Eggs 81.6 + 6.64 25
Day 1 Trochophore 87.0 + 6.42 82.5 + 5.51 20
Day 2 120.6 + 6.32 94.6 + 4.84 24
Day 3 D-shaped larvae 116.4 + 3.77 96.8 + 3.46 26
Day 4 144.2 + 4.77 118.8 + 4.21 26
Day 6 157.8 + 6.74 134.9 + 3.78 21
Day 8 Umbo stage 173.7 = 5.18 145.6 + 4.42 23
Day 10 193.5 + 4.30 167.2 + 3.98 20
Day 12 219.4 + 3.62 175.1 + 5.78 28
Day 14 244.2 + 5.12 216.3 + 6.33 26
Day 16 269.0 £ 7.10 232.8 + 4.92 22
Day 18 Full-grown stage 291.4 £ 6.23 255.1 £ 5.76 23
Day 20 311.2 £ 7.71 282.2 + 8.54 25
Day 22 336.1 + 8.75 291.2 + 7.91 25
Table 3. Advent period and size of initial juveniles in infaunal geoduck species
Initial juveniles
Species - - Author
Period(days) Size (1m)
Panopea japonica 18 291 This study
P zelandica 16 247 Gribben and Hay (2003)
P, generosa 20 380 Liu et al, (2013)
P abrupta 25 350 Goodwin et al (1979)
Paphies australis 22 234-254 Hooker (1997)
P subtriangulata 17 230 Redfearn (1987)

zelandica (105 pm) ¥ P. abrupta (122 xm) % A}
3 AYgS 29t (Goodwin et al. 1979; Gribben and
Hay, 2003). DA #4794 o] 254 EZ3te 447]
AR =, 1 F SAE W vl 2Ax|sle] Fof 1
gk A7 o)Ye = 9l A%7| (full-grown stage) AL
2 Halt) 27|85l fAe] WE)7] (metamorphosis) 7HA]
gl A4 (18Y) 9 1 =] (291.0 xm) = P
generosa (17 + 1T, 20%, 380 pm) 2 P. zelandica (17
+ 17T, 16, 247 pm) 9= v]|$=31A|qE, P. abrupta (17T,
25, 350 xm) Eul= 428947} ti4 Wit} (Table 3).

Lee and Rho (1997) ¥ Z7]e]|x7) +A<2 17CoAA= A
E47) (full-grown stage) 7}x =8} Ssla Az 5
ARk shglovt & wAbolAE 19TAAE AdA oz
kA, 3t gl FAAge] Thsste] Aolrh il

3. 4572 w}f-'— A8 g X A3

71z P AR vt SAE Wl
AL viA L ¥ E dAA R FARE Fo nig 7}ﬂ‘r
otr] AA LS 3 "k A= A F 182290 o
o]FolRom oju 2t A7)+ 291-336 mSlrh
FrrAE AES 3ol 83 F 110987 AHS3ke] A
71 Aol w2 A B EES AR A7) B vl A
74 4 13.0 + 0.70 mm, AES 19.6%2 7P ks s}
o A& vl 2 B 12.7 + 0.75 mm, A
& 13.9%% i Helgley Iz E 4%
4 12.3 £ 0.58 mm, AES 5.6%= 3t} (Table
4). exatetel| 7l BeljE ol Audhs Afells A% Y
ANEEE Fou A7l AuA mef wido] HE = 9lof
2HE ZAFt F= o] Hasil 2 AAR|EellA

= ATt Soldlrg FRE Al AlSE A5l

*

I f=

3@ r

o
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Development of fertilized eggs and larvae in Panopea japonica

Table 4. Settling rate in full-grown larvae of Panopea japonica depending on collecting substances.

Material of collector  No. of larvae

No. of spat collected

collection rate(%) Shell length (mm)

Sand bottom 60,000
Cashmilon mat 60,000
Synthetic fiber mat 60,000

11,730

19.6 13.0 = 0.70
13.9 12.7 £ 0.75
5.6 12.3 + 0.58

Day 108 (13 mm)

Day 205 (17 mm)

| (T
» 10! 11 a2 ‘lJS I 1’4

L s S ] s e e |

Ty
6 e i 7 T 4s 1 i 2

1 o1 2

Day 443 (23 mm)

Fig. 4. Juvenile of Panopea japonica reared after settiement in the laboratory.

L87kA]7) Qlvkar shd=ic

el HAT 64 1995 104 62714 =2 v
FxoAd 108¥7F A5 Ax 2 13.0 + 0.7 mm, 23X
7.9 £ 0.42 mm, 2% 5.7 + 0.54 mm, A5 04+ 0.10 g
o AAsg o AAAELS 2 1175 pm, 2 70.8
rm otk AREFE AdseEA $2 18.5-21.5T T
i 201349 5o A FHE 201449 1048 62l A4
23.2 + 1.2 mm, 22 15.1 + 1.07 mm, 2= 14.5 + 1.96
mm, A5 5.3 + 1.29 g2 A% (Fig 4) 3l As4=2
A% AdFAe] 7hsdk 2oz FelEgich

2 o

27z HEF 3T RS FA] A 7|xdd
TEA AT, 74 B A Bas 2RI A=
A A5 onjellA FE3te] 34 AAb fdoz £A53
onf AFAAL £ 19 + 1CE Ak FATe) ¢

74 W 81.6 pm olglen, 4 F 14213k vkl HEA
Aol wo] FAFeta, 27417 kel DA 4 (4 116 1m)

>

o ® ey, 204 Folls 4% 3112 pm= AAske] nf
chol] ekabslgith 18.5-21.5C A AAA oz B3l W &4
Ago] ThsEkglon, B INAE R} S5k o AA
2% guapglch FRrAe]l AAR F 108U AREE
A7 244 13 mm, A5 0.4 g2 A8 1 A
< 27 1175 pm o]3low, Ads¢E A% AsAe] 7}

#Atel 2

B ATE TR Shelu] AFER AL 2
A141%} (RP-14-AQ-62) ¢ 7] Al <J3l) F-a3siglon]
A=}

Agie] 9 ARAAe) e 5 F4 471, o4, 4]
FePAs) At BeE =,
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