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ARICERT 29 < o BUIE-HEEH 50, HERH
EleBDE~F~aThsd, FvaidbEsRkhie LT
Buwboh s, JaF, i omkEMs e LTE
BE4), Biomhio( ) o (@) dEH&EaeE LT
DOFEIEZ T 5D, BIEHAOEA,D, HHRET
i, BLOBKERFED—E LT, <7 a0
FEf A &R AN TS,

Y aRER, W 7,8), 446 6) K&V
WEINTNED, FEHE LI, AREOREFTFFEIL
Z LW, WROLBRINFEEER LD, fEF~2ET
OERBEEHRELATO ZENTENE, BRI omR L
WRECHMTZ2bDEEX 5,

HESIL, FHR O O AEN ORI E I
ATHIRBEING R 1T L3, ThETCOWET—¥
(1~4, 11, 12) ZMFTHZET, BEREE~>~ o
2B BRI I EINERRHN ZRGT Ulee &, #5368
IR X DI S NI &R T2 W TR 2170,
FHME LW & XN B auricularia S48 DA O 285 L
Too FOFER, NS EAN TS doliolaria 4540
pentactula $HEEE TR~ 2 ETCMBET5HZ & HTHE
Ele 1D T, FDFEFRWCITARFTLD EF FAE BRI
ReWET %,

il

MHE &R E

iz~ J < 2 Stichopus japonicus Selenka {3 [ 81%
MNEERE L7z 20 ~ 30cm DAT, HRE T 10 Colli
KTHE L, FRGCREK 0C) B L, BHAU
IR Utz SBFIIIERTCITY, R E 3B L
MBI TEAT 2 B CHERR U 7ce BURZ GG U 7= A
L, BT, 10 0 OUGEHIKDA - 7oKECR L,
RDSSET 4 5 £ Challe Lo BRAIICHIT 5 HINRT
B OB (BUSER) EFERUH TS NI IEIEH
BRROKEENT 2 >~ 9 —HEEWME (1~ 4, 11, 12) ZHIZ
B Utz

Bl kA No. 4 : 16 -23, 2002

TR, BoRh OREEEROER O SR EN TV S
BFEEXy PTERILL, TOA > THAKIEZ 2m
MAXTCHEREDZ LK VT -T2, 2D, BadHEK
T, BT EROEL, =7 —% AN &Kk
TR RE Uiz (BiR200),

SRR 3 B BICIRESEE A KICE U, 4RI
il & UC Chaetoceros gracilis % 1 % 107/ 0 OFE T,
BTN TDDRLETF FFTI Y XE—-%10Y
720 1mg Hx7, d 2 RiC—EoBA&TEZ, EIZ
AT A IRZE Y A R TR BROWZRICHT UVWRETE
KIZZE LTz,

BRELEER

1) RIC LML BREOFR

2000%E5 F 15 H GAER 1) ClIFRAEE, 30975
L HE2 NSRBI L, Z D 30 R OIS 11 P
MR, HOP L7z, 6 A 13 B GAlR2) OFRTIE, Ml
MHERS NIEIL 2 LT, ZDH B0 1 PLA 280 1
DIERII LT, Fiz, 20014E5 H 1 H Gk 3) Cit
JERTE 45 ~ 55 I 3 PEOSEIN Uize  F /- HO SRR C
X -AEIZ 10 TH -7z, 5A23 H B4 Cldum
% 45 91 1 LB MR T & 7o FEio, ks U7t
W5 IETH -7 SEOMRIE X 2FRRR T
®iz, BEISRE AT &, FloRIMEESEREREEL Y
iz GRS i 3/10, R4 T 1/5) Z&2b
o 71‘_0
HHREOKER 2 v ¥ —FERE 1~ 4, 11, 12) %
iz, IRFERROT — 9 BT Lic, ZORR, K
P & ks OFRE RN B BUSHRIZ 0%~ 25 % T - 7oo MED
FIGHRIE 0~ 20 B THHTHE 1.8 %, HEDOKIGHIL 0
~19%, B T54%TH-7 (Fig. Do =< i
HERETHY, SR EMESEORK NI R -0, BRI
AR UMD BRI D 870008, ROSRIGME X O 1
DFH 3 FEREEWE B b, SEORBRESR S FHE
ItamA R BN,

AT B R IO TIoN, BRI O ERIIHC R
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Fig. 1 Frequency of spawning and ejaculation in artificial induction
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Fig. 2 The number of eggs collected from adult female sea cucumber

RIRKREWIE ¢ v & — el (1~4, 11, 12) %
-2&@ AFoe FRBRIANE 5/26 ~8/16 @ 80 HEIIC KA
Thd, MEORERITENEZE L TEbLLRNWES T
HBHN, L EEM7- 0 ORI EARDE 5 ARID 6 H
RS NLITHD (Fig. 2. 5E, B2 DfF-7%
REACH, 1 A% ORI O 7 — ¥ 335 &by
T, 6 A 13 H G2 T3 1 ko5 28075
O E I TE I,

BRI DA, FEIR ORI KIR & B HcBIRAS
HBHEEZBND, FIZIEEKEREO SRR
WCHEEIN-v < 2 Cll, BRI 6 Add kiR

20°C) T50%h, 6 A TaNI57 A LA TrER
WBHIRDBEINC, 7 ApaIiZid KB o HINEA T H b,
—75, SHEHEOLIE T 7 AR ah & Tz I 0%
WHY, 50 ~ 60 BOMBINE & - I-fifks LN
febkdhd (6), BERBEOMATIITINNF < 2 ORH
R BIKIEN 12~ 16 ClZie b 5~ 6 AHEIRSYIC
HHERELTNDE (B), F-AEHMFOKER 12 ~
15.7°CC5 A 30 BHZIZ AR BAR#AE <, 6 A 20 HIZiZ
FRED, HEHINLUTWAEETH - OmEHH D
(1) 2O EBLEKEO LN, v+l
R DN IR RO I S e 5 2 5 Z L osEl SN
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%, ALINZ 10 CTOEKD S 20 COMMEANE T Z &
CREINFRIE H HBEHIHTHETH DA%, WikliRA 20
TEXUV{EN 12 ~ 16 TTHAREINNTON TS0
T, KORWIEIFERIIIHEHTLIH I v anER
B a i, AL i kiR E e X SR E &
Wy, RIS K D HIBRHRE D A = LR B EEH
HDEHEX D, Elz, NLEMEOHEALLELRHT
H5HD,

2) BEERE

IR E R OIRII IR A LT 55, Ehic, I
¥ (germinal vesicle) %4 L, #ha L5 (follicular
epithelium) (@ EN /- RRAMNBEE I N5, Ly
L, ZOBEEN R0, TAELIIREIED ASE LTz
PINCH B, IIDERIL 160 ~ 165 um THMAM%E LT
Wb, Btk 30 9%RICIIF9%8#E (micropyle process)
& XiFh sl E R R, B IN S, TIfEEr 55—
R (Ist polar body) ABCHIE N, KW TEHE A&
(2nd polar body) 23BN %, =7 ur~vaD ALK
K CBB D W — D WP LA D 2 7 — ¥ DYIH K
AHETHY (10), H—EI B ST O IC 52k
ZH A EIEH T HIEOES I EAND, WO D
WPRETEREIE D &, ZDOHEIRERH & &I
555 THbH, SEIOZRATHEIN 30 DEICIT - 7=2DT,
IR D A — Bl R S & ks b,

T 2 WiRIR I —INEINE UE D, Bk H 2E
Bro 0N b, F—IHlo 40 HEICIZE 0
HEE U 4filas isb, 20k, 32#ilNE THL %
40 SIS —ER R VRE L, STRITE 5 ] 40 9T 64 #
fakias, INENLERLEFETH DS, itk (128
Mife), =RialE (256 M) AARC, SEHE 13 K§ET
BRI & 7%, SER51% 15 W95 &, SSRIBEACIE
MNEEH L Ush, # 1 BERIRICSEREIEA W, bd
b, THit%, 19 WelHl9 5 & DML S h S 2EE
Eleb, I (archenteron) 2SER & i, 7 kAN
DBBEINDIDICb, T IEMTIE, v=
HCALND KD et S e (larval spicule) 1 E -8
BN, BIRHRINICE E P00 & M5
(dorsal pore) 2B EN 5, SRR 2 HBIZIZ@A7
7 )25 Y T (early auricularia) OFAH% 293
K2l B, Ol (stomodaeum) 2SR MG & KLY
MHTE, FERIL 340 um 1725, 3 HEHICIZEE 430 ~
450 um 75 %, 4 HEICIIRE E BORAID LD
Y, BRI R &) U R E 2 175,
Z 0%, BEEG, BMIRWRRT ) 25 7ak
(mid auricularia) FTHEL, 5HHEIZIE500~530 um
2020, FEBRMRROMIEEE % —oMR T 5,
6 HEIZIE 650 pumiZE L, FEMWoKE (hydrocoel)
D LB, FlohFREEBEREOMIZL S —D
OERIRLE CIX U D, ZoBilEdEIcREL, N

BRIE L b, 2D%, FBENERRINT V) 25
744 (late auricularia) 12725 & BRI & RiFRid
WMZERIRGE (elastic bal) 236N, KROWTHIKD L
HERNE AT, PEOREIRAIC 25 C 5 W OERRKAL
B EN b, £, AR (eft enterocoel) 138 DA
IR IR IZEY, FHBEFE (ight enterocoel)
FEOPROTMISAE LT b, ZOWEIZID &40
DOEEIRKEL, KEWHOTIE 1mm 12T 5,
SRR 10 B B, AIE#EN LG, doliolaria N\ & 28
MBEIL U D, FREIINE LD, iy,
doliolaria OFH%EFRT, Z DI BTl D EERREDH
SOK DD, I, A<, Fofiie
o C, HAEHEIT D, awicuralia S14EGICHHE TH -
BN (ciliary band) RO OW LB 5, 5%
ik, 15 BICIZMRO% L7z doliolaria &4 & 735,
BRIREERV#HLS L2 5 KROBMER (transverse
ciliary band) 25T, WEICIZ DT (buccal tentacle)
BB EN 5, 16 HHICIZERZEGRICAY, 18 HEIIZ
& pentacutula $h4:& 78 b, 5 KOE—F (primary
tentacle) NCE b, 22 HEIZBAEEL S OMIRDOHE
R CHEbh, RBICEE (tube foot) B TE B, ZOH
% FWCEERICRE U, MAKTHRINA 0%, &
THZ Do

v aDRERELC, SIS (6) KWEKRRED
FTYIDATHIFIZLY, BMELTHEH, ZHro%E
eFE CO—lDREBMERIT I, ARl Br kB
EvFv oAV CRRABREEH L, RBAdRIRE(E
B U7z (Table 1, Fig. 3). SIS AIIME T
40 DRI HH U, THER, 15 RITCIMET 5 0% %
Uiz E72, 6835l L5 Gastrula AR b
FOmid gastrula iZHi=HEHZ B, ZHk, 25
2B 1 auricularia $h4: 1352651 2 B B i#lgg
N, ZZETCOWMRAITRIERCSHS0WME &iIFE—
B9 b, £/, auricularia ShEOZRELIRNL 7 ~ 8 HH
T, %M auricularia 841 5 R OERKREEH S DSBS
oI & & Uiz, %I aurircularia 25 doliolaria ~ D%
ferhosht (Fig. 3, 29~ 32) 1k 5 HE@EREINI,
doliolariald 5 KDHMTEHRZ L, MROMEETLHD
& UTze F72, doliolaria 75 pentactula MZEHEIZIL 3 H
L, B—FOWEK%E S - T pentactula, BH &%
RO % & - Tlate pentactula & L7z, SH5612dN
¥ auricuralia 2° & doliolaria OZEfEN 30 ~ 36 W% FH
L, doliolaria ®ZfEt%, 3 H HiZid pentactula {2725 &
W9, SO T auricuralia > 5 doliolaria ZEfEM
L 5 HiZle - Tnd, ZhEE—RESRET oMM
B Lol EFH OB WEE & B EENRAE
L, ZEREHESECD, HEWE, FFERERKRZ
BEOWPHEWM Y A -V XD, FEIPEN-THEMNESD
#z 6N b, MEE XD - B EITEEY, il
auricularia #h4: £ CTIAFE TE 5205, ZOHBROFEAIIAE
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Table 1. The stages in the normal development of sea cucumber, Stichopus japonicus at 20°C

Table1. The stages in the normal development of sea cucumber, Stichopus japonicus at 20°C

Stage number Time after No. in
insemination Morphological events in development Fig. 3
Stage Day| Hr |Min
- |immature egg HRaCEF TS RALESSONS.  165um 1
0 |insemination 0 Mo TH, BIBT 5,
1 |1st polar body (| 30) |monk, H309 THE—EEEKHT S, 2
2 |2nd polar body 1 | 0) s—Ebmibik N30 TEBEERHT . 3
3 |2-cell 2 | 0 (H10RBIRED, SRTHYEN S UVhBHEITSHS. 4
4 (4-cell 2 | 40 |sE2OREIMHAE D, FRITHERASAONS, 5
5 (8-cell 3 | 20 (SE3MEIMHEES, FETHS. 6
6 |16-cell 4 | O |sE40RRIMHAE D, 7
7 |32-cell 4 | 40 |ESIHEHSBES, 8
8 [64-cell 5 | 40 |sEemBIMHRESD, 9
(morula) o
9 [128-cell 7 SE7IBINRES, 10
(early blastula)
10 256-cell 10 SEBIPEINIAE B, 11
(mid blastula)
11 {late blastula 13 HWpasEm L, BIPpEARE S, 12
12 thatching 15 EHEORTHAEKLKRD S, BEE#Re ICRE<ES, 13
blastula
hatching 16 EHEEATE, HIRKBTRO LA LB UMMET 5, -
13 |early gastrula 19 ROMERENS, 14
14 |mid gastrula 11 EBAER S, BEERSTRREND, B 15
15 |late gastrula 1/6 FERE SICHRMETHRAL, MEBRENESCER S, 18
EFRLYPPECEHELIERENS, 17
16 |early 2|3 ORAsEEREN, BB, PR ENS. 18
auricularia B EILEBHONSB, 19, 20
17 imid 4 OOy, BEBORAM DO LS LB, 21,22
auricularia BESTERENEE RPALREERET O LD I2K5. 23
WHEBKDPBRUREOETHICIER S, 24,25
EQEFIOKBESEREND, RERC6EBIICIE650um, 26
7HEICE 700umIciE3, 27
18 |late 9 kiR ik (elastic bal) 4853, %M, ¥, PH, AIEOSRE
auricularia hit O FAERICRD 5NB.
ERBGREREL, BOLUADSTANLHUS,
GBUBEREEOPRBHASTANEMU S,
REROBBICIKO00umITET B, 28
11 KEISECREL, Mihd 5,
HRIZ700umicizy, BhEEILIRDS, 29
14 CUEABICAY, BRRGE P OCERERNE <KD, 30
ERIZE SN Y, BRIRES B LD, #EF (ciliary band) 31
[EEAMICHW LR D, BHEITHNL, S00umicizs, 32
19 |doliolaria 15 WBEORICHY, BIREERY B LD CSFOBER
(transverse ciliary band) &% 0 %, OBRRPICO/MF
(buccal tentacle)#T& 3, o 33
16 BEENSBEEEICAS. 34
20 |pentactula 18 RABFELL Y, SEOE—F (primary tentacle) 2 HT 3,
E—-MFLERCHE, OOREHAVT S, 35
21|late pentactula | 22 HAICER(tube foot)&EF TS, BRTEBMICRETS LN
TEDLD LD, RRIGBROBHICEDLNS, 36

19
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Fig. 3
F 2\, B auricularia S04 IEEHY R BRIMETZRE, 3) $EREF
FOHBOGEBRENTENEI POBEERIFEL Y, 200145 A1 H&ES5 A 21 HoFt 2, SREE~T
BRIk EAS doliclaria $1ANOERBICEE RFEI& K- L < IO ERZE (FBE 20 °C) WT 3 BEREERSTHE
TWaHDEEZ BND, KCREZED, FHOMBESMEIZE L (Table 2),

200145 B 1 BIo X9 7-00% 3 EEOLHTCRE L
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— - 34

— 35 — 36

Fig. 3 Normal development of sea cucumber (Stichopus japonicus Selenka)

1, immature egg. 2, l-cell (Ist polar body). 3, 1l-cell (2nd polar body). 4, 2-cell. 5, 4-cell. 6, 8-cell.
7, 16-cell. 8, 32-cell. 9, 64-cell. 10, 128-cell. 11, 256-cell. 12, late blastula. 13, hatching blastula. 14,

early gastrula. 15, 16, mid gastrula. 17, late gastrula.

18 ~ 20, early auricularia. 18, 2-day. 19, 20, 3-day.

21~27, mid auricularia. 21, 22, 4-day. 23, b-day. 24, 25, enlargement of larval spicule. 26, 6-day. 27,
7-day. 28, 29, late auricularia. 28, 9-day. 29, 1l-day. 29 ~ 32, late auricularia during metamorphosis.

33, doliolaria. 34, doliolaria during metamorphosis.

archenteron. bt: buccal tentacle. dp: dorsal pore.

35, pentactula. 36, late pentactula. an: anus. arch:
eb: elastic ball. fe: follicular epithelium. gv: germinal

vesicle. hyd.c: hydrocoel. in: intestine. lent.c.: left enterocoel. o: mouth. os: oesophagus. pc: pore canal.
pt: primary tentacle. r.ent.c: right enterocoel. st: stomach. std: stomodaeum. sp: larval spicule. tf: tube
foot. 18, 19, 21, 23, 26 ~ 30, ventral view. 20, 22, lateral view. 24, 25, dorsal view. scale bar, 100 ¢tm;

1~17, 18~22, 23 & 26~28, 29~ 32, same size.

7= (O~@) HELTWDBHEEIRA FTED,
HR—=NV2FA4 NHFZZOEERET AW THREL, 5+
BB NICE ONEHEOFEYBE Lz, QD%
TIIERE%R 5 H BICIKSHROEELFHIT VY 25 )
TIAETZHEAZD, @TRFET )23 TihEl
oTnAHHO QIL/10PE) 555, BOIIWHT
V2S5 ) TEHETRENES > Tz, OIIET
V7SV TEHETHT Lz, 6 HEOBETIRO, @&
DIZFEESER L, KEOEIZIRATW:, ULk, 5
A1 BB L E0RETIINWTNOLRSE T bk
7o) oS THESTRETAIEIRTE D>
7o ZRUE, BEG 2 AEEIRGEOMEEE, HHR
BETHAIAEELEZ DN, FIT, HOFEEPELS
B YAERBTEETRREL, ERET-71- (@~0),

RS BRIC@TIRFT Y ) 735 ) 74 LEOE
HIIBEINT, FLQLOTRIGHT IV 2 Z ) T4
A TH-7. 6 HERKIZD, ®, ®OWThofE &MY
T, B ERFERTE R o, @, ®, @05t
TiZ 6 HETHHIT OV 25 Pk sBIETE -,
@D, @TRINGHEDBTHEYIBEINED, ©
TIEONEYIIBEINLD 5770 ODEMHTIZEIZ
B xFT, 7 HBIIZSEDRAIZEROMALIERK A
M1 REEXN, 9 HBIZIE 5 JokikGgEE o, HBil
TV IS5 THETEE Uiz, ®@DE&HTIEZDR
A ZET, A Y7 (doliolaria) #h4E, & LT
v#% 275 (pentactula) $HEFEETHZ LN TE I,
A, PUEWE T ANHKTCIIFRET ) 23
THETCRENEILLZZ ED, v F T a0EDRH
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Table 2. The breeding conditions of sea cucumber larvae

breeding condition antibiotic (conc. 50mg/ @, each) food larva density (fm 2) larva stage
@ streptomycin, penicillin Chaetoceros grailis 30 mid auricularia
early auricularia
@ streptomycin Chastoceros gracilis 30 mié’ auricularia
® - Chaetoceros gracilis 30 early auriculalia
. . Chaetoceros gracilis . . .
@ streptomycin, penicillin only 1 mid auricularia
Chaetoceros gracilis . .
® streptomycin, penicillin TetraMin® gaby 1 early auricularia
® streptomyein, penicillin TetraM;r;% baby 1 early auricularia
@ ) Chaetocz;c;; gracilis 1 mid auricularia
Chaetoceros gracilis
|
® ) TetraMin® baby 1 pentactula
® ) TetraMér;% baby 1 mid auricularia
(-): no antibiotic in sea water
B PKLES w2 & aibhn b, HAFOiERES RETHH T~ ETCRETHEDDZ EETHEE Uiz,

Wcik, LY OB LY < b A EEZ AN
MWKTRETHZ L0550, LB e~ ,~
I TCREERPIZEZ 6N E T LARRIZY
BERIETEEZBND,

ikt & UCEERIHO Chaetoceros gracilis IR THRHE
UIEBETHE, NS YUTAEEEI LI LIEITE
B oz, Fh, TetraMin® baby HEhOUE & EREC
RS B Z ENTE D 572 —, Chaetoceros
gracilis & TetraMin® baby DREAHENE WA
i, Ry 7V IHEETHEREED D Z ENTE
FHEIZHWETIROBNH - &M (FhF3 v
NE =) EHERORE IS LB RER SR b I N TE
v, ZOEREHI T ¢ v a I—, Bl A —2 %
Thb, 5IOIEEMER Monas sp. ZHNWTT~ 2
DALFHICE LTS (6) 2% Ih b0t
RIBAF LIS W, &0, TR O & Chaetoceros
gracilis ZRWCRAFRBIEES Z & T, v F v ang)
EREETREIC Uiz, 9., T~ a0RibFIRELY
(BB, — MRS OSEME ICERA SRS
TEHHDEEZ B,

i =

INETCOWEF— Kz, BERBO< T 30D
IRREE s A6 8 ADRIMNIChA2Z &, ATWIREDN
BRI AR s AR b6 A LHTHE I E%ER
Ulze & UTEEBSEOD Chaetoceros gracilis &Il
BHBROM (F P53y RXE—-) ZHL, KBE
(Iml 470 1) CTHETHI &Y, AR

2 F v O, Bk WAL, YEERBECoO—l
OREREZEIR L, BEBMEREIER L,
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Normal development and artificial breeding of sea cucumber
(Stichopus japonicus Selenka) from Mutsu Bay

Wataru YOSHIDA', Atsushi TAMAI?, Toshihiro YANAKA' and Sachiko ISHIDA'

' Department of Biofunctional Science, Faculty of Agriculture and Life Science,
Hirosaki University, Hirosaki 036-8561, Japan
2 Aomori Fisheries Technology Center, Aomori 038-0052, Japan

SUMMARY

We indicated that the breeding season of Stichopus japonicus Selenka living in Mutsu Bay is from May
to August based on the analysis of several reports.  The adult sea cucumbers transferred from cool sea
water (10C) to warm sea water (20C) started ejaculation and spawning within an hour. In the artificial
induction, the best season may be during the end of May to the first ten days of June, because of the
large number of mature eggs were collected from an adult sea cucumber.  The number is about 3,000,000
eggs per individual.  The normal development was as follows: (1) blastula: (13hrs after fertilization),
(2) gastrula: (19-30hrs), (3)auricularia: (2-9days), (4) doliolaria: (15-16days), (5) pentactula: (18-22
days).  When sea cucumber larvae were bred in the condition added Chaetoceros gracilis and commercial
tropical fish food (TetraMin® baby) at low density (a larva/ml) in filtration sea water, they grew up into
juvenile sea cucumbers. In this paper we reported the table of the stages in the normal development
of sea cucumber, Stichopus japonicus Selenka under such conditions at 20C.

Bull. Fac. Agric. & Life Sci., Hirosaki Univ. No.4 : 16 —23, 2002
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