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Studies on the Technological Development of the Mass Production
for Sea Cucumber Juvenile, Stichopus japonicus
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Fig. 1-1. The annual catch quantity of sea cucumber in Saga Prefecture and Japan.
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Fig.1-2. Larval development of the sea cucumber Stichopus japomicus. 1-4, Pre Auricularia larvae; 5, Post
Auricularia larvae ; 6, Doliclaria larvae ; 7, Pentacutula larvae; 8, Juvenile. Each bar indicates 200 pm.
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Fig. 1-3. Collector plate used for the primary rearing
of juvenile sea cucumber. Cf. Table 1-1,2.

TR 2 & &b, RABR ORI T 7 VvERY
Tote #OWE, BEHARCI--TEELLKE
10~20 mm OFES < 3 FAE AT & LT 3G/
THBZEMHEHSM LR DTz,

E2E FFIvanEREERID

< I OLRE LI REREERTTY i, EIKE
DT EEL I EPEETHS, TORHIZE, %
¥, RAREEO~F~ a1 OEINEEEEL, JRRRE
NSRRI ETTO L L bic, FORBUIN L TERICK
Mo B & D S v 3 RERT 2 UNERD D,

BifE, w7 a0fmEECERSNTHL R~
i3, FESNERE Bbh AR RS, SEHRL, B
Il 52 TERIRL T B3, 2o ClEe e
43 KIEE (Table 1-1 £M) #MEL, SROEFEE L
Erys (s 1992, A4S 1992, MIES 1992),
FHETE, % 1 » ABRE OGRS &,
B~ 2 OBEEERORET TbIECHTWw 55 ()
JI1e 1992), SHEENZAEOSREIN %S 2 %258 L 1o Hiit
ETBIRES TR,

FIT, VY IOFIEMERLT 27080, T
BEAbER R D < = a ORETIEA R A L -, RIT,
I 284~ a2 28T 2720 Otz DWW T
WET 2 & &bz, EEECERT 35~ o OER
BEHASS, ShERAICSZRGIN %75 2 Tz o OFRINEIR =/ E T
ISR OWTHE LTz, $72, B~ aofEEkiER
FET B ko T, K- ENOREREA, £
OO b3k A T, S 612, BohizpAgl L iF
FEAWT, HIMEOBEIESERRE AL MICT 2

W, RETFILE F RS L UMEE L OBRIZOWTHR
gt l7z0

218 EBRESEAERO Y~ INEIE
(> 1994a)

<+~ 2 QEIIEHIRC Lo TRS{BhoTw3
(Mitsukuri 1903, fA 1915, FEHE 1937, AT -5
1939, 435 1950, Tanaka 1958a, {EFFS 1980, /)
e 1984), FUNFEERTIX, WHS (1980) 2%, RlFE
KA B 5 EINHA % Bl A O iR T 5 1A L
Ty, FORE I A TE»6 5 AT, BHiE4A
EHEL B, Fiz, AWES (1984) i, EURERE
ERODFS S SR IEOSEIRNEC B T 2N 4 A BF
Mo 6 HTATHS EfEL Tnd,

AETIE, WERNO 3 pFFTERMC v 2 &5
WL, ZOLEEEOMFEREFAEL, EREIERE
WD~~~ IOEIAEHS I LT,

p;] b

SHARERIE Fig. 2-1-1 @R Lz, 74 H < 2 3B HD
IR T & 2 IETHT & SR Hise DK ERKT 10 m O¥HRT
;v afHBIREEIC L D, TAF S OEEER CANECE L
7o FEETAIR S B X ORI & 58 DK EEKY 10 m
oS THB Y EC I > TTh T L. %
B, TAFI2OEHEENE LTTo /2~ I RTHER
27T, BETO7 AT~ aBEEsNDT, ZO7HF
22D TH EFOTREET o 72,

B TIR19924F 2 B 5 19934E 5 A, fEE TIX1992

126745 1308
T T

@ G
=
s :Sag\ a Prefec. Kabeshima (@]
sea farming center 5o
Kashiwazima

Karatsu Bay

33'30'N |

Fig. 2-1-1. Map of the northern part of Saga Prefec-
ture. Shaded areas show sampling localities.
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Fig. 2-1-10a. Gonadal maturation stages in sea cucumber. 1, Resting stage; 2, Resting stage; 3, Growing stage
(Female) ; 4, Growing stage (Male) ; 5, Growing stage (Female) ; 6, Growing stage (Male). Each bar indicates
100 gem.
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Fig. 2-1-10b. Gonadal maturation stages in sea cucumber. 7, Premature stage (Female) ; 8, Premature stage (Male);
9, Postmature stage (Female) ; 10, Postmature stage (Male) ; 11, Spent stage (Female) ; 12, Spent stage (Male).
Each bar indicates 100 gm.
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Table 2-1-1. Seasonal changes in gonadal maturation in green sea cucumbers collected from Takakushi, Saga

Prefecture
Number of individuals at each maturation stage
B)aﬁgc(gifon R S Growing stage Premature stage Postmature stage  Spent stage n’ggﬁr
male female male female male female male female
1992 Feb. 21 2 7 2 7 2 20
Mar. 18 2 2 1 5
Mar. 25 6] 3 4 1 2 15
Apr. 16 2 i 1 4 3 11
May 9 1 1 2 4
Jun. 3 b} 1 3 9
Dec. 8 2 2
1993 Jan. 27 3 5 5 13
Feb. 22 1 4 4 9
Mar. 16 2 2 1 1 6
Apr. 7 4 7 1 1 1 1 15
Apr. 21 1 1 2 | 1 4 4 8 6 28
Mar. 14 1 2 6 9 18

Table 2-1-2. Seasonal changes in gonadal maturation in red sea cucumbers collected from Takakushi, Saga Prefec-

ture
Number of individuals at each maturation stage
]é)(fﬁgc%ifon ety e Growing stage Premature stage Postmature stage  Spent stage n’urr%%ér
male female male female male female male female
1992 Feb. 21 1 1 2
Mar. 18 3 2 1 4 10
Mar. 25 it 2 2 1 6
Apr. 16 2 1 T 2 6
May 9 1 i
Jun. 3 2 1 3
Dec. 8 1 i
1993 Jan. 27 1 1 2 1 5
Feb. 22 1 1 1 1 1 5
Mar. 16 1 1 2 1 5
Apr. 7 ii 1 2 4
Apr. 21 2 2 4
Mar. 14 3 5 al 4 13
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Table 2-1-3. Seasonal changes in gonadal maturation in red sea cucumbers collected from Kashiwazima, Saga

Prefecture
Number of individuals at each maturation stage
CD(f‘ﬁg C%f - e Growing stage Premature stage Postmature stage  Spent stage n’lll“r%tta;\ér
male female male female male female male female

1992 Jan. 27 15 15
Feb. 18 1 8 6 1 4 20
Mar. 3 3 3 3 8 22
Mar 27 i 3 2 1 1 4 18
Apr. 4 4 4 7 1 1 20
Apr. 28 16 3 5 2 1 27
May 14 15 I 7 1 24
Jun. 4 11 1 12
Jul. 10 12 12
Nov., 27 3 3
Dec. 28 6 8 9 23

1993 Jan. 27 7 1 10
Feb. 22 7 4 3 1 15
Mar. 17 4 2 2 3 1 12
Apr. 15 7 A 2 1 5 3 19
May 14 15 1 16

Table 2-1-4. Seasonal changes in gonadal maturation in red sea cucumbers collected from Kabeshima, Saga Prefec-

ture
Number of individuals at each maturation stage
cDoaﬁgcgifon T — Growing stage Premature stage Postmature stage  Spent stage H’Lll‘r%%ér
male female male female male female male female
1992 Feb. 18 10 2 1 4 4 21
Mar. 6 3 3 2 1 7 4 22
Mar. 24 7 2 3 1 3 4 4 30
Apr. 15 8 1 7 3 19
Apr. 22 10 1 3 2 6 7 29
May 14 T 1 4 7 19
Jun. 8 14 5 2 21
Jul. 16 4 3 7
Dec. 28 3 6 3 12
1993 Jan. 18 4 7 5 3 19
Feb. 22 3 3 9 1 16
Mar. 18 1 6 6 2 1 1 17
Apr. 19 1 6 3 3 1 14

May 19 7 1 1 5 5 19
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Fig. 2-3-2b. Percentage response and mean number of
spawned eggs per female of green sea cucumber
reared under natural water temperature.
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Fig. 2-3-4b. Changes in gonad index and oocytes diam-
eter of green sea cucumber reared under natural
water temperature.
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Fig. 2-4-2. Changes in gonad index and oocytes diame-
ter of red sea cucumber reared under non-regulat-
ed (@) and eleveted ((O) water temperature.
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1 118X 10° R ThH o7z — 7, FiRfIEE CIIRIGIE A
BN otc, NREFABERTE 4 A2 G L= 2 {8
R 13EER AT 4 2601, HEAEREL 4
A2TH WU EISFR 1T 7. MIRETEEZ, 4 H26
H OFETNFETEC M 2 [, 1A Eesis s hiz,
SRS, HEDSERFEBIIAS5 e, MR 1 R 155 T
Hotz, EINEGT 174X 10" KT 4 H22R 12 HhnR#ETF %
ol BIRATEEG, 4 A2THICBRIERA SN -
fohs, BEOEINERTIEIME 2 SR, M1 EESRIG L
Tzo 7272, EEUREIX 33X 10*HIkAininoie, RIGHETE
VRHERE & b ICERRR4AE T, HOIE S TR
7o WIBMABETIE, 4 A8H KGN & 507 3EE
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ZEROIIHERIZ D WT, 5B 6 HIcHUEINGR %
Tot=, HElEEORERASNIETTHoT2, H
BEBEETE, 5 ALEEHICE ) ~ 2 OfEE A
520(EEEEER D H UEINER #1T->72 5 HI2HICIEHK
Bk Ao o T2 b8, BI3E I IEFFBIA0~455%
VI 5 DS RG L, 5053~ 1 HF204- 81 i 3 (A ss
R L 7ze M1 AR D OFHEISIL 336.2X 1044,
T, 4 H22, 26 H ONERENER O EIBIC EEE o 7z,

= =

19924F 1%, AEREEIEE, IRRHINE O REOMR-DAE
B OMRREEARESRS IR &0 5, INREAEH TRERMA
BRI HA g EE S, 4 I AREEEECCIRRE
JOERO Y —7a6ilz, 612, 19934123 H
LA 16~18C THRAT 2172 RELE I £ -
T, EIRATERHC 200 5 < BIRSnHET, 4 A
IR EL I LB TEI, £, ZORENEEST
G OREE b IEHATH -7 (FES 19%4) . O
E3w, Br=-aofEAKREGET A ik o> TH
B, EINOEESET CIRHLDTEETH T2, Lol
EIRFETHC N, VEESD OB 2 <, £/
HEHEDRIER b EN-T, CheDIkhs, 5&LD
LE U T2 il & 9 %02 13RI 2 Bt & 5 IR R e
BER ERIAS ST 20ELNH 5,
ToHHOMRMINMTREERICKEIEES L
(Cochran and Engelman 1975, Pearse ef al. 1986,
Yamamoto et al. 1988, Sakairi et al. 1989), KigiZ
ZOEELZERO 12THS, DI b, v=HHT
DWTIE, B = OARGIEN & - TRARENC Eumlt
L RO, HoELMEHE S, SISO = O E
WA RRIG T 2 Z LA REL o T D (S
1987a, RS 1989, JIIES 1994a) , Fiz, KELH
H R EENRETh b2 7 7 ¥ Haliotis discus
hannai T, 7RI X > THEORR, Eo o>
b o —EATSHEL &, T CicERahTW» 5 (Uki
and Kikuchi 1984), —F, <7 <320 F~ I OFEK
BAc DWW TR 05% {, FENAETREOEAM L
LCREREIINTOER G EEE 2, 3ET7H A0
BT L o TSR R £ 2 2 & RULEI 2 HEE
THROOFEICDWTHsMT Uiz, £z, NS
(1992) &, HINOI 1 ARl SRV A A 252
T, KiE%E 18C AT I L CENFRE2TVIIFER
BETWS, 50, SHEOAKRSIEC X 25, IR
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DIBEORAH Y, £ 5% {HI~ a OB
SHRP/ON 2D, 5B, HWEANPERIhLIE
KXo TR < aDEMIHT BRI S 25 DER b b,
AEE 3 B CRIFRIFTEED 7 A )~ 2 % EIIHRE
D1, 2 oA TTH A 2S2 BRKE T CH
BRI, RO REOFEI 140~150
pm QL EBWZFAREBICH L TRGENREL I L%
BHS bz LS, SelOEBER» SHREDT A=
T % BE AR CHERE L7, EETEAO IR O R
BEOWHEIEIZR 160 um THB I EHBHALMICE 272,
ZOEBFANBEDO7AF+~<30 b0z~ 10~20
um KEpolz, iz, NHEFAFTH - HRATEOIN
RO RO TFHEOHERS & FRARRCS T 5 /IGO0
¥ oI IIEERA SR, BEREOT ;I
W IHIIRIE D BEEOFHELT 160 um D & Ei
FENNSRR 1T 2 IR W I o a iz,
ENSERELEDDICE, E9RFva0BERIcL->
THERAT 2 ORI %, (B 0GR 2 Hi 2
LEDH B, FEINGEF IR EELTERETH B,
ST - 7z EINRRF A PR ITACEEEE 3 fiod 1 ik DA
CEFEFRIT) FIEREE L 3R D, FE—KENICSE
OfEfEE ANFERZITI HFEETH-o Tz, 3612, KInH
A BN VISR, BHICHURREEE 5 KRk
X VESTRE T H o Fce ZOHETIE, RENIHER
FItL, ZO@BMEDRIEDA BN, ZhidaH (1979)
RZ D% OFE (S 1991, NS 1992, HE
5 1992)3b 5 k52, B & 2 AERP OB THE
OEE VNN EFR LI-bDEEZ SN, THY
Ruditapes philippinarum T3BAEDBEAE DR S
IRER T & TG A& BB, FREE DR
A, RERE E ARERNAY OO RENET
b2 EHE (BI-EEL 1992) &shTwnwd, 202
e, FESEIHTRLE LI E, RIFEARBED
7 A v aD kD R EFRREH O & R - TREENNE
FrfTaEE, 1EET>EEBICERT 2 AL
gEL Bbh s, EEHEIERGEEO <~ a2 $SEEE
FALHBEDT » <3053 wd s Eeoft
PERT 3EECE, ORI X % EINGFHENH
FeBbha,

F58 EREFOBTFEEOES
(frE S 1994e)
v HHP T YT U B TR OB O, Nz
LR TFOREENHEVETE D LYIEBEE - TIE
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LN TERL T LGS Gul 1988, F-
B 1974), o, SR TFRAMET E 5 LRI
HEFEED, BREORTIC DR S Z LGSR
Twa, ZheDl s, V77 ETIIEHEEE
R - (DER A & ORS00 7 A5 TR T (D FE¥E 73
EMIZENT WS (FH - F 1974, FEkiC, v+ <2
Z2nTh, BHEROMERETREEHEMCTE T
ik, EEULCEREERTY ETEERENRETD
B
FEHIHTELEL I, TAFvakco0TRE
B Z L2 AUERNC BN, BigEEes ZesT
X (S 1994¢), 7AHF T2V T b HBINES I
RIS AEL ZENTEL LI IR D (FiES
1994i) , BERERFORS THEE R (TR 2 2 L HSATHE
Lholz, 22T, TAF~3, 7HIF~>I0RIED
TIE L 2 S o 2720, HTFIRE &2
B L UPSEZ L OBIRIC O WL THRE 21T 2,

;] P

HEE, TA T TIRINMEL A9 ELS10RITH
T, 7AFTIATIHI9924E5 AL8H» 6 19H I T
Tolz. FENGFERAEEARTEES, 4HLEHEDOTET
1To7s

EEE, TR ENOBFRECRELR 200ml &7
AV — = BONERORAIN ZNAE LB 3 ¥ 2 5
TiToT, Thbb, BEERORETEERE, JPNE

100

90 Green sea cucumber

Percentage of fertilization (%)

L g gy oL

255 10 50

0005 005 05

BB AERD 200ml B DATEDR TIRE &% 5%
FIREHZ A=A —ZHEL, TOFIHN T X10*H
FTORSFRETHEUNE Lz, BTEREEYEAK]L ml
Wh, FhFERDS X10, 5X10% 5 X105 2.5x10% 5 X
104, 10X 10% 50X 104fHm 7B & Uiz, %12, THiZ
OI1{EYS Y oFHRTcRTE, 1, 10, 1Xx10% 5%
102, 1 X103 2 X103 1 X10*{EicHIMT 2, BB
BEY 2HTDOF T AE—A—5REL, 1035
4 B 1 2SR %, o 1 D3 245 B b L 4
1bghtErh DI R sha o HIREE % 2 e i~ 7z,

R OARIE 200C T, FOBRRBET T AE—H—
PIEER Y 7 APNICERE LARE 200C ffto7z, &k
EEEFAOT 7 AC—A—I%, THREH 2B 2
G, 138 i T R L T R A T e E
TToltee Flo, BHTAE—H—ICITHBKROEFRE &
T T NERA VTSR Lz, BB, ZHEPEE
B & UMY EFORRBRESEDHREORTHIL, &
BFEEC2>2E 30, 105D 2 ml POIFR s
£, FI00EEFIRL Ttz 74 F~a, 7HF~va
kil 200C O PR fThbh, TO®BIER
BREMEDE, L CHR4EMEZICE, FE
250 um OEAAHMOERIAGME LB 50, Z0Xk5%
HREEZEL TR WLHERREICIITEERESE L L,

& &

TAF=a, THHeaDORTIEE 2R 0%

100

90F Red sea cucumber

0.005 005 05 255 10 50

Density of spermatozoon (X 10* indi./m{)

Fig. 2-5-1. Relationship between density of spermatozoon and percentage of fertilization.
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100

Red sea cucumber

Density of spermatozoon (x10* indi./m/)

Fig. 2-5-2. Relationship between density of spermatozoon and hatching rate (), larval abnormality rate (H).

Fig. 2-5-3. Normal (1) and abnormal gastrula larvae
(2) after 24h fertilization. Scale bars indicate
100gm.

% Fig.2-5-1 KR LTz, ZHEL, 74F~a, THF
3L HICHETIES X1ME/m! TR 1% UTTH-
7o TOBIZE ICHTREOBIN V2RI X
0, 7A4F+=aTik5 X104E/ml T 99.1%, 7HF~
2T 2.5%X104E/ml T 98.7% :rEWEEERE
iz, ZOEB T, TAFwa TR X10E/ml I
ke, 7Hr=aTid 2.5%x104E/ml DLETERER
100% IWSRERBEGEL NS Z DM ER 5T,
TAFwa, FTHivaDRETIEE L MEES L UE
RESRE A D HEEER & OBt % Fig. 2-5-2 R L7z, &
fz, TAFaTHLNIIERZSMUNE LTFERE D
Y DIEER Fig. 2-5-3 0K LTz, HMERE, 7475~
3, 7AHF<3EbBHERERERER L, 7
FF~aTik5 X100/ m! T 89.6% /<&,
2.5X104fE/mi LLETIRIFZ 100% Tholz, THF
< 3 Tt 5 X10°M/mi L £ T 85.9~90.1% & &

Mol TA v TOEBRERIHAETENMET
Holz. FBFIRE LRBRELE O HEE - QBRI

TAF=a TS5 X10~10x10* {8/ m/ O FEFH T 0
~1.3% DEVHEBRETH 7245, 50104/ m/ Tk
10.9% & 10X 10*{8/ml LAF OB K <8 & 5
ICEWEIETRERESEOHRBA NI, THTF=
I Th, 50x104@E/m! TIZ 23.2% ¥ 5x10~5 X
102 E/mi T®D 0~2.2%, 5 X10°*~10x10*{@/m!/ T
D 10.5~15.6% WZHE~EWETH -T2,

= 5

Wi« (1974) 1, V77 EDBE, RS
1933 10*E/m/ LI ECHIEDERR L REINET 280
DN, BHEESESWIZEZOHBEERNAE RS
EEELTWS, S0, RbFTIRENE»- Tz 50X
10*fE/m! TOERTIE, IEOERR LdBES LR
Mo Tl BREEELEOHIRENEZ EmCH S 2
e, v 2T EERERR OB SO &
FAECEYEP5 2 5bOLEZ NIz,

EDXSiz, 74F~a, 7HF~aTOERRD
FETEE LSRR S L ORI O HIHE
L OREF; S, v v aEREE TOMIELERERE,
FESE D2 28 LT 5 X 10*~10X 10*{&/m/, B
1t L CRFEL L X105~ 2 X103 EDIFETH %
LEZLNB,
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F3E FENEOREE LTV INOERE
(e

HERA SN T WA 2 OBEHEEANL, K7
THLE2DODF4 S WHTond, 121, FE—KEA
THEAES S O BBV Z 72k 2 nLIEOR -~ 2T
OEER—EL TTI H—Kkl AR, o 1 DkEEY)
L OREARY & RIARE TR L 7R Sl > T
Fv 2 OFEGE R~ a~EEE Y, &5, T
< I OPHAERE L L CNEERAFIRAT 2 EEAR, »
bW HATH 5,

K AR CHES ~ a OFENEERTOIHE, 2758
ICFHEGIE % § AP fIERAE Y, BEER (HE
FYIEEEIE LI EPEETHD,

B (Table 1-1 £388) 1ot 4 2 SN AE DI A 7 —
I DB TR L% {, WSS (1984) bR T
ATHEF ~ T ORENTHER 2 & 2HEL T»5aD, B
A7 RS AE OBR BRI DV TIZERER L Tk,

AE T, Auricularia #H8igh4: & Doliolaria $h4:12
DWW, fE) 2 AOEHEERIC B 1 AR RS O
BroWwWTEN L, 351, BHESEALEEEEL
T, F—FBEFOFEA % v, T ofiE B
T Auricularia BHIEDEAEE £ o7c L &, &6l
FEWBHEA T Doliolaria $hAEDE G E - L ED
2 [ R 2T IR R DR D 72 O DIFE A 7 —
FIDOWTHLDIZ L, £z, ZOAT—YOEEHLE
R RLEE T2 O OFEHRC D W THET Lz, &K
2, B S O ~OEEREERE LT,
B, (TEHEOEEYFOBE IOV TR Lz, /7,
B EEEOT & 2 2 RB I ER R 23 (135 B8 & Doliolaria
ShE & ORI X - THREI W2 B EHETL
720 & 512, K OZEEFHESIR-HH OB BA1 i)
BROBEFEZOWT bE L,

H1E FEHEDRERT — DR
(FFriE > 1994f)

HIES (1987) 1, FEFESh 4 OFF I BV TAuricularia
B4 5 Doliolaria $1E~DE AR TR E &
BERER A B 5 Z %, (IFEEEDY Auricularia #:3H
W U THF v aAOFRERRES ¥ 2 RN H
LT ERENS, FENEORERTRE TEEREE
Auricularia BHIShAEDERRET, HREITS T LA
WThsdEHRELT5, L L, Auricularia BHighE
EROWHEATE, RESETARR > TwE v =8

WZIEBEESE (Table 1-1 208) AME<, FAfnadiE
RN Tz, TDE, HFRIEMOMEER»S (7
BED 1994c), RERIFPSLEL THERTE, IEHDH 5
KEOMESHESFGoN S L2k, &5 CFEnE
DOFE MR P EE R & OfEREMOWRE (S
1987, fFiES 1994g) #17- /2F538, Doliolaria #h4 %
TOMFPRVERETAEL tofz, £IT, U
77 AR E O O D OIFHA 7 — 222w TR
ST HERECTET,

PR B v ¥ — D~ F < aEEEER, 3 H
TG 4 B EAE» i TEINL, AREEHK 18°C whn
B TEEEOFHT 2172 T b, 207 IR
DK 12~16°C @ 4 Apa s TR L&Y, EEDE
FABHRFOAR £ OEIC KR E RFEDEL, TOKEEIFHE
FRANDEBIGEE RS L T BDTREWh EEZ
Btz £z, HEAROSEMCH B0, FEREROHE
HMETW X 2ERE~OEELESEN:, 22T, $hE
O EH AR s 53 A Auricularia e Bl 4h & &
Doliolaria $h4 #/NEIFFRICIVE L, fEF~a~0FHE
W RIZTAGR L OEB DLW TN, 361, A
=T v P LT ER AR b L T RERRE TRl A
PEEL, MEOFEF AT — YT Auricularia ZI5h4E
B L U Doliolaria giEMS T EFNFER E oIz L S,
100 7 7K % AV TR SERR 21T\, Bl A OB E
Rz,

P} &

AREE 1 i 6 3HiOFFRCEA L7 4+~ 1,
7 A F v ahERERMORIPA H % Table 3-1-1 127w
L7ze

A OEE X, 5001 574 PR ERY, ¥
A —F — R AFATAERE 18C ML TfT- 72
fAERIHE 2 R e SEINRREN L > Tl L, 3
BIZ, 1 pym OA— bV w74 NF—THHE LD
A L7z, FEEE 1001x LUTF & L, 8IS O EEE D
FeEwPhIE, BN Chaetoceros gracilis 5 % @
FERIIIE S (1985) D AIRIC & - TiT> 72, C. gracilis
kST 2 NG U Tz H s &8 HEE KD O RS EE A3
0.5%10%cells/m{ &5 2.5%10'cells/ml %% k5
WG Uiz, fBEKOZEERIT MU ENESZ 4 HE» S
FHTY, =y Pl (F—7=>7 114 um) Dk
Ay FEMWT, 1HYYEEKED 40% @2kl
oo BRUIE 5 cm OXT—A b &AW CKEERD
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Table 3-1-1. Groups of sea cucumber larvae used for each tests in chapter 3

Green sea cucumber

Red sea cucumber

Date of
Group artificial Eziﬁ;»for ;:Sh‘s for geed  tests for tests for : tESt;fDr i‘;?ES for  geeqd  tests for  tests for _
fertilization w8 a collection food value metamorphosis % 8 b collection food value metamorphosis
I 1990 Mar.29 O
I 1991 Apr.lo O O
I 1992 Mar.31 O o g @) O
IV 1992 Apr. 7 O
Vo 1992 Apr.28 O ] O 6]
VI 1992 Mayl2 @ O © O
A, post auricularia ; D, doliolaria; O, group used for each tests.
BiTol, BB, 5001554 Mk, BRET Tk,

45X 10* fEfED SALshAE 2 A L THE ZHE L7z,
1, ¥+ OiFBENEOM T I~OERICRITTK
mOFTE

{58 L7 Auricularia Blih& 1%, 74+~ a2 T3
BH#E11HE, 747~ a3 Tix12HH, Doliolaria $h4:
74+ ~a, 7hHF~akbic13HBOEBEYERE»
HFEATERRICH LTz, 20 & =@ Auricularia 2HEAZ)
LOFEFERIITAF 3T 648.8164.8 (FHEFE)
um, 7 A+~ 32T 644.0+£72.4 pm, Doliolaria $ED
SRR T A >~ 3T 388.0+14.5um, TAF<3
T 376.3£21.6 um ThHolze &R, EEIFERLET
A7 =3 Auricularia 2RS4 OB AR IZRINIAER O
T 18.9°C (17.6~19.6°C), Doliolaria 4 T3
¥ 18.2°C (17.0~19.2°C), 747 ~<ad Auricularia
BERGE CIE S 19.8C (19.0~20.6°C), Doliolaria
ST 19.5°C (19.0~20.5°C) Th-otz,

TAF=aTIEAELL, 14, 16, 18C O 4R, 74
F=aTIE12, 14, 16, 18, 20°C D 5 BREEIC D\ EER
BTz, BHEECERELSENERER y 7 A,
HAEINA 1 Bii» e 200ml #5 AE—h—&F—1
2 V—7 ALK 100m/ 2 Ad, 2O {TER

(4 X4 cm, Table1-1Z8) Z5E L7z, #AKIIF v
EZ -y P ERAWTTo /., ZO, HROHES
BRI, E—H—RTIVERANTERIz 2 LI, 4
43200 T SINEL, SANE1HE, 3HE, 6H
B A D2 REETIAI 2B U 7z BRI ED 6 fHD
E—h—%FE L, BE I LICERIC 2 O LT
LEOFEFEAT —VRBE LI, iz, HEEXAEL:
LEDEIEhE OFEAER, 74+ ~ad Auricularia
BHASh A Z(E - 75K T3 18.6°C, Doliolaria $14T
& 18.TC, 7AHF~aTidEhEh 20.2C & 19.8°C

KREETFAL 270 A L PER O EEES
EEid 73~98X 10* cells/cm?® DEEHE TH -7z, 5L
OFEH LN O Navicula $85 £ O Nitzschia $HHMEE 5
LTz,

BB, FERALA— 7 Vv— Tk OES T 34%
TH-oT
2. ¥TYBEHEOHST T I~OERICRIZTTIR

SO

fitiA L 7z Auricularia BG4 13 AKIR O RE% -~
b ER—FETHY, TAFYITRHIIHE, 745
v A TR12HEOFEENER» SEATHERA Lz, &
B, Doliolaria #1413 Auricularia BHEShE 23EA 7 H
2, [ACEBERD 58 A 72, Doliolaria $h4OFEgERE
BFA 7 <3 d399,3523. 1 piny 7 & Fx dgn
398.0+19.9 um ThH-o7z,

EERE S IR DA — b 7 v — T UKD 34
%o BEEHEWZ3], 28, 25, 22% 5 ERBEWCEEE L, &
SOFEIIANR 18°C ICTR LA — b 7 v — T
FKIZ, [EERICIRE U7 THANL TiT o7z, BB
FNENOWEEDOHAK 40m! % Aii v+ —L (Table
1-2 S0 EECTERERE L, hicsghd s 20/
TOWNEL, 2 HEO2EROZEE TR 2 5% L.
By v —VICRA 7 A”O 57 % L THROEFE LV
7o HEBK L D 249D TR 18C, kA&, f6E
KDEHE LTz, T4 =3 TEHLIAERONEEE
BOBEEL 84X10% cells/cm?, 7HF~a THEHALK
BN DO TEEERE OB 1L 88X 10% cells/cm?® TH -7z,
TSR ORI /N O Navicula 3835 L U Nitzschia
MG LTz, B8, SEhEOSEHARFOKE
B7A4F<an¥y 18.9°C (17.6~19.6C) , 7 A+ <
a3y 19.8°C (19.0~20.6°C) Tholze



3, ¥V OEENEOFRE R
[El—fTEEEOEESE % v, Auricularia A%
HDEEHEE T EEE, S5IIFHE HHEA Doliolaria
EOBEDTEE Tz & Z0 2 EEFERETY, b
& OHEBERE TG 21T OWERKTH 2 b 2T L
Joo B, EECHERFEL CHEDOREAT VD
B L, Fig 3-1-1 WRTHEORES L UEREHIE
L, HERETT HEPE L, %k, FlEhEOMH
Bz blz> TRSEOEHR, FREOHBERDIZ,
AR, SMbshAERINE LR H b S8 0 [RHE,
$etE 5 X CHEKET OB AR O C. gracilis OHFIE =
Ty 7 A u—¥ 3y — ORI R A TEHL, #
H O#EER S o OfTEART O C. gracilis DA%
Ktz, T8, IORSEEREHERE L,
EBROFAER, WENEERE, T4 ~3ITIEME
HHH S5, 10, 11, 12, 13HHWK, 7HFzaTREET
H#5, 7, 9, 10, 11, 12, MAHEZ #hZEhiT>
Fro AR 50ml E—F—%&Fu TEEC0E Y
V) VT R TEL, £y EH L, 45
R ENEEROTHHES 100% L L, &FRAEHOE
BRI TRLI,
YEOERS L UBROHERE, BEMETT, BRS

Fig. 3-1-1. Body length (A) and stomach length (B) of
Auricularia larvae.

zsuR—¥—HAWT{To7,

T, BRI 2y b2 ABESTE - BRI EE
Lz 100 Ak, 172D EEishd 1 <10 Efd %
AR CEHEBINA L, BRIEES 30cm O@E{E
W TSR 517270 SIEIUER 7 HRZ1EA
L, SHEMLMEAE Uiz, fF~2ONERED
BRI, SHAEINGEI0H BicflE s LIcHE- <2
PEEEHL TiTol. FhENOEEERE, wih
LI A 2 1T ORI TiTo 7. E/, BEEXT
O thOAE T v b o — VTS, BRKREE
UJz, ERLIATEROEEREEL, 745 ~aT
i 84x10%cells/cm? 7 4 7 < 2 TiE 98x10*
cells/cm?® Th -7z, FTEEEROEE L/ NID Navicula
$35 & U Nitzschia B¥ES LT Wiz,

& S

o~ IR E OREF ~ 2 ~DEREI LIT KRS
X UHES ORI BT 3BT, Auricularia REILAE
# & Uf Doliolaria $htid &~ a0 ~ZEE L I EIE I,
FeFr<=aOHERE LT 2HOPSETTR LT,
1, ¥ v iFshEn#F v I~OERICRITTK

IBOFE

7 A ) ~=ad Auricularia ##gh4 8 LU Doliolaria
Sk % A=A EBuKE T O/ < a D HIEE % Fig. 3
-1-2 1278 L7z, Auricularia eiishE % F V728 T
ik, NS 1 HEORF v aOHRIB»IhORE
ThAHONEPoTz, 3HEIZ 0~12.8% twTho
AETHEWETSH - -l EKEREWEE, fS~
aDHME L Hoi, 6HEIR 12C TR 0% T
Holh, MOBRETIE 7.7~27.5% THEAKIRLE
WIEEEL, FRADEIR3IABLY bZhTRENE
5 | P

—77, Doliolaria $h4:% 72K CiE, 1 HEOHE
FvaOHBEEE, 17.5~40% EEEKEFEHIEE
<, WTFhORETH Auricularia B4 % v 7z
BACHAEWETH o7z, 3 HEOMES < 2 OHEHE
& 50~57.5% &0, 1HHLD bRWHEELRL
78, RERIOMET <2 DHBFT LT 50% 6T
Hotze 6 HEORHES < T DB S FEARE DI
R, 18C KCixmEED 88% %Lz,

7 HF=a® Auricularia #4435 L U Doliolaria
Y% LT B EBOKRE T O/ ~ 2 OHEHE S Fig. 3
-1-3 iR L7z. Auricularia A% &2 Wi KB T
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Fig. 3-1-2. Percentage of metamorphosed juvenile green sea cucumbers from post Auricularia and Doliolaria stage at

different water temperatures.
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different water temperatures.
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2, 1HHOMF v aOEBRBE T4 =T /BRI, v
ThORETLAONEIoTz, 3EHEIX 12~16C T
0~2.7% Thoiz 8, 188 L OF 20°C T 135.9&
42.1% T, iZrOREI M~ 2 ~OZEEL R -
72, 6 HHOHFv o mBERE, IFCLUET
45.9~54.3% £ &Y, TAF~vaDHEECHRTEH
ol

—7, Doliolaria $h4E% iz FEERTl1E, 1 HEHOHE
FwaDOHEEE 7.5~48.8% T, 12~18C DT
B7 A~ ol E P Emnotz, IHEOM IO
BRI, 1HEREARTEREE bEL %57, 6H
BTy oA AR, 16~200C K TIiZ
71.8~84.2% T, 12°C, 14°C @ 15.0%, 21.6% 2kt
RTELLEETH 72,

2, ¥V OFBHEOH T Y INOEEICRITTIE

HORE

FAF=a, 7hF~ad Auricularia EHIGEZH
W B HEERES T O 2 F HOERHE TR # Table 3-1
-2a, 2b R LIz, MF v a ORI, 7472 TR
H4F 34%0 B5 7.5%, 25~31% #% 2.6% Thoiz, 22
%0 TiIfEFr~aOHRIEA NPT TAFT~aT
BRWIhoES Ty T~ aOHIRIEA S N5 T,

Table 3-1-2a. Percentage of green sea cucumber at
different stages of metamorphosis, 2 days after
post Auricularia larvae was transfered to the petri
dishes with water of different salinity

Pentacutula 574 @ # & 1 34% 5% 81.8%, 31% 2%
71.8% T 22~28% O 39.5~44.8% I th~_E oz,
$te, 7AIS~a, ThFwakbic 22, 25% THEIL
D% 5 iz,

7AF~a, 7h+~ad Doliclaria $iE 2 - 125
EEESTO 2 HHOZERBETRI % Table 3-1-3a,
bimlice 74+~ aTlR, M~ a0BBEEIES
25~34%, DEWFETIE 16.2~22.5% LS L 2=
Aotz Eiz, Pentacutula $HEEDOHEZETDH
KELERASNEPoT2, Auricularia $HHEWC AT
fitr~ o DGR o T2, BIEEMEE 22% DB T
St 7AHFTIATIE, Mr~aOHBEEIIES
22~~34% T 12.8~78.4% &, {ABMMBEWE EHS =
a DHEREDED - T, BETEMEARIL224 & UF 25% TH
&7z hs, BEFEERIL Auricularia BHISHE 2 7255
WEE~E91/2TH -T2,
3. T IRENEOFEEER

TAF=A, ThIvaAREHEORERRRICHED
EOFEl, $BELURFTAT —YOHER%® Fig. 3-1-4
2R Lz, Auricularia BiisiEOER, 742 T
129 HEIZ 886.4+42.7pm, 74~ 3TIZIIHHK
869.0+34.9ym ERD, FREIRKER ST TDE

Table 3-1-3a. Percentage of green sea cucumber at
different stages of metamorphosis, 2 days after
Doliolaria larvae was transfered to the petri dishes
with water of different salinity

Salinity Metamorphosis stages (%) Salinity Metamorphosis stages (%)
(%)  Post Auricularia Doliolaria Pentacutula Juvenile Dead (%o0) Doliolaria Pentacutula  Juvenile  Dead
34 0 80.0 12.5 t.5 0 34 17.5 60.0 22.5 0
31 ] 79.5 17.9 2.6 0 31 16.2 67.6 16.2 0
28 0 76.3 21.1 2.0 ] 28 18.4 60.5 21.1 0
25 2.6 42.1 13.:2 2.6 89.5 25 10.8 73.0 16.2 0
22 5.4 21.7 10.8 0 62.1 22 13.9 36.1 13.9 36.1
Table 3-1-2b. Percentage of red sea cucumber at differ- Table 3-1-3b. Percentage of red sea cucumber at differ-

ent stages of metamorphosis, 2 days after post
Auricularia larvae was transfered to the petri
dishes with water of different salinity

ent stages of metamorphosis, 2 days after Doliolar-
ia larvae was transfered to the petri dishes with
water of different salinity

Salinity Metamorphosis stages (%) Salinity Metamorphosis stages (%)
(%0) Post Auricularia Doliolaria Pentacutula Juvenile Dead (%0) Doliolaria Pentacutula  Juvenile  Dead
34 0 18.2 81.8 0 0 34 0 2156 78.4 0
31 7.7 20.5 71.8 0 0 31 2.6 35.9 61.5 0
28 2.6 52.6 44 .8 0 0 28 | 38.5 56.4 0
25 5.6 44 .4 44 .4 0 5.6 25 2.4 5.2 44.0 2.4
22 2.6 44 .7 39.5 0 18,2 22 7.7 T4.4 12,8 L
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Fig. 3-1-4. Growth, survival rate and developmental stages of green and red sea cucumber larvae in 500 / tank. @,
survival rate; O, body length; [], stomach length.

&, Auricularia #HshEOHER L & bz 28
DA ST, FEEAT—Vik Auricularia BHISI4E D H
B, 74 F~aTiRIIHEIZ 62.5% (FHEE
668.8+134.2m), 7H F < aTiXI3HEIZ 63.3%

(CFER 651.3£131.7um) EEL<RYD, ThETh,
1 [ H O EE #1T > /2, Doliolaria #4E D HIRE
B7AF=aTRISHBR 78.6% (kR 410.8+
80.5um), 7HF=aTRHI4AEIZ 69.4% (CFEEE
518.7+178.8 pm) EEL ZVEE 2 EHOFHERS
1Totes &1, BABERASNILUEOFEAT —Y

TlX, 7AHFTaDEINT A+~ EELD
Auricularia BiESHE QB E& D%V & o7z, GBI
BE L CEHEESEOR S REFIE AN, 74 ~a
TIRIBBETZOEEERZ 76.4%, 7HF a3 Tldl4
HET 80.9% THh-Tz,

TAF=a, THF v aFEEY A OFEER b o
BB LU HY D OFEHE % Fig. 3-1-5 2R L, H5lE
SEO 1 HY Y ORI, 74F~a, ThFvak
Yic3HEMERCE 2D, 74+ a TIETESEES
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Fig. 3-1-5. Changes in cell densities of diatoms given and ingested by larvae of green and red sea cucumber in 500 /

tank.
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Table 3-1-4.

Mean number of juvenile sea cucumbers per collector plate at 10 day culture under natural condition

First seed collection

Second seed collection

Number of tank
Green sea cucumber

Red sea cucumber

Green sea cucumber Red sea cucumber

1 3.5 Th.8
2 59.2 85.1
Mean 66.4 80.3

244.5 305.0
307.1 317.7
275.8 311.4

ARy %L Bole, ZOBITEHEROMINCIE
EELEP L, BROUERCHERERD, 744
v aTRIHBEIIE 226.0522.1 gm, 7HFTITIEI0
HEw 221.3+218.8 um LR THoT, Z0OHIE, F
BER O NN ER /NS R, 7AFTITIE
11HE, 747+ ~vaTiRI3AHKE, SHOEHRTCESE
LN LT o BREOHENSTE R ot L
AEMHMFPOARRZT A+~ 255 FH 18.9°C
(17.6~19.6°C), 7 # >+ ¥ a3 B FH 19.5C
(19.0~20.5C) TFAF<aAMIEI4, TAFr<a
DB LR LT, T4 ~<a, THFvIDEE
SR O ST & SRS TOARE E TN,

FAFvaDHE 1 EHD 18.6C £ 15.1°C, £ 2EH
28 18.7C & 14.3C, 7AHF~angE 1 EED 19.8C
L 17.8C, 50 EEY 19.6C & 18.9C € Fd)w
I TOEHEERDIE D M7 4 7+ 3 TOHEERZ I ~UkiE
ERKEPol, F7z, SEINERFORRANETOHES
B, 7AF~=a, Fhtwaowihd 33% THoilz,
TAF=a, FHFT~vaDHE 1 [Bl(Auricularia #H5
AEREE) B UM 2 (8] (Doliolaria $h4-nilkie) e
SEEROEANEER10H oS < 2 4385 8% Table 3-1
-4z L, AR 1M Y OFEE, T4,
FhHF=abEbIE2EBE 1 EICEAZELLEhoT0,
F1EE L 2 FEOABEROEC LT tIRERTT-
T2kl B, 1%KETHEE TH 2/, &8, 100! Ki#T
OEBIIRROARIE, 74 F~ 208 1 [EEFEE R
R 15.1°C (13.4~16.6°C), 5 2 [AIFRHE EBRIEY
15.8°C (13.8~17.5°C), 7 4 F~ 2 DI 1 [AHFHFEAH
Ty 19.1°C (17.8~20.5°C), £ 2 BRI EB Sy
19.5°C (18.2~20.6°C) TH o7z,

= =
Auricularia #3404, Doliolaria $4: 12, AR o843

OEMEIUHES, Doliolaria $14:D1E54% Auricularia
BRI AT, P v a~TAPhCERTL I

DBHEE RNz, £z, T4 F~a® Auricularia 1%
i3 12°C TikghEINEE 6 HE T b~ 3 OB
AT, 74 F < 3D Auricularia & 81 4 £,
Doliolaria $h4E 2 Bz Tld, £b 568 12°C, 14°C
DOfEF~ 3 HEEKIT 16~20°C DFE I~ THLL
Bnrote, DX, TATva, ThT a0
W E b, FEROKELSERYA: OFE AR L D
EWIBE, #OKEEND VT L, BETIE 20C %
TOEBRTIAESBVIEE, HrvaotHEFENEE
BIEMEASME ST, E7z, HSITOWTD, AR
& [ERE I Doliolaria $#14EMIE 5 A% Auricularia #Hi%h
Fl b FE < 2 ~ OB CIRES O E R T
LW I Edbinot, ¥, F—FEFOEENE
Awi-HEESROfRSR L b hR ko2, 745~
a, ThiwaOBENER, b CFAERETRAR
RICELDL, EPHROM/NE £ iz, BN
WAL, BEMIZA 31O Doliolaria $14: D EIE 3
Fofb & (HHERERN 500 pm Bt ICHEZT5 0
NERTHE Z EWRES N, TOEI I, HHHE
O7KIEPES, S5, WHCH T 2EDA T —YR
HET 7 I OHEBESCKE CEELTWA I AL,
Eigol, oD Z s, HME Doliolaria 40
HEMWEE SR TITI C @b B HAD I k, B
AR BV TARE D > bR =T E R XS AKihE
WTIEL, BRAGR AR L - B (s L Ot
SEOFETERL) 2R 0ERS L, £, A
DT h, 25% LAT TEIEL EORERA NS T L
5, BAKETEE T O SmEEES OER T HrER
TOMENH D,

H2H EhEOREER
(FFE> 1994g)

B £ o R & L T id Chaetoceros gracilis
Chaefoceros sp. 78 Bl T, % 721 C. gracilis %
Paviova lutheri , Isochrysis galbana, Nannochloropsis
oculala e EWMESINTHERESNTHS Gl - il



1986, M e 1992, /WIS 1992, AAGS 1992, HilEs
1992), ®7z, T s OYEERMEEE XA, B3 s
PN A AF Ak EONTER R EMCHA LM
BEROEALON TS (B 1988, #IEES 1991),

AEE 1HIT, BRESFEDEOREVEARIER

(SRR 900 wm) IZ2E L7218, RO E L bz
FEREE AN U, Doliolaria $hEOEIEHE £ 77 & &

CESEFER 500 gm FifR) 12175 OBERNTH S
EFEBH M LTz, I, Doliolaria $14E 2% R <
ERET S ZETEEE R T 5700, EHEDEDHEEH
FLe L THERMICHERS T w3 C. gracilis, P.
lutheri, 1.galbana, 7 =3OIBHEMEDEE YL LTH
2 CRH8 1983, BFH - AR 1987) L Ebh T3
Chacetoceros calcitrans, 3 SWANTEETHE <) >
AF A O 5 FEHOMEE HV T, BEEROREMRSIC £
LEEEER ATV, =)~ 2 Rl ek 2 A fE
DWW TR EIT o 72,

EFEEREIA OIEERL, Doliolaria $14EOEIEHIE
F o IR TR T L, £ Do Doliolaria g4 D EI&
FIEHIRIP O EREE, FEA 7 — VR0 BRSSO
R EREL, SEEOEEICOWTHR Lz, &5
17, FREFHEITHE L g & v TN T OB
Kb T oz,

5 P

1. Abdh4E (FEIEHASAE) 55 Doliolaria $14£ £ T
DB EER

SR, BERJEE LT C. gracilis, C. calcitrans, >
FESEE LT P, lutheri, 1. galbana, FiZHERD
ANTERTH LV A AT A (HEZ 747 8H 0
i) ®EFhThils U CEfAE 217w, FHER
WBHED FEENEDFKE R T — ¥ OEE P EBREDHER,
WHEOKE S PEMROT (LR EREEL, EEBRETH
@ Doliolaria $74 % 72 1& Doliolaria BIED 4 @ HIER
BH 2 THBER T, &8, EBRRISEHKT
Doliolaria $4EOEIEDHE £ D FRADHEI (AT 1 80)
T HICET Ui,

FENEOEEE, 30715074 bAEEAY, 0
HUCEBGE TREL 2 5680 (BIREALh4) % 3 <10
TEEDINE L, EhEotiEs, SRR
E A 0.5x104cells/m{ #n & 2.5X10* cells/m] @ &
Brixhd X5 iHs Uiz, SN AMESE2INE L
H»oEHSZ, BkETo1ARFOERICES L,

41

BB AT 18 L RO HEE T L 72 b O %
Ulzo BIEROZHUI AT 1 MO HEICHE L TT 572,
WREFE2 cm O 7 —2 » » 2RV TAEER &
Totz. FEENEIRGGT FTOEREZEMNC#EEL, K
EH] 18CITRGE LTz, SEROEEERE, Wb
EEAEE 21T OB TIT 2%,

SAbHE R NE LB H o8 H, SEEMEOE
WEARTE 1 H L EROFE TR, AERRICHES
N EOEBRBORE, AEE 1 HLFROFET
Tote, ARBOFRIINELNELIH»S 1HIE
iTo7z. %7z, BAERCHEDT 7)) » 7 ET0n
HWHEOHBAT -V OBELERB L UEREHIE L,
RESOHGER, REE | EHLEROAETIT> 2, F
BAT—VOBEBLIUVRESOHER, 1EED
15~30EfEIZ D THT 5 12,

C. gracilis DELZRIIHHEES (1985) DOAHEIZ L TIT
W, 5 FE7ZAITEIEEL-bOREE LTE
Uiz, C. calcitrans, P. lutheri 3 XU I. galbana
&, 200m! FE7 7 A 3% He THER CREREL
TWwicbDEERES [ TFEY 7 2 0 TlSE#EL:, P.
letheri BXU 1. galbana TIFESIZ 20 A FO—
WAKFE TR L bORBE Lz, C. calcitrans @
B#E C. gracilis DR BRCHEC TIT o)z, P. lutheri
BEUV 1. galbana 1 P-ES B38E (7S 1970) % v
THEE LTz, $72, HEDRESRINEIEEO b0 % &
L7z,

ek, EEETROMEDEREED S 5, Doliolaria
LI $h4E o #l-E i Doliolaria 4 043z &8 T
el
2, ALK TOFREBRER

BB OFERE TR OSIEE VT, NEARET
OFEHEER T o 72,

PR, (PERL0EL 2y b % 100 1 KBS AR
IR ICRRE L, ZOHIcERE TR L i
1 X10*AFEZIE L7z, BERER S 30 em OMEKE %
LT T SRR 7T BRI A X L, 8HE®
SR E Ulze SREEDEINOFHE T~ 2 {35 HiR o Big
&, $hAERERIOE iR g Uit~ a2 %24
BEHBL TiT o T2, ZMENOREERTIE, Kifka >

= fThTEAKRE Lic, HRALAEFROM
HFEEEEIX, 7473 Tk 84x10 cells/cm?, 7%
F= 2T 98X10* cells/cm? THo Tz, 7z, # OFELEH
13N Navicula 38, Nitzschia 3HMES L Twiz, 7
B, BECHERALYER, &SRO 2 DORERFIO 5
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% Doliolaria #EOAEFEEE S D EFR L2,

& e
1. LD S Doliolaria $14 £ THOREEE

B A O AR O BRI NEN T, BEL
RO EEEREE OB E 1L C. gracilis 380~584 X
10 cells/mi, C. calcitrans 832~1,584 % 10% cells/m/,
P. lutheri 264~476x10* cells/m/{, [. galbana
304~540x10% cells/m! TdH -7z,

¥, EHHAET, SEAMATOSEREENA O
i roREEACNEDPoT,
1) 7#+ v 2iFEHEOFRETRER

EERTIROERE, REAT—YOlEKs LUV
Doliolaria $14: D453 % Table 3-2-1 IZR L7z,

BHEEER D 7 A = 2R O E RIS B
R, BB L UREEAT YO % Fig. 3-2-1.12, fid
B O# R B & CEEER OB F Fig. 3-2-21
b B

C. gracilis TIx 2 K & b 1ZIZFRRT R, £ROMH
Bhrashl, ERIZSHEL 9 HHIZHRK (882137
pum, 87946 ym) &7 D, Auricularia EHIghA O HIR
bk aEaPA S, 1IHBIE 45672136
pm & 450143 gm 2oz, HREE2AEED 8 H
BicmRER D, Theh 233217 um, 237119 um T
HoTe HKBAT—F 220 TiE, 9 HEIC Auricularia
HASh4ESS, 10H Bz Doliolaria $hifEsi L2 NIER L
7zo 11HHE i Doliolaria $4EDEEH £ EhT5.9,
71.3% t7ib, EERERT Uk, &5 T, 248y
REQEFEREAOAT, BTHE Q1HE) 04K

86.9% & 77.6%, WY 82.3% Thoiz, Fiz, EE
BHIERFOD ShAE Bt L T 4% L T iz Doliolaria #h4E
DEIE T 60.6% THol,

C. calcitrans Ti&, 8 HE L 9 HEZZhEhmAEk
£ (882442 um, 873+43 um) rkich, C.gracilis &
FlIEE R A 5Nz, Z D& C. gracilis 1 b~
TAMERDETESN THo T, HEIEZSHEEIHE
WENEH 222414 ym & 212420 pm THRAWZZ S
Tro HBEAT—YIcoWw TR, 9 HEIZ Auricularia #
HAGhA s HHER L 7223, Doliolaria 4O HIRA A STz
DIIFIIHET C. gracilis w1 HE» o7z, 13HEIZ
Doliolaria 14 D#IE4381.3, 66.9% L7 b, FEEK
T L7ze SR 1AM T HE»S1IHB WO TF
FIAD U8, FROKERBFEIES NG T, T
i (13HE) OEFEFEF 73.9L79.6%, T3 76.8% T
Hotz. %72, Doliolaria gk DAERRITFEE 56.7%
ThHoT,

1. galbana Ti%, 9 HHICZFNZ AR (910452
um, 876+64 yum) E7 D, C. gracilis  C. calcitrans
E AR A SNz DI C. calcitrans L [FIER
IR iR N T BiEADS A B, HRIZIHEILE
NEN 214430 pm & 196+28 pm TEATH -7z,
10H Bz Auricularia #H404:45, 11HH iz Doliolaria
sz h2n B L7, 133 Hi< Doliolaria 140 E|
&0%91.0, 56.8% &0, EEEKT Ui, KT 1
A TR ERFESASH, EBRETRHOAERER
46.7% ¥ 85.3%, By 65.5% Thoti, T Iy
Doliolaria QLRI 45.5% TH o7z,

P. lutheri TIx, 2748 & 9 HECEKER (854+
50 um, 82745 um) E72 o7 HERIMEDHIRIZA SR

Table 3-2-1. Survival rate and metamorphosis stages of green sea cucumber larvae cultured under five kinds of foods
Survival Culture Metamorphosis stages (%) Survival rate of
Species rate period Doliolaria larvae
(%) in day Pre-Auri.  Post-Auri. Dolio. (%)
C. gracilis -1 86.9 il 16.7 7.4 75.9 65.9
=2 77.6 11 19.4 9.3 71.3 55.3
C. calcitrans -1 73.9 13 14.7 4.0 81.3 60.1
=2 79.6 13 22.5 10.6 66.9 53.3
I galbana -1 46.7 13 BT 3.8 91.1 42.5
. 3.3 13 35.6 78 56.8 48.5
P luthevi -1 35.2 b5 100 0 0 0
=2 76.5 15 100 0 0 0
MarineQ? A -1 79.6 15 100 0 0 0
%2 68.6 15 100 0 0 0
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Growth, survival rate and developmental stages of green sea cucumber larvae cultured under five kinds of
@, survival rate; O, body length ; M, stomach length.
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| C. gracilis

L
C. calcitrans L P lutheri

L L galbana MarineQ A

Densities of the food planktons and the artificial food (> 10* cells/mi)

J 1 ﬁ”: !
14 2 & 6 8 10 12 14 16

Culture period in day

Fig. 3-2-2. Changes in cell densities of the four kinds of food planktons and the artificial food given and ingested by
larvae of green sea cucumber. @, given; A, ingested (No. 1 tank); A, ingested (No. 2 tank).

¥+, & 5i213H BB Auricularia AiHISHAE 3R ED 12b0dD, C. gracilis, C. calcitrans BXU 1. galbana
WA Sz E $EAZERFL, 15HEICIEENZ TAONIIEE R Doliolaria $h4: L IE R > Tz &
hzh 352443 um, 313+20 um &% Y, FEEREETL BTl 1 A TRE RS A LN, FERIETIROE
Jzo &7z, ZOEEDIMEDIERE, FRICHERBLLN X 35.2% & 76.5%, ¥ty 55.9% THoiz,



WV AR AT 2K &b FRGRER, EEROH
Bhzohi, ERIZIHE L 12HHICRA (872131
pm, 866+37 um) L oizdd, T OBOTEETIEA
SN, PHEOHKINL ASNEr oz, 12 P. lutheri
EFRRICERIMEO R IZ A s i - 12, FEEIZ15HH
T Lico BT 2K L b RS RIS ST,
TR T RO TR 79.6% & 68.6%, FHY 74.1%
TH-oz,

SO 1 Y oBfERE, C. gracilis, C.cal-
citrans B LU [. galbana TV& 4 HELEE, P. lutheri
BIUOTI) A AL ATRS HHUEZFLEFNRE
olz, C. gracilis 8 X C. calcitrans TIE 7~10H
W THEA L, Doliolaria $h4mHER & & 612w L
72 I. galbana TR OHBIZ - L 3% D, 20D,
C. gracilis B XU C. calcitvans ¥ [FEECAY Lz, P.
lutheri TEI9~10HEH TR % < &0, 11H B
DFNENFED Uz v ) o d AH ATIZIHBICE
%D, 20k, HTOWPEAsNZY, iDL
INZEL WA T A SR o T2,

KERHAM th O AR, C. gracilis TiEEH 19.2°C

(18.0~20.2°C), C. calcitrans ¥ L OF I. galbana Tl
Y39 19.3°C (18.0~20.2°C), P.lutheri EX <Y
A AT ATIEFESE 19.3C (18.0~20.2°C) THo1z,
2) PHFYFENEORERR

KB TROERSE, FEAT-YOMEB LU
Doliolaria $i4E DA% Table 3-2-2 oR= L7z,

BIEERRIBD 7 A+ = 2 ZEY I E OB RO E S B
R®, £BB I UREAT — YO Fig. 3-2-3 12, f
B OREEE S L CIEHE % Fig. 3-2-4 kmLics,
Table 3-2-2.
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FEPRIE O 2 MO, EBROMBEHE TS L, 1.
galbana @ 1 K 2B CHEIZRBRCHERE Lz,

C.gracilis T 2 AfF L bLIA HicHxENRE A

(880429 pm, 897428 um) L7 D, Auricularia #8
SHEEDHR E & bt s R A s b, 15HE I
492+158 um & 494+164 gm TH-72, BEZ10HE
EIIHEIERERER D, ZRFR 225213 um & 225+
17pum THotze FEAT—YICD20TIR, 12HHK
Auricularia #4445, 13HHIZ Doliolaria $hE4i#
N2 U7z, 158 Bzl Doliolaria S LAREDEIE
7370.2, 70.6% LD, FEERRRT L7z, £FTi, 2
A E b RERREFEIZASNT, BT (15HE) 0%
B3 83.5% & 84.9%, F1984.2% Th-ol, *
7z, Pentacutula %14 & & 72 Doliolaria $heEd AR
13248 59.3% THoTz,

C. calcitrans Ti3, 11H Bz F M FHE AR (898+
40 pm, 888+28 pm) £ D, FDEIE, C.gracilis &
FEkE RN AN, BRIZNIBEEZNFH 241+
1l pgm & 242415 um TRATH -T2, HEAT—Y
2w TiE, C.gracilis LFERkIC12HH I Auricularia
HHAZhAES, 138 iz Doliolaria $h4E D A 4 S
72 15H B 12 1 Doliolaria $h 4 DARE 0 8] & #3714,
70.0% bikb, FEERT Uiz, #TH: (15HE) 0%
FREL 85.6% & 90.3%, 9 88.0% Thoie, %
7z, Pentacutula 14 4 & # 72 Doliolaria $h4: 0 4:3R
¥ 62.2% ThHotz,

1. galbana T, 11HE L 10HHIC ZhZREAEE

(887431 pm, 87448 pm) L7420, # O, C. gracilis
o C. calcitrans EFFREERED A 5Nz, HREEZ10H

Survival rate and metamorphosis stages of red sea cucumber larvae cultured under five kinds of foods

Survival Culture Metamorphosis stages (%) Survival rate of
Species rate period = : Doliolaria larvae*
(%) in day Pre-Auri. Post-Auri. Dolio. Penta. (%)
C. gracilis -1 83.5 15 8.5 21.3 59.6 10.6 58.6
2 84.9 15 11.8 17.6 64.7 5.9 59.9
C. calcitrans -1 85.6 15 14.3 14.3 61.2 10.2 60.1
= 90.3 15 18.0 12.0 62.0 8.0 632
1. galbana -1 52.5 15 20.7 20.7 56.2 3.4 30.
—2 Th7 15 2.8 9.4 56.8 I12.5 51,
P. lutheri -1 74.9 16 100 0 0 0
-2 70.5 16 100 0 0 0
MarineQ? A -1 85.0 16 100 0 0 0
=D 84.8 16 100 0 0 0

*

Including Pentacutula larvae.
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Fig. 3-2-3. Growth, survival rate and developmental stages of red sea cucumber larvae cultured under five kinds of
foods. @, survival rate; O, body length; M, stomach length.
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L P. lultheri

" I galbana

Densities of the food planktons and the artificial food (x10* cells/m{)

MarineQA
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1k
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Fig. 3-2-4. Changes in cell densities of the four kinds of food planktons and the artificial food given and ingested by

larvae of red sea cucumber. @, given; A, ingested (No. 1 tank); A, ingested (No. 2 tank).

HicZzhFh 223421 ym & 214+23 um THRAT
Hotz, 12HH & 11HHIZ Auricularia #8543, 13
HHE &12HHIZ Doliolaria SN Zh L7z, 16
HE 21 Doliolaria $h4:LAREOEEHS 58.6, 68.8% &

wh, EERERT U, EBETH1AETTHE®S 9

HEWZH» T TR S i a5t EEE TR O45
HiE 52.5% L 74.7%, ¥4 63.6% Thoiz, 72,
Pentacutula %4 % & # 7z Doliolaria $h4: 0 4253 1%
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Ty 41.1% Thotz,

P. lutheri TI&, 27 L $11HEBICRAHER (883+
33 um, 857+34 um) &l pERREOHBEIZA SR
3, 352130 BEAKE Auricularia BiighAE EEREOH
WAL EEEIEREL, 160 B EENERE
A 5424176 pm, 505+168 pm L7, SEERELT Liz,
T CDEEDIEDINEL C. gracilis = C. calcitrans
TH 5T IEH 7% Doliolaria $h4: & iR & 2R 7% 5
Tnfe, EERETREOALERIRIT 74.9% L 70.5%, T
72.79% Tholzs

<V A AH AT 2 AN bR R R, £RO#H
B4 shiz, RIX12HH 2R (848+26 pm, 824+
35 pm) Lz o108, FOBOEEOMETIZR <, $ED
g A B otz, ko, P. lutheri L [EIBRICERR
ORI A ST, FEERIZI6H ST Lie, 5T
V2 Akl & bR E BRI A ST, EERE T4
L 85.0% L 84.8%, ¥ 84.9% THol.

HEED 1 HY D OFHER, 4HEEE5HE
VI { %0, C. gracilis BX U C. calcitrans TI1X 9
~12H1ZH 1 THEA L, Doliolaria $i2EDHIRE &8
B Uiz, . galbana TRIHHBEIZ b 8% kD,
ZTORIIWA Lizo P. lutheri TiE8~9HE RS

{72, ZORIBWEIPDIZHS Lic, 7V rF A4 A
TiFE8~BHBICwRLE & D, 20K, HTOB
A ONTH, D& I ITELWES AL NN T,

SRR ORI, FAMED 17.9~20.3C (F
¥ 18.7C ) Th-oiz
2, NEUKEEERWIEREERER

TAF=a, ThF v 2B QR EEEE OfEE
E& T, Doliolaria $h4EOHIREASILIzDIE C. gracilis,
C. calcitrans B X U 1. galbana TH-otze #2TC, &
N DHERFE- THEERETo 72,

REHRBIO 7 A F~a, 7hr~ g OGS
10H B Off -~ aff354k# % Table 3-2-3a, 3b IR L7z,
e ~vaIEREIE, 74 ~aTik C. gracilis D
EWmbEL, KT C. calcitrans THholz, 1. galbana
Tk C. gracilis 8 & U C. calcitrans & b~ 4%
otz 7 AHF AT C. calcitrans THERD RS %
poleMhe KERERABNEI ST,

7z, P. lutheri TH&ITHEIMERKIC DWT, 35
BRI LA~ 2 OTEITFIRI NG SR BIE
Lize $%bb, & — b7 »—7C0H L - EEEK 40
ml! A7z vy —1 (Table 1-2 28) ERNC{IEH

(4 x4 cm) 2FEL, ZoFucshdz20@ENEL,
7 0 & AOERBHE TR & BIEE L ie, HiIH L8R
RESH, 74~ 2E3ME 313.1£20.4 um, 747
< IR 352.3443. 4 um THote, ¥ v —VIid7kiE
18C DERFE Yy 7 ANICHRE LTz, TORR, 74~
3, ThtTvalbichEERIBRBOBEZE THED
EREHEITIE A 547, Pentacutula $h4ESHES ~ I 13H

Table 3-2-3a. Number of juvenile green sea cucumbers on the collector plate at 10 day culture under natural condition
Initial Final
experiment Number of larvae at various Number of juveniles Water temperature
metamorphosis stages (collecting rate) (mean)
Pre-Auri. Post-Auri. Dolio. (%) ®)]
C. gracilis 1,670 740 7,590 4,430(53.2) 13.4~16.6(14.9)
C. calcitrans 1,470 400 8,130 3,975(46.6) 13.8~17.6(15.5)
L. galbana 3,560 760 5,680 1,772(27.5) 13.8~17.6(15.5)
Table 3-2-3b. Number of juvenile red sea cucumbers on the collector plate at 10 day culture under natural condition
Initial Final
experiment Number of larvae at various Number of juveniles Water temperature
metamorphosis stages (collecting rate) (mean)
Pre-Auri. Post-Auri.  Dolio.  Penta. (%) O
C. gracilis 1,180 1,760 6,470 590 3,094(35.1) 18.4~22.5(19.9)
C. calcitrans 1,800 1,200 6,200 800 3,130(38.2) 18.4~22.5(19.9)
1. galbana 2,180 940 5,630 1,250 2,814(36.0) 18.4~22.5(19.9)




