HLzhol,

= =

TAF=A, THFIORENEDET T C.

gracilis % C. calcitrans B 3 U . galbana OB 5.
TZ 2 Doliolaria $h4E 3 & UM AR DG4 b5 H
WL, 2OEER7AF~a, ThHF~vakbicEEE
? C. gracilis B LV C. calcitrans Tlapolz, DI
LI TAF v, TH I aOEENEDOFHE TR C.
gracilis % C. calcitrans © B & 5 TR I
Doliolaria$i4E £ TOFERTE L Z L BNHL D L
Hotze —H, SEOEERTIE, I.galbana LEUCNT
FESETH D P. lutheri TR 74F~a, 7hr~vatk
bICIEERHESAONT, (IEEECLHI a2~
DEREHRI &potz, P. lutheri i C. gracilis %
Nannochloropsis oculata 7% £ EBFFH L CHERH a1,
Fe AR TOFEBFEMSLEINTVS P S 1992, AiFEs
1992, /NII® 1992), %7z, Al (1979) & P. luther:
DEM S THEF ~ 2 £ TOMEBIHRIIL Tw5, —A,
FHEToOHEE BT RB T, C. gracilis ®
1. galbana \Z b P. lutheri &= F = 2 FElESHAEHAD
AL LTRETH S T LWL D bR (BHIAR
1987), =564z, [ (1980) 1%, 1. galbana |37 O
H OO PETE bIERICER, ~ 7~ TEFEhE
OEEELE U THsh e EERIE e R o et U, P tuth-
eri DWW TIE, SEOESGR & Wt EEHE» %
W ERHEELTWS, R (1975) 13, MNEEOE
U I E D AR OEIT L B 2 L RfiE L T
B, ZOFS EREEROREEA T — Y TR
5 L bty s (Fabregas ef al. 1985), P. lutheri
OISR S ERE I« & - TELT 5 2 L AL D
SNTw3 GHR - iR 1993). IEliEss & ofbEmks
HIEEEHIED 1 DOBEREFZ 2061, S0 L3
A (1979) OEERFR L 3R - R AGE s 0
LS TE S, WTFhic® L, P. lutheri BEICIZ~
¥ AT B AREHIE B b O EHEE S RS,
Eiz, U A AF ACOVTY, WIS (1992), EiE
(1992) &=+~ JEEESEDOEE & L THMcERTc
HDTEERELTVEY, HHS (1992) OWLEDS
Bl D FEES R o e L TRIE»H 2 L5 THD,
IDFZOVWTH, 5885 IHRIET 2 LENH B,

< ¥ AFEGEDOKEIE #2175 o0 EKREOHE
FHARETH B, C. gracilis \ W T3 7 = HEOREN
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HEERRF OWME CIRITARIE SRR L S L (7
BES 1985), C. calcitrans \IT 20T d, FOREEHEE
PERETED Rl - 80K 1984), ho0%E
Lie KRB L - T, v~ a@EEhEofER LD
WoEHIEETEZLDEFEZ NS,

5 381 Doliolaria A SHEF I~ DOIHE(BE
(75 1994h)

v oHHTW, EEEHEERR b O & EREE O OETE
DBHEHID /BB AED S Y = ~DOEEEFEL T 2
ZEMHLMIZEN, ZOBRKE Y SO EE TR
WEHEALTWwS (7. FH 1979, FHE & 1980, FH
1984, FHES 1991),

—F, ITHYIFENETY, MEEREOFEICLD
fEF~ A NOERISENTFRENL Z e TnS
(g S 1984, EIFS 1987), LirL, 7= TH~S
NTw3 L) BIEHROEECEEOEVLIC L 2EE
TR~ DRE, FRIEEICER iR ORE L B
DTN INTE ST, (THEEEEPHEE -
HEAEMEL L T, REETIE, <77 2EEHE
OFEHNEED L7120, ¥ v —VHICAR L RO
IELTEERR O & BE R 2 T, Doliolaria $i:»
B~ 3 AOEEDEENRIZI O WTHR L, 256
12, TEEEORE < 3 ~OZEEESES Doliolaria
WA kTSR E OPRN R Lo T, BlRans
DPTIERE LTz,

77 EHAZ E ORI R O i T ik
oK EEORINE, SECERBERELZT 23N T
w5 (Yool et al. 1986), % Z T, Doliolaria #h4: 1z K&
123, K* OFEEESRIC DLW TR Lz, £77, B
O TEROBEHEOR NI L 2HEEADEE D
WTHRET L,

;] &

1. MEOTRAR R R AR

EEE, T ThoOEEPfEERENEL: 2 D
¥ % —L (Table 1-2 2M) 12 Doliolaria gtk % Zn %
H20fEET DAL, 2 HE 2@ 0ZEE TR =
BEL, SFBAT—Y L OMERFELT,

HuwiigEgl, 74 F~a T, BEO7 7448
Ulva pertusa, 3 v Codium fragile, f88:0DY Y~ % €7
Sargassum patens, 7 4 237 7 Sargassum vinggoldianom,
T 7 A, Yauxy Cystophyllum sisymbrioides, t ¥
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% Hizikia fusiformis, 7/ A, 770/ Colpomenia
stnuosa EFFEDOE Y ©85 Corallina pilulifera, 7 715
~aTlE, BEOTFTAY, A, GROA AT,
Frep ok, ShE Ry, By, Yhat, Z0wll,
2 F Y Padina arborescens, 4 7t Myelophycus
simplex &, FIFEOE ) b8, = 7Y Gelidium amansii
ThHs,

ZTNETNOHEIERKO AT vyy—V A %
0.4 g FOAN, 6T, WMRE L TiHIEEEE AN
2Dl AN WIEKkIZD Oy y— v B LK,
MEEREKBEADA -l v v — VIEMICTER (4 X
4 cm) BENE L7z, fFEIRIZH &0 Utk ic RARERR
ERIAS b DT, ZOREEMEIFHES (1994c) O
TR TT o, (MEEEROHEER, 747 ~vaT
i3 157%x10% cells/cm?, 7 & + = 2 Tk 127x10*
cells/cm?® T, % OFfffHI & b B D Navicula J5,
Nitzchia M85 L Tz, HEROFERIE 40ml L L,
SER L idkia A — b 7 v— 7 ORI 2T > 7
BRiZzKiRE 20°C, 1b7K, MoBSKOFMSFT & Lz, &k,
HEEROMIIR O HL, BiRY > X HEREE Y b
LT, ERTEMEEE e TiTol, &7z, BEBRE DY)
IR 2 HHOZRETRE I, 2#HOFHETRL
P
2, {TRBRIEEROER), BEMNEREEERER

(AR OFEE L BE OECHIEEEERIC 52 5
BENT DLWz,

SRR, kB & OZE TR O FLEs il o
FHBCH g O ER 2B L R s Lz,
i, FEERIIAR 18C T/,

EHREOFEN QR E, BRTHEIIRA
B RE, BB EE 3% U 7- Achwanthes biceps, Navicula
ramosissima B L U Nitzschia sp. D 4 K43 & Uiz, 24
SOfEERE, Yr—VEHKKSSHUDFHIET
Btz Thibb, ¥y —ViZid PES sk (i
5 1985) B AN, COHNCKRAEERIT, WEROEHERIZE
RE{ESERABR & RIRR O T C RIS BT EEEEE 2 AR
UTHEmY, e UTHEEL, SRR,
R THRTEFEL Tz b 0% PES AR %
BAWT, 5»LC0 200m! #5 A E—H—THEEL,
hEfe UTHEA L, &7, SNEESRNEDORE
1E, FOPRETE LT EZER T, &Y v— VOl
BEAS 8 BRBEDBREIC 5 5 L ORI L7z, s, FEOHE
WEEERICER T 2 10HANZT Y, ¥ v — v AOWEKIGEE
FESEERH A% B EIRTICHT L\ Wik L AR Z 720 RIREE

BETOHROENTED, IO Nitzschia ¥, Navicula
BT, TOBREREE, 7453 T 21~110%10*
cells/cm?, 7HF~aTld 27~125x10* cells/cm? &
&l ThH o 7z, Achnanthes biceps DEEEN, 74 F~2
TlE 38~245X10% cells/cm?, 7AF I TIE 49~183X%
10* cells/em? T#Hotz, Navicula ramosissima O
W, 74 F=aTid 27~254x 10" cells/cm?, FHF=
2T 39~158%10* cells/cm? T#H - Tz, Nitzschia sp.
OFEEL, 74Tk 31~224X10% cells/cm?, 7
A F ¥ I T 21~159%10% cells/cm?® OFFHTH -7z,
3, RATEEEREOBENZTAE(RERER

FERIZT A F < IEZDOTDARTHT2,

KBRS, kB X ULRRE RO, (I

AT BSOS
DRSS RS TE RSO, BRI ETERR -
FEfkTH 2, b, EBIIKR 18C TT-7z,

EEERMEE, 06 9 X104 11x10% 59x104 62X
104, 118X 10% 129104, 150X 10% 166X 10" cells/cm?
O 9 RS L7z, ZHGETIRILE, Doliolaria $i4EIUE
#1HH, 2HH, 3HERZAZhOM; v 1 DFH
E1T- T, FAEERCAE D ZEEOHER 2 5/,

4. Doliolaria $hENTEIEE~DEMOFRIZL D
EAL

I35 EESEAT Doliolaria $4E 125 L CARB(EERIR &
Fef9 2 7212, Doliolaria $hEEpi(E5EEE & WP IC
BT A EANBETHELINE S pEHET L0,
EHiNE S 2 —7 =4 —¥TaA, Doliolaria $haH
TERWEIICLT, EEEER T,

SEERARR, FHEHEI TR & OBE I3 O E
HE(EAERAER & IR CTH 5, 70 38, FERIIAKIR 18°C TiT-
120 FERTHER U 7 (RS OB A 3 T i O R
LA E AT, 2OBEER, 74+ ~7aTR
62X 10% cells/cm?, 7 # F% 3 TiE 83X10* cells/cm?
Tholz, FEuE, EREREL Zoofbo, 458
WEANGED -T2 DIEDVTH, [EREREEEER 2T
W, ZOZEBETINEREL, kB, SERXOL
ANER 2 HBOERBETIRTUE, 2 HOFEETRL
7o
5. K*IZ& 2T (e

TR, ZBETTRIOBEE & L i O 28
REEAEABR L R CTd % .72 B, FBRIZAR 18C TIT-
s

K+ OyRIBEE 0 G, 5, 10, 20, 30, 40, 50
mM O TEREL, £ — 7 v —7 T L 7 Rk



12 KCl %L Te, #£72, SRED KCl#kERX 40
m! & Liz, %8, FEEEOMEINEES 2 HE 0%
Tk, 2 HOESETRL,
6. 1HERDFE S FERFE R
EEHRIFT A F 22 20T DA T,
HEHUY, WHEOMEAIZREGERER & WO Ak
TR % FRE S BRI L 2 v b % 100/
A Fig. 3-3-1 1R 7 & 2 wkEm L, AFERs
L UEEEICERIE L1z, Z OFRICERRES4E (Auricularia Fif
HAsh4: 22%, Auricularia #31504: 179, Doliolaria %)
4 61%) 1.5 10* fEHA % EREE TR L TINE L7z, @
TIEES 0em OEKJERZEL TiTo7. HENEE
3 AMEIAE L, 4 BECHFAE LTz, 20L %K
T RRIE LI (PSR 2 AL T, SN2 10A B
WENETNOMFERE R, Blme beEEHLT:,
EHAE R OKIRE 17.9~20.4°C Thotz, &, 1007

Horizontal position Alr-pipe Vertical position

Fig. 3-3-1. Setting condition of collector plate in tank.

Table 3-3-1a.
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A 2T ORI e,

& £
1, ORI R EERES

7 # + = 2 Doliolaria &IN5 # 2 HE O BT
PRt & Table 3-3-lalcx U 72 & BH® Ti,
Pentacutula 4= 15%, fE>~2 85% L4 b, g
LD B THR R ICHEF ~ O AOEREINE S,
BSEEiE b Ao hie oz, WE TR ~ 3 DOHEENA
sz, PYwIES, AANEF, EVF, Vs
uEy, 77/ )D58ThHoiz, Linl, TOHR
HEE 2.6~15% ELNEHFTTO 8% LHIAFELL
Koz,

7 # 7= 2 Doliolaria $h4E N5 2 HH OZREHEST
K% Table 3-3-1b R L7z, fEEEE, 747+
3 L[ERRICHES ¥ A OEESH IS, HET <2
DEIE 78.4% Tholz, WEETH ~ 2 OHIRNA
LMD, FEEHOT F 7 4% LEEEDA A TS,
Yamwy, bV, 79/, vEVISITOGET
bhotze LL, TOHRESE 2.5~21.1% L7745
= 2 & AR TEEER OB B o Tz,

2, [EEROEE, BERZERRERER

7 # #~ 2 Doliolaria S IE# 2 H H OZHEEST
PR¥i# Table 3-3-2a R Lz, KIREERCIE, BEL
TeOTNOHREE THREF v oo HHEL, ZTOEEE

Percentage of green sea cucumber at different stages of metamorphosis, 2 days after Doliolaria larvae

was transferred to the petri dishes with various kinds of algae

Metamorphosis stage (%)

Algae

Doliolaria Pentacutula Juvenile Dead
Ulva pertusa 90.0 10.0 0 0
Codium fragile 97.5 2.5 0 0
Sargassum patens 45.0 40.0 15.0 0
Sargassum vinggoldianum 36.0 55.4 8.6 0
Fisenia bicyclis 8.6 2.6 0 88.8
Cystophyllum sisymbrioides 67.4 272 5.4 ]
Hizikia fusiformis 74.4 17.5 8.1 0
Undaria pinnalifida 100 0 0 0
Colpomenia sinuosa 69.2 28.2 2.6 0
Corallina pitulifera 69.0 31.0 0 0
Attached diatoms 0 15.0 85.0 0
None (control) 91.6 8.4 0 0
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Table 3-3-1b.

Percentage of red sea cucumber at different stages of metamorphosis, 2 days after Doliolaria larvae

was transferred to the petri dishes with various kinds of algae

Metamorphosis stage (%)

Algae

Doliolaria Pentacutula Juvenile Dead
Ulva pertusa 15.4 66.7 L8 0
Codium fragile 34.3 65.7 0 0
Sargassum rvinggoldianum 195 3.5 245 42.5
Eisenia bicyclis 32.5 15.0 0 52.5
Cystophyllum sisymbrioides 18.2 66.6 15.2 0
Hizikia fusiformis 28.9 44.7 21.1 9.3
Undaria pinnatifida 3.3 56.4 0 10.3
Colpomenia sinuosa 5.9 50.0 17.6 26.5
Padina arborescens 29.4 26.5 2.9 41.2
Myelophycus simplex 27.8 361 0 36.1
Corallina pilulifera 20.0 75.0 0 5.0
Gelidium amansii 40.7 59.3 0 0
Attached diatoms 0 21.6 78.4 0
None (control) 31.4 68.6 0 0

33.3~100% TH Y, Pentacutula $hiic & TEREL 7-
HEEED S LIEIE 100% OEREEERL, 2, B
BEEELSE T ERES~ O O HIREESSEWE S A S 1
Tro SRR T3, Nitzschiasp. T 6.7, 5.9% @
M~ a0BBEBASNIETT, £OMORSTIHHE
> ANOEEBRH Oz,

7 # 7= 2 Doliolaria $h4:INZ#% 2 H H OZREHETT
PR %E Table 3-3-2b IR LTco KRBT, 747
<2 L[EFE, RELLWITNOEREETHH <2
HIHIEL, TOHESEIE 20~94.7% Thotz, £z, H
W ETH X U 30} 10 cells/em? 1 Br 2 66104
cells/cm? DLETRAEF <2 DHIRENEL { @b oiz,
B ERE R T, 74 3~ 3 EERRIC Nilzschia sp.
D1 KEROTH a2 ~OFERA LN ST,
3. RAMTISEESRE OB ERIZE R R AR

SRS D AEEERE < o OB E O
% Fig. 3-3-2 I0R L7z, £EEBRTH, f[TEHBROREE
A, FEERZEREEERER TORR L BRI, =M{E
[ LT, EEEEIEVIE EHET v a~OEELEE
&ifz, Doliolaria $IAEINER 1 HE T, HERFER
10x10* cells/cm® THEF < a O HEFRIZH 10%, 1
60%10* cells/cm? T 40% %, 118~166x10*
cells/cm? T 70% HifkL2>TWw5d, HENER2H
Hizi, BEAER 10%10% cells/cm? TRHEF~ D

HEHEE 10% BENERIHE EEDbSRWM, 1
60x10%cells/cm?® T it 80% HiE L & < & b,
118~166¢10% cells/cm? TIEH 0% E->Tw3,
B S WHENE S OE TRERESERN 10X10* cells/
cm? T 50% B, # 60x10*cells/cm? BL b Tk
90~100% OftF~aHWHEEZTFL T3,
4, Doliolaria #I£DFEERE~DOEMOBRIZL S
FRE(RERER

74 F=a, 7A+ <3 Doliolaria $hENE® 2 HE
D HEETT R 3 % Table 3-3-3a, 3biz® L 7=,
Doliolaria $h4E: & ESE Il X B 72841, 74
%3T 62.9%, THF<IT 89.7% OREF~ D
HymoNz, —A, £ 2—F—F—¥TEH-> THEMT
WLk TaE, TAFva, THFvaEbIcH
FwaOHERITEL, MBTHIEAZTObDERE
nEERL, TEERECLAITREESRIZA SRR
BEfEy
5. K'iZ& 2ERE(EERER

7 A+~a, 7# 7+~ 3 Doliolaria $14IER 2 HH
DEHEHEITIRIT 2 Table 3-3-4a, 4b 2R L7z, Wih
OHERTHHEF v aOHERIRE <, K ORNEIHRE
AR oTz,
6. fIEROEES FEIHRE R

PENFERI0H HONERIL % Table 3-3-5 12w L
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Table 3-3-2a. Percentage of green sea cucumber at different stages of metamorphosis, 2 days after Doliolaria larvae
was transferred to the petri dishes with various kinds of attached diatoms

Attached diatom
(X10* cells/cm?)

Metamorphosis stage (%)

Doliolaria Pentacutula Juvenile
Natural -1 € 21) 0 42.9 57.1
Natural =2 21) 6.7 60.0 33.3
Natural -3 ( 42) 0 31.6 68.4
Natural -4 ( 46) 0 20.0 80.0
Natural -5 i 75) 0 290 77.8
Natural =6 ¢ B1) 0 17.6 82.4
Natural -7 ( 99) 0 0 100
Natural -8 (110) 0 11.7 88.3
A. biceps -1 ( 38) 57.1 42.9 0
A. biceps =2 { 56) 61.5 38.5 0
A, biceps -3 ( 73) 41,7 58.3 0
A. biceps -4 ( 98) 60.0 40.0 0
A. biceps -5 (162) 53.8 46.2 0
A. biceps -6 (186) 71.4 28.6 0
A. biceps =7 {222) 100 0 0
A. biceps -8 (245) 100 0 0
N. ramosissima -1 ( 27) 75.0 25.0 0
N. ramosissima -2 ( 34) 63.6 36.4 0
N. ramosissima -3 ( T1) 75.0 25.0 0
N. ramosissima —4 ( 90) 90.0 10.0 0
N. ramosissima -5 (131) 70.6 29.4 0
N. ramosissima -6 (146) 46.7 53.3 0
N. ramosissima -7 (207) 88.9 1.1 0
N. ramosissima -8 (254) 87.5 12.5 0
Nitzschia sp. -1 ( 31) 45.5 5.5 0
Nitzschia sp. -2 ( 40) 3.3 60.0 6.7
Nitzschia sp. -3 ( 96) 76.9 23 .1 0
Nitzschia sp. =4 (97) 47.0 47.1 5.9
Nitzschia sp. -5 (155) 88.9 11.1 0
Nitzschia sp. -6 (171) 73.3 26.7 0
Nitzschia sp. -7 (223) 100 0 0
Nitzschia sp. -8 (224) 100 0 0
None -1 (control) 65.0 3h5.0 0
None -2 (control) 57.2 42 8 0

Table 3-3-2b. Percentage of red sea cucumber at different stages of metamorphosis, 2 days after Doliolaria larvae
was transferred to the petri dishes with various kinds of attached diatoms

Attached diatom

Metamorphosis stage (%)

(X10* cells/cm?) Doliolaria Pentacutula Juvenile
Natural =1 6 27 55.0 25.0 20.0
Natural -2 ( 30) 30.0 25.0 45.0
Natural -3 ( 66) 0 111 88.9
Natural -4 ( 85) 11,1 11.1 77.8
Natural -5 (118) 16.7 0 83.3
Natural -6 (125) 0 b8 94.7
A. biceps -1 ( 49) 80.0 20.0 0
A. biceps =2 1 56) 85.0 15.0 0
A. biceps -3 (100) 950 0.0 0
A. biceps -4 (109) 75.0 25.0 0
A. biceps -5 (176) 90.0 10.0 0
A. biceps -6 (183) 95.0 5.0 0
N. ramosissima  ~1 ( 39) 75.0 25.0 0
N. ramosissima -2 ( 49) 90.0 10.0 0
N. ramosissima -3 ( 90) 90.0 10.0 0
N. ramosissima  —4 (102) 80.0 20.0 0
N. ramosissima -5 (140) 80.0 20.0 0
N. ramosissima -6 (158) 80.0 20.0 0
Nilzschia sp. -1 (:21) 85.0 15.0 0
Nitzschia sp. =% {.24) 90.5 9.5 0
Nitzschia sp. -3 ( 79) 65.0 30.0 5.0
Nitzschia sp. -4 ( 89) 80.0 20.0 0
Nitzschia sp. -5 (134) 90.0 10.0 0
Nitzschia sp. -6 (159) 89.5 105 0
None -1 (control) 70.0 30.0 0
None -2 (control) 90.0 10.0 0
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Fig. 3-3-2. Percentage of metamorphosed juvenile at day 1, 2 and 3 after transferred to the petri dishes containing

attached diatoms of various cell densities.

Table 3-3-3a. Percentage of green sea cucumber at
different stages of metamorphosis, 2 days after
Doliolaria larvae was transferred to the petri
dishes with various conditions

Table 3-3-da. Percentage of green sea cucumber at
different stages of metamorphosis, 2 days after
Doliolaria larvae was transferred to the petri
dishes with various concentrations of K*

. Metamorphosis stage (%) Concentration Metamorphosis stage (%)
Candition Doliolaria Pentacutula Juvenile of K* (mM) Doliolaria Pentacutula Juvenile
Free to touch attached diatoms 8.5 28.6 62.9 0 61.0 39.0 0
Isolated from attached diatoms 35.9 64.1 0 B 63.4 36.6 0
None (control) 525 47.5 0 10 89.4 10.6 0
20 92.5 78 0
Table 3-3-3b. Percentage of red sea cucumber at differ- 20 90.0 10.0 0
ent stages of metamorphosis, 2 days after Doliolar- 40 97 5 9.5 0
fa :iaﬂr:]rsaioiz?ﬁ:':;wferred to the petri dishes with - 99,1 4 0
A Metamorphosis stage (%) Table 3-3-4b. Percentage of re§ sea cucumber at d_iffer-
Doliolaria Pentacutula  Juvenile ent stages of metamorphosis, 2 days after Doliolar-
Free to touch attached diatoms 2.6 T.a 87.7 :;;?;z:io‘ziznzz&l?sz;rg? It((i WS L e
Isolated from attached diatoms ~ 80.0 20.0 0
None (control) 59.0 41.0 0 Concentration Metamorphosis stage (%)
of K* (mM) Doliolaria Pentacutula Juvenile
0 45.0 55.0 0
Voo MEF VI OMEREIZOWTAS E, KFICHEL 5 37.5 62.5 0
72X Tt 2 kFETE NS, 097{EE & 6, 085{E & T 10 42.5 57.5 0
HED 2 AMOTHIEL 47.8%, EECHELLET 20 35.0 65.0 0
16,5881 & 6, 327/ TR 2 KO H I o s .
55.2% TH D, AEREREICHE LIz Ko5b T HICHR ig igg 238 g

WHERED - T2,
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Table 3-3-5. Number of juvenile green sea cucumbers on the collector plate
Number Plate setting Collecting
of tank condition Side Mean =+ Standard deviation rate
(%)
Open side 444 9+148.3
1 Horizontal Back side 64.8+ 28.6
Total 509.7+£169.3 43.6
Open side 98234 90,2
2 Horizontal Back side 56.2% 22.6
Total 608.5+108.3 52.0
One side 378.4+118.4
3 Vertical Another side 280.4+152.9
Total 658.81+203.9 56.3
One side 388.7+ 76.8
4 Vertical Another side 244.0% 68.3
Total 632.7+117.5 54.0

ERO LT, EARENOMNELL, KFICREL 2

B 1 DOKE TR, SHENERIC FEHTH - 2E T,

1T D 160~665{FEk (CF444 9fEEK), THEH CH-o7z
T, 15~97EECES64 8@ ), b5 120kl T
i FRITH-T T, 415~T21ME & (FE #9552 .31
), THTH-HETIE, 27T~105E{F (FE56 . 2{F#)
&, Wb EEIERNC L TH - O S 2T
TholHL DEL I ABFEENEhoTz, &6, LHEE
THOMEHICOWT tRER{To 25 1% Kt
THRETho 1z, BEIEBLIZEE TR, 120K
THEAFNEN129~500{E#E (FH9378 . 4ff{E), 64~467
fElfd (9280 4814, &5 1 DDA T256~476{E {4
(7388 Tl , 123~338{A (244 . 0fEHER) T
ThHMETOMERICRE REDHNE o,

% =

7 =HHTH, Y ¥R EHEEOIEOFEREIC L - T
BEtEASE D SFE 7 = ~DOAEHELMEES LD T EHHS
PICENTED (RS 1980, HH 1984), SlalnERR
5w w30 Doliolaria h4E b, & ¥4 EHFEED
R THh TN, fr~vaOEEREERN, L
L, ORI TEEEEOTFASNRICHA~ S &5 TE
Motz OOV TIE, WL RO 2
bEEINTEY, &5, WET20LENH L, iz,
ToMT, AEEELEYFEHATIILT, Y

DAERE(CERIEIE £ 208 ((FHES 1991), 5%,
;@ﬁ%ﬂ%ﬁ“é%?@b By

VTR, [TEBEOBEEOEVICL - THhE~D
T ENRCEND Y, EEEENEVIEY, Y=
ANOEREDTELDIITHONDE Z ERHLMICENT RS
(% - P 1979, HFHES 1991), ¥ F ¥ T DWTh,
SEOERFERD S, BREIAS STz, »ib® s FREE
BT, v EARCHIEEZEOBENFEWIEY
Doliolaria $htE b SFES = 0 AOZEHEHE S L2
MAASNT, O Ens, FECEHY 245,
HoHLY, (TEERETSFHESEL DR, $
FINFHREH TSN OBEE < & D BfE EPE
LwkFEzohd, Lpl, BEEEREELI A biceps,
N . ramosissima, Nitzschia sp. TR{TEEEEOEE 20
b, FLAETESBES Lo, V28
THEROBRFOFED SN TV B3 (HF S 1987h), %
DIFRROEBBLETH 5, Lictd->T, Sk, HEHEE
EELTROE CHBEESE U AR T 28581,
B EEE OB S on T b HHEERT 3
WENRH L,

fPEEREOEIC DL T, SRIDER T 7 OHIfE
ZEHEE Lz, Lvl, BRFHES S (IEEETEL
HRUEEICL->T, filEORESZENALNEZE
SIS 1 T ZERE(eER R A i R T 2 i
T+aTHhS5, 5%, NEFROEITMIEEE & b1
sun7 4 VEBEERRET S LicLoT, LDEE
L 7R 21T D Te O OV EHERB OIEERH O & §
ZWERH D, %7z, Jensen and Morse (1984) 133
BEoy X~xTHhA0O—F Phragmatopoma
californica DFED, THHEWE L OFEfC L > THET
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B EHEHIL T 53, SEOFERERS 5, Doliolaria
W DWT b v = EO /BRI E & Rk (S
1991) (BRI EEREZ R E RIES 52,
Doliolaria ¥4k & OB NETH L Z b7z,

Yool et al. (1986) &, ¥FFE DKL Y), Phestilla
sibogae, Haliotis rufescens, Aslraca undosa kFFZE]
¥, P.californica 4 TIE, K EEOREMNZTE &
TREERFISRIL, ZORERITEROmKOK" JE
ORI 2ETHDEMEL TS, £, IES (1994b,
o) FRERE K BEOMINTT 4 7 = Pseudocentrotus
depressus SHEOHEY =~ DL EES N DL I LB HE
D TWB, L, w75 =30 Doliolaria HHETIZK*
OERREESR IR s a7z, B UHESY T
HoThEC - TK OFIFIRCEIERP DL LE
Zbe 1275, JIES (1994c) &, K* OFIBIR(SE
HEROFECL->TEHERLLTWADT, ¥)h~ad
Doliolaria $Eic DT h, (TEEEESEFEELEHT
TR OEERENR 22 0ER D 5,

PR O AR OBRE Ak, ¥ =TI IEREK
SEIERE LI S A8, EEOBS IV EEEE
NTWBH(KEES 1984, A5 1987c, HIRS 1991), L
L, SGEOT A4 = 2T 5 REHRIR» 5
1, (IEREPEEICHE LSS, KFOSE TS
HOftF < aDFEERICKEREZAONG L ST, &
Bz, KECRELIES, L, THTOMNEZSEL
CE2Y, WhWLLAFHETLDEXL, EEOES
BAEE TOMNEROZRZSIZER L, WERNENAS
Nize TOI Lo SEREEORET ~ 2 OITEFERE Y =
Bl TNEWZ R EEF LD L, FBERONZY
FHR 0, (FESEAEEEION L CEEICRET 5
HHAEOEIVEE LWEFZ SN D,

F4E FEARNICLIMFIYOOKEERE
(e S 1994i)

ANKE < FHHE (1984) 11X, #id~ a2 OEEMTH LT
N A 7 A Tigriopus japonicus DEREEZ ) 7 0k
>EIE (DPEHLA) 2FEHLTWwW3, 22T, KETIZ
T, HF~va0EFICEL TEERIK—F%E 1Y
2 a)uiR R FlV TEEER 3 2 FE e Lo, 83
BT~ v 2 OFEEHAE IR Doliolaria 4 OREHIZ, {1
EEEOFEI & o THIRANICHE T = 2 ~DZEEBHEE
ahaZ LR MITULLY, RETE, BEEHEDRH
BN L B TR U S R s T T A
a, ThHF Y aOEENEER v I B, 856

Iz, ZONEEEEPHEF~ a0 T24EAR,
LOBFEH AR L - T, EREVBIOHEF~ 2 oER
¥ 10mm O~ 3 1E T 5 EEREOAEER%
T,

Eir, (TEEESETE L LTRE LSS, [Ek
S~ aRHEEL, ATEREEAWETHEIC DN
THHETL 72,

B8 Y oOlkRlzg D aCR—4 DR
EREFT O T AEN

PR v v ¥ — T, 1989ELIFT DT
kafEFr~aofEBEICBWT, B EEELa
R—FIERT 2 & Ebh s EEROWESFEL,
v v 2O L L TEE SRRSO B, HEEIT
3 ODEEETH >, Ehz, bk TH (1984) 13, HE
FIDFWEERD—2E LTF7 )+ FAOREIR L
BEEERIERL TWwb, CheDZ s, fir~vad
BBV T aRN—F2EERT 2 2 L IFEE AR
HThd,

AEEHITIE, MY ZOERIACE D 2GR — 5 OERERE
Z2WwT, BLRAAKETO MY 7ok ORE L
i & OBRIC DWW THERT LTz, & B, T~ i
T aEmEIz 2T HRRE Lz,

7 *

1. ERBKEBETOANR—FDERICRITT I
FJLAR R EE & AIERER & oRAfR

HEt, FHRENORECRE L M) 7 0k i
KDA-ty v —LIZAE—FENEL, EABTO
RN LD 3 R —F OAFERI R BE Lz,
BER Lz a~R—4L, <+~ 3 ERERMAERIC X
2B HAE Eo5T Vv 5237 7 = Hemicentrotus
pulcherrimus FIEARMEHNOTER BTG L Twizf
BT B D Harpacticoida B, Harpacticoidae
B, Tisbe BO—FEEFNL, 7035, fAUEEEEA
TEBRICEMA LTz, bV 2 uk i, FREoAiRcH
U7 AuEANS, R 7 ok 8 e LTARKER
VT —20% (HAFFRRIERLEH i) 215
LT, 0.32, 0.50, 0.79, 1.25, 2.00ppm &7%45 L 3
T LT, IR —F 210EETOINEL, X
750 8 B % T LI T L ESEIN R L. KR
iRz 14, 18, 22, 26°C O 4EEREE L, HEEICREL
TeZ B VERA y 7 AT, &MY 7 ok CEEICEH



L8R A0ml DA-7zvv—1 (Table 1-2 £)
BEE Uiz, BMEROY ¥ — Vi 2T 0BT,
Tz, BY ¥y =3 A 7 ABD ST % L THEOER S
B2, SEENZIEAK, EEKOFGET T 5. B35,
FEBX & R E L THEAIZTO b DbRE LT,
LEFEOE X FERTAMES T CREE L, PNEE & vk LB
BLEFEEEEEE Uiz, &5, SiREROEFEHEE
OEE L 2 HOFEHE TR Lz,

2. MFOITHTEEMEICONT

EERIX, DITeais ZhEFno b ) 7 oivk B
WERE Lictgk 40ml OA-7cy vy — 1 icHir-~2a10
B ZIE L, ASHRFIE D AESRRI # L LTz,

90

100, A
14C /D /
5 i

70 / £
f

o7

EEXKIE, 0, 63, 80, 100, 126, 158 ppm O 6 FEfE
RE Uiz AL~ o BEEEIIAEHD 7 A F =
T, EHERIE 3.1+40.4 (B#EEE) mm Thot,

FERBEIE24RERES, MY 7 ok ORA EEE
LT, #r-askeacilz, EBRiZARE 20°C, 1kk,
MEROEH T TITole, &l By v —1iICid, 45
A 57 % L THIROFRFE RIS,

HAIEOHE GBS T CREL, ER0B XA
SRR B EE & Lz,

Accumulated mortality rate (%)
o

L I

L Il 1 1 ] L '

3 4 5

6 7 8 0 1

2 3 4 5 6 7 8

Elasped time (h)

Fig. 4-1-1.

Relationship between accumulated mortality rates of the copepod ( Tisbe sp.) and elasped time for exposure

in the trichlorfon, 0.32 (@), 0.50 (), 0.79 (&), 1.25 (A), and 2.00 ((]) ppm under different water temperatures

(14, 18, 22 and 26°C).
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1, ELBBRETOIANR—FDERICRIZT M &
OJL7R >R & ANEERSRE & DEEfR

FARE T OB S a R — 5 0 REUEIEE D
HEfE % Fig. 4-1-1 TR Lz

14°C X 1 2.00 ppm Tid 6 ¥, 1.25ppm TIiE 7
P I TR TEEFE L 72, 0.50 ppm & 0.79ppm @ 8
FfEg o RAEEERE, FhEh 8% & 75%, 0.32
ppm TlE 10% TH -7z,

18°C X o 3Rl BRUEIERI, 0.79, 2.00 ppm
TiE 100%, 1.25ppm T 95% TH-7z, 0.50 ppm
I 6 AL, 0.32 ppm 1 7 BREERIC T NTEEIE L 7,
22°C K :0.79, 1.25, 2.00ppm T & 2 HF[H £,
0.32, 0.50 ppm Tid 5 FAEIEIC TR TEIEL 72,

26°C K I BMWER L b 22°C K & RO AR T
BARIBIEED 100% L7572,

kB, REEXELIKIZTOXTE, I —FD
BIERA SN h oI,

2, MFwaicd 3 ) Z0RrnEEIIOWT
FYRE T OISR B OSSR R Fig. 4-1-2 1R LTz,
63 ppm TRESEIZA SN S, 80, 100 ppm T, Th
Zh 20% BLU 10% OBEFEFETH->7, 126 ppm T
i 30%, 158ppm TiE 50% EEEORED L EHIC
BT R E B EALS S S,
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Fig. 4-1-2. Relationship between the mortality rate of
juveniles and the concentration of trichlorfon.
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ppm 0 8 BELEC X 5T 75% O RFEHENES
NTWE, TNEDI L5, MEORF~ 2 fEkE
DA (RS 1994) T, bV 7ok EE
0.5~1 ppm O 8 FFEALEIIC X > T I3 K—F%+5
s EMNTELEEZOND, T, SHELR
ToEEREE DS, Y 2ok OfES < 20T 548
RFRTESETEIRE (LCs) 1% 158 ppm B TH S S &
Mg s Wiz, BEMEOEYT 2FFEIE T, 18K
M LCs IEAREE LT0.1ZFELB Z EICL DD
SN THD (BFRREERFERS 1983), ) 7on
RO = 2T 2FFERE I 15.8ppm BT
HrEEZOND,

F 28 HERICL AMFTINO—REAT

A TR, B oftEHE R & LicfEikT
OffeF~ 2 OFE EHEF~a0—REAE L L,

EETI, 1992F 1T/ E AR L 374+ =
a9, FhFva0HF~vI—KEBOEEICOWT,
EEROBIMER L/~ o olRE, £REoBEfReE
HLUTEZL, #)~a30—XEE TOMEL{IEEEE
EPMNEEREORIECOWTHRET Lz,

¥ ] &

1, FEEFE

B, BREE OFE A Doliolaria #hd: OElE
BEE o k&I, FRENOEENEOFEEARYSS
keI L, & 50U DEHRE B S B AR
DA ifEF v 2 AOFAFAE~NE L, FESEDS
e~ 2 ~ZER ST, ShARINEERRD A B IR O B ik
i, AEEmCN L TREEBBEEERS L5,
IR 2 HE SR TIkAk e Lz,

2. FEB L UHFTI0EEKIE
FBEKEOBIER % Fig. 4-2-1 125 Uz, fE A0
15m®* AKiE L 18 m?* A2 L 7z B ETE RO PH]
Zid, EPENERHE~ aDWEEE TS, HE E—



Water supply

Cage for the
primary rearing

Air pip

Collector plate

Fig. 4-2-1. Schematic view of the primary rearing
system for juvenile sea cucumber.

KEAEHOLS (A—7 =% 225 m, Table 1-22
W) ZEEL, OSSR ANSEEYEZIEL
720 WEIE, 15m® AW TIRES 9 m, 18m® AT
£3 10m OFESE (Table 1-2 2i8) “fEAEO4E
TWNIZ 2 KRB L TTo 7,

3. [BRERORLE

FE S ST v o ~FfE R R, S5,
F = I OPIHIEE & UTHER LS, 15m® K
MaRoeTEECERT 20 2 AR 582G L
foo (TEESEOREEE, WK (Table1-1,28MH) %1
AL D100y b (1€ MR @ L, S3EEs
TINL CIERREETIT 1o, O, (TEEEEOEE L
T, RADONEHSE RS 715K (Table 1
-1 28) 10BN O FREIcZE LA, 5%
HoORNE T, ks 10m?® oy T, g7 re=
vAI500g, WY VBAK:T5g, ZL7 v h32:75
g, AZT AT S VoA 1225 g b Ule, BERBGER X
7~108 & & icEokE Ok EFHER L, AERIcHEK
BER QR E DT C, A (Licmophora iz £) DfIER
B ERmeiL, ENPELENOH 5/ NOMNE
TR R TIEERR VR LT 1%, Belthix, Bk
BHZAREICERIN L 7o 4t & [RIEOSSSE SR L 2. £,
FIFFIC 2R — S OEFERFL < Tz b ) 7 bk 5]
ELTEERT 1+ 77 vy 7 ARLK —50% (Z%1E
TH#EHASH) 2EMEE T 0.5ppm 7201k 1 ppm
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LB E DRI T, RO R IR GEDER
65% Fizi 75%) ko THEL, WH, {EKOL,
TH% KR L B2 —IC XY 5 5512 Lz,
T, AKROFEEETO P57,

4, #FTVIOWE LTEEROBETE

FigoR <~ 2 0fFE A (14895 ~8E
BR) &L, 8Bl LCHaho REREERE G T
3 1o HENFIT X 2 IHEEHE L (B RO £, TEORKE
RIEITV, & & I EHEEO BRI 72 O 58 (1
RO ./ ) RIREESIER D 0.50, A9 7 ABFr) 7
51225 g) BERINLTz. 2, FOEBaRKR—FOFRE
BT, AR EENERED T« 7T Vv y 2 AR ETR
Il 7z. SsEn ¥ omnE—E/Rw 2~ 3 E{T-72,
E7z, WIERIERT 8 KERIEK & Lz,

Fifitk, #130~60HHicdfEF ~ 2 ofEHE O =
T SRR A D 12 D ICHES = 3 O R EE AT -
Tzo T B, M~ 2OME L1108 L HOFER
S 1HE & ERERERY, I ifPEEEy 455
FIELIH LB EZELAN, fiF~vanfdELk
IOy M e 25 BIEAREL 265 1T B0
T e

Eiz, KA & ol K, BEE 20mm OF
{BE=—VBDRA FEANTIA 7 YiZ k- THEE
e BEvsiz,

5, FrvI0EREEE

e~ 2 OEEEUL, HET®RI0HESS10H Z Eicf
B EZ T NEFESICI0BRE L C, MERicftEL
TofEF~ o BRI LR D -, SEROERROH L,
itk SEE £21To T ERZ 101, FHizicisL
oA 2 1082 UR(ER I L TR L T, &
1z, BTEREEILES (5 Lo < 2 DS (Table
1-1 2IR) &, $AENAERIOH BOMNER Lo+~ aft
BHECE 100% X LTEHL.

e~ a20pRiE, EBRROBER I L fERED
7= 2 50~100fREHE 2 MR IR U TR 2 HIE L
Kdtz, FOR, FMEF~aid, M-8R (1994) ©F
HRIZHEL T, L—A Y b — ST CRIR S I L
720
6. IEROAEEEEDHR

e~ I AEHIP OEROMTEREREE, 5
HEOMIEK s 7oa 7 s vamElET LI EIC L
TRkDTz, MR ORIE IZRENRENOERD 5 5 A

* REOFFERIL S, i~ aofEE I, KBEOMNEEESES LSRR EERT 5 L (EERoRHR O#FSEECH 3, 20
1o, (PEEEOREE TRMAENNEENOS 2N EOMNEEELEL S L I CHEELTW S,
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RENCAFEN EBb N 2TV ID, 12cm? XD
DFFEHEE A ACHERD 777 ABOKRES F A P—
Tigk 10ml PIzRB s, b —~omskEtsaEcat
WL fTo7c0 ZTOKE, 10% PiERL= ) »TREEL,
FafPEEROHIREEE IR, Z7ou7 40 agid
24 cm? MY H OFEEEES A A THEWD @O FET
MR EL T A Y TS 7 4 vy — (GF/C) TA1
Lzt 7 b CEBIBL, HBEERIC L > THIEL
o

7. AEKRTEOM Y IOES®

>~ 208IE, T2 Y ACHY U AEEHR20H
fFELREF < a 25U T, il TefERoME
BEEH L, ThiefBERCAE L CwaH <o
EREHL TN,

i *

19925 To e 7 A F 32, TAHAFIADZTNTII
DWTI{Tole—XKEAFOHERRE Table 4-2-1 0=
Uitz
1. FHE=E

BHEER, 74F~3 27.4~39.0%, 7HF~<2a
26.3~88.9% TFAFT A ETASITITCTRKELE
ol 7, MEROBREHFOE L BHE
RADFEED H Do T,

2, FVvIORER, £HAEEEEOHTE

HEE AR No. flOFER L0~ 2 DR e T
EX, (EHEEEOEBLI U Z7o0 7 1 a0 r
Fig. 4-2-2a, 2b, 2c, 3a, 3b, 3c iz L7z,

1) PAF2I0HEE

7AF=2D8EE No. 1K Ciks7HB iz o/ %
Totahs, BERAL I LS OEEREE 72 DT,
ZOHBOMEEEROEME 27 {, T3HEOHE)F <2
OFEFIZ 4.3mm E/NEotz, 2DHT73, TSHEIC
FhENSEEL (Fig. 4-2-2a), ATHEENC X 2/ 8%
Todc (KREEEE 3Hi),

TAF v afE No. 1 & 313, HEcA L 455
BOBEP M L MEERORER IR ERE
o7z, T0H HOBREIFERA &7z (Fig 4-2
-2a, 2¢) ZHISHEHERFHOE I L B KB OENHES
T IADMRICEELLLbO LEES RS, TAFvaf
H No.2 T, FEELI0~2080 oMo EEoE LYy
WA Aoz (Fig. 4-2-2b), (TEHEERDSZT OE
H, FEARZ Y, 88 No. 1l tARSRERLR AR

No. 2 OFEOFERIZOWTIETATH S, LiL, 20
HEMERARE TSR oTz, &2, #EF~
I OfIERER D LT, [TEEEEER L EICLEL,
fiF v aORRIIEL  HIFTH -7z, T0HEOHES =
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7B, TAFvIfEE No. 2 TIEHMES ~ bl
W5l DT, [TERB I CHEEFICEL TWLAHES
T IORE TR TRBEHIC L D IEEL T,

2) PHhF<In@REE

7 HF~ 2FE No. 1IZEREERSD & (TEEERED
% BIFRER 2R UzAS, S T0H B fAEAdRSS
2PC LEL RN, 20 BhoHF v OERADM
BT 5B ETHE -7 (Fig 4-2-3a),

5 A26HICEER L7z No. 2, 3 OfER26 - T35
HERESHE~ o olE, SBRICRIETEEICOLTE
BE{Tol, Tibb, HmclER L fEERORE,
No. 2 Ti% 148x10%cells/cm?, 7 oo 7 4 a &
5.6 ug/cm?, — 77, % No. 31Z Zh £ h 38X10*
cells/ecm?, 0.9 ug/cm® THY, FE No. 3 OFEHIX
No. 2 OfIEHNC L, EEEENEL {2 b O
EHEALEZ, 85612, fE No.3 2T IHEEH» 530
HH & TR EfTH S, 28— OB bITbin
BETHE LTz, £OME, #~a0ERFICiIRE
hE oz, I0HEOERIE, §F No. 2 O
a3 2.0mm THo7DWH LEE No. 3OffEr~
24 1.2mm E/NEdoiz, filE No. 2, 3 £ H1238H
HzH/ LT L TEEROFF 21T, S5KEE
No. 3122\ Tix30H BLAREME & 2 ~0K— 7 DRk %
TFOEEEOTIEZE LT, TORE, filE No.3 T
3, FOBOERENEEL, HECEHS 10mm £T
kR L7z (Fig. 4-2-3b, 3¢). &8, #E No. 22w
THEE No. 1 & [FERFICESKROEEC L 2 8D
NABHEF = 3 DITEHDETHHEES LIz,

3. (TEEEOTEE

fHEEEEOMAMEM 2L T, 74+~a, 7
AT bICREEN 20um BLToMEO
Navicula ¥8, Nitzschia 3803547 % O Achnanthes
¥, Amphora 3B A SNz, Fiz, 30HEHLERE, Zh
5 DOREIEI N2 TR O Plenrosigma 8, Bacillavia
¥, Nitzschia 38, Licmophora ¥z ¥R L7123, fil
BB TOREREREZAONE ST,
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Cf. Table 1-2.
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Fig. 5-2. Bamboo-made shelter used for the rearing
experiment in the net cage. Scale bar indicates
50 cm.
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Fig. 5-4. The last stage condition of the shelter set into
the small basket in different types (1-3) of the
juvenile green sea cucumbers rearing. Rearing
types : 1, polyculture with sea urchin Hemicen-
trotus pulchervimus ; 2, polyculture with abalone
Haliotis discus hannai ; 3, monoculture.
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WLEERPREIGEHT S C LR R B EETL L, ¥
ZHHE OREMEIEMGEERETHL EEZ LMD,
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ToEEREDIE D 5EF = a DAERSEWN B o7z, ZHid,
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DR EBE) (S 1994k)

FEHETH, B TEELMAEE 10~20mm O
fiy~a%, 35 EERFE-THEEL, L AED
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VoXRABWC Lo THEES N 10~20mm DFEF~
ah, WEAENE L CHERATEX 225X DIFE L,
ZDl, FABETEEUHF~aOBGHES - L
TOBEORST TS BED S LEZ shie,

T, HEARIC L > TESHEEL T 10~20mm
OFEFvIE2HNT, BERBORS 2 ORE, £Ee
B 2 RAE T ARBRETALLELT, ATHEERREL
7-IEE RS COABE S AR ERE{TO L L big,
FHEARIC L2 TEELE 10~20mm OfF~a D
T AR & LT ORI oW TR LTz,

r P

FIEEBRII1992F 9 TH» 51993 FE 3 H 8 Hizcy
FTiTol.

KEE, 1 oOFERAEE UT, BRELRLT)
Wiz 2 HOATHER = BE L, 1O ANTHERCIE T 4
F=a, b3 1HOATHR I T F~arzhTh
N LB #1T- 72,

MR Lo~ 7= 31319926F 4 ~ 5 AL, B h
ML CTHEEE R To7: FHEE 13.5616.44
mm D7 AFwak 16.00£1.90mm D7 AF AT
BbH, £, BHOATHERFICE Y= (THv=,
Tz ) bR TINEL, R, FRCBEEEE<
Fea Uiz, 7AH Y =IZ1992824 B, N7 =
FI9FEI0 A 2N ENERIIL, EHEEET- 720D

il

THbd, FORE XL, FATHBE 11.18+2.24mm
& 11.71+2.37Tmm Th-otz,
WESIE, 7TA4F~=3, 7h~2iE20,000 &

l 100m |
I j-—Water gate n ’l
] I

B
Water pipe

50m

N N

Fig. 6-1. Schematic plan of the diked pond. Supply

system of water (solid line) is distributed from
facilities on shore (hatched area). A pair of
checker patterns, shade-curtained area, under
which artificial reefs are set up on the bottom.

The diked pond open outward to the sea by a
pair of water gates with a screened pool (area
closed by broken line) inside its wall.

Fig. 6-2a. Aspects of the diked pond at low tide.

Fig. 6-2b. Aspects of the diked pond at high tide.
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EL, R TAHT=ENT T =ZT,500FE &
10,000k % 7 A+~ 2, 7HF<IENTRLOATHE
iz and eSS

fFAERBICER L BRGSO FEME L U2
Fig. 6-1,2a, 2b Wik Lz, BREHIE 2 DOKP 2 fH A 72
gRAfT > 7 ) — P EOFES (50X 100 m, JEHEHES5,000
m?) ObDT, BREOERCIEENMN Om 256 0.4m
DEIELEDLLEICHEES 30~40cm IKHEEZ DB,
EEmOBMEIC RS 45m O7KE (Table 1-2 2F)
EESEERREL, Iho R THEEGANICHAK L E
SETolz, HBAEIZES 30cm OAEIC 7TREREL
Tz, SR (B 40mm OEE=—1E8031 7, B
% 1mm OFZKO% 40 cm R H#AKE L
CEEX Oz, #EKE & MHN54ARE LTz, BN
R, #BAkRY 7 (7.5kw) 77— (11kw) %
FRFERISTOM- T, fAkid 1ERz 1~2H (1
[ 0 24RERhERTEA 7K, At 1.9 m? /), s
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DR BT o720 28, ANCIHERREC L BEEAO
AR 1 mBECHRTS L, ERERE L, %/,
AFIOWANZ L, AT L AMOBHc =y T (F—7
=7 1,243 pm) EIRY, §EF w2l EOIEEAOBL
&, FT23NERD & DR EDRAENTE,

ANTHEREE Fig. 6-3 R L7z & 3 % 4 FEO A THE
PRE LI, %, ATHERO LI, &3 1mo
R EERE (10X 10 m, LR 95%) #ikD, ATHE
A BBEE % 8 L 7z (Fig. 6-2b), 728, VR
VR (BE 2em, B2 2m) 230T, FEDESIZHE
FlLlz, 4DOOANTHER, FhFharr ) — Mo
gy (BUF, 7oz ritd) T (2X2X%0.2m)
2D, ZoOREhZhoiE TRz > AERE2 AR,
e~ aRHy —ofEFEPomR R R L7z, 121,
Z1— 1 (Table 1-22M8) % 2H¥EELI-bD (Fig.
6-3-a), 120, 7v—> 280 LIRS~ o OfEEE
FEWERT B bDEEY A 7OWMN6 2y b EZREL:
b® (Fig. 6-3-b), 120, AT¥# (Table 1-2 &)
EWEOD, ZORIZ6Ey FOBREREL LD
(Fig. 6-3-0), fhd 1 212, WD EIZ 6 & v b DEAEE
HE LIz b OTH B (Fig. 6-3-d), BEEADITAE X
A THEOBE 13~ 274 ¥ 2INET 5 8 HATcfT-
Tro Flz, EAGEPIGSEEE G 2L AT Sk
P L TFHEE, B2 EORERETo 7,

B RIS <oy = HoFEE, gl
~ 2 [EEAERE 21T, FEd~ Py OS5 RPEE)
PEEL, ZOFEOE, #EEOTOWRORIPE
e ST < 3 30~50{EEEER L, EEEICREIRY

Fig. 6-3. Aspects of the artificial reefs. a, plates; b, plates with corrugated plates; c, artificial sea weed with

corrugated plates; d, corrugated plates.
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TR O BRERHIE L, EERBIARE 10 9 H
DT X F~3, TH+73I0REZEFEREOREIEHREH

5, FEES (1994]) O~ = 1 OFKE L EE » OBES
=E-THEH L,

EEBGRFOYERE, 7hHFaDIiES N7 4+
R IEHAEFRE T8, 91 0BEEOI089H D
RETR7AFvadBzhiZERRE Lo T-0eHtL,
TAF=ald 35.4+£17.2mm L L EEL TV, #
OBb, TAFwaR7HFvaictb i\ L, 11
AI6HORETIE 67.1 g OEiEb AN, 2D LD
2, 74+~ 2OKRIZEFT, 1218H I iF 102.5
g, 12A26HE 110.7 g Offitk (Fig. 6-5) HEE S
itz —7, 12A2HICBE I NI T 4 7~ 2 OAHE
1513 13.6 g THolz, Eie, FAETERCLEOFEERO
BRREEIELL, 7yt~ aTHEETH- T,

RIS T~ oy = EHoBE, oML, 1059
HOFRETRET7A <2, Thrsakdic7uvro
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WwER ANz, £z, THV=bEREESAEETRL,
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Increase in body length of artificial seed green (@) and red () sea cucumbers reared in the diked pond.
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Fig. 6-4b. Increase in body weight of artificial seed green (@) and red (O) sea cucumbers reared in the diked pond.

Fig. 6-5. Harvested green sea cucumber (110.7 g) on
December 25, 1992. The sea cucumber was rear-
ed in the diked pond for about eight months after
fertilization.

N7 Y= @GRS 7 v — b, Foy 2 ofic ATER
FiCbfEL, %/, WL EHA LN,
NAI6HOFETE, TAHF<aid, LEVI10H9H
ERER RS ET Lz L, 77w 33
[E30, #8910 g PO 7 0 v 7 Beshc b
b HBEDAEL T, 7 =3HIZ10A 9 B Rk s
HThot9, Bz AL — b PEiicS8a s niz,
12A25H OFAECRAMOEATT 4 F~aDkE
B (110.7 g) 2SR S iz, 72, TOFHEITHKITI-
TiT27212 180 DEAR(FEDE b AKFIO A TT &
F= 2 OREEGR (102.5 g) BERE N, TAF <2
DE 30~50 g ObOIE, EXHOHLH TH LD
LEDleialz, BE, TRAFTINTHYS, P72 ¥0
RO TRRs s o te, ATERERTE
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SAIHOHEETE, 74 FaBlomeeRihD,
THF=waidT oy 7BROBIPER, FL— bR
B LT, THAT=R7HF~a LRERSHAET
L7z2s, N7 o =@ B0 TEicfE T+ 5%
EYERICHEH LT, Ll, 7hHF<aR7ho=,
T UTZTH, TATTIAD LD RENEOHAOR
@ixashiroiz,

EEHSTIRFOR Y _FIFfESE % Table 6-1 1278 L7z,

WO _LFE, BRSEN O AKBOAFR 7 (11
kw) 2&8E2HWTHHL-#T-72,

TAFwa, ThHF=a@EIEFE (Table 1-1 £H)
FEhEh 4.7% & 13.0% Thot:, 7AF~1,
7 A Fva kb KEHHSATHENR F O BRI X
iz, 74 7= 3 FEDEROFESFT O ES A THER
DENFNOMER, 70 v 2 OB EOREE Tl
Nsh, B, #EN 50 g K EOMEEERSEO &
Dary ) —  EDPKMOEATEIRE Wz, THF =

75

2T — FRREER, Yoy 2 OBER ECER S R,
W hRziEbE D Hashihsis,

N7 =OEINER 99.1% LEWET, #EED
BEISIMNO AL Tz, £72, BWoOHiz b ok
HoONTz, TH7 ZOEIEEE 1.0% FEL KL, %
PO A STz, ZORBEIEZ2HEIADT
ERCFEELZLD BRI,

7oA 7~ a OETERIEES & MRS MR
sk Table 6-2 1278 L7z, AETERE O RGO FEARL
DX4E, Tanaka (1958a) DE DTz KAFHBEIC LE
2 1 HICHEC TIT o7z, 19924F12H18H B & U251
OFFETIE 100 g MAEOEFCEBESEESH, *
LENME, HEOREHETH -T2, L, 42.2 g & 69.5
g OEFHETIHEERZAONZ T2, 1993522 A9
HTIZ, 63.7 g OfEET b A FEEABIZ S iz, HEHK
T#O 3H22HIC, 50 g BALED 5> THESE
Totedd, TN THEMEIHEREE NIz 95.4 g OfEf&IE
BRAAHTHAOET, BEMEE T T35 T b R s hs,

Hift

Table 6-1. The records of rearing for sea cucumber in the diked pond
Initial Final
Species Number of Body length Number of Harvesting Body length Body
individuals (test diameter)* harvested rate (test diameter)* weight*
(mm) (%) (mm) ()
Green sea cucumber 20,000 13.56+6.44 2,907 14.7 70.124+32.87 19.204424.920
Red sea cucumber 20,000 16.00-+1.90 2,586 13.0 59.52+21.49 6.065%+ 6.536
Pseudocentrolus depressus 15,000 11.18+2.24 153 1.0 1915+ 2.87 —
Hemicentrotus pulcherrims 20,000 11.714+2.37 19,817 99.1 18.72+ 3.24 =
* Mean=xS. D.
Table 6-2. Gonad indices and histologically determined maturation stages in green sea cucumber collected from the
diked pond
Deta of Body weight Body wall Gonad weight Gonad Sex Maturation
collection (g) weight (g) (2) index stage
1992 Dec. 18 162.5 54.2 0.017 0.031 Female Growing stage
Dec. 25 42 .4 22.2 = = = -
69.5 36.2 = — = .
110.7 56.5 0.390 0.690 Male Growing stage
1993 Feb. 9 63.7 34.8 0.020 0.057 Female Growing stage
Mar. 22 56.8 3.3 0.076 0.243 Male Growing stage
74.6 2650 0.013 0.036 Female Growing stage
78.9 39.9 0.240 0.602 Male Growing stage
84.8 49.9 0.057 0.114 Female Growing stage
95.4 44.8 1.268 2.830 Male Premature stage
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Rz, RESBE), St E0ENECELDEEZS
ha,
SEO<F<aOENER 13~14% L7 7=
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038 U fe A Bdi g g, HoaiiighimoiiFTE 3
rEZ5NDB,

Fiz, ¥FYARYZHHDIEL A LD, NTHEDLZO
AOTERE AL s, ATHEO FHICERE Lz
I L ABEREY, v ~vaev=Ho ALESZ
DOEANDEBEEZ LD EVbBOR LEERO—D2 EFH L
S (bl

fEF~ IRz OWT, BHEORE (EHAR
1987) T, BELAGECHE LIzROT ChizEdEo
5%, ZRERI08H HOKE 60~126 ¢ @ 7 {EEZH~
ToRER, 62 g, T4 g, 83 g O3 EETEEE,NELES
i, 62 g DLDORVETH LB TFRIBEENTH-72
ELTWw3, SEOFEER»S b, ZHENSZHO
fEE T Clo RS S N, & o211 A
T, 56.8~95.4 g O 5 EEOHREEMT ~TTEHE
BRI N, ThoDI s, 74T IO
BERE1E2ELTICHREL DO LAHEEINS,

BB, TAHTZTHSNIKEEIER, BRENOE
L WKIB (R TR AR B bR TR L 7e 7 =48
HoER (IFES 19%4a) 2 Lbb0EFzbh
5,

F£78 vHvIBEEOKBEE~NERLHE
(> 19941)

EIENSELIBETEONLNRE b Loz
1993EDHE S ~ 2 DFEFEEREIC DWW TS,

1. HH~vIONE\ERL L

FFvaDAFE HHBIUTKREZ LWL TIX
Table 7-1 iR Liz, AFHROE =213, F2FE3
HiOFEBHETIC b & 37 & EHAR 2L EEFE & TR

Table 7-1. Summaries of the parent sea cucumbers used for the mass production of artificial seed
T Date of Number of Mean body Collecting Method of
ype collection parents weight (g) places collection
Gree sea 1993 Jan. 30 385 297 Qomura bay, Nagasaki Pref. Dredge net
cucumber
Red sea 1993 Jan. 25 17 465 Takakushi, Saga Pref. Dredge net
cucumber
Jan. 27 231 133 Kashiwazima, Saga Pref. Diving
Jan. 29 323 302 Aoshima, Nagasaki Pref. Diving
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KiEwR LTz, IEiEOXR S 2133 A 1 HEESE
KEL D, 4 HI3HIX 154.1£7.0 um #3712,
oD ks, 4 HI9HCEIGFERZ T2,

hk, EHRELICHEREDT -~ a kL, i
DT AF=3a, ThHI~3OERRRORMILE 2 =5
3, 4fITRLz,
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Table 7-2.
under natural water condition

W.T. ¢C)

Oocytes diameter (sm)

Gonad index

O -4 N w & 0@ N @B @
Tt T

Apr.
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Jan. Feb. May Jun.
1993
Fig. 7-1. Changes in gonad index and oocytes diameter
of red sea cucumber collected from Kashiwazima,
Saga Prefecture, reared under natural water tem-

perature.

The records of spawning induction in red sea cucumber collected from Takakushi, Saga Pref., reared

Date of ;ljair:;? i inductio? 0 Ngmb;r (])f responsed Total number of
: emperature individuals
g < sto9acd
AR weight, g) before after male female
1993 Apr. 13*%! 151552} 14.3 19.4 0 0 0
Apr. 14* 18.8 19.4 3 0 0
Apr.15*2 18.4 22.2 2 0 0
Apr. 16*2 18.7 24 .4 2 0 0
Apr. 17*2 18.8 24.0 0 0 0
Apr. 19*2 19.8 24.0 1 1 662.3

*1

One individual/tank (207).
15 individuals/tank (5007).

*2

Table 7-3.
under natural water condition

The records of spawning induction in red sea cucumber collected from Kashiwazima, Saga Pref., reared

Date of Number of Induction ] .NuanJer of responsed T R
- Eil;r;tsb i temperature (°C) individual spawied e
induction weight, g) before after male female (>10°)
1993 Apr.19 38(284) 16.0 21.0 0 0 0
Apr.20 19.0 24.0 2 1 52.8
Apr.21 20.0 24.0 3 3 250.5
Apr.22 19.2 23.2 4 0 0
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foo ZORER 4 BIOHCHEHEZ N ENORIGH & 51,
662.3% 10° RLODSZFEIE S iz,

HEERET &+~ I DEINFHFER® Table 7-3 12
T LTz, EEUNEESSLBMA L7z 4 A19H 2l & b ot
A s horsl, 4 H20H L21H i KIGH 4 5
N, 4 A21HOFEIIIZ250. 5% 10° R Th > Tz,
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77 aDEIGEREROFMIL, F2EE3, 4Hcn
Ltz
3. FEhEORE

EREORT R 1kl Sy 54 bkBIERAWT, &
IEE 1HOAETIT 72,

B OfEEA% Table7-4 1w Lz, 74 F~

TR, RELFFEEY & EFECHER L7, fAEERE14
HE 2k Doliolaria $iEOEEHE F -7 (89 70%) 72
B, SEEREN LIRS 21To7 TAFv2THE, 0T
NOFER S K S iz A bk o7z, SRR
WY 50% BET, 743 SEFEGET
Hotze TN, THFTIADQEIBT A F N,
ABEKENE HEL, &5, —HoFEAMPICI
[FEBDOFEERS SN, KEBEELDLEEZS
Nz, 747~ k[ERRCRITERA14H B icshaE %2 EIY
U #1T-/z,

4, I IO—REAE

fit~ a—RKEEDIER% Table 7-5 TR LTz,

1) PF+=a

4 H1I6H B 19H T T 4 A THE 2T T2, ©
DOFEE, BERRIE 37.9~61.9% LiBkoOfFEHI
BWlTH -T2, Jhud, BRECHA L iR d o
BHERTho L EbiC, EIEFIHTHLH»
WLl X iz, FEEANOAGE & A OB A &
ORZENSEEEREY NS &, T < 3 ~OFRBICRIZTKE
DOFEER VI Telcb EFZ iz,

MaF~ ik, WIhofEAE T L EY#10~20H
T TS A Sz, BT, fE No. 1,2, 3 3E LW
FEER A S NIz, MRS (1991) E¥HE L TORMEE
T, B IEEE T & o T~ 2 O RERFENFEE
L7z L 2ELTWBEH, SEOHE No.1,2,3128

Table 7-4. The records of planktonic larvae culture for mass production of sea cucumber in culture tanks

Initial Final
Type Group Culture Number Total number Date Survival rate  Water temperature
Date tank of of larvae (culture period) (mean) (mean)
(ki) tanks (<104 (days) (%) (°C)
Green sea iL 1993 Apr. 3 1 5 489 Apr.16,17 54.2~78.1 17.37418:.3
cucumber (14,15) (65.1) ATET)
2 Apr. 6 1 5 500 Apr.19 56.2~100 17.5~19.6
(14) (80.1) (18.4)
Red sea 1 1993 Apr.20 1 5 513 May 3 36.7~60.0 18.3~19.7
cucumber (14) (49.1) (19.1)
2 Apr.22 1 2 196 May 5 45.9,50.7 18.7~21.1
(14) (48.3) (19.5)
3 Apr.23 1 1 90 May 6 53.7 18.7~21.1
(14) (19.4)
4 Apr.27 1 2 147 May10 22.6 , T6.T I8 7~=19.7
(10) (49.7) (19.1)
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Table 7-6. The records of the secondary rearing for juvenile green sea cucumbers in culture cages

Initial Final
B .Num‘t_}er of  Mean body Stoc!{ing Regring .Numl?er of Mean body Survival W.T.
Date juveniles length density Date period juveniles length rate (mean)
(mm) (indi./m? (days) (mm) (%) (o]

Large size 1993 Jul.16 31,562 20.4 2,625 Aug.16 31 31,505 22.6 99.8 21.3~24.3
(22.6)

Middle size Jul. 16 46,925 8.9 5,214 Aug.16 31 46,202 12.4 98.5 21.3~24.3
(22.6)

Small size-1* Jul. 16 27,673 5.0 4,612 Sep. 8 54 17,281 11.4 62.4 21.3~25.1
(23.2)

Small size-2** Jul. 16 27,882 5.0 4,647 Aug16 31 18,406 11.9 66.0 21.1~24.1
(22.5)

*1 Artificial food “Ribikku”.
** Attached diatom.
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Table 7-7. The records of the secondary rearing for juvenile red sea cucumbers in culture cages

Initial Final
G Number of Mean body Stocking Rearing Number of Mean body Survival W.T.
Laup Date juveniles length density Date period juveniles length rate (mean)
(mm) (indi./m?) (days) (mm) (%) e

Large size 1993 Aug.2,3 43,805 19.1 7,301 Aug3l  28~30 46,364 19.4 100 23.5~25.1
Sep. 1 (23.7)

Middle size Aug.2,3 118,979 8.9 16,997 Sepl,8 29~37 96,126 132 80.8 23.5~25.1
(23.9)

Small size* Aug.2,3 171,557 4.8 6,354 Aug.23  20~21 126,074 T 73.5 22.4~24.5
(23.4)

* Attached diatom.
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Summary

The sea cucumber, Stichopus japonicus, is an important fishery resource on the rocky shores in Japan. As
a remarkable decrease has recently occurred in catches, it is expected to make good its population abundance
in any parts of Japan, including Saga Prefecture. Concerning the recovery measure for the sea cucumber
population in question, it is usual to conduct the artificial seeds restocking in fishing grounds. For this
purpose mass and stable production of macro seeds in tank should be achieved, but so many problems in
relation to spawning induction and juvenile rearing are not yet resolved. In fact sufficient effect has not
necessarily been observed in the seed restocking.

The present studies aim at technical establishment for the mass production of restocking seeds of 10 mm
long. The production system developed here is apparently distinguished from other usual ones in application
of attached diatoms as initial food. Planktonic larvae represented by Doliolaria may transform to juveniles
there on the introduction of attached diatoms which is cultivated in tanks for exclusive use (cf. Paragraph No.
2, below), as applied to the developed case of the sea urchin seed production. Additional studies are pursued
to recognize biological differences from the viewpoint of seed production between two types called “aonama-
ko” (green type) and “akanamako” (red type) at the market. Further details are given in the following lines.
1. Parent rearing and spawning induction Investigation at the northern coast of Saga Prefecture reveals
(i) the spawning season (March-May) by means of gonad measurements in both types mentioned above ; (ii)
high efficiency of sea mustard, Undaria pinnalifida, as rearing food for parents ; (iii) industrial possibility of
estimation of optimum period for induced spawning by means of fluctuating trend observation on gonad index
and oocyte size (in major axis) ; it results an efficient and mass production of fertilized eggs; (iv) possibility
of a half-a-month earlier procurement of fertilized eggs than in the case of parent rearing in the normal
temperature, by means of maturation and spawning acceleration under the rearing temperature control.
Rates of fertilization and hatching indicate the optimum density of spermatozoon available for insemination
(5—10>10* spermatozoon/m/{, or 1—2x10% spermatozoon per ovum.).

2. Planktonic larvae culture and seed collection Metamorphic activity of planktonic larvae fed on
attached diatoms is effectively induced at the period when Doliolaria larvae are developed in the highest rate.
The larvae at this stage are economically produced in the case where planktonic larvae are fed on planktonic
diatom such as Chaetoceros gracilis and C. calcitrans. The metamorphosis of Doliolaria larvae to juvenile is
more accelerated the higher the density of the attached diatoms from the natural environment is ohserved in the
medium. In this connection it is noted here that mechanical touch with the attached diatoms is indispensable
for the larvae under the condition of metamorphic inducement.

3. Rearing of juveniles fed on attached diatoms As a preparatory study, it is investigated how to get rid
of harmful copepods from the medium by a trichlorfonic chemical. Experiments provided an appropriate
quantity of concentration (0.5-1 ppm) and the time required (8 hrs) for the purpose. These are practically
harmless for the growth and survival of the juvenile. DBased on the evidence, mass rearing experiments were
conducted for juveniles; it was intended there to grow juveniles in the initial stage of metamorphosis up to
those of 10 mm long. In this case, aggressive fertilization in the medium, destruction of harmful copepods and

illumination control by shade curtains helped together to achieve the purpose, because they are very useful to
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keep for a long period an abundance of the attached diatoms as a good nutrients to the juveniles.
4. Rearing of juveniles in the raft-type polyculture with other animals in the sea In relation to the
production in the raft type culture of macro seeds for restocking, the polyculture of juveniles as the seed was
investigated with sea urchins and abalones ; growth and survival were found to progress favorably in mixing
with sea urchins rather than in the other cases of the mixing with abalones and the monoculture.
5. Rearing of juveniles in the diked pond The availability as the seed for restocking was investigated on
juveniles of 10-20 mm long produced in the tank and reared in the diked pond at the sea. In addition a model
experiment was carried out on movement, dispersion, growth and survival of juveniles liberated out into the
sea. Reliable evidence was given on expectable effects of the above-mentioned restocking operation in both
green and red types. In fact, in comparison with the red type, the growth rate may be higher in the green type,
taking into consideration the fact that some samples grew up to a size stage of 100 g in weight 8 months after
hatching. It is noted here the green type was found to expand the range of dispersal with its growth.
These results may support the conclusions as follows: (i) the developed technology proposed here is
applicable to the seed production for the sea cucumber of both green and red types, because in this case little
difference is recognized between them in their growth and survival ; (ii) careful cosideration should be given,
however, in the diked pond with sandy mud bottom, where differnces are remarkable between them in such

characteristics as growth, movement and dispersal at the juvenile and adult stages.
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