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ZOFEWEILTY 7O ERAY Y CHBr, Th 5 2 L7,
Taniguchi et al. (1994) 12X WS ENTz, MFEEL
WMoy —fTHDHF Y LT X7 = Storongylocentrotus
nudus, 7Y F 7 = Anthocidaris crassipina - 7 717 =
Pseudocentrotus depressus (551996 a) 13T 7HE XS
NCEDEE;HEIND, SHICHEBEEONRTHS
2T e = Tripneustes pileolus\ZBWT T TUERXSY
Y ORRERENIT b (FHS 2003), L5 DR
HTHEHON TS 7 O A LEREF & /LA
ALY ZFEPOHEY AN BT LB R TH L, 7=
WA T HEREF R, AIKEE ) N Corallina
pilulifera\Z & EFNLHEHDOEPA (4 a3~y ¥ T UBE)
RZOKRBEUIMBM P EE LR RZL D (FH5
1996 b)o — i TH < IFHIZBWTIL, #F5 Ulvella lens H®
< F< 3 Apostichopus japonicus ® KV F 1) T IhAEDS
R 7Y TPENDEREFREEMEFET 52 L (Ito
and Kitamura 1997), L-DOPA 7 & O 4%z W g 75 [H
UCNF~YIOYELEREFETLLOMEDTH S
(Matsuura et al. 2009) -

~ F~ I O YRR R H B Chaetoceros gracilis
(F— M EORFTLYR) BERRTHY, BRI
12 B\ C A8 Chaetoceros muelleri \Z A3 & 5 & Ff
Chaetoceros J& % I\ 72 fFHH] (FH 2012) L8R
HENTV D, MEESE N T N Pavlova D HAFEEE T
BERENEF TAET LW & GEH - T4 2004) =,
INT N Isochrysis O BAREDECIIEES A5 TH S
728, Chaetoceros gracilis & DPFH DA LI TV 5,
F72, L TIE 2 ) 7 NERhodomonas sp. (1 KEF
A) O F < AFHEGE O FEAAE 2B 2 0 H B
(LA S 2015). 2D Xy~ F~aghEofEE R
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W, B EIICE S A HERE O~ S~ 3, %
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) R RINGFRFH A E RE 2 HW T 2 O —>2 & %5
TWhdo T/, WA (vh~va, NtV va
Holothuria scabra’z¥’) &, HEIEFER (323 Cucumaria
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BICBWTHRMERPRE B r b5z 315
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LA Z L CODBHIRTSH 5.
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) 7 GE TR T AT —ADHAENE, 2D
FESEFERICAO N RELEORILTE L, A5
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T, TEHETHENRO LN TV L EREFEYME Y 70
EAY UEMEERPCY Y agEERAE L, FORE
LEBOREHE L 2O THRET 5, 2 I b
F 7 T Sargassum thunbergii DKM AS~ F < T 44
DR, W, BRI EL 5 2720T, Z£Iown
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BEE R I I H BRI KESE Y~ 4 —T20134E 6 H 7 HIC
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Va— NETERE, —MEE L TrS, 20 RiEYEE
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HoORLLMERKIPOY70E XY ViEE (6000ppm,
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72 (Fig. 1)o AEHEH O EMERE X2 ~28
PEml™ & U 720 flH L8 & L T il H Chaetoceros
gracilis (YANMAR, 11&cells ml™") ZfHE4A#1LY
720, 5000 cell Z2H 12 5- 2 720 fi T K D231 £
BEB2HHEH, 5HH, 8HHIZFEA, F134E
ke Lizo DAMEBEIXER20CICRESNMEE,
¥ 7213 F22.5~25.0°C TIrb 7z,

73 NT FHEE ORI, 201340 R T FAE
FEA 25 2HH, 5HH, 8HH, 201440 EETIX
3HH, 6 HH®F2M, 2015%F0&E%ETIZ2HH, 5
HHIZAT> 720 HHERXIZ2 Ly POREELTHFL
720

MEGRETAI R U EBEHRE

SERA T KPS R — IV ¥Ry M TEREDES S
~15PCZ ML L, 10% KL~ Y KIS LKA 12KV
Y CEMATCEEL, To7)FT14 v 2llBLT
25 EE (Nikon, ECLIPSE 50i) TH#R%E L 72
FENEITT Y Y VMR > A 7 4 (Nikon,
DIGITAL SIGHT) TH#uigtk, 7w 7 7)) THEKE
(Fig. 2) #EHIL, EREEIZLIT- 72,
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T7OEX ZCRMBKPOHEET

6,000 ppm CH,Br, WLERX |12 B\\Cld, FE A 2 H
BIZ 2 OGO FIEDFED S, 5 IREHE TIEEgE S
N2 TOMEEDPRIE L 720 Z OEF R T6,000 ppm D
R BT 2 MERABE T L7z, 6000ppm Tli&, %4
WHEFETE W EDbro720T, 3000ppm, 1500
ppm DL TH 72 % BB % F e L 720 fF W+
DREHRZFig. 310R T, Y7UERXAY VB KT
X, WHEOERITHEFGRE I CH TR RoTn S
CENH oI, Fio, WET TV T THENS R
7)) TIERET LI, BT Y270 THAEDE
BEfED. 2 O#EETIHEROMER ORI KA
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Z 5o BIELZWITNOHIZE W TERIRMED T AR
HHLNT, TOBRDF)F T THENOEREIIR S
Rirolze Y7UERXY 3000 KO 1,500 ppm D i E
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(HS)] AEigEsnsz: (Fig 3)o —JiTHIRX (= RN
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X) T, 14HH (%180 H) 12, fKE782, 833um
o 2k, FERBERION (HE%20H) 12, 4KE923,
872um » 2k CEIZE s N7z (Fig. 3)o ZDFEFILY I b
77 I AR R L 756, @EEE &L ERIRE %
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Fig. 1. A culture vessel for larval breeding of sea cucumber
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Fig. 2. Late auricularia larva of sea cucumber Apostichopus japonicus
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NOERIIH R H-o-HE, $hbbhHE (5mllh) YT TNMENPBEEIN oD, NI T
BOMEH & (25ml 1) ORBX Z7E L, fAEHHH WP B2 B ) TANIPENOEREDE S HEATZZ &
DOMAERER OCEBIAEZ A L7 (Fig 4). Ok WCRRTLEEZ LN, 7YY 275 THETILEE
B PHEX CREBMBHTHBEICT ) 27074 OB EETIIREME & L ICH ORI Y, ke
A OFHEFEIZ825um TRAIZZR Y, 8 HEIZIZBIEL CHKMEIEE) RS NIEET S GFHS 2002), v
7227% (4/15) SF V45 7HETH 72 — T, M IHHEXTIE6 HEIZ, FE#E LCE & hp

BHEXECIEAIX T4 BEICT ) 25 7ik (FRES) PBIESND, BHEX 8T RROE
O E (ERHEX  798um, MR : 758um) #° RIMX Tl B OZEMmAED SN, BEREOEIZ RS
RRT, TR L7z V5 7Y T4k B\, 72, WHEXTOT ) 7 7)) T YDA
OWHIZ7 HEIVEAEXTI1% (1/9), HHEX T JERIE 5 H B2 B\ CIE TR N OVAT ﬁé:\/‘of’iiﬁ
7% (1/15) L ZNnENEHETH > 7 (Fig. 4. # 2 SHEFICBIE SN, THHIZBWTRES
HARXIZBWTFY 5 7R S Lz DIIZ < 5K OBRIRME [ERIKARTEZBGERA - THEH apical head (aph)
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Fig. 3. Larval body length (um) of Apostichopus japonicus in the various culture conditions.

—O—, 3,000rpm CH,Br,; —@—, 1,500rpm CH,Br,; --+--, Sg (5 m/ I'");
control; - - M- -, control. ( ), the days after fertilization. ( / ), (the number of larvae
with 5pair HSs / the number of observed larvae)
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Fig. 4. The larval growth and metamorphosis in the culture conditions including Sg extracts.
—O—,Sgb5mlI™; ,Sg 2.5ml I""; — % — , control; [], &, doliolaria larva in Sg
(5 ml I'"); pentactula larva in Sg (5 m/ I™"); W, pentactula larva in Sg (2.5 m/ ")
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il ¥ anterior-dorsal (ad), ¥ mid-dorsal (md), %7
posterior-dorsal (pd), % Ml posterior lateral (pl); see
Fig. 1] BRI N7z ZDHOF — b ZHMOHK
HEE T, PHERIZBWTOAM S~ I ZHET
Sz, BHEXETERNX TR EER SNk

7o 72 (data not shown) o

BN T 2EDORREE

I O AT R OECIC X A AE R D2
AT HHNT, #HoEHE (300ppm, 30ppm) @
V7R EAY Y, mHAE 0mllY) v I b5 Tk
HHEEARIO T T, DEMEREE 72720 T2 T
) 7 EOREBATIIZFEERSGERO0, 3, 6, 7,
8, 9, 10, 11, 12H HoWEAE (ZREp K OERERK
TEEG) 2HH L7, FRBX ORI 720124
PR (SGR) KU EHE (GR) (Jobling 1994)
rHEM L7

1) AR SGR (Specific Growth Rate)
SGR (d") ={(nSL,-InSL,) /D} %100
S L, : ABRRIMGRE O E (um)

S L, BB HZOTFIEEE (um)
D:fHEH% (FtakHE - B0 H)

FHERGEE,»SHE3HHE X TOSGR (3d) L FAFEH
16K S 8E 6 HH £ TOSGR (6d) DA% E#E %
BZRBXOTFHERET -y 2T LZROR,PSEH L
Too MOTIZAT- 723k (FA 1 KROFA R 2) OSGR
(3d) K USGR (6d) % Fig. 512R"$e 7 A b1 ROTF
AL 2 0&RERX (HHRIX, YTuEAY VX, T3
7/ FX) T, A FARERIR SN G720 TAR
1 T, 43ERIXI2B T, SGR (6d) 1FSGR (3d) &
D15MENS 2 vz R L, SBERGBIH LD %)
DEENEP -2 bbb, —F, TAL2TIE
SGR (6d) 1ZSGR (3d) # Fll>Twa (Y 7HERS
»300ppm % B <)o SIULFEFRBHH O R IZE 23,
FOBROBEOHLEM L2 212% 5%, SGR (3d~
6d) xRoONE, ZOMABFMHMOBREREIZOWTHEL
MBI ENTED (data not shown)o

2) E#E GR (L) (Growth Rate (Length))
GR (um/day) = (LyL,) /D

SGR (/d)

0O3day

@6day

SGR (/d)

-1 Cont. D30 D300

0O3day

@6day

u2.5 us uio

Fig. 5. Larval specific growth rate (SGR) for 3 or 6 days in various culture conditions.
Cont., control; D30, CH,Br, 30 ppm; D300, CH,Br, 300 ppm; U2.5, add 2.5ml
Sg extract /™'; U5, add 5ml Sg extract /™', U10, add 10ml Sg extract /'. Panel

A, test 1. Panel B, test 2.



L, : ABRBLGEE DK R (um)
L, : B T RO E (um)
D : fHHE (st - MR 0 H)

BEMEGR (L) §4bbHBEEE (um/day) 1
HJREM# (y=ax+b) O &al L THEEN S, GR
(L) BMSTZ VDY —)b, 7—4%45H, [EEsHE
HWTHM L7z, GR (L) = HEanEFHEX M5
1299% FREK O EFIRME % ICICGR (L) DA EERTE %
77 GR (L) 6d 0EWICIZFEMIGEH L HF 6 HH
Dl 2 DR T — % % H\ 720 S SGR & [ 12457
L7z2lo@E (7AN1LEF7AR2) OGR (L) 6d
% Fig. 6 (/R L7z,

F A b 1 TIEAMEX (Cont.) @ Cheatoceros HAifi#}
THE LG EN L > LR VRERETH-72, V7
OE XY RIIX (30ppm & O°300ppm) T D %A ik
FEHE I RIX L )<, 300ppm TlExtEX & bl L
THEIE o720 7 I T IHRIMXOREEHEE L,
SPHRIX & Ib# L Ce = (25, 5, 10ml) Tk, FT
DAL 25mldin) TIRRAIRK & g L CF =12
Molze TAN2TIEY I NT / FHIMN5mlTEVVE
EHETH 7205, WINOREEX & b F 57 RERE
DEIBDO SN Doz DEOKHENLS, 7IMT )
TR 2 7N L CH AT T 256813 NE%L 5
~10ml I'2¥ 5 L HOEESPHTE 5, KIEZFOR
It LA EEEA T SEL8RE o7, BH=E
(30ppm K% U8300ppm) DY 7T HE XY L OEIIE, 4
AR R R RN RIIFRD N h o 72,

70

PN

z B

WA R R AR
1) MR #ESGR (L) & i#EGR (L)

SGRIZ I BR M B RS L S, SIRRh R 3 5 5F
fliZ# & LCFH~TZHWSEN TS (Liu et al. 2009,
IRS 2011) 0 BEEFRITOXT R & 7% 5 DIXFREHHEF~ 2
ThY, HFBE#HESGR (W) IZIEFRESHVSNT
Who SGRIFHAEE L THREIND 012, EBROBE
#JEGR (um/day) 1ZHOPSHEVONHLETH L, +2
THREOHX R ERE DS AHKEREEZE L0, 7
7)) 2 7) THEREOHIEERESGR (L) & ikHE
JGR (L) # #5720 SGR & GR D H s YR &
D SGR (6d) & GR (6d) D% b L IZHEE ROz, £
DOFER, SGRAE & GRAEIZE\VHE (R =0.96984) 75325
s5h7: (Fig. 7)o BEMEGR (L) (um/day) (HE

LKL L CHIE R ORI $ 2 G E R R E &
B —DODIEL %Y ) D,

2) WE# (growth curve)

TR EBRE TR A 2 A XS N D 720,
RS A — Y I ZEELHNTERTH L. BB
7L von Bertalanffy X TH %, TETIE, 7
) Ruditapes philippinarum OIEWILE T b7z
T E R EIZ BV Tld Gompertz BERDAICHHE L 1 8
W nz (HF52014), 40, ~F~xao7vy) s 7
V7 NAEOREMBEEED 720123 20 E R von
Bertalanffy, Logistic, Gompertz ® % T % 1T 72,
BHREDPIER A EAE L7z BT, TRNLOFE
(2001) 2fEvy, MSTZ LDV LN —%FWT, JE
W/ REICLY 3Oo0BERNNT XA — 5 HE

o

60

Growth Rate {um/day)

Cont. D300

b c
50 d ab
c
40
Testl

M Test2
30
20
10

0 . L .
D30 uz.s us uio

Fig. 6. Larval growth rate (GR) for 6 days in various culture conditions.
Cont., control; D30, CH,Br, 30 ppm; D300, CH,Br, 300 ppm;
U2.5, add 2.5ml Sg extract /I™"; U5, add 5ml Sg extract /™', U10,
add 10ml Sg extract /™. Same letter above the column denote
significant difference between culture conditions. a, b, ¢, p <

0.01;d, p < 0.05
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(L., K, ty) %172 72 BEROBEMERIZITAIC

HoRAMEL & AR EBEIRL 72, Lt : fERG KW (day) o7 7)) 7 7)) 7Yk
£ (um)
von Bertalanffy D £3L L. :HREE (um)

K lERE

_ _a K (t-t)
Lt=L.[1-e ] t Lt 2EE (day)

— + -K (t‘tg)
Lt=L./[1+e 7] AIC GRIbAHE )
T ALY DRER AIC = nx (log (2 1 X Se /n) +1) +2 (p+2))
Lt=L_expl-e ] n YTV (YT AX)

Se BRI

70

60 -

50 -

GR
40 |

R=0.96984

30 -

20 -

0

‘
0 2 4

SGR 6 8 10

Fig. 7. The regression equation: y= 7.23221x-7.07445. y, GR growth rate
(um/day); x, SGR Specific growth rate

Table 1. Least - squares estimators of each growth curve in normal culture condition.

Growth function L. K to AlC
von Bertalanffy 802.07 0.3061 -3.115 304.716
Logistic 795.68 0413 -1.141 303.795
Gomperzs 798.5 0.3575 -2.021 304.266
body
length
(um) o
800 7 /(3/.04 Do
— o
- o
/0

600

P4
/
S [e] Body length

— — = von Ber

Logistic

Gompertz
400

200

0L
0 2 4 6 8 10 12

Fig. 8. Three growth curves of auricularia larva in normal culture condition.
---, von Bertalanffy; —, Logistic; —, Gompertz; O, the mean of body
length



b HAEHOK
log : AL

TAMLIKROT A 2ORBXOER 4 >0O8EED
FHhET -7 EREMMB 3HEE AT (Fig 8). &K
EXONRF2A—% (L., K, t,) ROFAIC% Table 112
KL MEMBOAICIE LY, ud XF v 7 i)
RLBETHRERE o720 720 TA N1 OREEK
D 2 ODOEEEIEDFYIRE T — & 2N L2 EICBW
THAICHE» STV AF v 7 MR b EET LR
& 72 - 72 (data not shown) o

3) WARER O RAMEEREAE H

<FxanT )5y raidmi, fE Bo
FEEB AR CRET 50 BRI CIdmEERR A
RS, i (REROEKIEINNS S %2) Ledb
RUFT) THWENEERET L, FULT) THEOH
M1 ~2HT, ZOHBRVY 7Y THEICEREL, &
KT 5, 7)) THAEE B AR TRAREE
L), F0k FIFSY TICERET BTSSR
bo &G, RMEFAELLETIZBITATY ) 75 THE
DR FED SRR L BRAERICEET 2AEH
¥ox VRRo ki (s oxzB I, MST
7END I NVN=FFNT, IR RETICLD,
3O0F7 A =% (L max, t max, K) #E=BI %o
720

xong
Lt=K (t max - t)2+L max

Lt : fERG B (day) ko7 oY) 7 5) 75A14k
E (um)

Lo AMEE (um)

K BERK

t Lt &7 5K (day)
byar + AR EENZRER] (day)

AHTIZIET AN L ROSTF A b 2 DR BEERGEMT
(MIEX Y78oE2x% X (30ppm, 300ppm), 73
NF 2 FHEMIX (25ml, 5ml, 10ml 1Y) o7 v )
F) THEOREER V. SEBEREICB) DR
KEEL, WAREEFEREMNL,, KEREKZ
Table 212, k% Fig. 9128 U720 MR DK
AF127859um T, AMEIEME HEII84H TH -
72 73 bT 2 F25mIRIMNIK T, 5ml10mlE
L72BAIZ BN, mAAREIZ7255um THRX L0/~
XL, FARAREIEARIIIIHEEN 72 73
NF /5 KkI0mIEIMX TlE, wmAEEIEHIX &
IFIZF U TH 505, mAKEIZEHEHEIIZLZN,
64H L70HTH HxHEIX (84H) LR {mARISE
L7z V7UEXY VIRMRO 2 HEX T, mARE
R OB AEER AT HBICRE &R, F7206
MRIX & AREETH 720 RIR (B 12X A8k
RERORAEEREASRD /T A =g I~ F~a
O F R (REHER) 2mICEB T2 L %210

Table 2. Least - squares estimators of a quadratic curve in various culture conditions.

Cont. Sg2.5 Sgl0 DM30 DM300

L max 785.86324 725461626 786.24574 767.03914 788.94315 77497286
K -4.285738 -2.342911 -7.540265 -5.832239 -4.351645 -4.959989

! max 8.3744855 9.7091406 64114831 7.0007499 8.5919294 7.8910113

1000

body
length
(um)

400

200

DM30
DM300
— Sg25
—ee-Sgl0
— - Sg5
L

0

0 2 4 6

10 12 day 14

Fig. 9. Six quadratic growth curves of auricularia larva in various culture conditions.
Cont., control; D30, CH,Br, 30 ppm; D300, CH,Br, 300 ppm; U2.5, add 2.5ml
Sg extract /™"; U5, add 5ml Sg extract /™', U10, add 10ml Sg extract /™'
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SUMMARY

In sea cucumber Apostichopus japonicus, the larval growth analysis using body length was executed by SGR
(specific growth rate) , GR (growth rate) and growth curve. A growth rate was 51.9-56.6um/day in Sg culture
condition (add water extract from brown sea algae Sargassum thunbergii). Sg water extract have an effect on larval
growth, because of the GRs in medium (5ml I"!) and high dose (10ml 1!) were higher than that in low dose (2.5ml
IY). The logistic growth equation was fitted to the body length of early auricularia larva to late auricularia larva, the
equation, Lt=795.68/(1+ ¢ 0413 (t -CL1)) wag obtained. Newly, maximum body length (L max) and arrival time of L .
(¢max) were presumed by a parameter estimation method. The estimated L ,.x was 786 um, and £m.x was 6.4 days in Sg
culture condition. The period until ¢, in Sg culture (medium and high dose) is shorter than that in control culture
conditions for 1.6 - 2days. This quadratic curve (parabola) equation was in good agreement with the actually growth
of all auricularia larval stage (from early to late auricularia before doriolaria). The growth factors (X, -4.35 - -4.95) in
dibromomethane (CH:Br») culture conditions (low conc., 30 or 300ppm) were similar to the growth factor (X, -4.28) in
control culture condition. For this reason, the dibromomethane have not growth promoting effect in sea cucumber
Apostichopus japonicus.

Key words: sea cucumber, auricularia larva, specific growth rate, growth rate, SGR, GR, growth curve, dibromomethane,
brown sea algae, L max fimax
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