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T T 20 {40 80 ARARHI L i SL T RIS W H
R, ZIRERK—EIEN, HTRHSEMEEN
FZ 2 R HMYEFR IS AR X S, RS0 R
2 B E 2R BRI RIS MR R B B E AR
Z I B R, R R A T 2R 2 B SR A AL SOR A
MRS P B 22 M B R A B/ TAEM IR A &
Ao Ji—JrH, HARFREN THRME R 25 R AE 4 H
JEEE 5 A WIVERR A BB, BEEER O, 4R AHE
S BT, WAOKIRIAE] 20C AL, KPR R
IR EAE, FFHES AR}, [R] I XHE 2 1 1
P BPRHAERK IR R BB T, BRI RN, %
UG SRR FEENHT RSN TR AR
AR L R SRR RN T AR 2 AR TE DL
Rk B a ) s MmN, 46 I
(Argopecten irradians)( £ 2245, 2008) . %0 D (Mytilus
edulis) (Pronker et al, 2008) . %£ k3 Il (Argopecten
purpuratus) (Palma-Fleming et al, 2010). iS4 15
(Ostrea edulis)(Araya et al, 2012) Fil ;L 44 1 X 4F
(Litopenaeus vannamei)(Xu et al, 2017)%5 .

PR R 208 TV TC B A s 110 27 M BB AT
BATEZ R, b F20 2 NHEENIRE Y
(Martinez et al, 2003), W57 R, R 7EE A 2T,
Y E R A KRGS R F R A
(Heasman et al, 1996). Ktk & A F T4 S5 M
KA MR B KRR RS N TR EH
7RIS BBC T & A, (HRAR Y S0 ) F 2252 v 3145
() B P B BT B B S A [ Sh PR AR K B SR
TR A ARl (Martinez et al, 2000a)., Hi, A Hl
SRR B I Y 8 TR oK B IS A 4G

A SCHFGE T AN [R5 B AR AL o) 20k 2 B
B SIS A sZ e, [, XPEEE R RS0
TARRE AR 384 RN RS B 435 o o 2 1 IR B o3 A7 4
B, DU R 2 N AR BRI T S ISR 0

1 #RERFZE
1.1 SRIEHH

SCEG TS T 12 A WRAE A I AR ZL LR IR K
FEFRIHAN A SR MYE . RS R, BEENE
WHTEE, BESERN 15 /m’, BEHN, He
TR, RFREMAELE S mg/L LB, R EF 06:00
Bk —k, Bk K HESS , 1 BRI 1) 3% 68 F ik
P, Z 5 IAGHT B 55 D i B A R) A i K o B H L
AR 1 REMEATEIHER 25.4%, HR
4.9%, HIK5 39.3%, HIEFYE 8.0%), =5 E500 R

A3 7, HEMEEAHSIRER 5%~10%, R
PR AT IR, RS EWIN, E ROt
FEHIAE 500 Ix LR . 262 AR, KRR 5C, %S
FEMKIE FEF 7d )5, PGB AR SL8: . 528
FRURETET] S Sl 2, BUSTEMR, 2 BB, o
SE PR P R R AR T

1.2 KB

12°CHI 15°CHE BRI S wFp e = b 322 A
TAERE SRR B KR B, ARSCER 2 Fhok
WERTE: DIEFKESRIAE 0.5C, 2 12C
Ja RFFEE ; 2B /KIREXIE 0.5C, F+Z 15C
JE AR KR IEE . B KIRAE S ik E 3 AT,
BAEAT 150 3K3ES, SN, FSRRE M
Tk, TRA 1 1 B TR
1.3 fAMRLIE

5 FE 5 (Sargassum  thunbergii) A7 77 (Laminaria
japonica) 2 il Bl A iR Rk R R OB, ASBIFSE R
3R AR IR E S 1) U B 2H - 50% BUR BRI +50%
MG s 2 R AL: 50%IEA M +50%1 T ; 3) TR A
KA : 25% BB BERY +25% 71 /3 +50% 8, B3
BB E 3T, AT 150 kES . ARG ST
ek IR OR &R EHE), 15 CRIBRIE T SR &
BINTH 12CKBEEWFES, NTH LR E S
WA, ARSI R 1S C/KIBRE %S, LRIT
RIE KRR RTEE 0.5C, F+& 15ClREARFHEE . 52
B IFUAR T, X BUR BB . AR IR G B MR o 3
AT E .

1.4 REEFMERRAIAER 53 53 47

TESZI TP IR AT FISZEG 2 30, 60 1 90 K, 1%
B 3 SIS R ARE | T80 CIRAT, FTIARM
GyoHT o BEEEE AR RS AT, BUS SkES, T
TVERTER, Z B R T —-80 CLRAE , JH THL 43
BT o AL 1 04300 5 R EILEG 22 7% (Dorsey et al, 1977),
FELAR 175 )30 7 >R FH 2% LG Al 275 (Mann et al, 1985), &L
WAKAL G W) %€ 2% Dubois % (1956) 8 177 o

PR R 8 B=1 BRI /R B B < 100% o

1.5 WSEEAMFREESHT

TESR R, AR — A S P RS 3R
B A HE AR 5, BN B RES AR HERS , R
HORS KRR Z U RE S S % AvEfekas, W
SRR KR 7d, Z 5B RIHE 0.5°C,
THEN7CIR, RAATRAKERET N TS0,
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FZMMT 1h g, Kigrhdi 15 min, K5 RS
WA 22 CHRbIEIEK . WL B 5E ST UG HERS 5™
BUJE, SEZPEH AR O, BT K Y 10 L
KA, HlCHERL

BAEEE WA BEPLEUE 100 SkES TS, 48
THHEIIMES S8, T EMES B HERCR .

WESHERCR=HE BN S E M 7 SR S50 100%

FrATA S L HEIR IS, THE M SO0
BB b b i S BT HE DN PR A, BEPLIU & 100 5P
TFIHORAE, SR G FH IR — 55 B it b (9 b 2 BT HERS T 61 7
ANTHH., 2h )5, IHEZREER,

NG R= I B A2 K U B T4 100% .

55 B M BT ARAT A AZ RS B0 3 BIAE 21°C oK it g
b, WAL 3 N /ml. 2K 48 h J5, BT fbR,
FEEALIN 30 A RAIAK

EAL =/ NE Ll AR K/ 52 K5 TR £ < 100%

FHAEGET Z K BB TR 3 K, Bk S
THAAMAECH 100 4~

1.6 HIEH

S 25 T Y E AR fE IR (MeantSE) &R, SR
FH SPSS 20.0 FAFHEAT A 438, X5 S A RE 434
PEVER: & B ) <35 B AR XA 2 7 22 531 (Two-way
ANOVA), F#I/H Tukey's test #4748 52502 - Y(H
ZEZEILE, P<0.05 #RESLE,

2 R

2.1 BRESW

211 REE RS EA MEEE KRR 12CHE, %
S RBE oKL AR ORIOREL IS U o 38 R e R R AT e
BT E S, MIEE KR 15°CRE, R
B, ESREE ORI (A RCHLS G & 2 # T
o BT R, 2 FEE IR T R SRR O
EASEAAHAREE 1), £ 12CTELRY, %S
PRE AL 7 & e S e B AR AN B 2, T
16 15T, S 90 K, RIS IREE A HLIG I
BB T AR A5 (P<0.05) (B 1b), XK 7
LN R, BB K IR A 8] 4 58 B AR F S5 5 ks
HORLER 1 RORLIG o 7 B A 2

MELE KR 12°CHE, SESREE P Kk
BRI, B 60 K, MBI,
MEE KIS 15°CHE, RIS REE ) Sk LA 9
TR ERRARE T SRS TR R S Ty 2500t
WoR, 2 AR, GESRBE T SRR G

TR F AR b A KA B AR (E 1e).
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Fig.1 Percentage of proteins(a), lipids(b) and
carbohydrates(c) in the body wall of A. japonicus
conditioned at two different temperature regimes

2.1.2 AWM S 2 DR, SR
TR T EEAREZES . (ARA 15CKiREE
B AES HE R AR B (RS G 2 i TR A 12°C
KRS E WBES:, v SO S Y B E
THIFGER 1),

2.1.3 MAEE N S HIKTE WRIEES M E
T, ArBIFESCRESE 119 KA 92 KX 12°CHI 15CH;
BRESHAT TN, = Z B 58 k2,
W T PERRTE R, 76 15°Cok IR IS T 00 Ml PE g0 2 i 1
HRFEEL . O 32 A M2 RGOV R T 12 C R
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Tab.1 Percentage of proteins, lipids and
carbohydrates in the female gonad of A. japonicus
conditioned at two different temperature regimes

RH KR

o HEH HLIS BRI E Y

Condition 1 i1%)  Lipid(%) Carbohydrate(%)
temperature ¢ P ¢ Y ’
12C 59.60+1.74  9.64+1.02  15.08+2.50
15T 62.54+1.78 10.83+1.04  10.0142.60

W, B2 A BE R 12CEREAESHE
IR TR NG AR S T 15 C SRR, (H&
ZIEEA REES ., 16 15CRIERET S
HEOP I AR B 2 TR 12 °C/RIR G & B2
(P<0.05)(3 2).

2.2 faAEstIg

2.2.1 AR S S0 v R FH A R R A 43
%3 For, He, REEBAOHEA S ERES, N

(18.28+0.03)%, Tt #3 B KELAG 1 AN K Ak & 90 7% e
Hi . M(0.7440.08)%H1(72.05+5.40) %

2.2.2 REEHR ST e frh SRR
B FRA BB IS, RBE b i L RO AR 107
S ETTE R, AR 1 2 S R RE oM AR R
SR ] N =R 3% [PA N = O] < kI {2 N .
AR, BT AR A R 1 SR S AR RE h ok B
RN B R RS AR A B R RSk
BE R LTS S AR 3 SRR R R RS
FESCIEE 90 K, PRBE ML (M & 2 B T A
FF ] A5 (P<0.05), I HL i 2% T30 1 MR A& 3
W SE 2 (P<0.05, 8] 2a), MR SESE K
5090 K, MREE LG I A B S TR RE
(P<0.05), JfH I 25w TR BRUZ B FUR S B8 1)
2o 15 I B RVRDRL R O 25 2 (A BE v i LIS 5 5
I EA BERm, H _#W38 BAEH B3 (F=4.299;
P<0.05, [ 2b),

x2 BEKEMNESEEN. WFSHERENEN

Tab.2 Reproductive capacity and offspring quality of A. japonicus females conditioned at two different temperature regimes

f‘r_ii‘ N=| . %% ke S%7 o TN A -, 7 2% 7N /.
Condition Gonad index(%) Spawning rate Fecundity (x10%) Oocyte Fertilization(%) Hatching Early larval body
temperature ) of females(%) Y diameter(pm) ° rate(%) length(pm)
12°C 3.91£1.51 6.00£1.15* 157.00£33.5*  163.20+2.59 90.80+£0.86  78.00+3.39  479.90£8.78
15°C 6.87£2.02 16.00+2.31°  312.00+59.3°  162.27+2.90 92.80+1.50  82.00+2.55  463.73+9.51

T ARSI AR A RN FHR R B 2257 (P<0.05), Tef MR/ NG FREFR G P2 5 (P>0.05), T
Note: The means in different groups with different letters are significantly different (P<0.05), and the means in different
groups with the same letters are not significantly different (P>0.05), the same as below

*®3 FSEFRARMERD
Tab.3 Biochemical composition of A. japonicus
conditioning diets

(P<0.05), —HZEAFAEZ A IR E Bk
MRS, TESLHER 90 K, MRBEH SRRKILS Y& &
B E T RIARE(P<0.05). BMLEH AN AR S AL

el ) P B l.é‘ é.
) I 5 90 % (R BB A 9 3 T
BUR R 55 60 KAFH{H(P<0.05, K 2¢).
S thunbergii 18.2840.03° 0.28+0.02°  57.86+0.32° 2.2.3  MESCHERRAL R PR LR Wby AR 5 3
powder Hor 11 M 2 P i rPORL B 1R o S R TR R A
Y ) C X (P<0.05) 45 PRI A5y 1% fE 25 1 g b AL M7 5 2
%xiﬁ 11.9740.02"  0.74£0.08°  72.05%5.40 B A M S I PR I A T
— @3%2@&%@%?%5&@@%&%%%@%$
Mixed algae 15.51+0.71° 0.50£0.04°  63.95+6.74" BWOKAe ey o B e, BRI & B 9 HE S TR IR
powder TR KA B B G, (0 3 A2 B B

(i“:{ 4)0

3AMARHE A B R SRR B BRI B 224 BEAEANSHREE 3 AR R A

AR SEREAR . SR TR SRR SRR A fRDRL
SRR SRS ABE R 5 SRR R A W5 A R
B 8 I )0 55 2 ORE S oK A5 1 e R

O SO RRAB. THHETR  HERCR | 50T
ISR AT 5.9 22 5% o W2 OB AL O S B (o
AL K 523 5 T 41 (P<0.05, % 5).
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—— FUBIM S. thunbergii powder group —a— WEHIHYZH L. japonica powder group —— JEA HMZH Mixed algae powder group

70 S 551 18,
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Fig.2 Body wall chemical composition of A. japonicus conditioned with three different diets

Fz 4 TRIERR S ERE R RS20
Tab.4 Gonad chemical composition of female A.japonicus
conditioned with three different diets
HLEE A Githil=3i) SRR A )
Proteins(%) Lipids(%) Carbohydrates(%)

Tk
Diet
B2 BB 2
S. thunbergii
powder
R 20
L. japonica
powder
RAHmA
Mixed algae
powder

60.82+0.52°  8.45+0.77 13.86+1.60

52.17+2.11*  8.82%1.55 17.75+1.83

59.18+1.26" 8.29+0.56 12.31£1.40

3 it

REZWFRERY, WG TCE S BT &
He 221K IR EE R R ATJE 55 (Fabioux et al, 2005; Marshall
et al, 2012). /K T LLM vk & k5 D1 (Chlamys
islandica) (Thorarinsdottir, 1993). %5k U1 (Wolff, 1998) 1
336 JIH (Srongylocentrotus droebachiensis) (Siikavuopio
etal, 20060 MR AT . A5 H, RA 15°CKRERE
BHHIGESELRAR 82 KL RNA BIMES FARHERS
MR 12°CKIRET B HIES LS 103 KAWL
FIANHES FHARHERG o X R WT, P2 7K IR B s
ZNMERLE . WAPIREY, FHEsE g KIEIFARE
5 B DUBC ¥ B s B[R] (Martinez et al, 2000a).
Griffond %#(1992)iky, TEONE A LRI, KR &
S T BUAR BT QI 8ot A7 B T T 00 3 R A 1Y
REI B THAE, WU A MOy FECE >, B TR
KM (2012)iF 5 &8, 2uKiEh 16°CHE, FIZH T4
K BB LB 5 48 Tk R RE B Y B B e . X
AR KRR 16°CHE, IS8 & P i ne w4 ik

FPERR R RCR T, MR R F TR, 1 16°C~20CH
IS0 A SR IRK IR (FARFESE, 2010), SR 16°CK
RATHRESET, 5FECESWT . Axt, kA
1S CKIRIEE RS, HHEBCR R HE DD 3 2%
T 12CKERBNES., Wik, L46%18, 15C
AREN IS N T AR A S KR

XM BR R A 2 2 B R R A SRR
I 5T AT AR K 7= 3l N AR 0GH AR A e a7 R 4 3
R KA, 2006, H 5245, 2008; #RKILEE, 2011),
PN E A 22 S 00 A ) 2 R RA AR
RRIT THIGE . 9K E 5 (2005)#R 18, % Hrfil Sk
3% B HIE YA N 6.64°C , HEFE IR & B A AR
H759°C-d. AEHAFQ2016)4HE , T M IR 24
PR R B AV EE R 6.14°C, 1A SR AN
800.19°C-d, W% 2017)RE, WS LA E
AEYIFEE R 6.88°C, AXREN 717.31°C-d, &
T, AW, RIS AERRE B WA FE N
4.81°C, AN 881.11°C-d, AW FEEL I
WAFGEAR, A B LA . LIRS,
RSER RN HHETEE SR 13.07C~15.80°C, i
FEARBFFE R KL SE S0, SRS 808 B - 2408 533
S 11.85°C 1 14.02°C , 3X A e sUAHIF 5T il Sk
Ji R HE 2 R AN A AR s Y S

AR BB R R A R T B ) B T
B i i H A B EL52 00 (Uriarte et al, 2004) ., $2 15 3 DL
BB HE R, fentese s MR R R
5 v W 9 DL B % /7 (Farias et al, 2001), &R
12 1t e 09 B R 8E 7 OKSF- P 4L W5 (Crassostrea. gigas)
SRR, T R SRR AR o AR R I 5 RS2 KG BR A
X (Uriarte €t al, 2004), AWFFEH, FMRAS [ DRk $)]
ST G ORI A 25 S 3 TR A R A B
oy v R 1 P i A 0 s TR, SR 2 A
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BH T B RS HECR A 257 B0 AR T 7™ 32 K IR Y
P 3R S 4y A A g s TR T A A G ) 0%

Z, XUl —ERE LR R P AHER KR, A
FITF2E2 AR IR A 7 AR o B0 5 it

RS TREAHNIFSEENMFREENTM
Tab.5 Reproductive capacity and larvae quality of A. japonicus conditioned with three different diets

) Bk . %% Y 2% - T 44 = 57 3% 7N 7.
Tk PERRAE R M ﬁFﬁﬁli Y {7 T % ﬁﬂﬂ't? (NERAIJURENIS
Diet Gonad Spawning rate Fecundity (x10%) Oocyte Fertilization(%) Hatching Early larval body

index(%)  of females(%) Y diameter(pum) 0 rate(%) length(pm)
BB B A
S. thunbergii  4.19+0.77 13.67+1.45 240.67+44.44 164.15+£3.22 92.60+1.63  75.33+4.03" 457.77+16.13%
powder

Hpf Ay 2

L. japonica 3.24+0.87 12.33+£2.40 220.00+£24.58 159.85+3.28 93.60+2.01 66.00+3.40* 428.08+18.66"
powder

TR WM A

Mixed algae 4.89+0.96 14.00£2.89 256.00+52.17 161.92+6.34 93.00+£1.48  80.67+3.86" 497.31+11.63"

powder

AT, SR 5 A RMES BT )
Ah 2 21, P 2 BRI AL R AL R A e T
KRG B R S, X 0T R B gl # b s
oK E Y &R, MiEE A& E8 %, Hammer
ZE(2006)HF5E T 1Dk EE RS K A5 W) 7K X
JIH(Lytechinus variegatus)¥: i & & &2 i, W58 0,
Bt ek B R R KT T R R R K AR S KT
BEAG, 96 JIECPE B v v 2 T A e L9 T s, TR, B
MIBRAEIE K. Heflin 45(2012)IK%, b iy Sk 7k
G W KT b v £ i e R G 28 1 5 T AR R

TR} e LR D7 e 0V TG ME Bl ) B AE ) A
P Jot et B e, — SN BRI R A T
RIS 2 O0 & B R AR R BT T
FR .53 (Navarro et al, 2000), AHFFEH, WA H Y
ARG & it 2 T RUB R, X ] RE R R IR &%
M E NGRS EC. MESHECE | F IR R D
FZHE BRI AN B g IR & T I8 2 i
SRR Z— o BR T PEHRPRLEr LLAE , Tk 5 1)
A B WA P T i A R IR R R AR (LR AE,
t—E R Lo T HE S E (Kian et al, 2004), I
Ph, R H Z Rk sORHE & 300 I 3R 15 I RO — i
- B A R — b DR R R (Martinez et al,
20002),

TE DU A Az s A v, JWLIA BIH AR IR 9 A9 Bk 7K
G ARSI , S MR b R B B AR 28 1Y R
AEt MIAT K (Martinez et al, 1998; Vite-Garcia et al,
2008)., Barber 45 (1985) X 114 J35 DL 7EBC T A A5 B BLy
HEZ 3 FAE SR DL 72 L SRR L A 2R 47 1
i, MFRRWL, B DUFERC KA B, sl

SR IK AL G W A R i 105 A B v EAS RIS T
AL, ESLERE R WREE N Bk AW
TR RN NS, B2EEEY, FESk
BE R ) S oK AL B ) B i AR TR AR, T B o
H I B fk v T AR R RE v i B i, X Ui B, R DL —
FE, TERCF A b R b, S RBE b i Bk A6 5 9
AT R, RSN K B A e
AT, 12°CHE WES DL R R S50 v D
TR A R R S SL R I IR IS, R EE PO A
FIUHLRE W 5 20 HF B 2T 19 FAIK - Martinez 45(2000b)
PIRFRE R, SRR B slcH 5 & KR g, B D
P 7 LA 48 S FORLAR D 2 1o 2 1 B R R A1
X R A s A A AL R K Ak A A At Y R R
A, B DUTHFE AR (1 BORTM A 7 ok R AR e i, 1 UM 5
WLrb 35 B R BRI . TR, FERI SR C T
KA, RS0 B R A RE b i e K Ak
YRS RE R, MR IR A R DL SRR R R
B, R (SRR Bk AR AR g i YK IR AN S
BF, RS8R AL R REAR (RS, 2008), I,
TH BV BE UL IR P Y 2 1 5T AR 7 ok A M R R B 4
BERE L . T2 LI Ry Ry T kst DR SA i b 2 1 I
Erm ik, W, O m Aok A S R R TS
XPEE R TH AR, SRR AL, B,
THFE AR BE B3 UL PR P 09 2 1 5 AR 7 ok S PR R & B 4R

INTE=X
;:I\:Hbio

Araya RG, Mingant C, Petton B, et al. Influence of diet
assemblage on Ostrea edulis broodstock conditioning and
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subsequent larval development. Aquaculture, 2012, 364-365:
272-280

Barber BJ, Blake NIJ. Substrate catabolism related to
reproduction in the bay scallop Argopecten irradians
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Effect of Temperature and Diet on the Reproductive Condition of
Sea Cucumber Apostichopus japonicus Broodstock
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GE Jianlong'”, SUN Huiling', WANG Liang™"

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of Sustainable Devel opment of
Marine Fisheries, Ministry of Agriculture and Rural Affairs, Qingdao 266071,
2. Laboratory for Marine Fisheries Science and Food Production Processes, Pilot National Laboratory for
Marine Science and Technology (Qingdao), Qingdao 266071; 3. Wendeng Ocean and Fisheries Administration, Weihai  264400;
4. Fisheries Technology Extension Center of Rushan, Rushan 264500;

5. Yantai Marine Economic Research Institute, Yantai  264003)

Abstract The effects of two factors (temperature and diet) on the gonadal development and quality of
the resulting offspring of sea cucumber (Apostichopus japonicus) were examined in this study. Two
temperatures (12°C and 15°C) and three diets (50% Sargassum thunbergii Kuntze powder + 50% sea mud,
50% Laminaria japonica powder + 50% sea mud, and 25% S thunbergii Kuntze powder + 25% L.
japonica powder + 50% sea mud) were tested through single factor experiments. In addition, changes in
the biochemical composition of the body wall during conditioning and biochemical composition of the
female gonad after conditioning in different treatments were also quantified. Sea cucumbers were
maintained in seawater, which was changed daily and provided with aeration, and were fed at a daily
ration equivalent to 5%~10% of their dry biomass. Three replicate tanks were assayed for each treatment.
Gonad index and spawning rate of female animals, egg diameter, fertilization rate of eggs, hatching rate of
larvae, and body length of early auricularia were also evaluated. The results of the temperature treatments
revealed that spawning rate, gonad index, and fecundity of females were significantly affected by
temperature, and significantly higher at 15°C than that at 12°C (P<0.05). In the diet treatments, there
were no significant differences in gonad index, spawning rate, and fecundity of females among the three
groups; however, the mixed algae powder group showed the highest values. Hatching rate of embryos and
body length of early larvae in the mixed algae powder group were significantly greater than that in the
L. japonica powder group. The results indicated that egg quality was the best in a broodstock supplied
with mixed macroalgae powder and sea mud. Biochemical analysis of the body wall revealed that
carbohydrate levels in the A. japonicus body wall declined during conditioning, supporting the theory that
carbohydrates are mobilized to provide energy or precursors for lipid or protein synthesis in the gonad.
Key words Apostichopus japonicus; Conditioning; Gonad development; Temperature; Diet
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