414 5 2 W)
2017 42 A

Koo

JOURNAL OF FISHERIES OF CHINA

Vol. 41, No. 2
Feb., 2017

XSRS 1000-0615(2017)02-0221-09

DOI: 10.11964/jc.20160410354

mF BRI AR Z R Kk 4 T idIE

o, #ka",

EAKE,

(1 B AR R AR 22 5 R 2B, LR H R

2. EBANKHETS, WA FHH  266109;

3. B AL R B AR, A 5

Exgt', #HEMR, T A
266109;
266109)

BE: Y FAMABRELANASATETRA, EEME TN WARRE LA S ZH
W, BREFGEANER, WEMABREIARNSNZHENE RSN L TIR., 278
=, FEARFEATES, TARARHEmAER LR SHN, THEHEITIS%, i
HEREAASBEERYERRTIREFEZHEN. WRY. REH. KERE. KW
B NERYGE PERGE. KRERGEK. B ERFHES AN . KR HN14°C,
2 E 430, pHABOFMH T, ZHIIWAEI0~20min/z [F 4 H IR AE, ThEFAHENE, 1dE
HNEEERR, 2dEH#NEMH, FARBNERYEWH,;, THNEHI5dEHENE
Ko, 18deEXNHES. mABE LR S F R4 A kK ET£1125 pm. o
HERTafSEERGEREREEHERNE5. RIESEHFEZ R
XBEIA: A BREEAR S, BB, 4k, AFE;, AT%F

FESES: Q132; S968.9

M2 H Ol LIOR BT g <ifg = N 21 .
H T A 1 2 a5 RN 2 ok S A g
KEWSFHEN A L HILVFERREERE, H
BRI iR E RN R TR Z —. i
H 2 (Apostichopus japonicus) i T [E 24 Fif ME — B
b T2 58 ()i 2 S FP . BRGAHE 1R RS 1 2 (Holothuria
scabra)fE E R TN T8 . B MG FRE T
AT, FEHEm . )RS T RN T
oo EILAE, REJLT N H ARG AT L=,
1B 32 FR A B AR BRI AR TE AL, P, A%
TF s ALy W i SR E I S R A, RS
Z7 b Z AR RE Z

TnF 4 JE W21 4| 2 (Parastichopus californicus),
MARMIN L2 BORELHE 2, i)™ b o34 T 56 [
T A Je S 2 AR S5 v v, A= 3 E AR Y 3 TR
RN X, RIRIA250 mP A fE e
LRS- AR IRF S, 7E = AR

Wi HER: 2016-04-11 & HER: 2016-08-24

SEARERE: A

AL 5 [ A R B i A b — 1 B
T, ARG SR, S SRR 3
K HIAA] TR E BT BTN o A AR Je T
ZL 2 i 04 B R E FRANE™, I KR 6
PeRE OB P E . HA B E S E K
1 T 2 0 2o B2 il 47 S AR B UR B, i
AR PRBIE K T TR, TR A B S K
PRI AT MAT

Har, & Fl 4 Je 205 2 a5 K £
KFEHAR T H, nCameronZE ST T A
e LL R S A6 H AR B b 09 77 B ATy . BE5E
JH . gk kB GGG AERERE, (AR
TEAMEAKRGD, JFRIFRN LA T ESW
KEAFRIFGT; Paltzat5E PR Ahlgren! 43 5 WF 5%
T AR JE WAL 2 5 K 4L W (Crassostrea gigas)
41 % IR U £81. (Oncorhynchus gorbuscha)s KRRy
(0. keta)W) # IR FRBOCR, TRUFHI A4 JE

BEIE: W ABLFH D ERE R R GG (BS2015HZ004); 75 51 H 3605 XI5 4E L 15119-9-1-89-jch); 74 Sy Ak K2

83 42 (1113329)
BIE1EE: /TIA#, E-mail: yichaor@126.com

http://www.scxuebao.cn


http://dx.doi.org/10.11964/jfc.20160410354

222 Ko

% W 4%

WL RS TR EWH#HITAERBE . AR, HiK
AR T INFIARJE W21 0 2 B F W) 2 X IR i 4
AREWFFEARIE o A S50 A1 BA T & 1 Gl 38 ALk X
TN e 210 2 Wi B s i oy, B
TS [RVEREXE I A 4 JE 2101 2 4l K A= K 52
My, & BLAE PR VB B 3% (Chaetoceros calcitrans)
REfE AR JE LR S 2 i A K1Y S A ROR
FHN A AR e 210 2 BT, A WESE ik — 20 WA
TR JE WL S I A iRk &, A
B IS N TR KR A B E SR

1 MEHE 5k

1.1 FEEREE5EHE

T AR JE N 21 ) 2 26 7R R & oK B4R
Sk, WA ORI R . CEARA MR K 15~
30 cm, JRH240~550 g, ESRAE, 2RI
RS B SCI0 %, FRFH 7R BE AN KA o Ik Al
FIAR K < T8 x5 40 9 120 cmx90 cmx30 cm. 2
EAREENFKIFM, KFEE10 L/h, Kl
12~14 °C., 30, pH 8.0, Kl Jydeks . k.
DURY) . BUE DR FA MM E A AR, BRI
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Wi, & H BT, WEI ST g .
RSG5 H R0 HMErEE S, e AR A i
Ha, PR R TIRACRIEAfE
FWRAE W E SR T, BRI S B R
BT K BOAE T (A5 FH20 L), MRigHi sk ik, 2
MIMANEF, PRUESEA OP - J8 BB B 3~5 48 7,
1 AR T SRR & B I AR

1.2 Rk BiEE
YU LR B, 410 mindURE T VR 5 3h W i %k

HE, e Bt o i e i 2 UL 58 . HE IR I 22 Ji
[ IR B30 minZE 1 hIURE, MEIRFIZ L F
I R B A B BE AR N BURE2~3 YK, YR IBURE UL 0
AR304, EILMEFEARCOHLIK o REE MFEATE
Bt T I ARG KN, FMotic Images Advances
3.2 for Windows# {1 1 £ & & B Begh 1A+ o
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Fig.1 Gonad of P. californicus

a. male gonad; b. female gonad
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x1 MABRILLRSERMYFL TR
Tab.1 Embryonic and larval development process of

P. californicus

CH B XA AKER/um A K /um
development time after body length mean body
stage fertilization range length

R O 0 min 176.0~191.0  183.5+5.4
fertilized egg
H—k 10~20 min 176.0~191.0  183.5+5.4
first polarbody
EIIt 20 30 min~1 h 176.0~191.0  183.5+5.4
second polarbody
241 i 1~2h 178.0~193.0  184.9+4.6
2-cell stage
A4 3] 2~3h 180.0~211.0  191.748.9
4-cell stage
841 it 3~4h 220.0~261.0  243.4+11.6
8-cell stage
164 1 147 4~5h 221.0~258.0  235.9+12.8
16-cell stage
32411 i 1 4.5~6h 225.0~263.0  244.9+10.4
32-cell stage
6441 i 1] 5.5~7h 232.0~264.0  250.9+8.5
64-cell stage
12841 i A 6~8h 233.0~266.0  252.449.0
128-cell stage
2564 iyl 7.7~9h 245.0~277.0  258.5+10.1
256-cell stage
BRI 10~18 h 211.0~240.0  228.6£8.0
blastula stage
T BRI 1~2d 208.0~238.0  223.046.5
rotating blastula
SR AT 2~3d 261.0~322.0  298.6=18.5
primary gastrula
Ji b 3 3d 322.0~385.0  355.5+20.1
gastrula stage
YIEAR G A 4d 384.0~533.0  460.3+41.5
early auricularia
stage
T ERR S A 5~10d 468.0~850.0  610.4+94.3
mid auricularia
stage
KEAR S A3 10~14d 770.0~1125.0  920.7+73.1
late auricularia stage
FSTEAT A4 A3 12~16d 611.0~866.0  755.8+99.0
early doliolaria
stage
HETE S B4 15~17d 366.0~535.0  442.5+50.6
doliolaria stage
Tl T4l A0 16~19d 334.0~523.0  426.3+65.3
pentactula stage
i 18~20d >400 >400

juvenile stage

D) K FANHBEIESRIE, s e T2 —
SES PR E B . RS F RN FAS AR, 7E IR RE 4N
L JE] B 2 — R S A B (R T -2), DRARR
[ JE s i Y o K B9 45 & 10~20 min/5 3055 — )
AR T -3), 30~60 min/5 M4 AR R T -
4), MiJ5IFIRINZ,

g ZKEUIZ30~60 minfg, HEATIZL,
W AN 2, OO AN R R, R SR

AAHE A (B R T -5), 25—k ONZ1 hig ik A SR
TURENZ, SZRE U YN A K INAH S5 1 40 i (E
T -6), MLIEHERRLh, IRBREE—RDSE, 458
YA (BT -7). 1e4u (R T -8). 3241y
BT -9). e4Zm (I T -10), 12841 i 41
(BIRL T -110)F25640 e (R T -12), 20 i
g6/, 210 hitt AR (EI T -13).,

& IE 2 ZAE10~18 hJF, MR ER N
211.0~240.0 um, “F-3*°4(228.6+8.0) um, Hi[H] K
INEARR R MERR LT, 40008 R W
BN, T R R A2 A B R s BR IR, B HE4~5 h
Ja, #IESERRIT R E sy, BRI, KA
M sh, shWise, N2, MYmss,
YA )2, TEARIEAUAE IR, 3 IR e 5 3 B B I
GBI, 2 E R (R T -13),

J& i 3 TR A2 AN LT, HERPL
K, sh B, MW HNK, BB
JR3E, WRRIE AR AR (EI T -14), 5 0
K EE261.0~322.0 pm, “F14(298.6£18.5) um., FHE
PIRAINER , AR P9 BEREIR 5 A (R T -15), %
RN, B & E T, IR £ (322.0~
385.0) um, JE W ) IR P S E, R A E
Kogamnth, XKaArWe, MEF—-P LT,
NI <27 RN A N L B 111 -3 P E 7 N
R FEE MR . IR HEA TR W AR TS, SRR
B (EM T -16),

23 Gk E

1 AR G A fE14 °CKIR T, ZHI A
Ji4 dJE i HARgh ik, 1AK 5384.0~533.0 um,
F-15(460.3+41.5) um (EIR T -1), BEHS 435 1k
EHAIE, BEERKEMEE, Sl AR,
BT OB LR ORI, 4 A DU Ak i o)
IR . ML SR, R OFEAR AT O, £F
BEATTRIE AT TR, O fEH LA L .
WRSELT BRI K P E R e sh, DRIALE
Eohiga, SEIFREs, AR
VI ERGAR G, (KK iK533.0 pm, —#501k
s 20 1) B A N E A, TR R K AR s A TR (T BT -
2). BB EAR K, A S P e

& HK 4 4K TE14 °C/KIR T, KO0 &
S diff AR HARGARIA (BRI -3, 4), BEAT,
HIRB A K, JE A U B E AR, R GR
468.0~850.0 um, F-14(610.4+94.3) um. AL
MW HEEERR, Bt L, #E
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N, EEEYEW T WL 5T AT
Y R, S5 RN R R R & R . KR e
K, BB MEEEGLLAM, I E e
KB . AKFEEREE, SEmEmE,

KR 4h4R ZHRE A T10 diE A KEAR
Gk, KA EAR YRS LA E]770.0~
1125.0 pm, “F3(920.7+73.1) pm, ST EBCE 4
a3 ) H B AE A s R A AR o KR SRR B WL
RO FRE. MEEMEETESESH, &
0] R (] R T R B ERCIR A, BB 4R &
B, SE TS A R B BLE R T -5~9), H
TR RO R, EEAR R o S5 4 A T
A i A8 [58)  3  WA  (BE AR TT-10)

B HA 12 H RS TT R I ARE
SRR, SRR RIS, ML BITE,
BEEL, 2WERGEFEMRT-11~12),
15~17 H i SR 2 58 & & 5 A I8 2h R (B R T -
13), BB WM B LR F442.5 pm, SKFERIR
R R AT, HSIELEW, KIEEES2, 354
R Z A EEE ., 17H B4R S ARIE R
B, HfhTFEAEGIRR N (E R -14), F 2084
R EA i F L AR T, R K34/ F400.0 pm,
/N R366.0 pm, KEBAP BIMKRERA, K
WAESEE R, A S iE .,

I fkF 4hik 16~18 H i A, ¥t
F (R T -15), “F394414:420.0 pm, %K 7E
B R M AT B Tz, BTN
R

AN 18 H W I, HEAHES w18 (&
Wl -16). 4= BrE B AHIE, iR, BfknT R
s, MR LiEsh e

24 MABEEILAFNSEARE S MERENIK
BKEZ

AR S PR A AR JE IV 2T ) 2R 4 (SR
W2 M), I BF A 5 i BT A IR (49°23705 N,
123°91'61" W) 2R JZ Rl JZ2 Jil 4F 7K i 22 4k 1 &1 2 fir
TN FJE KR AR AR ALVE 2 6.0~17.4 °C,
Hop7, SHM KRS, 1. 2HMGKERMK. K
JZ - KB ARG B o 7.2~14.5°C, 7. SH i
L, 1—3A &K,

3 iR

ARWFFERE T IR JE 20302 N TR0
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Fig.2 Water temperature in habit of P. californicus
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PE T I A AR e 210 S B A K B AT
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SR DR IE S . ABEIE AR e AT ] 2
EARME T, WO ™0, kK
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— 0, AR e LT S A % N 12 °CoK il &
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Dittan~H o 7E5—6H , AR e W LT f| 5 K it
FEON, BEEE MR R RN 15%~20%, I Hi% 7" R
W5 AR HIA . MR R, A EUNH
A6 JE 21 il 2 B 2~34 AR AL R HERS , 7=
I Z BB S SRR MEE -, wER, I
SR, AT R 5 LU RS s 2 O
1 AR,

JER B AR SR RS VS N T2k O iR &
i, WA O S Ik E R T
S TE, BRI S N T 28 o R B e
ZAEANINIG . ZHE A I B M sh ) 3%
KA EERNG, 2T RIS,
A I BAE AR S B R FFIE, FDEK
REFHAZET-, B, FEINFIAR JE W23 2 T
KGR AR, e MR R TR R, W
ARG R ZRE AN . AW KB, WSO E
F3~5MHE T, BRAE CRIEAL AT 1 32 R o i

ABEFE T, AR R 2T R 2 i 2 32k IR
10~20 min e — A, 30 min/5 B — K
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R, ThE%H — kIR, X5MFRE HJHA
LG i 2 N T A20KE B R I G 22 W52 /) F 52
G5 —F, HOPEE M L F 5 050 2 A1
255t o AR JE W20 2 10 i & & B[R] 55 Cameron
UYERP AR R O = N WM 45 R A
Cameron&5 il 1 7 7K SR A AR FR 5 b iR 4 Je
WA RIS ZAE0, 7E10~12 °CARIEE B XM T,
GRS E AT Z K JG 3~4 h, B T AWF 5T
250, XA HKRAEER R, R EhE
AR K. EudelineS5 O K 4 W5 B A4 HE % 2
FI2EWEFEIN R, B i ) 7K IR BB N S A2 s P A {4
Hedle . AT, IR JE W20 ) 2 4 T AE
R KR T (dEREAE 14 °C), N TR B HEERE,
ZRNPFTHAR D SR LSRR 2 0 B
YR KB AT R BT, IR B X 2 52 8 B0 AL
R OMNG KB MR AR B A A B i
BAEE KR (1~22 °C) R B (28~32) , 3245 by
283:020~30 hA] K FH B HARGAK, 14 df5 & F 2IHE
ZBr B N ARG, 0 R A JE I 2 2
1E14°CF, W& DI18 dA ek B £MHEZ . Cameron
U A AR e LR S A IR R B, 32K
BU13 H % )5 i A HARGIAI, R4 L B 2IRIE
MR R AETER 65~125K . AT, 12HIBZ
&, KREGRTF Wi of Rl 2238 ARIE I, X
i 22 SRl REFIZKG S50 . R IRIEA . A
@ JE WLL I 2 B AR 53 A1 i X 3R 2 /K IR 728 46 1 H
H6.0~17.4 °C, JEJZ/KIRH NEEE, HEFFTET.2~
143°C, 2 HIR 7S], KIRF3 12~
14°C, ZENAHE, 4558 5CameronsPWF5E
S5 R —F AW IR A AR JE W LR 20k A
KM AR KM, BRE KR N14°C, H
TN AR JE 21 ) 2 40 7R A= K ) e 7K L A AT
H—2E 5

A B R FHBH 1 U 7K 0 B B SR A AR
FEON, T Cameronds B9 R FH i 51 DN 5 ik
FF I FH v 2 A 22 2 HEOMRN — ik 75 B B (DD T) 5
5 IR 90 % 24 (germinal vesicle breakdown)5E % 3%
K, XWATREE MG S IR LT NRKZ —,
ChenZ5:"WF 5T T 16 2 (Actinopyga echinites) P EE4
MLARSNE AR BOF M H R A B, KW
BRI ERE R RN R RRET EREZE, H
B 41 Jf 17 300 R B RS AT RE R A TR S 4 AR OE
HWEE

EGRIZ N TE W, YR E 5

MKBELARKE R EREENADEEIER. A/
B UE SRR BB R R, R E
M) 4 A DA R &0y 4 30 RS & 4 1 3 0, A0 2R %)
PR AK A G R B A A B SAT BRI R 58 4 A, |
e DL IE F 2 W B RO ARk . AWFSE R, A AE
JEW LTRSS AL B it AR —, B,
KR & B 58, SRR AT WL, Liu% "8t
FENH, 53 S HOR 4R K B TR B e K qE R 1T
VE R HI B AR JE W 36 o ASBIE5E v, in 1 4R e T2
271 2 AR G A7 2 (R K 3K $10920.7 pm s I 46 i
ARTEHT, HAR GRS R K W5 51125.0 pm,
R O 2% 8 9B B 915 355 BT U8 25 Jin R 4 e S 21
ZRIG Rk EIEBL, B SRR K RS B
REAR, A7 20558 AL 828 F BT R IR AWFSE
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Studies on embryonic and larval development of
red giant sea cucumber (Parastichopus californicus)

XIA Bin', REN Yichao'", WANG Yongxiang’, WANG Wenqi ',
GUO Enmian', YU Dan’
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Abstract: The red giant sea cucumber (Parastichopus californicus) is native to the west coast of North America,
and is under quota fishery in the United State of America and Canada. As a result of global over-fishing of sea
cucumbers and increasing market demand, it is in urgent need to develop artificial breeding of P. californicus to
promote the development of aquaculture. In order to develop artificial breeding of P. californicus, the embryonic
and larval development of P. californicus was observed and recorded in the present study, and the size variations
of fertilization eggs, embryos and larvae were measured under a microscope. The results showed that the gonad of
P. californicus could be ripened by artificial diets, and the spawning of brood stock could be induced by
desiccation method, in which the artificial fertilization rate exceeded 95%. The embryonic and larval development
of P. californicus can be divided into the following stages: fertilization egg, cleavage, blastula, rotary blastula,
gastrula, early auricularia, mid auricularia, late auricularia, doliolaria, pentactula, and juvenile. At the water
temperature of 14 °C, the salinity of 30 and pH of 8, the polar body occurred in 10 to 20 minutes after fertilization,
and the eggs started cleavage in 1 hour, and went into rotating blastula stage in 1 day, and went into gastrula in 2
days, and went into early auricularia in 4 days. It took a total of 15 days for fertilization eggs to develop into
doliolaria stage, and 18 days to develop into juvenile stage. The auricularia P. californicus reached a maximum
body length of 1125.0 um. This is the first study on embryonic and larval development of P. californicus, which

may provide scientific basis for the hatchery rearing, and artificial breeding of red giant sea cucumber.
Key words: Parastichopus californicus; embryo; larvae; development process; artificial breeding
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Plate | Embryonic development of P. californicus

1. fertilized egg; 2. egg membrane; 3. first polarbody; 4. second polarbody; 5. 2-cell stage; 6. 4-cell stage; 7. 8-cell stage; 8. 16-cell stage; 9. 32-cell stage;
10. 64-cell stage; 11. 128-cell stage; 12. 256-cell stage; 13. rotating blastula; 14. primary gastrula; 15. gastrula; 16. post-gastrula
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Plate II Larval development of P. californicus

1. early auricularia stage; 2. 4-day auricularia; 3. 5-day auricularia; 4. mid auricularia stage; 5. 10-day auricularia; 6. 11-day auricularia; 7. 12-day
auricularia; 8. 12-day auricularia profile; 9. late auricularia stage front; 10. early doliolaria stage; 11. 12-day doliolaria stage; 12. mid-doliolaria stage; 13.

16-day doliolaria; 14. pentactula stage; 15. 17-day pentactula; 16. early juvenile stage
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