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= % 20 & # (Cheilinus undulatus) & # F 3 4 vy ¥ el 2 X, AR A FrEmigE
WAFME. AHRNKLABELNEELTRBATENBARTTNE, LI RX 2N IEHE
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B EEREA,
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Tab.l Male and female, external physical characteristics, weight and quantity of C. undulatus in the test

P51 Sex S e Appearance characteristics #H 1 Weight(kg) #( Quantity(ind.)
B Female B, LA 5.0-15.0 11
I Male SO, U 15.0-35.0 5

pH {4 8.0-8.2. /K 25-31°C . &M 2.5-3.0m. #h
JE 28-32, FEATLARFHE Y RAKME, WK HIFihR®R
I E . WRMEEAA BBRAS | BEEE FIXT AR
KM 09:00 JF o Fem, FERE 2 h 800 13k, AR
HLURON AR 1k BRIk KR (UK
RS R 2R T iR oK gk JE M, SRR St
JEIERIEN], HEICA R AARRE IR, HEES H
10 H, Mg afaeibeie, ot frF 17
BHE, 5 A 21 HeEfmpr=o,

12 ¥B6EERZHEINNKE

AR R o N T EE R F ASRACHL =81, #F
LSRR IEIB IR T N, —H =80, S RIAH 200 H
LI T o
1.3 ZHEINBLSHBRAEABHNE

455 3 10 B A A 2 TR K Y 500 L R4k
WA, WKEREE 30, /KIR 27.7-29.0°C . BEMLEL
B2 K5 B, Nikon MODEL YS100 2% W iak s (it K
40 )M HAZ RS & FOIRDL . B ROWER 20 WL & IEH
FIIRIG , M S0%AI G & B B —mH, WA E N
WRRG % & 2z a o 3R I SR R IR G & & B B
FRAFE, JF 1 Nikon AHHL K BHH1 18
1.4 BIRMNERMEBRAEERENTERE

SRR T I AR 37 RS B O AR A R (/)
ZIFE R 0.01 mm), IGA T BBIRAHE . Wik E
RBURMH-C=I0E & B 2t B E] (h) <K (T,
15 ¥ FEMNEYFEERIEARN

SO I B A A A A K | B R K AR
2, FH 1000 ml BEAREL 20 BRI 0, WEEHIE T,
1.6 EiEahIE

52K U0 R e A7 ) m) R R B DLSF S £
HE 72 (xESD) 7R
2 R
21 BRoE&aEKIER. EEAXARZHENER

Zeat 30 d WsERALEE T, T A MEME AR Y IR

MKEH R, BiPHIZCRE R B kAT, sib s R
2014 4F 5 A 21 H 15:30 ARG, & RHEEAA
AWTIKIZ 7 o1 3 EMifn, HEREMAMAEERZ. It
J& , HMEPE S AR TF IR 38 38 o — SRR R B B
Wit (R ERRE KA 2), FRELiB 5 — Bt E )5, 16:40
XTI 2K, B ERRIZUEN 8 1-2 s J5 BhEAT M4

A B RS R 0 B 1 FORS 777t ZEK R, BERT
SLZIF 200 BB MFTH . PRIy 10 g &£ 47,
BEA R IR S M AR TE B, FREER ] 16:52, 90%[1)
YRTE WOV A, W 2 I B N IE 2 ARG B0 . & B8R
ZAGIN IR, R, TEBE W, F- 004 (635.6+
50.0) um. FHPIA F—RhEk, RS TR
g VR FOKE, (BRI E AR A (117.74£50.0) pm,

22 BEBRAR B

ZHREUNAEER R 30.0, R 27.7-29.0°CYEINAY
KRk, 15 h 30 min J5, JFUAA {7 iEfl b i,
ARG R BT SRR 424.7-444.7°C -h, P8R
R iG & B I L 2.

221 FEHEIL R BRI SZRE (&R 1 -1)52
K5 22 min, B S AR AR 0BR[] sh W A DI B TR 58
e, RIS R (AR T -2).

222 PEHE& ZAEG 32 min, FEATE 1 ROD
24, IR EE v g g A1 ) N g 24 0h 38 A5 Y PS4 2Kk
(KRR 1 -3); 2455 45 min—1 h 15 min, #4757 45 2-6
WAL T -4—EI R T -8), F— I Bk 23 24w
55— EL . MERENDH, 25 1h
40 min, ZrER/NMZ, I [R5 BRI,
o Z T (AR 1 -9). 32455 2 h 19 min, 3248k
AN | B R RO S ASREERI (B AR T -10),0
223 EIEHBR ZH5J5 3 h 5 min, 4PZERE /N,
20 L A PRASORANTE , FRF 22 0 4R A ) S R 2 R 2
FEONEE bR iER, R A IR (B T -11),
Bl 5 IR 2 0 M A BT o 28, 8 A )23 3R T A0 A i i 1)
£, AEHESE RS, IWEEE R, R,
it AR (ERR T -12),

224 Rz EmHE REKRZE, K240
WS T4, SZ2H5)5 5 h 15 min, FREANMEHERAE I 518
1/3 4b, IRFRFIRIE B, iRt R S R (R T -13)
I Ve kST, 2855 6 h 10 min, JRZ40/0F
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FONEE 2/3 B, MREB RN, AT, A
RKIE, KRG B 7R 2 B 4316 4R TE ) dp 22
MR T -14)0 7 h 5 min, BEE B IR JE AS W] 5T HERS
TALEREE 3/4, HEARMAIH, BOAt B a2
MrZb s, AU LT o S0 B0 5 we 78 (B T -15)0 B8
#| 8 h 10 min, FRZANMEILT FALEEAIIE, LR
—kE, WA, s a2 i
(B T -16). teBrBe, i T7EE I E 2 Bz
Mgy, BF AR AR E L5835, RIS
4 I B RN R 2 A A R R R - 2 B B, AR
HH LR IG & B R o

225 BEAAHK JRIA R B ZE 8 h 55 min i
ANRIEIE B (R T -17), FE IR SR B 1 %)
BEa, HIRA L, 52855 9 h 20 min, Ik
B BL 5 XA, AR Bl — A R g5, A T IR,

AHRBER , ARSIRIE WA A R IR S (LR T -19)
Bz K5 10 h 29 min #EARBZEW, fEMRERS, B
T W) R 25 T8 - 120 4 55 O B 3 43 FF (R 1 -20), 11 h
0 min, TEFLAR T BERIE A9 Sk, RISk 30 bt i B
8, BAT UL, SERs S SO SOH(E M T -21). SZH )R
11 h 23 min, WRURTFLRFRE0H G55 LA AE , DLTY
12 %), WRWERE, RIWLRZON A(ERR 1 -22), B
KB WPEAT, 12 h 35 min I, 7EG AT, UIEEE A AT
T, TE S R RO R GRS RO TR B3
(KRR T -23). ££ 13 h 6 min, PEACB(ER T -24),
R, $3hA71. K55 15 h 20 min, MRAGHY
B BRI Z042 5, AR A SRR S R, e oA
JEIA (IR T -25), 15h 30 min, WBSE4 I, B
i, SLERAEON B RA IS By, JMERAL T 00 B A

T, M AR AT (B R T -26),

PRI AT TR I (B T-18). K55 10h Omin #F 226 ##fF o) AP HAE N e B
*2 RYBERERATELTEQ27.7-29.0C)
Tab.2 Embryonic development schedule of C. undulatus (27.7-29.0°C)

Z A I s [ W Ji6 & F B KB R &1 R

Time after fertilization Embryonic development stage Developmental characteristics Plate
0 ZHEON Zygote BIEKIE, HYREA 1 A6k I-1
22 min & I 4% Blastoderm formation BN Y S A= BT ] S0 R TR BV 2 I-2
32 min 2 #i 1 2-cell JUR A H e e A 1) A 4 2 A A5 1) T A 240 I-3
45 min 4 2 fifd 4-cell R LR ZENIEE M T 10 L EATEE 2 A3 I-4
58 min 8 4 fifd 8-cell 5% 1 RS89 AT 7 10 758 3 kP 3 I-5
1 h 9 min 16 4l 16-cell G A AL, AL 16 AT/ N 40 I-6
1 h 15 min 32 2 32-cell ORI IR IO, B IR LT W PP I-7
1 h 28 min 64 2L 64-cell 240 e ) g R S, A R SR AR -8
1 h 40 min Z 413 Multi-cell MR/, T i i 1-9
2h 19 min FFMI Morula I 2 1) P 4 24 T BH S, e A (L SRR Bk I-10
3 h 5 min [ 4¢JE High blastaca JVR 2 55 DR () 4 LTS W O] UL, R ORI I-11
4h 8 min {KH#E R Low blastaea WERIR AR TR, A MO, #INEHE T1-12
5h 15 min J5 %R Early archenteron JRERTAM T EINHE, BREHAE, KAHH 1-13
6 h 10 min J5 % H ] Mid archenteron RJZgkee N 2/3, E AR, HIMmERAY 1-14
7 h 5 min JE 7 A3 Late archenteron W2 T EINHE 3/4, EBMRER, MR mme 1-15
8 h 10 min M2 R Neurula stage BRI, 2RI 8K I-16
8 h 55 min IRELH B Primary eye appeared  WRMSKFRWIMI, 3L 1 X2 A B %R I-17
9 h 20 min WL B Myomere appeared FERRPR R B 5 XA, TR B I-18
10 h 0 min AR % A Optic vesicle stage TEARZE 5 J7 k1 XT3 [-19
10 h 29 min FEZF ] Tail bud stage WA EEFZ WS s, R I-20
11 h 0 min FERH B Eye crystal appeared TEAAR T H IR R 0 s, RSk A oK I-21
11 h 23 min WLPAZZ N #H Muscular contraction WG TF LA R ILGLES MWL AW, WLAT 12 X I-22
12 h 35 min S E S BR A Heart appeared B RA, WM —E R rgniE, Rk I-23
13 h 6 min LBk Heartbeat stage OIEREWR, MR I-24
15 h 20 min 4] Hatching period SLARFN AR R, IR A T B0 B BT I-25
15 h 30 min W9 4T 1 Newly-hatched larvae R R, R, KR I-26
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Embryonic development and newly-hatched larvae of C. undulatus (x40)

L S2RGBR; 2. MRBERERS; 3.2 2000 4. 4 200309 5. 8 4HMIINT; 6. 16 ZMAIN; 7.32 4HMui]; 8. 64 A
9. ZAMEI; 100 REW 11 FBAR, 12, MRMEAR; 13, AR, 140 B, 150 BRI 16 MR
17. HREE B 18 WUAT BRI 19, WRAEH]; 20, R2FM; 21 @ik B ; 220 WLAZONIN; 23, (O EIE il ;
24. LB 25 BHLHL; 26, WU
1. Zygote; 2. Protuberant blastoderm; 3. 2-cell stage; 4. 4-cell stage; 5. 8-cell stage; 6. 16-cell stage; 7. 32-cell stage;
8. 64-cell stage; 9. Multi-cell stage; 10. Morula stage; 11. High blastula; 12. Low blastula; 13. Early gastrula stage;
14. Middle gastrula stage; 15. Late gastrula stage; 16. Neural embryo stage; 17. Appearance of primary eye;

18. Myomere appeared; 19. Optic stage; 20. Tail-bud stage; 21. Crystal stage; 22. Muscular contraction;
23. Formation of heart; 24. Heart pulsation stage; 25. Hatching stage; 26. Newly-hatched larvae

BET SR, WA R B, BHRIET N A —A
KM R 375 B B0 v 20, i 3sK 57 T B9 0 40 174 e T i
(FRR T -26). AFRIIEAT-F 7 424K A (1305.5450.0) pum,
PR KAR M (1108.7450.0) um . %842 4(370.4+£50.0) um,
TER EA2 M (109.5£50.0) um. FH 1000 ml fBEARER
20 NI R IR LGS, WIREAF SR b,
TR, /R ESINF Yigdh, R
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B (RS, 2005), HEWIGAE B HhE
AP PR I T BG - J rh 3 B 2 Y A
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B, B A L IRES A C 2RV . W i
YR B e T H R AR B AT T, L Bk AL T B A A i
Ui, X5 (R D REEAT A B 1 B £ AN R (LR T -26)

32 MRRABHIEE

N KN Rk RN, BRAFR(1991)
N AE S AR TR s, DR KN HAME R E
BAEBE XL AR/ H A E A Y 8
M, BRARARK, R H R — Mg . Rk KAL)
5O ERER N D=0.101140.67, Hi4Z
WS LA, ISUS MR IRAR/N, HRIG & B
Bk, HTH MBUR N 424.7-444.7°C-h, TiTEATL 4%
T, X 7 Fha AR pfh, ALEE 5 SRS
(Plectropomus leopardus)(E KI5, 2009), =&A
PE 4 (Epinephelus moara)(R IR 255, 2012) ., S A 5

R3 STMHBMEXRIHINMNER.

i (Epinephelus malabaricus)(4Fic 2445, 2003). #3i
1 Bt (Epinephelus fuscoguttatus)(Bi#2 45, 2010), i
5 fifi(Cromileptes altivelis)(IX &, 2006). #Fiif1 5t
1 (Epinephelus coioides)(J& St 5, 2006) K i £1 B
fi(Epinephelus lanceolatus)(J81 ¥4, 2010)1 42 .
REMEE . WG & E P i o) B SRR (R 3).
WU 0 5 Z A0 (S AH Lo, Lo iR
DL s i v B e B R . T S T iR
2B B, BUR Mk HFEY W m, RITEE
Wb s e 2R © 28 (B T -15), T H Al AR Y
P ZAIGTENCJE T AL RS B BT iE A28 RS0 A Y M
AL, SRR, RN | IR
JE R 30 A R 2 e 0 A5 T 9 4 7 R Tl AR 4, AT
BASNG & B R AR IR 75K B RS AHIE Y
LT, PREMRTEMIG & & At b R I E] W3R 4.
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Tab.3 Fertilized egg diameter, temperature and time needed of embryonic development in 8 fish species

ok ZHEIN AR KB E W JiG & B it st [ ﬁ OB
Species Piameter of Developmetolt Time for embryonic Effective accurflulated
fertilized egg (mm) temperature(‘C) development temperature(‘C -h)
P Lo C. undulatus 0.63+0.05 27.5-29.0 15 h 30 min 424.7-444.7
SIECEE S P, leopardus 0.82+0.02 30.0-30.1 16 h 32 min 510.0-511.7
=OUA B E. moara 0.91+0.02 21.8-22.2 40 h 37 min 882.9-899.1
S AR E. malabaricus 0.76 25.0-27.6 21 h 0 min 525.0-579.6
ki A BEfa E. fuscoguttatus 0.82+0.02 27.0-28.0 21 h 16 min 594.0-616.0
&S C. altivelis 0.81 25.0-27.0 24 h 10 min 600.0—648.0
FlAfi 41 BEAA E. coioides 0.78+0.16 25.0-28.0 25 h 40 min 625.0-700.0
#2717 41 B4 E. lanceolatus 0.85 27.0-28.0 25 h 40 min 702.0-728.0
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Tab.4 Epoch of neural plate in 8 coral reef fish species

S [ ESY N

Species Epoch of neural plate(h)
W erjgfa C. undulatus 7
1L A5 P. leopardus 9
ZE A B E. moara 18
LA B4 E. malabaricus 10
5 4 BT A4 E. fuscoguttatus 8
AP A1 BEAE E. coioides 10

Ipg s C. altivelis
s A B 44 E. lanceolatus
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KRB, EohEkEhe ) FEbEEECE RT3, M
BRI 0 o U SUR AT i 4214 R (1.3240.05) mm,
INFRb A BT 1) 4 14.(1.78+0.07) mm, L7
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Embryonic Development and Morphologic
Observations of Newly-Hatched Cheilinus undulatus Larvae

CHEN Mengmeng, LUO Jian, CHEN Guohua@, WEN Xin, WU Guangcan,

LI Wenshen, HAN Yulong
(Key Laboratory of Tropic Biological Resources of Ministry of Education, Ocean College, Hainan University, Haikou 570228)

Abstract The humphead wrasse, Cheilinus undulatus, is one of the most famous endangered reef fish
in the world. As a social hermaphroditic fish, it has special biological characteristics and high economic
value. In this study, we observed the embryonic development of C. undulatus and analyzed its features
under a microscopy. Six periods, including zygote, cleavage, blastula, gastrula-neural, organogenesis, and
hatching, were divided during the embryonic development of C. undulatus. These 6 periods include 26
stages, including zygote, blastoderm formation, multi-cell, morula, and tail bud stage etc. The results
showed that C. undulatus had a float, transparent, spherical egg with a big oil globule. The diameter
(635.6+50.0) um of the egg was obviously shorter than eggs of many marine fishes. The neural plate
appeared in the mid to late gastrula stage, and the embryonic development of C. undulatus was
remarkably quicker than other fishes under the same condition. The fertilized eggs were hatched after
15.5 h at water temperature of 27.7-29.0°C and salinity of 30. The total length of newly-hatched larvae
were (1305.5+50.0) pm with an elliptic large yolk sac over the head and a shining oil globule in the front
of it. These results suggest that the embryo development of C. undulatus was faster than many other fishes
due to smaller egg. The special embryonic development features of the humphead wrasse may cause high
mortality in the post embryonic stage.

Key words Cheilinus undulatus; Embryonic development; Fertilized egg diameter; Neural plate;
Newly-hatched larvae
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