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Studies on the Artificial Propagation for
Broodstock Establishment of Groupers —
The Embryonic Development of Blue-
spotted Grouper (£ 7ar/o) and Comparing
with Hybrid (£, fario X E. malabaricus)

Shinn-Lih Yeh, Yeong-Torng Chu and Yun-Yuan Ting

This paper shows the results of preliminary trials of artificial propagation
obtained from female (E. fario) and sex reversal treated males (E. malabaricus,
E. fario), and comparsion with embryonic development between blue-spotted
grouper (E. fario) and hybrid (E. fario X E. malabaricus). The results are sum-
marized as follows:

1. Spawners (E. fario) were induce to mature and ovulate, and number of eggs
obtained range from 422,000 to 3,450,000, which were stripped for artificial
reproduction. According to the efficacy of hormonal injection, the female
body weights rapidly increased. Gonadosomatic index (GSI) of the sex
reversal males whereas, are 0.0557 = 0.0302% on E. fario and 0.0238 =
0.0046% on E. malabaricus.

2. Hybrid’s fertilization rate and hatching rate were more than blue-spotted
grouper, which both eggs were come from same female. In different female
spawner’s reproduction, hybrid grouper had the highest fertilization rate
reached 73.59% and the lowest was blue-spotted grouper only 4.03%. The
hatching rate ranged from 0% to 69.0% belong to blue-spotted grouper.

3. Blue-spotted grouper need the time of hatching were 20.17 hours at 27.8°C
water temperature, and hybrid need only 19.22 hours. Especially, those
eggs were from same female grouper. The developing speed was blue-spotted
fast than hybrid before gastrula stage of embryonic developing, and become
slow of blue-spotted grouper than hybrid after gastrula stage to hatching.

4, In different parental propagation, the time of hatching of blue-spotted
grouper were 19.8 hours at 28.1°C water temperature, and 20.25 hours at
27.9°C. Hybrid grouper need the hatching times were 22.5 hours at 27.0°C
water temperature, and only 19.48 hours at 27.5°C. :
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5. The hatching rate of salinity on the embryo developing of same fémale
parental propagation were hybrid grouper better than blue-spotted grouper,
and on the developing stage were 9 somites stage better than gastrula stage.
The values of the best hatching rate were 54.0% in 15 ppt salinity on the
gastrula stage, and 78.0% on the 9 somites. While salinity below 25 ppt
groupers need much times to hatch, and have a good hatching rate.

6. The hatching rate of salinity on the embryo developing of different parental
propagation were hybrid grouper more larvae hatched in same time on the 4
somites stage. Those embryo of salinity above 25 ppt had hatched speed
fast and survival times short than salinity below 25 ppt. The hatching rate
of hybrid grouper were 19 somites stage better than 4 somites stage on the
embryo developing.
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F1 1990 FHELHMBERERREIRER
Table 1 Summary of hormonal treatments for induced ovulation trials on Epinephelus
Sario in 1990.
Trial Date Body 10D Specific No. of eggs
o. Weight (mm) dose spawned Remarks
(Ke) (1U/Keg BW) (X 10*)
1 05/30 7.40 .50~.60 946PU
05/31 7.50 .80-.66 933PU
06/01 8.30 .80-.85 482PY
06/02 3,450 Stripped,0D:0.90
2 06/05 4.20 .50-.52 952PU
06/06 4.25 .50-.60 941PU
06/07 4.65 .80~.85 430PU
06/08 N 783 Stripped,0D:0.90
08/01 4.48 .40-.50 1116PU .
08/02 4.46 .46-.50 1009PU
08/03 4.48 .50-.52 1009PU
08/04 4.40 .50~-.56
08/05 4.38 .41-.50
08/06 4.38 .40~-.50 913PU+457PE
08/0 .45-.5 Egegs degenerated
3 06/21 10.00 .40-.50 1000PYU
08/2 9.80 .40-.50 1020PU
06/23 9.90 .80-.85 1010PU
06/24 422 Stripped,0D:0.80
4 07/03 7.50 .42-.47 1067PU
Q7/04 7.50 .48-.50 1067PU
07/05 7.80 .80~-.85 1026PU
Q7/08 531 Stripped,0D:0.80
08708 7.90 .45~.49 1013PU
08/09 7.80 .45-.5 1026PU
08/10 7.80 .70-.80 513PU
08/11 715 Stripped,0D:0.90
5 07/03 5.90 .42-.52 1017PU
07/04 6.00 .52-.55 1000PU
07/05 6.30 .80-.85 476PU
07/06 1,313 Naturally spawned
657 Stripped,0D:0.90
6 07709 4.20 .49-~.50 952PU
07/10 4.25 .40-.50 841PU
07/11 4. .80-.65 35P
07/12 4.32 .80-.90 926PU GVBD
07/13 4.30 .80-.9 930PU
07/14 4.3 .80-.90
07/15 4.30 .82-.80 930PU
07/16 4.28 .80-.90 Over—-ripe
7 08/01 7.80 .45-.5 1013PU
08/02 7.90 .49-.62 1013PU
08/03 7.90 .82~.83 357 gstsraély spawned
08/04 800 Naturally spawned
0D:0.90
08/04 98 Stripped 0D:0.90
8 03/08 10.80 .31-.55 459PU+184PE
c8/09 10.70 .40-.50 935PU
08/10 10.90 .85-.90 Didnot spawn
9 08/28 5.90 .40-.50 1017PU
08/29 5.90 .48-.55 1017PU
08/30 8.30 .85~.90 476PU 683 Naturally spawned
08/31 365 Stripped 0D:0.90
10 09/18 6.90 .10-.40 1015PU
03/19 6.85 .45~ .50 584PU
08/20 6.70 .50-.65 Eges degesnerated

I0D : Initial oocyte diameter
oD :
PU :
PE :

Oocyte diameter in mm
Puberogen ( trade name )
Peamex ( trade name )

GVBD : Germinal vesicle breakdown
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2 1990 FRELEOHATRFMEARAR
Table 2 Summary of hormonal treatments for induced maturation on male groupers in 1990,

Trial ~ Body Injection Sperm  GSI = Implantation Androgen
Species Weight Age  Date Dose +-) % Date Dose
No. (kg) IU/kg BW mg/kg BW
1 E,m, 1.70 2+ 05/31 1176 PU 0111 25.1
1.70 06/01 + 0.029 :
2 E.m., 2.45 2+ 06718 816 PU 01,17 . 19.4
06,21 816 PU
2.50 06/23 800 PU -
06724 + 0.032 A
3 E.m, 3.20 24+ 07/04 938 PU ' " 01709 10.6
3.15 07705 952 PU ‘
3.10 07/06 — 0.016 ‘ - o
4 E.m. 2.60 2+ 07/04 1154PU , 01/11 20.0
2.60 07/05 1154 PU i
07/06 + 0.017 , o
5 E.m. 2.25 24+ 07/10 889 PU 01/17 9.1
2.20 07/11 909 PU
2.20 07/12 909 PU
07713 - 0.039
6 E.m. 2.00 2+ 08/02 1000PU 01/11 20.0
1.95 08703 1026 PU
2.00 08705 1000 PU
7 E.m, 1.80 2+ 0802 1111PU 01/11 21.1
1.80 08703 1111 PU
1.95 08730 1026 PU
8 E.m. 2.15 24+ 08729 930 PU 01717 10.1
2.15 08730 930 PU
08/30 - 0.010
9 E.f. 1.35 2+ 05731 1111 PU 01/15 20.7
06/01 + 0.039
10 E. f. 1.90 2+ 06/01 - 0.022 01709 20.0
11 E. f. 1.20 2+ 06706 833 PU 01717 20.0
06/07 833 PU
12 E. f. 1.80 24+ 06706 1111PU 01/17 19.5
06-07 1111 PU
06/08 + 0.028
13 E,.f. 2,00 2+ 07704 1000PU 01/17 20.0
1.95 07,05 1026 PU
07/06 + 0.206
14 E.f. 1.80 2+ 07704 1111PU 01/11 22.0
1.70 07,05 1176 PU
‘ 07/06 — 0.019
15 E. f. 1.10 24+ 07710 1818PU 01715 20.0
1-10 07711 1818 PU
1.10 07712 1818 PU
16 E. f. 1.54 24 08/02 947 PU 01/11 20.0
1.60 08703 938 PU
1.56 08/05 1282 PU .
17 E. f. 1.90 2+ 08/02 1053PU 01/11 10.0
1.88 08/03 1064 PU
1.95 08703 1026 PU
18  E.f. 235 24+ 0809 851 PU 01/11 20.5
2.30 08/10 870 PU
08/11 + 0.020

PU : Puberogen ( trade name )
E.m,: Epinephelus malabaricus ; E.f.: Epinephelus fario
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Table 3 The artificial propagation of groupers test in 1990.

Trial Female Male Egg of Pelagic egg Hatching

No Date ~ Species BW Species BW  Stripped rate rate

(kg) - (kg) (X10°) (%) (%)

1 06/02 . E_f, 8.3 E. f. 1.35 2,200 30.00 28.00

E.m. 1.70 1,245 39.20 64.00

2 06/08 E.f. 4.65 E,f. 1.80 783 50.75 69.00

3 06/24 E.f. 9.90 E.m. 2.50 422 73.59 13.04

4 07,06 E.f. 7.80 E.f. 1.95 531 4.03 0.00

5 07/06 E.f. 6.30 E.m., 2.60 657 70.44 63.30

6 08/11 E.f, 7.8 E.f. 2.30 715 24.56 19.64
BW : Body weight ‘

E. : Epinephelus malabaricus

E,

%4

. Epinephelus fario

R REz TS AN AT EAR TR ET

Table 4 Cleavage and embryonic development of blue-spotted grouper ( Epinephelus fario)

and hybrid ( E. fario X E. malabaricus ), which were from same female parent (
E. fario ) in June-(2, 1990.

Svecies (Male) E. f. () E. m. (s)
Air temperature 30.4°C 30.4°C
Vater temperature 27.8°C 27.:°C
Appearance characteristics
Development Time after Time after
stages fertilization fertilization
(minutes) (minutes)
Fertilized eggs The esgs absorbs water and
expands, transparent,.pelagic
2 - cell 42 47 First cleavage
4 - cell 47 55 Second cleavasge
8 - cell 52 80 Third cleavage
16- cell 60 30 4th cleavage
32- cell 72 97 5th cleavasge
84- cell 87 107 B6th cleavasge
128--cell 110 143 Cells getting small
Morula 140~175 160~175 Cells small.numerous
Blastula 220 220270 Blastodisc formation,
270~285 285~315 Blastodisc expands,about 1/3
Gastrula 325 370 Blastodisc expands,about 2/3
360~452 452 Blastodisc expands.about 3/4
periblast is being established
Embryonic formation 495 495 Germ ring,embryonic shield
formed and blastopore Jjust
opening
535 535 Embryo formed
590 Embryonic length extended 3/4
590 Embryo extended whole
Organogenesis 625 625 Eve amnd Kupffer's vesicle
formed,somites formating
672~715 870 4~9 somites
745 715 9 somites
775~790 745~765 Over 9 somites
820 790 Neural reel visible
885 820 Tail free from yolk sac
800 880 19 somites.,optical lens distinct
985 890 Auditory vesicle formation
Embryonic movement 1045~1135 915~1135 Motility,muscular contraction
Hatching 1210 1153 Embryonic movements increasing.
: larvae emerges,heart beating
85~90/min.

E. f. © Epinephelus fario

E. m. : Epinephelus malabaricus
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R 87 SEaFF (MM 1-6 ) - BREEREMR 107 5805 - 128 Nz S8 WRAHERER 110
SE (EK1-7) - BREBHEES/ > BEBLHRR 143 57 @8 T 5 FROHER 140 ~ 175 5§
EARKHN (morule ) (KR 1-8,9 ) » AR AM 160~ 175 58 - MIREE B8/ » 75t
PSR RES o RERR AT EAY - 220 @5 %5 N EHBNE ( blastula ) » iER
£ ( blastoderm ) B (A 1-10 ) ERHBEENEEEE 52— (BHR1-11,12 D) B2 » &t
TR MRS ARERABERFTEAN - AREVSAEEAFRBH (gastrula ) + RIFHY
ENENR=52 (8K 1-13 ) EBS 2= (HA 1-14 )R> FRAOEMERFME 325 ~ 4525
&> ETEOMAFE 0~ 452 78 - HISMES R HBL B RS ( periblast ) FHRMAT - f* 495
FEEFHAHRETELRERRES A EREBH I ( embryonic formation) » ¥ R4 B (
germ ring ) FUBMMEBIR A - BEFL ( blastopore ) IRHHB RRE RN (R 1-15) - A BB #£536
SR (MR 1-16 ) » M 590 S & MBERENENS 2= (HF 1-17 ) » FXBL
HMEREIE - B2 BEHEM ( organogenesis ) 7 625 5 @FFBaeA - W AR R BEK K (eye and
kupffer’s vesicle ) JBEL ( #HH 1-18 ) » §E#& ( somite )IREKEIBIHE » WRGHR 672 ~ 715 58
R4~ BEl BETRAHMR T 7 ERBERS Y WHXERKR s REBESFLHREREY
RHREER M7 58NFEAHBIBH (HR1-19) » EXERERE 715548 775 ~79%
SR FRAHSHBREB Y (B 1-20 ) » LETEREWIET 30 5& » K@ ( ne-
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sicle )}Bﬁiﬂ# (MR 1-24 ) RBEXMRUZRE  FREET IS 768 HTHOHERTHS »
R 890 7 @e 2N 1045 ~ 1135 S ERFRAEHIBEE N ( embryonic movement ) (#H 1-
25,26 )  HXHAM M EEEMAHIZER 915 ~ 1135 5 &k - RER 1135 P RETELHEAY
AR FRAHNEE 1210 7ERE—BRET ML (M 1-27~30) - TREBERKRES
BEY ETELAEAREPNTEHNE TR ERS > MRER Y SESR - U FEl
B~ BERKY - FBEEHRERLHAEHMRETA -
(Y NG oYY

ARREHR 2 RRBFEMES AR B—REEARKE - BARCHERMNAR » AEREBN
HREEAARR o EMBES RPZFBUESEAE (40 ~42 5 ) EXELRE (50~5845 ) BHE
B W EREEES 10 ~20 56 - FFH (morula ) BIHB KIBESFE REMR  LAFY
AHBBEERFZRM ( post morula ) FIRT 100 548 » BETHE A HEZEARK » JFEH ( blastula )
HTRAMAIEBAEKEBEER  KBEENR20~6050E s MEBAHNERHREIRESTELOH
R LHKEBESHARFE 293~ 408 58 - E5HUEFE L ( gastrula YBE » EXABRZETELRT
FREEE iR ( 510 ~560 7 ) » BAKISZALIAR T B ( 448 ~ 480 5 ) » ISR HFRAH
ZEHAHRRRE ( 420 ~465 5 ) - HEATNS5E - BT EAH S KBHZ B RFEmEE
embryonic formation ) B3GR FBR ( 490 ~ 495 5 ) - Wﬁﬁﬁﬁz%ﬁé@p&%ﬁﬁﬁ@( 572
~§30 5 ) s WHMATHEKEZIERE ( 509 ~553 4 ) HEKBERHE 10 58 - B8Rl (
organogenesis ) I H MM MR KB Z ZRGHE - BELXELABE 2R EKELEAXRBRTH
235 568+ FESAMM A 100 588 o BRI Z RS EE 8} ( embryonic movement ) » FAKIEZ
FROEBTRERGT 962 ~ 1085 4 8 » ML HABIIAS 976 ~ 1115 5548 5 KRG Z R H BER BN
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Tsble 5 Comparing the time of emwbryonic development between blue-spotied grouper (
Epinephelus fario ) snd hybrid ( E. fario X E. malabaricus ), which were from
different pareats in 1990.
Date 06/08 06/24 07706 08711
Species ( Female ) E, f, E. f. E. f. E. f. Remarks
(Male) E.f, E. m, E. m. E, f.
Water temperature  27.9°C 27.0°C 27.5°C 28.0°C
Development Time after Timé after Time after Time after
stages of fertilized fertilized fertilized fertilized
embryo (minutes ) (minutes)  (minutes) (minutes)
Cell cleavage 40 ~ 140 58 ~ 155 50 ~ 153 42~ 130 2-cell~128-cell
Morula 165 ~ 345 180 ~ 310 160 ~317 140 ~ 242 Multi-cell ~post
morula
Blastula 3P5~435 390 ~3502 371 ~435 203~ 408 Blastodisc expands,
‘ about 1/3~.4 yok
Gastrula 440 ~ 465 510 ~560 448 ~ 480 420 ~ 458 Blastodisc expands,
~ about 24~3; yolk
Embryonic 480 ~ 563 572~ 630 490 ~ 495 509 ~ 553 Embryonic shield vi-
formakion | sible~embryo formed
Organogonesis 572 ~ 1085 646 ~ 1160 517 ~925 583 ~ 950 Eye and Kupffer’s
’ vesicle formed ~
auditory vesicle
. formation
Embryonic . 1098 ~ 1156 1170 ~1245 976 ~ 1115 962~ 1085 Motility, musecular
movemeAnt constraction
Hatohing 1210 1335 1168 1139 Hatehing begin
1315 1380 1169 ~ 1181 1188 ~ 1220 Larvae emerges
E. t, I Epinephelus fario .
E.m, : Eptusphelus malabaricus

1098 ~ 1155 548 - AR 1170 ~ 1245 56 - R¥E B LA KA > 7850 B IR RG 56 8 7 (B B
T RZEEARZETERERR BXBEAB> FWOHRER  REREXBHEXELH 2 LK
CEETFRRABRBAEATHESE KBz BTEANMKF1169 58 ( 19.48/F ) » BERE&EK
BWR AR 1188 76 ( 19.8 /M) - EKIEHE AR~ 1215 56 ( 20.25/¥F ) » RERE
KBz BT EOHMRIO® 1360 56 ( 22.5/MF ) - &E%ﬂu&%*ﬁz%&ﬁﬁm%%ﬁﬁ&
REFWBEAR BREHB R CBRHRAH -
- EENELR S

PRI B E T AR BEE RN Z MR NE 6 Fix - FA—RE2HBAM RSO HERZ B
REAFBERRAFMEET » SUHETHELHRE o REBT ( gastrula ) Bz BRI REA
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Table § Comparing the hatching rate between blue-spotted grouper ( Epinephelus fario )
and hybrid ( £, fari'o X E. malabaricus ), which were treated with salinity on the
developing of embryo in 1990.

Trial Species  Development Number Times Hatching rate (%)
stage of after
No Female Male eggs ffarti- Salinity
lized
(2) &) (hours) 10 % 15% 20 % 25 %o 30 %o 35 %o 40 %o 45 %
Gastrula 50 21.50 2.0
32.77 2.0
Bl Somites 50 20.83 8.0 2.0 4.0 4.0 4.0
32.77 20.0 46.0 14.0 16.0 40.0 20.0 36.0
1 E.f. Gastrula 50 21.17 2.0 2.0 6.0 6.0 4.0
32.77 54.0 34.0 24.0 32.0 22.0 8.0
E.m, 9 Somites 50 19.97 10.0 2.0 2.0 2.0
20.97 2.0 4.0 8.0 6.0
32.77 78.0 46.0 58.0 74.0 54.0 40.0 50.0
4 Somites 50  23.58 32.0 30.0 18.0 24.0
25.57 20.0° 18.0°80.0"
2 Ef., Ef 20.0¢
55.58 80.0 96.0 32.0 70.0 66.0 72.0 66.0
_ 64.0¢ 2.0° 68.0942.0952.0°60.0"
4 Somites 15  29.70 53.3 66.7 80.0 80.0 73.3 46.7 53.3
20.0°
49.20 53.3 66.7 80.0
20.0¢ 13.3¢
59.45 26.7 53.3°80.0°
13.3¢
3 E.f. E.m, 78.45 13.3°46.7°

19 Somites 15 30.67 66.7 80.0 40.0 80.0 73.3 53.3 33.3
50.17 66.7 73.3 73.3 80.0 73.3
13.3¢ 13.3* 6.7¢
60.10 53.3 73.3 66.7 66.7 60.0
6.7 6.7* 6.7°
79.05 46.7 40.0 33.3 13.3

b - Sink in bottom
4.7 Dead after hatched
E.f. : Epinephelus fario

E.m. : Epinephelus malabaricus



207

mEBE 15 ppt 2 54.0 & - BEEEMR 30 ppt HE R 7 LR o HIE9 RETHI (9 so-
ites ) 2 4 BN WL R B B b SIS A 0 LB 2 (R F BB B BT 20 ppt 2 46.0 BB
, B 30 ppt 2 16.0 %BAE 5 M A AILAHE 15 ppt Z 78.0 & » BN 40 ppt Z 40.0 &%
Eo NHEEHRLSHAERE  EESEAETHZ 9 ek BB 7E 25 ppt LA R 19.97/DEEE
LI - MEBE 25 ppt LUT IR R 4L

AENEE (B-RESK ) RBT  S-ABHRAEZEM - RERR 1 2604 - LEER
& ( 25 ppb LAk ) S IBL > 2855 25.58 ANRF BB 25 ppt DA T th RIELL - EFEHAEERIE
18 [ R 7 B A K R B K TR /R » 7E 55.58 /MG Z (LR BB REIEE 15 ppt Z 96 %+ BRERBEE
20 ppt Z 32 % » BEETE 25 %ok L2 BALREH 60 ZLLL - ERLERTRORE  HERE2
9 ; MG BB 7 25 ppt LUF » ECRAIRAEHEE 15 ppt Z 2 %ME - HRERE MK (F=
WERER D) - M 4 EEEERE 29.7 /NRE 2 L SR LUBIEE 20 ppt K 25 ppt BEE80%; REBHES
ppt 7 46.7 % » BHHE 20 BN BETET - HFERFEE M - BEEX. ppt UTFMABEHFRS M
78.45 /NEF HE BRI 20 ppt ZIEHFRMEF 46.7% ° HTEOREBRBT RS2 FRARR0.67
NS T ES BT 15 ppt B 25 ppt 2 80 % 5 RAERHE 40 ppt 2 33.3% > M4E 50-17 NN EZ B
R 20 ppt Z WL 40 %@NE 73.3 % » BELERK - EBERI0.ppt X 25 ppt o
FET-RANR I - F 79.05 /NE REBIE7E 20 ppt AT IEFRE ©

& ERANERKBZBLR - BXEAHENTFROE DEGREYz MR ILE G R
E LR  BEREE (25 ppthl £ ) FrEMARRE - FARAUEE 15 ~ 35 ppt B - &R
FSRE 2 FERG - HEZ 4 EEURETEREE TR AR MR ETEREEREREAR LIRS
s REIE 25 ppt Ll b2 AT EEE RN - (B RIAME 25 ppt DTREBMEFRER - A%
SEEE 19 BH 5 B ER 4 S50 - RRRLEBE 30 ppt LT RE - A FEE R e I
BREZFETIREM -

NEzBLERERLSZAK - BE ~ AHRETHHEXNEN - ROVSBBMAEREE
AESERBI MR L 5 38 (1990 ) O BHARARMEBMLEER - EATRBZT
e ) A S EVAE [ AREE M SRRS  SRE B Ak - R RAK A BEERRIBEBRIMPBAREREL
BE{rR *°> > Stevens ( 1966 ) 7E bass ( Morone saxatilis ) *'2 E Claris macrocephalus (Moll-
ah and Tan, 1983 ) O RBIFEM 2 BE - ARBOILRIH AR - LRERIBEET
H eRSRRRELRAEES  CATERRBz ENERSERARE - BEEARARELRE
BLRE » SERRELRERS ; ENKUREHRAENREERMERZIRRAFL03% " BX
AR - HNERERTERAREN  BERTEHE  KERENTE  LRARTAER
T ERBE R — - KRR IBIEE 0.206 % » FILRRBT M@ - BnTHE=
W SR Bk AR E VAR EA TR - MASIRBTRRH - BILRIIREE 73.59 % - AR
R ( GSIE=0.032 % ) RIELRARA 13.04 BHHE -

TEREELEEERSHABLEE  BTF2HE  BENRABERERAMG  #HRRERD
IR SRR IR G R B AR RIS T E NS A EZHERREARERLR
ERERS » mE—k SHERE - BREAE L EMBRBISRER 0.029 % > FEARR 0.039
%+ B REER RS EAES - RRLBK $EAROZEROUMREERS - B
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ML - BARREZMEE » S ( 1990 ) 7 1989 FRI UMM ETELHSE 4 % » 7
ABNEAN 2B FENRERPENEAREMBRRAEERERLFRORE  TRHAER
BTRERPUEHTEE—F K -

FRZEFREBREZAESELZECY » RABERAAMR C® » XBXRTAR—-ERaREZH
THERBNZERBETERTORKREOSHUMFNE  FROERETELE S AR » EYUF
MORZMKRBREREE  ERBEHUETECETRS AR ELFREY » TRAMFIENER
m4 » FEIEA—-BHRZPRBEHREREE - BH KR > TEFHRAMOECRE » BHEREE >
HHERFRRRE  DRERBNEETEAE 2 BHEE mEMERLEFERMY » RENKES
R RERL - KRARESEBFHBAAHEL ( E. amblycephalus X E. akaara ) %44 REE L
c ENMFHEERIBAE R C°0 BOET 272/ (HS, 1987 ) @ » A EEAEA~N,
ANEF - (B R R 20 NS AT LD e MR AR B P H AT EA R 2 BN ENFTELY
RARRTERBRRENARBEETHHBE 2 RZEFER Y » GEERNER TRLFTER
BRIk - BRERKERERF27C MEABEESR .

ARANR BT S ERERE - TLAEEESE 11 ~ 41 ppt ZEA - B % (1986 ) BRIEEH
A (ENERY ) 2 ZREIEHE 14 ~ 36 ppt &8 24.25 /N » BEILRZE 14 ~ 76 % » XU
B30 ppt 276 B RE - BEERLUT » REAHAZZHNYBAERERAR Y - AP EE—%
DARRZEE Rz ZREIER 10 ~ 45 ppt MEFRRENEZ FEN ( gastrule ) » 4 EATHI ( 4
somites ) » 9 EEAHM ( 9 somites ) & 19 fBETSA ( 19 somites ) $ZMEMA - L 19 BE RS2
MEDEZBLREE - MUFRRURE  EREAESHERS > BRETEFET LS REZLN
HESZBARZ REHERK C° » IRTERNRRFAEKZREA ( stress ) REBE -

FEAGEBRTZRRBEERRMA  BEREAPEDNER 2 BLRNES  EREFPRETS
USRI ERE - £X8 (K%, 1989 ) RKIE 21 °'C » M 30 ppt H; 35 ppt = BILESRIRE
65 34 0 » RRERAULIME 30 ppt LT HRUEAR - AENE MEHEY TALEREELE -
FHOHRETEORE A AKEY > AT - RSO SEmon - Ba8Es ppt BB X
5 TUL > BEEME0.ppt LI EEHRHINT % - BRI Z W XS BRI » T RRREH
RO BBRAMENMGRETREE S - BRGPELBLTERY . RETREEREFAYE
REANRFAHERD OV > MEE SHHEFEARZ MR LSRR - BERESTERML
o

MR EMAER KABR O AR S - RSB E SRR TR B - B R E
E-BEZEENHE  BR THEXEAN BB MEARAFRAN s —REH » YRS RRI RS
*EAREZ BERBAREEBRBRZER » SENRBEZ BRI ( stress HEAREE
et ERrmERT - BERFRBAREETERERESHBR > @B MMEEE MA LY &Y
AIRSHWRER - MR AEES HESHOE -

H E

DiMRE M T A& A - FAATRE ST AR HFE R O A SRR
B RN EN O AT E TR S 2 B HEEmT
LMEFRERE 7 RATEN > EORBURS 5 345 K » RAB2E 2 T » BREREYERKRBESR
TR o RIS RETH R 09 A R AR AR R » BT RIS 0.0557 + 0.0302 % » BIEHS
B 0.0238 +0.0046 % - HLEEBET 7 GRS -
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2A—MAFEZ U AR BREAMARTS AEZER » BTERHZ REERBARE
BRAHREE - FANXEZEAALEEY  SRERBEBAMRELH Z 73.59 % - REMBE
WAHZ4.03%; BULERREER69.0% BER0% ERFXEN -

SANFEY BREMERBE EKEZ.8C » RBRALNFREARMRESARR - 2 BHREARR
FBE 2 REMR - ERAHERAIE 20.17 Mk - BTEARRE 19.22 /08 -

ARASREZ FRRTEE » ERBHUNUFBARRR BB RNDRTECHRR - £
W AL LUKHR 275 °C 2 R EUEH R IRITE 19.48 /B - ZBK IR 28.1°CZ HRARH19-8/)
B > FIRAS 27.9 CABZ FEAHSE 20.25 /N - BRIBRIKIER 27.0 C ZRET WA 22.5 N

s A RRZ AR REERE R ARME 2 RS SR AR RE - XU 9 BEHLERHZ
W R FEEE RS LB 15 ppt 2 54 %R % - £ 9 BB ETMILIEE 15 ppt 2 78 A 5 HE
25 ppt LT ZMATRERR - BRLES -

6 FRRASIKEZ RARKEEHRNRABEZ LR - R 4 BHHETEAE LT AERERR
AL AT S o B 25 ppt D HIELATTRRERIERAE - LR DIBE 25 ppt LA e BB &
REMIR 5 AT G HE AR IR 1908 B A I AL RAB S 4 BB o

I
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ME1-1 24 BhR1-2 48K MK 1-3 8 MR
Plate 1-1  2-cell Plate 1-2 4-cell Plate 1-3  8-cell

HBE1-4 16 M WA 1-5 324 A 1-6 6448
Plate 1-4 16-cell Plate 1-5 32-cell Plate 1-6 ._64-ce11

HMAE1-7 128 & MR 1-8 ZFIMAaE /N HRE1-9 REEHRRELY
Plate 1-7 128-cell Plate 1-8 Morula BX
Cells small Plate 1-9 Post-morula

Blastodisc formation
B : Blastoderm




w|E1-10 WHRY
2% 3,75
Plate 1-10 Blastula
Blastodisc formed
B : Blastoderm

MR 1-11 ERY
RREE R
Plate 1-11 Blastula
Blastodisc expands about
13 yolk
B : Blastoderm

A 1-13  FEBH
PEE7R & IR 24
Plate 1-13 Gastrula
Blastodisc expand about
25 yolk
B : Blastoderm
Y : Yolk

P : Periblast

HE1-14 EBD
REEIEA
Plate 1-14 Gastrula

Blastodisc expands about
34 yolk

B : Blastoderm

BC : Blastocoele

Y : Yolk

P : Periblast

2/ 3

HAE1-12 ZERH
MEHEHENEY
Plate 1-12 Blastula

Blastodisc expands about

L3 yolk
B : Blastoderm

MH 1-15  FREsEi
Plate 1-15 Embryonic
formation
Embryonic shield formed
begin

B : Blastoderm

E : Embryonic shield

Y : Yolk

G : Germ ring
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HhA1-16 HEEERY
HRe8 T2 BK

Plate 1-16 Embryonic

formation

Embryo formed

E : Embryo

A 1-17  REsERH

PR TR E IR U
Plate 1-17 Embryonic
formation

Embryoic length expanded
%
E : Embryo

fHH1-18 R[/EMRY
R & E KR
Plate 1-18 Organogenesis

Eye and kuppfer’s vesicle
visible
EV : Eye vesicle

K : Kuppfer’s vesicle

A 1-19 BEMEYE

265 9
Plate 1-19 Organogenesis
9 somites body divided

S : Somite

AR 1-20 BREVEHY

BEs 9 MLk
Plate 1-20 Organogenesis
Over 9 somites

S : Somite

B 1-21 BEEKB
R B

Osganogenesis

Plate 1-21
Neural reel visible
N : Neural reel

S : Somites
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R 1-22 BEMERY AR 1-23 BEBRMY BE1-24 BERE
BRI e R 3% CREER 19 BHEK B R RO Bk
Plate 1-22 Organogenesis Plate 1-23 Organogenesis Plate 1-24 Organogenesis
Tail free from yolk sac Optical vesicle distinct Auditory vesicle formation
T : Tail and 19 somites formed and heart beat '
S : Somites OV : Optical vesicle A : Auditory vesicle
‘ S . Somites OV : Optical vesicle

FH 1-25 EHEEHY ME1-26 FEEEBY MA1-27 W
Y= ) PR8I B I8 1 P UE S AE EH IR
Plate 1-25 Embryonic Plate 1-26 Embryonic Plate 1-27 Hatching
movement movement Head free out of egg shell
Muscular contraction Embryonic movement H : Head
T : Tial

increasing
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A 1-28 B A 1-29 B

REL T EIREA B AR
Plate 1-28 Hatching
Half of body free out egg
shell

Plate 1-29 HBatching
Larva hatched
T : Tial

HH1-30 EizRHE

Plate 1-30 Larva of blue-spotted grouper

AR HREHZHREBE _
Plate 1., The embryonic development of blpe-spotted grouper ( E. fario ).’



