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Summary

Groupers are protogynous hermaphroditic fish that inhabit coral reefs in the tropics and
subtropics. They belong to the family Epinephelinae, which includes 159 marine species in
15 genera (FAQO, 1993). Eleven species of grouper inhabit the Southern Sea near Jeju
Island, Korea, including the longtooth grouper, Epinephelus bruneus, the sevenband grouper,
E. septemfasciatus, and the red spotted grouper E. akaara, (Kim et al., 2001). Groupers are
highly regarded as food and as omamental fish in Korea, China, Japan, and Southeast
Asia.

Studies on the reproductive biology of groupers have begun (Hwang et al., 19938; Johnson
et al. 1998; Lee et al, 2002b; Song et al, 2003), including studies on broodstock
management for seed production (Kayano, 1996; Duray et al., 1997; Sugama and Ikenoue,
1999), sex inversion (Lee et al., 2000, 2002a; Tsuchihashi et al, 2003; Yeh et al., 2003), and
sex maturation (Kim et al., 1997; Marino et al., 2003), to support commercial cultivation or
conservation of resource programs.

The sevenband grouper is an eXcellent eating fish. Due to overfishing in Jeju coastal
waters, the catch has been decreasing rapidly. To allow the recovery of this species in
coastal waters, and to help the aquaculture industry, a larviculture technique must be
developed. This paper describes the sex maturation, ovulation, fertilized egg and larval
development, malformation, and larval rearing of the sevenband grouper, E. septemfasciatus,

and longtooth grouper, E. bruneus.
1. Natural spawning

During the period 2000 to 2002, the sevenband grouper, E. septemfasciatus, spawned
naturally in a rearing tank. In 2000, the fish spawned naturally from 6 July to 28 August.
The total volume of eggs collected was 3,855 ml, and the total volume of floating eggs
was 260 ml. The fertilization rate was 0-~76%. In 2001, the fish spawned naturally from 5
July to 6 August. The total volume of eggs collected was 1,650 ml, and the total volume
of floating eggs was 472 ml. The fertilization rate was 0~80%. In 2002, the fish spawned
naturally from 25 July to 20 August. The total volume of eggs collected was 1,330 ml, and
the total volume of floating eggs was 38 ml The fertilization rate was 0~b50%. Egg

production and quality decreased gradually at the end of the spawning period.
- vii =
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2. Induction of sex reversal

In this species, techniques for accelerating sex reversal to obtain male brooders are
required for the success of induced breeding. We examined the induction of sex reversal in
immature female E. septemfasciatus by injecting 17a-methyltestosterone (MT). MT was
mjected at a dose of 0.5~2.0 mg/kg BW. Initial controls had immature ovaries containing
primary oocytes in lamellae that extended into the central lumen. At four weeks, the
ovaries of control fish were similar to those of the initial control. In contrast, the MT
treatment group was undergoing spermatogenesis, although no spermatozoa were observed.
Sperm were obtained from gonads from the 1.0 and 2.0 mg/kg MT treatment groups at
eight week using the stripping method.

3. Cryoprotectant

We studied the cryopreservation of sperm in E. septemfasciatus. The survival rate and
activity were highest using 5% glucose as the diluent and DMSO and TYB as
cryoprotectants for E. septemfasciatus spermatozoa, although the levels were lower than in
controls (P<0.05). The fertilization rate of eggs was highest in the GDS group at
97.6+1.2% and next highest in the control group at 94.9+2.0%5, although the difference was
not significant (P>0.05). The hatching rate of eggs was 94.2~97.0%.

4, Induction of ovulation

Fish were maintained under the ambient photoperiod and temperature in a 50 m®

flow-through tank. The ovary maturity of the broodstock was assessed weekly during the
spawning season using biopsy methods. A cannula was inserted into the oviduct of female
E. septemfasciatus and E. bruneus, and a sample of gonadal tissue was removed by
suction.

Hormone-induced spawning was attempted in females with an average vitellogenic oocyte
diameter of at least 400 m. To induce spawning, HCG (human chorionic gonadotropin) was
used. The hormone treatment strategies tested included HCG alone (500 IU/kg).

Females with mean oocyte diameter ranging from 300 to 500 um were suitable for
hormone-induced spawning. Oocyte diameter increased to 300--700 m within 24 h of the
injection and to 800 gm within 48 h. Eggs were stripped successfully 48 h after the
injection. The total volume of stripped eggs was 2,480 ml, and the total volume of floating

- viii -
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eggs was 1,360 ml; floating rate was 54.9%.

5. E. septemfasciatus

Egg development

Stripped fertilized eggs of E. septemfasciatus were colorless spheres, 790~890 m
(average 821.8+2.0 tm) in diameter, with a 170~230 mm oil globule (average 192.9£093 gm).
The fertilization and hatching rates were 56.2~949 and 70.0~97.7%6, respectively, using the
dry fertilized method.

At a water temperature of 22.0+5TC, first cleavage took place about 1.0 h after
fertilization. The egg reached the morula, blastula, gastrula, and embryo stages about 5.0,
12.0, 165, and 23.0 h after fertilization, respectively. Hatching began about 46.0 h after

fertilization.

Yolk sac stage

To examine the time taken for yolk absorption at various water temperatures (22 and 25
C), changes in the absorption rate of the yolk and oil globule in newly hatched larvae
were investigated. The rate of yolk absorption at 25C in newly hatched larvae was 83.5%
after 24 h and 97.8% after 48 h. Yolk absorption was completed within 48 h. By contrast,
at 227C, the rate of yolk absorption was 32.7% after 24 h, 838.2% after 48 h, and 93.1%
after 72 h.

The rate of oil globule absorption at 25C in newly hatched larvae was 34.0% after 24 h
and 80.3% after 48 h. By contrast, at 227, the oil globule absorption was 29.5, 40.2, and
28.2% after 24, 48, and 96 h, respectively. The oil globule persisted until mouth opening.
The elapsed time from hatching to mouth opening was 3 days at 25T, and 4 days at 227C.

Upper jaw length (UJL)

The UJL of larvae with newly opened mouths was 0.148£0.009 mm, and this increased to
0.169+0.006 and 0.230+0.005 mm at 4 and 11 DAH (day after hatching), respectively.

We defined 0.75d as 75% of the mouth opening and 0.5d-as 50% of the mouth opening.
At 3~11 DAH, when the larvae were first fed, the mouth size (d) of the larvae was 0.20
9~0.325 mm, 0.75d was 0.157~0.244 mm, and 0.5d was 0.105~0.162 mm.

Morphological development

In newly hatched larvae, the oil globule was situated in the posterior part of the yolk.
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The body surface, marginal fin, and yolk were covered with colorless granules. Most newly
hatched larvae tended to float to the surface. The larvae were suspended head down in the
water column, and swam rapidly soon after hatching.

At 2~3 DAH, the larvae retained the volk and oil globule, and the mouth had not
opened. The head skeleton formed, and the pectoral fin bud appeared. Most of the larvae
tended to settle to the bottom. Most of the volk and oil globule were absorbed by this
time. The larvae began to feed on 3 DAH. By 4~5 DAH, the yolk and oil globule were
absorbed completely, and the mouth and anus had opened. The eyes appeared in the
melanophores.

The rudiments of the second dorsal and pelvic spines appeared at 11 DAH. Both spines,
a larval characteristic, began to elongate; the abdominal cavity was densely lined with

melanophores; and the two spines appeared on the preoperculum of larvae at 17 DAH.

Growth

The newly hatched larvae measured 1.75 mm TL. By day 4, the larvae reached 2.72 mm
TL and the mouth and anus had opened. By day 11, the larvae reached 3.24 mm TL and
began to metamorphose. By day 24, the larvae reached 5.12 mm TIL. '

6. E. bruneus

In total, 735,000 eggs were stripped from a female E. bruneus and 700,000 (95.2%) were
floating eggs. The fertilized eggs were colorless spheres, 830~950 m (average 900+2 wm) in
diameter with a 200~260 mm oil globule (average 244+2 ym). The fertilization and hatching
rates were 97.710.6% and 96.7+0.5%, respectively.

At a water temperature of 25.0+05C, first cleavage took place about 1.0 h after
fertilization. The egg reached the morula, blastula, gastrula, and embryo stages about 5.0,
45, 100, and 13.0 h after fertilization, respectively. Hatching began about 32 h after
fertilization.

The newly hatched larvae measured 2.02£0.20 mm TL. By day 11, the larvae reached
4.12+0.09 mm TI and began to metamorphose. By day 54, the larvae reached 41.12+1.20
mm TL, and had completed metamorphosis. Thereafter, the larvae grew quickly and
reached 93.78+0.98 mm TL at 93 DAH.

The AL (anal length) of the newly hatched larvae was 1.22+0.02 mm, and the AL at 54
and 72 DAH was 22.53+0.51 and 3057+0.81 mm, respectively.

The second dorsal and pelvic spines appeared at 11 DAH. The first and third dorsal
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spines appeared at 17 DAH. The second dorsal spine was initially 0.56+0.20 mm long, and
increased to 5.35+0.20 mm at 38 DAH. The pelvic spine was intially 0.83+0.23 mm Ilong,
and increased to 4.11+0.17 mm at 33 DAH. The dorsal and pelvic spines differentiated into
fins at 48 DAH. At 23 DAH, when TL was 7.62£0.33 mm, the size of the second dorsal

and pelvic spines relative to TL attained their maximums: 40% and 35%, respectively.
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A1, ojv] FH 9 A5
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Table 1. Total length and body weight of E. septemjfasciatus in experimental area

Experimental area

Fish MERI' Daehark Aquafarm NFRD™
Number .
Total length Body weight Total length Body weight Total length Body weight
(cm) kg) (cm) (kg) (cm) kg)
1 69.3 4.15 72.0 6.38 53.0 2.20
2 65.8 4.53 68.0 5.40 58.0 2.30
3 62.3 5.09 84.0 9.66 51.0 1.90
4 62.3 3.39 70.0 5.92 60.0 3.78
5 69.7 5.51 73.0 5.60 50.0 2.11
6 71.2 6.21 78.0 8.84 49.0 1.68
7 65.7 5.71 75.0 6.00 60.0 3.45
8 63.4 5.07 70.0 5.14 60.0 3.71
9 74.2 6.43 76.0 6.50 58.0 3.12
10 69.3 5.61 71.0 4.86 54.0 3.41
11 69.5 5.07 73.0 5.78 58.0 3.37
12 64.0 5.29 79.0 8.50 62.0 3.84
13 65.6 4.73 88.0 11.22 61.0 3.50
14 59.6 2.95 76.0 7.16 59.0 2.84
15 74.2 7.29 72.0 6.10 52.0 2.08
16 63.8 5.53 80.0 8.46 68.0 5.21
17 69.8 7.35 82.0 8.82 59.0 3.43
18 65.8 5.41 58.0 3.30 60.0 3.19
19 70.3 6.73 67.0 5.52 57.0 3.10
20 59.8 4.61 58.0 3.38 50.0 1.91
21 63.2 4.71 61.0 3.66 59.0 3.30
22 62.0 3.86 58.0 2.99
23 58.0 3.74 50.0 1.91
24 60.0 4.08
25 59.0 3.96
26 61.0 3.66
27 75.0 6.80
28 82.0 8.32
29 71.0 6.98
30 63.0 6.12

Averagedtse 66.6L0.9 5.31£0.2 70.7£1.6 6.1£0.4 56.8+1.0 3.0+0.2

MERI: Marine and Environmental Research Institute, Cheju National University.

“NFRD: National Fisheries Research & Development Institute Namjeju Marine Hatchery.
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R-1

U &F-1

R-2

H

Fig. 1. Schematic diagram of semi closed recirculation system used in the experiment

B: Boiler, F: Filter chamber, H: Heat exchanger, P: pump, R: Rearing tank

N: Natural seawater filter chamber, U: ultraviolet lamp.
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T4l AAE F= 2 AN AHE FE37] A5 @
279 4o g ez ANTS TF cannulation AP E o] &5t HAs dAS

Absta, ABEE TS AAE ez 742k LhRH-a (desGly™® [D-Ala®] -luteinizing hormone

N
al
1o
ol
flo
o
b
(i)
g
it
0o
2
1
B2

releasing hormone ethylamide, Sigma Co., USA)9} HCG (human chorionic gonadotropin, Sigma
Co, USA)E o| &3t AT d= % dadfxs AA3HT

(1) cannulation WHE o] &35 AL FF FA}

oA HjEg X357 ¥% hormoned ZA HEA7E LolBE 7] 9138+ cannulation
HE o] &l FAo ofv|Y A% HAEE ggstget. AP AHES TN A= AF
o

Table 1o] VEflon, 4gels 9% #4439 ¥ Axo we JPo|E Aeds,

2-phenoxyethanol®] 200~300 ppm X2 vl3 $ W2 08 mm, 7% 1.0 mm d=E A2
o] FEE ©] &3l cannulations HAASHET ¥ T dFolE offF AW TE 4UE 7
A8t HCl-Oxytetracyclin 150 ppme 2 1A]7F &2 A Alstgd (Fig. 2).

(2) hormone A&l 93 F A< 9 ¥z /=

A= cannulation WHE o83ty A4 dAHo] 400 um AT HE 7}7415’— AT ofm| Rk

< Hdeg A8 FEU tagging® F Fxd FEE F AE

FEFHNs 2 FREZE 37] 1% hormones LhRH$ HCGE |45t LhRH X &+ Ethyl

alcoholell &a%k LhRH &3] 47} cocoa oil (EA, Japan)= £ 3

FET AAF kg 50 e sEE FAEIAT HCG He A A dl %3}] 5 oAF kgF
T o5 A== o 1 cm F&
_lc_?r,

3 el WslE RN

50 IU == 18 FAstth Hormone——] FAL F2= oAl
o] FALEFSTE. Hormone FTAF & 24X 7¥AS2 597 =gk
(Table 2).
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Table 2. Hormone treatments used to induce ovulation in FE. septemfasciatus

Total length Body weight

Designed of

Actual treatment Duration of

Fish No. (cm) (kg) hormone of hormone experiment

1 71.0 572 290 ug

2 70.0 5.78 LARHE 50 g 290 ug 21 Apr.~

3 66.0 450 230 yg 12 May 2002

4 725 5.36 270 pg

5 38.0 11.18 LhRH: 50 pe/kg 560 ug

6 69.0 6.28 3,140 TU

7 39.0 11.98 6,000 IU

8 34.0 10.74 5,400 U

9 83.0 1118 se00 U 00T
HCG: 500 [U/kg 31 Jul. 2003

10 73.0 5.60 2,900 U

11 71.0 5.34 2,700 TU

12 60.0 3.65 1,850 IU

13 60.0 3.78 1,900 TU
-8 -
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A HBE o] AFE Adeld AYE AHOE MYET FHIE YLE 170
o]

-methyltestosterone (MT)2 o]&38le 715d LS Tty 233 TAHAY 3 ds
G 9 AAREAAANI L AANF Bdx EAE 437 Ao HAA WE EE UEH S

SR
1. MT A6 & 7158 £3 %

718 FA frE 4¥L 2001~2003 @77 hormone®] A A7)gk WA whE Aoj & Lof
5

271 flste] 53] AAgAe MT AHe 55 oAl ¥ 1 kg 05 mg, 1.0 mg, 20 mg A=
T Q272 sAck MTY Soige oA 5 2% $9 hormoned FABIE LH4
T U A e clgdh

2
5 FAF E-L MTE ethyl alcohol (95%)° &3|AIH cocoa oild EF F oA T 25
Al=ZE ot lem F&Ee FAEAT MTY Fo& 12 48 (2001)elA £ hormone?] F

Z 1804 58] 2A FAsS@ou, olF 57 & ANre zdy AZL FPov
(Table 3), 22 A% (2002~2003Q)FH = T 134 43]c] A FAlsIE oW, FA AFFHH

B A v e MT7} 2019,1‘—:- silastic capsuleg A &34 37"14] Akl k. Silastic
capsule A% WHL 100 mge) MTE 200 Y ethyl alcohol (95%)e] ZdA17) F 800 wul
cocoa oilg& H7IsI9Y (1 mg MT/10 ). 232 W7 12 mme A2 FEE 1 cm MT 2
mg 8% 15 cm MT 3 mg &7%) 283 2 cm MT 4 mg &/8)=2 zzt ddstd
el A 2= hormone £ 7tz 20 wl, 30 wi, 40 WS B PR FXg HdgFoz
BYstd et AzE silastic capsulegd 1A 9] ZtEA =8P 2 222 % 05 cm AN F A

g8l AARNE FetA. Hormoned 13
a

S o5 F2A}FeLE T}k (Table 5).

ota, HAAE ol
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Table 3. 17a-methyltestosterone treatments for sex reversal of E. septemfasciatus from

June to September in 2001

Experimental Total length Body weight Actual treatment
Number
group (cm) (g) of MT
1 347 740 only
Control .
2 28.2 578 cocoa oil
1 37.0 820 14.4
MT 0.5 mg/kg
2 30.0 638 11.2
1 41.0 1,168 58.8
MT 1.0 mg/kg
2 328 585 205
1 387 1,012 709
MT 2.0 mg/kg
2 35.3 610 427

Table 4. 17a-methyltestosterone treatments for sex reversal of E. septemfasciatus from

March to May in 2002

Experimental Total length Body weight Actual treatment
Number
group (cm) (g) of MT
1 395 930.1
only
Control 2 40.0 1,322.2 .
cocoa o1l
3 47.0 1,797.4
1 33.0 7185 10.1
MT 0.5 mg/kg 2 40.5 1,291.5 181
3 442 1,720.9 24.1
1 42.0 1,344.2 376
2 30.7 933.7 26.2
MT 1.0 mg/kg
3 435 1,716.4 48.1
4 435 17715 496
1 43.0 1,403.6 78.6
MT 2.0 mg/kg 2 41.3 1,298.0 72.7
3 44 8 1,761.1 98.7
1 445 15112
Sample
2 34.5 673.6
— 10 —
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Table 5. 17a-methyltestosterone treatments for sex reversal of E. septemfasciatus in 2003

Experimental Total length Body weight Actual treatment Duration of
Number ] Methods
group (cm) (g) of MT experiment
1 53.0 2,350 65.6
2 48.0 1,396 52.1
MT 1.0 3 490 1,893 55.5
/k 4 52.0 2,350 62.2 O Jan T e
m ) .
g/kg ) 98 Feb. njection
5 55.0 2,393 68.3
6 51.0 2,536 67.2
7 480 1,838 52.1
1 445 1,275 3.0
MT 2.0 2 45.0 1,377 3.0 9 Jan. ~ Silastic
mg/ke 3 51.0 1,965 4.0 14 Mar. capsule
4 53.0 2,309 50
1 450 1,600 89.6
MT 20 2 57.0 2,700 152.2
mg/kg ’ ! ' 5 Apr. ~ It
njection
3 46.0 1,620 90.8 31 May )
MT 10
1 63.0 3,220 90.2
mg/kg
1 385 960 53.8
MT 2.0 2 65.0 3,920 2195 2 May ~
Injection
mg/kg 3 56.0 2,300 156.8 18 Jul.
4 52.5 2,200 123.2

._‘I‘I_
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2. Hormone 5% % A

MT A& 23 7|54 F£74 23R 4 A ZEol= hormoned W3E 23 2oz

[+]
ZALsIE Y. A3 = AREA FAo wE Testosterone (T)# 11-ketotestosterone

.éE-]]EO]E hormone®] FZ& 2 X4 hormone &
diethyl ether® 7ot & EFF ¥ 5~1023F AN -ﬂ ~70°c-@~1
A A 0]—‘7— 50 718 9% (free steroid)THE Al
Zow, oo 227AL 28 WE AAGAT 4A AxH AHBE FEEL | mlo) 01%
gel-PBS (pH 7.5)¢ oAl &8 § F Aida et al, (1991)9] #iiol mat PAPE G E R (RIA,
radioimmunoassay) 2.2 £ st At
HAEd S 0.0075~3.84 ng/mi7bR] 109 A2 TEo]A standarde} Al2E Z+Z 200
U2 WA} BX" 2 Zo]= (Amersham)& 100 £ (¥ 12,000 cpm)® H7} & 34 &)
200 0¥ Wi AREAIA ATOlA 12A1 -5 9-gA1 7T &Y, A Z8HE A F3
#3t7] #8te DCC (dextran coated charcoal)® 250 % 3 7]—6}01 AT s e A 16837 Wz
T SAZ"E (4T, 2000xG, 15 min) & #H, 2¥E FFAS ] 7] 3 mle

scintillation cocktail (optiphase, WALLAC)E %23 AAHZAEZ7E ZAHs Yo

2

Me

(o

3. AA JF RE

SACIRY A RE 7% ATe Sl we - AN L e BFEYe e AT
AE L AR oL FRaL, 7 oAve AVo] VoW =A% BuE ALY +
At

Aol o848 FHolE A9A AP HE FAL 22 %A 3 (AF 478121 cm,
iﬂ%— 21202 kg) 4u}aoﬂx1 59 422 ol§3te] YAHAT (Table 6). 544 ;M e

7k A AR R N FHel M2 IF

7411—4 A 2Py A5 HEd F 3 2]
2 REgA A AxE AHsn FHAde A
LA AAER (3000 rpm, 5 min)d LA Ao
S AAT F A A (5 ml) FrEA A e (3,000 rpm, 30 sec)E EA AT
o] szdnt AHIS AA AR (3,000 rpm, b min) F FH3FE sperm pellets A H

_12_
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S AR YFREAN FEgg gydEg @Ay] 938 5% glucose 9+ MFRS (marine fish
ringer's solution), Ham's-F10, 2§ # A (PMRS, Pagulus major ringer’s solution)sS ©]-&

sRoH, ol59 A FEE Table 73 Zrt.

Table 6. Measurements of functional male E. septemfasciatus used for this experiment

Experimental fish  Total length (cm) Body weight (kg) Gonad weight (g)

1 45.0 1.7 5.5

2 48.0 2.0 3.6

3 48.0 2.1 3.7

4 50.0 2.5 39
Averagets.e 478+1.0 2.1+0.2 42405

Table 7. Constituents of the diluents tested for cryopreservation of E. septemfasciatus

Diluent Constituent

5% glucose 5 g glucose / DW™ 100 ml

0.346 g CaCl,, 0597 g KCI, 0.017 g MgCly, 13.5 g NaCl, 0.025 g NaHCO3
/ DW 1,000ml

MFERS™

10 g NaCl, 022 g KCI, 025 g CaCl2, 074 g MgS04 - 7TH:O, 1.19 g
PMRS™ HEPES, 0.9 g glucose, 0.1 g streptomycin, 10 IU penicillin G / DW 1,000
ml, NaOH - pH (7.4) control

Ham's-F10 Commodity

DW: distilled water, “MFRS: marine {ish ringer's solution, "“PMRS: Pagulus major ringer's solution.
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Table 8. Experimental groups of diluents and cryoprotectants tested for cryopreservation of

E. septemfasciatus sperm

Composition
Mixture rate  Remark
Diluents Cryoprotectant Sperm
5% glucose GTS
MFRS TYB sperm pellet 0.25:0.5:0.25 MTS
Ham’s-F10 HTS
5% glucose GDS
MERS DMSO sperm pellet  0.60:0.05:035 ~ MDS
Ham's-F10 HDS
PMRS DMSO sperm pellet 0.75:0.05:0.20 PDS
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Table 9. Numerical index used to evaluate sperm motility

Index Score Motility characteristics
I 3 Spermatozoa display forward movement rapidly
i 2 Spermatozoa display forward movement slowly
I 1 Spermatozoa display vibrating movement moderately
1\ 0 Immobile sperm

SAl=score x percentage of motlie spermatozoa (%)/100

4. YFAA e £AE R ¥3E

9% ned 44e £48% 9 vaee A9F Avd 540
A

¢ g (1002A: 0.1 mHE AAWo
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=

Fig. 3. Measurement sites for larvae of £ septemfasciatus. a-g' total length, a—f: anal

length, b-e: length of volk, ¢—d: diameter of oil globule, hi height of vollk.

Fig. 4. Measuring thc mouth size of E. septernfasciaius. a-b: upper jaw length.
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Fig. 6. Volume of natural spawned eggs of E. septemfasciatus in 2000.
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Fig. 7. Fertilization rate of the floating eggs during the spawning period in 2000.
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Fig. 10. Volume of natural spawned eggs of E. septemfasciatus in 2002.

20 1 100
MR {loating eggs
—O— Fertilizing rate
1 80
15 F
fomr —
£ X
@ -1 60 &
-4 o
g £
2 .-
5 w0 F
s &
5 -
20
0 C I cf 1 1 Vg L O 1 . 1 0
25 Jul. 31 4 Aug. 7 9 10 13 16 20
Date

Fig. 11. Fertilization rate of the floating eggs during the spawning period in 2002.
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Fig. 14. Change in water temperature and photoperiod under natural conditions and in the
freatment group from 20 October 2002 to 19 March 2003. N-Light: natural daylight,
N-WT: natural water temperature, T-Light: treatment daylight, T-WT: treatment

water temperature.
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Fig. 157 Different development stage of oocvtes in the ovary of E septemfasciatus by

;i;_;»é

cannulation. A peri—nucleolus stage, B! volk globule stage, C: over-mature cgg

stage. Scale Bar=400 m.
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SRR IAE

L} hormone # 8o ¢

I.NO

- AT Qi o

e

A9 ol= canulation W

U
o]-g3tel AW WG] 400 m AF
7

AE o= ¢ A5 2 Waf=S 57198l LhRH ¢ HCGS Ag &4t (Fig. 16).

(1) LhRH
LhRH HzE &% A= 2 Az =8 200239 5990
LhRH A= F%e 50 pg/kg BWEZ FASIG o™, FA}F 2

1% 76.33+5.84 cm AF 7.06+1.81

kgol AdolE Yoz &)
b A7 dF Aleg AASRAT 22 AFA 75 mle 2-8749)

9% ve Ausdn, 59 4% F 120 ml ¢ Aoy =%

Table 10).

l=ghollrh, Q& AMHHE v FEL 820.7¢16.6 m 1A (Fig. 17,

Fig. 16. Tlormone injection and artificial striping ol eggs. Al experimental fish, B: hormone

injection, C: mature stage of gonad, D: arlificial striping eggs. An: anus, Cop:

copulatory organ.
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i

Fig. 17. Egg variation with the passage of time after LhRH hormone injection. A: immature

eggs (after the 2 days), B: Over-mature eggs (after the 5 days).

Table 10. Artificial stripping of E. septemfasciatus eggs after LhRH hormone injection

Fish Total length Body weight Egg diameter Number of eggs (ml)
(cm) (kg) (¢m) After 2 days  After 5 days
1 71.0 bh.72 500 0.1 540
2 70.0 H.78 350~530 74 720
3 38.0 11.18 320~—480 - -
(2) HCG

HCG &g T3 d= 2 s 5+ 20033 72 745H 79 314714 25 8ui=l& o
dog AAEATH 48ole AV|e A 7425+4.11 cm AF 7.32+1.21 kgolAth HCG A&
¥EE 500 [U/kg BWZ 13 FAstg

© dA9s

Cannulation W& o] &3t HCG A7 F AzpZ o] mE AL W 5l& 7€ 12¢
3 219 23] =AMEFE T HCG A& A 300~500 m (461.1+66 m)l & £ 7} 2403 733
T AA2Y Yo BEXE 300~700 m (509.6+11.8 gm) 9 thds BE¥xE ngo adx
48AI1ZF A F divkes e EXE 800 m (837.1+2.6 m) Nt (Fig. 18, 19).
@ W#HFE g8 o
HCG Helg 53 4% ¢ vz A= o
Hx, vgdd e ¥ nyds it 9
9 e = 70~710 mlE F 2,480 ml©]
£ 549% AT (Fig. 20).

s
o
1.

Wz Ralere 1360 mlE F4
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Fig. 18. Change in egg diameter with time after HCG injection on 12 July 2003
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Fig. 19. Change in egg diameter with time after HCG injection on 21 July 2003
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Fig. 20. Effect of HCG treatment on ovulation in a female E. septerrfasciatus in 2003.
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AR, 715H FA FE L A4 YFRE

jrt

1 MT Aol 4& 7154 $7 &

SAole] Hzlel #rvE 9sted MT (17a-methyltestosterone) e ©] 23 7|54 74 & F %
37198t AFEE Aoty AAY wAAE gAeE 2001¥ 929RE 2003W 797R] BE
58] Al 3HTh MT AHE2 $43%F §=2¢ Ax ot xZsts F&d £ JAgitE FF
2 #dsiath

7b. GSI W& 3 zAsrA B

2w AZA PERT GSI e 003:0.02019 T, =24 GSI Z+e 0.04:0012 H37 99
o a2fn AAaY AZTHNE SAErg e 28 v MT 05 mgke. 1.0 mg/kg, 20 mg/kg®)
@ Trel A= GSIgke] 0.06+0.01, 0.12+0.04, 0.11+0.032 tj=7¢ GSI g2t} MT 1.0 mg/kg,
20 mg/kg A TN e FS Udgugen, AAsu AEAY FAo] B2=AT} (Table
11, Fig. 21, 22).

Table 11. Effects of 17a-methyltestosterone injection on sex reversal in E. septemfasciatus

Experimental o> e TL (m)  BW (g) GSI oo
Fxperimenta cm : i
P the initiation N . istribution spermiation
group (meants.e)  (meanz*s.e) (mean#s.e)
of treatment F I M
Control 8 3 36.90£257 787.50£65.82 0.036+0.009 3 0 0 0
MT 0.5 mg 8 3 38572099 8715312369  0.059+0.007 0 0 3 0
MT 1.0 mg 8 3 3750£1.50 750.50:98.51 0.119+0.036 0 0 3 3
MT 2.0 mg 8 3 39.17£1.74 876.83+192.35 0.111+0.033 0O 0 3 3

F: Female, I Intersex, M: Male.
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Experimental groups

o 5

——— C

Fig. 21. GSI variation with MT treatment in E. septermfasciatus. Vertical bar denoles a

standard error of means.

Fig. 22, Sex rcversal of the gonad with MT treatment in E. septermjfascialus. A: cross scction
of gonad of control group, B: cross section of sex reversed gonad by MT treatment,

C: stripping sperm. po: perinucleolus oocyte, sz: spermatozoa. Scale Bars=100 pn.
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vh gz g1

MT 10 mg/kg, 20 mg/kg =FW FAF FHE ol &std 7|54 FHoZ 7%
AAE ARsAT. 2 A s W A g4 =7 9% A% £ FA7] 9~-19)
of MTE A3 AFFAME 8FFHEH 54 7I1F AAE AAsac. Az 171011 7y 7k
$ 4~59¢] MTE Helg AP FAHE 9~11FFd Az 43L& ¢ Ak 28zm 1€
o silastic capsule® ©]&3% MT 2.0 mg/keg A&+ MT 1.0 mg/kg FAt ﬂﬂﬁliq 2%
=& 105F%o] A Aol 7HeskAtt (Table 12).

= AAA

Table 12. Induction of functional males and gonadal development with MT treatment

_ Periods TL (cm) BW (g) L
Times Groups N spermiation
{(Week) (meants.e) (meants.e)
Control 10 2 31.5+3.3 609.0+81.0 0
MT 05 mg 10 2 33.5+35 729.0191.0 0
Sep. 2001
MT 1.0 mg 10 2 36.8+t4.1 876.5+291.5 3
MT 2.0 mg 10 2 37.0£1.7 811.0+£201.0 3
Control 3 3 42.2+2.4 1,349.0+250.8 0
MT 05 mg 8 3 39.2+3.3 1,243.6+290.4 0
Mar. 2002
MT 1.0 mg 8 4 399+3.1 1,4415+194.0 4
MT 2.0 mg 8 3 43.0+1.0 1,487.6+140.1 3
MT 1.0 mg 8 7 509+1.0 2,179.4£110.2 7
Jan. 2003
MT 2.0 mg’ 10 4 484+2.1 1,731.5%£245.3 2
MT 1.0 mg 9 1 63.0 3,220 1
Apr. 2003
MT 2.0 mg 9 3 49.3+39 1,940.0+380.7 3
May 2003 MT 2.0 mg 11 4 53.0£5.5 2,470.0£616.7 3

#.It was treated by silastic capsule
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2. @A A XA¥ E0]= hormone? w3}

lﬂJ
1;
N
olr
k)
E

T AYE 5 A 2l R mE Testosterone (1) 11-ketotestosterone
(11-—KT)94 TE WAstE AR (Fig. 23).

Te] ] = Was dE2FA4 0116~0.073 ng/ml HAZ AF7|17F W vjxd
7 gigley MT HEFolAde 2535 MT 05 mg/kg, 1.0 mg/kg, 2.0 mg/kg & ol A
z} 0.152, 0.223, 0.189 ng/ml &2 HE2FET =& g Jvelyddd. 28l o3 HA 74
o 8FF NE2FY FAFSE 0.078~0.098 ng/ml gk-s HEFHAUTE

11-KT9 g9 sxdszE 27l 0029~0059 ng/ml FH= H487|0 vl €2 F
W3l gsled, MT g FadlAdeE 2F MT 0.5 mg/kg, 1.0 mg/kg, 2.0 mg/kg 2} 7l A
Z+Zy 0112, 0.232, 0240 ng/ml= HZ2FE =& g vehiic. 28l 4% MT 05
mg/kg, 1.0 mg/kg, 2.0 mg/keg A&l Z+zr 0133, 0203, 0211 ng/mlE EFRT =&
s Ve olF 11-KT9 9] sk HAA g4dte 85F%F MT 05 mg, 1.0 mg, 2.0
mg A& FA A 22 0.043, 0.070. 0.112 ng/mlE& MT 05 mg A& ToA z2FEt 2
<= YWERAH

OI

3}
1

F

N

Ol

——0— Control
—@-—MT 0.5 mg

Testosteron{ng/ml)
(=]
7

11K T(ng/ml)
(=]
T

Mar.17 Mar.31 Apr.14 Apr. 28 May 12 Jun. 29

Fig. 23. Change in serum testosterone and 11 KT with MT treatment, as compared to the

control group. Verlical bar denotes a standard error of means.
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7b WE AR B4

g FPAA FHol 42 A LEAHE HET (row semen, 20.42+2.30)%} v
#e W GTS (13.68+1.77)¢ GDS (14.24x1.84) A& F7F = 7R} ¥ g2 Yeplith o
g}k HTS (7.76+1.00), MTS (6.08+0.78), MDS (3.60+0.46), HDS (7.52+0.77) A @F R} f9
A=A Vet (P<0.05, Fig. 24).

WeAAe £54E GDS 4¥ 74 dE F FEAd] BEetr] AAste 20~30@2 Akl
o 7b astA 2Fadg e, oF A4 Zastdch 13 GTS 4479 3 A% AR
o) £EAHL AAN3F FrtEr] AlREd S &
Ay Yz dEFAAE fRE 2FHL 3
RPoL} GTSY GDS A3 F R} 548 Wt} (Fig. 25).

WE nEFE AR i £AE L FI}EE HETF (row semen)®t GDS, PDS A ¥ FE
o=

WE AR wWE FAHEL GDS (97.66:1.22%)2 8 T4 tZTF (94.85+2.02%)9 PDS
(93931177%1:111} =2 e et (P>0.05 Fig. 26). 282 F3&S thETo)A
FES Yeden GDS ¢ PDS AdT7olA Z+zb 97.00+0.89%
94.00+1.32% LJrE}LH“bP HzTe AhF7ke] FefAe gl (P>0.05 Fig. 27).

[dw]
ﬂ
&3
,i
ab.
(W)
X
i
N
Y
Hi
ro
¥

_42__

IP:14.49.138.138, 2017-11-03 15:15:22



25

20

—
un

Sperm activity
=

rowsemen MDS

Experimental groups

Fig. 24. Variation in sperm activity of E. septemfasciatus in different diluents and
cryoprotectants. Vertical bar denotes a standard error of means. Asterisks

indicate significant different at P<0.05.
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Fig. 25. Variation in sperm activity of E. septemfasciatus with time after dilution in

seawater.
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Fig. 26. Effect of different diluents on the fertilization rate of E. septemfasciatus. Vertical

bar denotes a standard error of means.
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Fig. 27. Effect of different diluents on the hatching rate of E. septemfasciatus. Vertical bar

denotes a standard error of means.
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A4, G D A o] B

T FATY 54 B - Ao e L FeEded B3 dTE FHsAT

1 g 24

TAole FATEE FAREWE FPoz FIaFAgdTolvt. dAL 790~8%0 m (BT
821.8£2.0 mol AL, T 170~230 wm (BT 192.9+09 m)el Sl (Fig. 28).

Tl b T Al AaAZr (Table 13)7 AFAA (Fig. 29)2 ZASAVE &2 F
2 22T FA & FL 2 (perivitelline space)e] A7) ®A wjul (blastodisc)e] F@A =
Rt (Fig. 29A). 7 & 1A 7 Tt Hjdke] F - A4ESE Fo08 EE UyolAe A 142
o] A& o] 241 E710 ol2H Y (Fig. 29B). Al 23 &L A 19&e] S5d F F 147 A=
F 4AE7) A o273 (Fig. 29C), 1417 308 Fo 841%7) (Fig. 29D), 2417k 308 Fof 32
AZ7) el o] 2F ) (Fig. 29E).

walo] AlE eElEA &3 Avivb AR HolA i, o4 F 5A7k AAv|E HAH

(Fig. 29F). 4 % 12A|3teo] A% H A=
7] AP (Fig. 29G). 1% & wjwbg ol

] Eujr]e] o]ZWA viutsd (blastoderm)e| & 7]

W uA uag

© 7| /\]ZLO]_O:]L‘,]- A =

16A1Zkel A=A o wigre A& GBS g eAA wiE (germ ring)e) BAEHTA
el 7)ol o) (Fig. 29H). #78 ¥ 2347 AFAHUNE o A77F Fd= 1, AA5] o
2= (embryonic shield)o] A=A} (Fig. 29D).

T3 F 27AZre] At A 57 BESstHA QEVE GAHAL, 79709 SHo] FAH
At ol Kuffer's vesicleo] #iA & #H&E RgoA @z o (Fig. 29], K). 4 ¥ 29~
31A)17ko] A & Kuffer's vesicleo] 2EE3, olu) THsE 11~1270e o2tk (Fig.
29L).

T 3 37N 7F vhel]l o lens7t AV D GE HZ 01ﬁ7} ke l?d o, olgl 22 F=
1720709} (Fig. 29M). =74 & 44x7bo] 7 33} o] AIAHEA ThE

Az o] 735

1tk (Fig. 29N). &3 % 464

F F57F AEE AT (Fig. 290).

ST e BE 4TS 2AG AddA, 8 4 FAGAY mEste A2 22T
A FA7|7HA 2" AZRe H 5A17FS] Wb 25Tl M E HETE 45 Akl Aty EHj7|ALA]
o] AL 22TelA 1243, 25Tl Ae 1054 7ol &8 =it el WAgAd A7]74A ¢
AR 17&3 22°C ol A 23*17&, 25TAME 174Ut B FA7I7HA 9 Hd Lo AT
2 22T W 46717 25C Y o) BAILE F20] EL&FE TATGAE L8 A Fo] FolAlE
74 gkol it} (Table 14).
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Fig. 28. Frequency of oil globule (A) and egg (B) diameter of E. septemfasciatus
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Table 13. Stages and time of egg development in E. septemfasciatus

Symbols in Time after Features of eggs
Developmental stage . e
Fig. 29 fertilization and embryos
Fertilized egg A Oh
2 cell stage B 1h
4 cell stage C 1h
8 cell stage D 1 h 30 min
32 cell stage E 2 h 30 mn
Morula stage F 5h
Early blastula stage G 12 h
Later blastula stage H 16 h 30 min
Gastrula stage I 23 h blastopore depression

Kuffer's vesicle appearance

Early embryo formation I, K 27 h
7~9 mytomes stage
. Kuffer's vesicle disappearance
Myotomes formation stage L 29~31 h
1112 myotomes stage
Lens and ear formation stage M 37 h 17~20 myotomes stage
Heart beat stage N 44 h
Hatched larval stage O 46 h
_ 47 _
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M N 0

Fig. 29. Embryvonic development of E. septemfasciatus.
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Table 14. Relationship between water temperature and time (hour) required to reach each

development stages after fertilization in E. septemfasciatus

Water temperature (T)

Developmental stage

22T 25T

Morula stage 50 h 45 h
Blastula stage 120 h 105 h
Gastrula stage 165 h 140 h
Embryo formation 230 h 170 h
Hatching 46.0 h 35.0 h

2H3 £ ¥ e 2R uhgd nAE 9Fe 2Adgh £ 205 25T
A RS 2y 184 2 = #zge&eq woh A AFAESE 26%, 18%

ol A 100%Z 26%02F 18%
©] 89.3+1.8%¢t 64.0+6.4%=2 AANF 26%, 18/094 AdE A¥FSE FYA7E AT
(P<0.05). 71213 25T EAAA L5H&e APAFANA 993£0.7%Z 26%5 18% S 98.70.7%
S} 89.3137% % AN 26% FHTol= S5 Qo) 18%Y JuE AgTsls &
227 gledt (P<0.05, Fig. 31).
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Fig. 30. Fertilization and hatching rate of the floating eggs in E. septemfascialus using
artificial ovulation methods in 2003. Vertical bar denotes a standard error of

means.
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Fig. 31. Hatching rates of E. septemfasciatus eggs at different water temperatures and
salinities. Vertical bar denotes a standard error of means. Different superscnpts

on the bars are significantly different (P<0.05).

3. A - x0l9) Fejdes AF 9A

5o Aol —’F%*ﬂ W& E AHe A7) H8) £ 22Te 26T 2YFE
o AFHAIZ g F3} 2ol dE H7F FFE sz}L Fig. 329} Ztv} dFFT&9 7
< 2z AF Aolo] YUk 2& ugo| 024410020 m® (100%)el A ¥3 = 25CEANA 24
AZE AIA] 16.46% R 30, 4847l 2.14% %2 F3F §F 48X o e] o] F HUW. 2
Zu} 22T Z7M 24A7F ATA] 67.28% %32, 48X A= 11.84%, 12N Al e 6.90% % §3
F DRADAAE ¥ Fao] EA s,

7 g9 A9, B3 AL oo 47 43 ¥go] 0.0034:0.0002 m® (100%)e A ¥ 3}
B 25T AN 24X37F AIA] 65.98% AL, 48AI A= 19.65%, 96AITHA 0.92%E HiI F
43~T72X 2k ol el {77k FA3] FF HUTL Ty 22CE2AAA 4N A 7047% %
i, 48X A= 59.79%, 96A17HAl = 31.83% = A A3 F5E F, 120MA 7.85% 2 FH3] &
= 1t

2al & AFAAR 288 AL 25C FAANA WEo] A 3
dAME F3t & 494 /T2 =57 Alsrdoh

D

Fehe ®3h 394, 22T

i
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Fig. 32. Absorptions rate of the oil globule (A) and yolk (B) volume in E. septemfasciatus

larvae reared at different water temperatures. Vertical bar denotes a standard

error of means.

u Balrele) A o =) Wl

Bglaiole] ¢} A7) R A9 WilE Table 159 2ok 33 & A AFA Aoje] Aotx 3
712 01480009 mmZ ¥ 335 49# 016920006 mmZ A Fristd F33 1195
0.230+0.005 mme] o] =%t} ¢ =Z7]E Shirota (1970)9] Lo wat Aoje] ATz 90°, 45°,
0°% Z+Zh 100, 50, 0% ATFE&= 74T wf Mr-&e] 75% 50%2 W o4 zZ7lE 2
0.75d, 05d2 Fatth Helg sy AAste F3 F 3YAYY 11Ld7HA 7Aeiy o =27]
dE 0.209~0.325 mm, 0.75dE 0.157~0.244 mm, 05de 0.105~0.162 mmol Tt o] 7]7&<
Apole) A7 =Z7) WikeE FEE 44AREE AR Fiste] e 27] WEe fAsEAT
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Table 15. Variation in the mouth length of E. septemfasciatus larvae during the early larval

periods
Day after Total length Upper jaw length Calculated mouth length
hatching (mmts.e) (mm+*s.e) d" 0.75d 0.5d
2 2.55+0.03
3 2.48+0.04 0.148+0.009 0.209 0.157 0.105
4 2.72+0.06 0.169+0.006 0.238 0.179 0.119
5 2.75%0.05 0.180+0.002 0.255 0.191 0.127
6 2.78+0.03 0.195+0.004 0.275 0.207 0.138
7 2.62+0.04 0.205+0.017 0.290 0.218 0.145
9 2.94+0.04 0.209+0.005 0.295 0.221 0.148
11 3.24+0.12 0.230+0.005 0.325 0.244 0.162

"2xUpper jaw length

o Apole] P B
(1) $8 0~19: FF 1.75~240 mmE f7E o] BLR, F2L B4 FFrd
s

A st nARE T4 T BEW FALE QQTh RAzES AHE BSA
We e ez P RHAoE fRE FEWe Eas §93%, vAS o}y

Zoz et AARYE FAtr £ on wEA Tr%'fs}h f‘fg%% Bt} (Fig. 33A).

(2) 3 2~3¢: A 246~255 mm=E F&IH {771 ol w235 3dARE AT
H7] A &stAn 75 24 ¥4e] FHIA #AHIL, JtEAE Eiﬂ] 1717} Pt Ao
T ORE £F AHeZ o|EsYg ot (Fig. 33B).

(3) 53} 4~5dA: A 255~2.72 mm= FFF {77t SAsA FFEAT. QGel MFH
I, o] dyen, e A MAZ7F JAAEHUS SR neA|=r= v
HRou stgA=erle 2esty] AFs g SFALEE 45 fFeE By LA
st den, 24¢ g BERZFORE AHAH QAT AAES FEUOE o|FF
o 243 M PdF5E Bgon, 47 AAdA rotiferg Held AMA #EEUY (Fig.
330).

(4) 23} 7~10€A: A7 262~294 mm=2 A=A} 2AH 0 TR = o)t
n 23 ZbEA=HE s f3Ed e Astde] e sdth £ 9 ¥g wadAd Z4
2%7} B9 wo] AAHoe) glon ZTAL uwwl WA U B A
fAth (Fig. 33D).

I
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v
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Fig. 33. Larval development of F. septremfasciarus for 30 days. A newly hatched larva.
175 mm TL, B: postlarvae, 2 DAL 246 mm TL. C: 4 DAH, 272 mm TL, D: 9
DAH, 294 mm TL, E: 24 DAH, 512 mm TL.
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A 324 mm)FE #E AFE Ko, 35 249 = 512 mm7tA A%
stairh &8l Max Ao wad A 249E BA (Fig 34).

60 r q 6.0
~m-25C TL

50 41 5.0
fong -
E B =]
E 40 I 4.0 E
o= ]
E E,
g 3 0 - =3 3.0 E
= =
- » o =
E-E 2.0 2.0 <

1.0 | 4 1.0

0 0 i i i b i 1 i I i i i 0 0

0 1 2 3 4 5 6 7 9 11 17 24
Day after hatching

Fig. 34. Growth in total length and anal length of E. septemfasciatus larvae at different water
temperatures. Vertical bar denotes a standard error of means.

_55_

IP:14.49.138.138, 2017-11-03 15:15:22
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1. ®e]A R 7t

7k A A%
T dEE AATe HAAS A 2= Fig. 359 2t} Thai-strain rotifere= H3
¥ 5~6¥ 4 peake] 2 ov o F AFALEEr FZHE] EoAE AFES BRI £ 28CAH
Aol dojA e 15% AETF7F o2 AE 7ol vls) A3 & 4FFE BAon (P<0.05),
33%2 AHTI R e NP &% Rk (P<0.05). e 4@ 7N e TR AFS

B
WolX etk & 2RCAYT 8% AWT M e ARFEE wgod
= 7

—LJ

00 = | [
(P<0.05), WA H4@+E 7o S wo|z& okghtl, 28T ¢ 32TH& =1 7
A Aol el e FERE AolE BolA gFekth

). AA=7) BF
T2 deFEE FAdA 3047 dESA A SS 3 AT rotifer AL iz =)

ok By
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d 15%. 9k 25% ABTF7F thE AE T
v 3] H A3 30}0&1 Hol//loﬂ FTEL & dE MgF 150 moTY REE 2L gGAS
BATH 9, 33% 8 TAATE A wE 2

Table 162 Fig. 369 =ETEYE AFEE ¥4 HAER UrEHH Zolth. o] 489 A
A HolAl7lo AHA HolE Reole A7 120 m7]RHY #—aﬂw H] &2 13.63~23.64% (32
T, 5% 7+ =) dAG o, 5% 33% e 273~654%°] Atz &gtk 27 9
o] FF 7t Z7|Ql 150 mrlvte] XA S E FAHAEEHES 15% St 25% ol A 46.30~64.55%
2 oolF e BEE|&S 89 9d 33%HE 20%A
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Fig. 35. The population growth curves ot the Thai-strain rotifer, B. rotundiformis, cultured at

various water temperatures and salinities.
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Fig. 36. Distribution frequency of lorica length of the Thai-strain rotifer, B. rofundiformis at

various water temperatures and salinities.

Table 16. Distribution percentage of lorica length of the Thai-strain rotifer, B. rotundiformis at

various water temperatures and salinities

> 110 (m 120 tm 130 ¢m 140 gm 150 ¢m < 150 tm
5%o 187 6.54 934 15.88 26.17 73.83
SR05T 15% 741 1574 2315 2963 46.30 53.70
2500 127 1363 2127 39.09 46.37 5363
33%o 1.82 455 819 1646 20.00 80.00
5%o 1.82 721 18.18 2127 30.90 69.10
D105 15%o 819 1455 20.00 30.00 o121 4273
25%0 10.00 23.64 30.91 43.64 64.95 3040
33%o - 2.73 455 12.73 2000 80.00
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2. TR

sAole HE FE AN 482 AFEHITARLAITE (A-type)dt tt (B-type)
g8 FEFANSY FAFFAFTEALGY (C-type)dll Al A FRAML 7€ MEsty]
FTEAMN BHE skl AASH T

7} A-type

(1) A+5%3

AP 19 SANEE BEW 29 A9 207CAA 28T W3E Bt FAH7H £ E&
AEEE 647474 14 1THE F5AA 2B5CTE UrE} 3 169 ol FHE 26CTE FAAZ
DO% 3.14~9599 W3lE mgon pHE 744~7939 Wi E Bsv} (Fig. 37).

APEEZ 29 BAWIE B £R29 7§ 207CoA 28T #WEE 29 DOE 212~
8928 W3lE Bgew pHE 721~795¢ WEE RFc} (Fig. 38).

l
tr
H1

(2) Rotifer # %

S A o] 8% rotifers Thai-strain rotifer®t €db ZREAoA ALE3tL Y= S-type
rotifer® A}&3t9th. Rotifer Wl 92 Thai-strain rotifergl A% @ %% 15~25%, ¢2 30T
Bl A 1,000~1500 ZRA/ml ¢ 222 4709 F<F vl ™, S-type rotifers LRES|5(32
%), T 30CaA 400~500 7HA/mle] EE 3709 F¢F widste] A&t FR44
of o]&% Thai-strain rotifer®] ®{z+& =7 (lorica length)E 81~184 pm (HT 1395+26.6
i), S-type rotifert= 83~222 m (BT 154.51+£34.60 m) A+ (Fig. 39, 40).
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Fig. 37. Variations of water temperature, DO, and pH in Rearing Tank 1 during the experiment.
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Fig. 38. Variations of water lemperature, DO, and pH in Rearing Tank 2 during the experiment.
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(3) XA

100 mm EH7IAZ 2 AAE AAT = A rotiferd A3 &S Thai-strain rotifere] 7
$ 60~70% % 2.1, S-type rotifer™= 40%B =R, NHHA rotiferd] Z7|+= Thai-strain rotifer
l AE 80~160 m (HFo 1262129 m)ol 3, S-type rotifer= 90~190 um (FT 130.4+16.9
wm) HEA. FFE Hel F iAol 150 mvlvte] ARt EEH|E Thai-straino|
97.53%, S-type rotifer 88.64% = Z Zo]7F o™, Ho| x7|Ad wF%F B M
o} (Fig. 41).

zpolo] &gl rotiferd] A AFFE BAY AAAAE BT 494 90%014e Holeg
BRod, 23 5dAE A AAZE HolstAth EE A3 HA & A9 rotifer 2715
SAY 45 FHF 4dAT 104~125 im, F5F 5dAE 88~160 m 7|9 rotiferso] &
HAT (Fig. 42).

23l 1597tA Y Roje] A& 2 Fig. 437 Zth 23 dF oo AAL 1.68+0.21
mmE BY3 F3 F 547 104AdE 242 254£0.20 mmTF 3.1120.14 mme] AAEL B
o} Z4Zbe] AETE 8 T 5dA9 22U A% AAgE s
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41. Distribution of lorica length of rotifers in the larvae culture.
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Fig. 42. Microscopic findings of E. septemfasciatus larvae fed rotifers (arrowhead)

6.0 r

2.0 -

Total length (mm)]

0 5 10 15
Day after hatching

Fig. 43. Total length growth of E. septemfasciatus larvae in the excremental Group A. Vertical

bar denotes a standard error of means.
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. B-type

FZH FE&& Tm EAYE F£2 NS o[ &3t 3000008 F&FFm, ol FHEL
94.85+2.02%, 3842 99.320.7%°10th. AlS Aol HFL 7
mm °]eu, H3% 3o 2.48+0.04 mmeln 6Y A= 2.68+0.6
ARo) 9dAE 3T Aol FEHO 294:037 mmE *é%*ﬁ}aiﬂ-. gElm 4L A=
512 mm7HA] A5 ATh AMS Aol AEEL 11YAZA L HEELES BP0 O olF

wastla €% BLAs A AT FHibeAk (Fig. 44).

—111 m
o
>
ol
1o
&
N
N,

Total length @m)
|52
[—]

0 1 2 3 4 5 6 7 9 11 17 24
Day after hatching

Fig. 44. Total length growth of E. septerrfasciatus larvae in the experimental Group B. Vertical

bar denotes a standard error of means.

t}. C-type

806.1+39.6 um (n=30)°lx F3} FHF F Ao] & 17577016571/ A k. AHS =
172 %3 339 A7|7F 2454007 mmeld e, 315 3dA o= 2.42+40.15 mmel 2L
6d Aol = 2.54£0.19 mm= A AL 4‘]',—-_]'% o) B35 9dA = FEIW
#EEo] 3.01£025 mm=Z AAsHE T 187 T 129 A= 3.02£033 mme AF A
ZJ’O] U (Fig. 45).

AbS Zpole] AMEE-Z F3FE 344 803%, 6UA 826%, 94A 8l3% = W L2 F£FS

FAsEA T 2uh, AMg RekE 1298 AMEFEY J4% (30T oo lstd AEE
13%% S4335, 535 1344 = A MAZ AASIE S (Fig. 46).

2

o]
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Fig. 45, Total length growth of E. septerfasciatus larvae in the experimental Group C. Vertical

Fig.

bar denotes a standard error of means.

360

260 -
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Number of larvae (103 )

0 3 6 9 12
Day after hatching

46. Number of surviving cultured of E. septemfasciatus larvae In experimental

Group C. Vertical bar denotes a standard error of means.
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A6A. A, Epinephelus bruneus X 24t
1. oju] A% 2 $A

7t RS 2 3 2y

Cannulation W& o] &3le Adxd def E2de =AM A 973 270560 wm (F
450+16 m)Q) Avbal 9F (A 780 cm, #AE 6.80 kgl A HCG 500IU/kg FAF 48417
I 3 AP G BEF 500 ml o9 olF BAATE 466 mlE AT e H &2 B2% AT

o Ml

S

ey g zdle] 3 (43 8.0 cm, HAF 844 kg)odlA AHI HAAE o] &std AF F
A& ATt

FARAFL FARGYS Fo g WdAFL 830~950 m (BT 900+2 mF e, F773-2 200~260
(BT 244+3 ym)el R ov], = EL 97.7+0.6%°| A} (Fig. 47).

FAT LA (F2 25T)2 FH 1A £ 2470 olEF ow, 4647 A F A7
= T A e A 3

1071 Zko] A3t HRdE o Eujr], 13400l AEHAE o Fujr]d] Hol
=3t 1654 2k0] AAHAS wf WAy A, £ 24 FHRE A7 F3IF A FEA

o (Fig. 48).

U gd2d Bale

25T Z3AA Zrzhe] o] mE FAZde 23 ArE Adslsot 28%, 24%, 18% 3+
AGTFAM Aol7b gAt. 28 B3 FAdsrolA 96.7+1.3%E 28%, 24%, 18%
97.3+0.7%, 95.3+0.7%, 92.7+1.8% A th. G&d R &M AGE AFTE Z25FE Fg&2 4
wH getov APFel {Foxte AT (P>0.05, Fig. 49).

ik
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Fig. 47. Frequency of egg and oil globule diameter in E. bruneus.
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Fig. 48. Development of fertilized E. bruneus eggs. A: 2 cell (1 hour), B: Morula stage (4.5
hours), C: Blastula stage (10 hours), D: Embryo formation stage (165 hours), E:

Kuffer’'s vesicle appearance (22 hours), F: Hatching (32 hours).

100

Hatching rate (%)

34%o0 28% 24%0 18%o0
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Fig. 49. Hatching rates of E. bruneus eggs at various salinities. Vertical bar denotes a

standard error of means.
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2. 7 - Aels] Feprast 43

7hogEgEs B ATARE
Apupg] zpoje] F&d G F ALE ALY f8 7 22Te 5T A¥ 7R AAS
of B Agbol] wE Hsgt zoje] @EEF f7 FFE& W= Fig 50 2t
dE F5E A, ¥ AF Aoje] @E &4 uwgo] 25T =AM 24417 A HA)
: T IT1%E F3F F 48417 ool Yol 5 HATh ey 22T =4
24X 7t A IA 423% 2, 48N AT 76.6%, T2ATAE 95.6%E i F RANAAT

7 FFEY AF, 53 AF ZAoo FF &4 vlE&o] 25T A 247 A A
B FrHEAn. o=y 22T 2444 2442
AT 555% I, 48417 = 465%, 96AIZHAE 133%E MM 3] EFFHo ATFFdE di
obd Atk
B3l & AFA7A 4228 AZHE 25T ZACA ddo] AY F4ee 23H% 394, 22T
e RF F 498 AT H7] AFEA

S ECICIE L]

2aigols ¢ =7 B AP WHE Table 179 2tk B85 T R ATA Aole] yeby
27 0155:0.008 mmz H3E 624 0176:0008 mm= B Z/sAY. 1em oF 2
A3 et @s S7E] AReted ¥akE 1194 0.302:0.006 mmol olE3ow, ¥l
2 5444 2.838+0.176 mmel o|EF ).

MT-&o] 75%, 50% Wel Q) =7 27 0754, 0542 THYTh 1 AR Polg ds
7] Al&ete F3F 3 39AREH 49714 Ao 4 A7) de 0219~0.223 mm, 0.75d= 0.16
4~0.167 mm, 0.5d= 0.109~0.111 mme] it

th A =en e} wixgn] 5o T
Az A3 wA=r) 9 28 3 LULAREH JeEgen, X=gv A
o B3l 17U RE 4&1&4
1 2lu) A23 9 WHzte 28 A7)e) 056:020 mmelA F3F 38Y6) Ho) 535:0.20
7R stttk vl A = v -;LS Hale 29 171 o 0.83+0.23 mmol A F3-% 33 A
4112017 mm 7FA A& A= u g A =gu = 235 4894 A =Hu|Z &35
A (Fig. 51).

ke o) A= A2y wx=ejn] o] Ad A A 8 mm AFA7) A

40%, 35%= HHWE Ao (Fig. 52).

f 1

Oli'i
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Fig. 50. Absorptions rate of the oil globule (A) and yolk (B) of E. bruneus larvae reared at

different water temperatures. Vertical bar denotes a standard error of means.
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Table 17. Variation in mouth length of E. bruneus larvae during the early larval period

Calculated mouth length

IP:14.49.138.138, 2017-11-03 15:15:22

Day after Total length Upper jaw length

hatching (mmts.e) (mm+s.e) & 0.75d 054
2 2.68+0.03
3 2.76+0.08 0.155£0.008 0.219 0.164 0.109
4 2.84+0.06 0.157+0.006 0.223 0.167 0.111
6 2.76x0.04 0.176x0.008 0.249 0.187 0.125
3 2.95+0.09 0.160+0.005 0.226 0.170 0.113
11 4.12+£0.09 0.302+0.006 0.427 0.320 0.213
14 4.95+0.12 0.287+0.008 0.406 0.305 0.203
17 6.10+0.14 0.406x0.039 0.574 0.430 0.286
20 5.75+0.30 0.536+0.057 0.758 0.569 0.379
23 7.62+0.33 0.687+0.056 0.972 0.729 0.486
26 10.42+0.17 0.957+0.152 1.353 1.015 0.677
33 15.95+0.42 0.905+0.011 1.280 0.960 0.640
38 21.18+1.14 1.466+0.123 2.074 1.555 1.037
44 25.60+1.17 1.741+0.058 2.462 1.847 1.231
48 30.74+£0.95 2.001+0.081 2.816 2.112 1.408
54 41.12+1.20 2.838+0.176 4013 3.010 2.007

V2xUpper jaw length
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—— Ist dorsal spine

5r1 —H&— 2nd dorsal spine

—&—3rd dorsal spine

—4&— Pelvic spine

Length (mm)
LF¥] =

b
T

11 14 17 20 23 26 30 33 38 44 48
Day after hatching

Fig. 51. Growth of the 1st, 2nd, and 3rd dorsal spines and pelvic spine of E. bruneus larvae.
Vertical bar denotes a standard error of means.

60 1
4 2nddorsal spine
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Frequency (%)
45 ]
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Fig. 52. Change in the lengths of the 2nd dorsal and pelvic spines as a frequency of the total
length during larval and juvenile development of E. brureus.
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2
T35 0~19: K78 GFo] EXE, FEE B Azt "ojH Fol FYET Hell 4
A meFE Fd 534 FREd SH2T7 gl FA=nE JMAE F5 dWe
z4e HPez godoh Fadols PR SR 2 {93, HEdg olgFe
= Fetm FALYE FASTF £0dew w2 fdste 952 RAT (Fig 53A)
FEF A5 R 78 WA FFEHAG 49 ATHz, Gl €3en, &
Toll S M7 AN (Fig. 53B)

B39 11-28Y: F3} 1150 S =8 A2529 six =g =Zo] Z2dSHE Y (Fig. 53C)
Hals 17944 zAoje) AL F Fo] AFstn, BAE e EAFo] 2EEly, TA =87
o 259 93} (Fig. 53D).

Rl 895 F7] FolAvle] B3 melx=ule sz
S+t (Fig. 53E).

3% 509 A Aeeiv] Bat fEHn Aol WY wd vAE BT (Fig
53F). Afojol Al Hoje] Hejz waled, AAY B&T LW Fue UEEY (Fig. 536).

i
roe
i
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N
ofit
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e
e
Cli
el
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)

of, A%

AEdge] mE vl e A %ﬁ}% 23l 2% 202020 mmolQoH, WEl AFHA
412+0.09 mm °)t} WE) AjFo Fete] we @5A7]9 41.1241.20 mm
7R B sEvh olF FAT AR st FF$ 93¢ 93.78+1.98 mm7tA A e
(Fig. 54).

oz SR Wsle 23 2% 1224002 mmolt. 33 54¢3 7299 dFEAe] st
747} 22532051 mmel] 30.57+0.81 mmo] it (Fig. 54).

Aolel tak AALE de FE F T4 3 eSS 2 23§35 ¥ 934A HF: A
2452 746%% ).

o
3:_,
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Fig. 53. Development of larval and juvenile £. bruneus in the laboratory. A: newly hatched
larva, 2.02 mm TL, B: 4 DAH, 284 mm TL, C: 11 DAH, 412 mm TL, D: 28 DAH,
425 mm TL, E: 38 DAH, 21.18 mm TL, F: 50 DAH, 1050 mm TL, G 92 DAH.
93.78 mm TL.
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100 [

——— Total length
—E— Anal length

Length (mm)

2 3 4 6 8 111417 20 2326 3033 38 44 48 54 58 66 73 92
Day after hatching

Fig. 54. Growth of total length and anal length of E. bruneus in the laboratory at 25T
Vertical bar denotes a standard error of means.
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H 4z o3

AR B AN

SAAFY FAF AAE SrSlE ou ARSS JMFEEe Ad AASHHE o)l83ln gl
o, TAFY ASFERY AdA#E % (Kayvano, 1996; Duray et al, 1997; Hassin el al,

1997, Okumura et al, 2002)% F#HatAvh aET AR AAdE A7) & 713 282
Adkes (Y 9 9z wi 72 Folgt® tirZth E polyphekadion® AAAE 717He
2~670€ B¢t olFoiA L (James et al, 1993), E. fuscoguttatuse 9708 F<F FE oA =
AAEeC} (Lim et al, 1990). E suillusS A4z oA 953 d&£H o7 Azkesdda, 7)
T2 oA 4708 ojat g 3} (Toledo et al, 1993). &vld] ] AA4t#E-S dEA 1
9~20C2l 6€] A28t 26~27CWHS 9L =x7}A] o] 2 AT}d (Kayano 1996; Okumura et
al, 2002). S-2vietellA Hulge] AdAd#EE dEXGdAe 7dx2FH 848 FE7A (Kim
and Park, 1993), 281 AFXFGelAe 69 FTEFE 8d&7HA AAFHct (Kim and Kim.
1993). T4 e] FxW AALrE 71 F2 7~8Yd o] FojFH]

el FFEFE vAE acldE onle dEdd, #EEEY A4ul7t Atk (Okumura et
al, 2002). 28] THAFL ofv] YT ddgo] dojup Au] el T & + 3
3, FA v&e] BE B9 AL AT wasty] wd AdEY fgad 54
Aag 7MAE + vk BP0 (Tanaka et. al, 1990). #nlale] Adujel Inbeiz
o] fACAME g 7F 06~14 %Hoﬂfﬂ b EFe]l we& A¥E Bt (Kayano 1996).

a2l gl E oldd Xdge M= FAHAF (Cromileptes altivelis, E. striatus, E.
merra, E. polyphekadion)®] 2% 2 ]QJr A FAHE 7R At=gEte §40 AT
(Colin et. al., 1997; James et al, 19983; Lee et al., 2002b; Okumura et al., 2002).

TAAATY BHEFL E fuscoguttatusZd - EH 1wkel st 7] Bk Ho 2300805
#HTHLim et al, 1990). 23 Eulele] 4R 1ntE 7t 4Ab#@7] F<t 83~125%0 & Ab#
Abgheke ®E 34| o] FIhekH, AbkEe of 8~9AdlA Huie] 23ttt (Kayano 1996). At
FZ JollA F40o 300t E HAdLE QTS 28 AgdaA AF7L T F kst
o 330~771%HA ol Ath

AALTE B FHE D B 0%k 24% olFHe] W WL Aoz W H YUk
(Hussain and Higuchi, 1980; Lim et al, 1990). o] %2 A&7 R38L oln 179
FFZEHE, 4vg EFY E Jlg #FLQew FAFD Uk (Toledo et. al, 1993). 223
AANTE b B4 Azl do] ibdk FI19 vk wAel o 2:, ¥ B 4E

o

rz.‘. ﬂqm
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(Kayano et al, 1988; James et al, 1998). sAloje] AAArSd do BAEL 28
6~28.6% HAReH, HT FAHELS A7 Yo 0~80% HAKe 281 4

e sHo] FRALS B7) A% £ Fu AL NFH] A B0 FAY 5
WS FRY F 95 Pd Bao] Bestcu Az

ofFoll M AAEHE Aodte ez WFH ey HE FF7 9 £ BAste
Aoz dEA em (Nishi, 1979), &3] i = Y4ERAIY AAA HI #Eed 9
A2 ZdEE Aojgitl (Bromage et al, 2001). 28]a @A HolF (Taranger. 1993)s} WA &

(Watanabe et al., 1998), Z-2F (Park, 2000) § 22 <& diA ol&Ed #FF7] 24 L 538
Bl

AF A7) 2EES dln Uu =T AR A 2 old] ofFe] AS AAgd o] FeS
F71% 2} (Munro, 1990). 5419 FF7eh 2 248 53 JdH94 AAdS f= 4849
A 3¥el 14L:10D2 AALFs Al7]9] FdzAR £ 20T £ 2d6te] AFaksd Al

712tk 2~-3709 e dAEE FEE 5 UUTH

FH W Fe AA 2T ALE FRUdA AEE AAFE F3ld Bad Al7d $3
& ZFo] 7lsslor v} (Bromage and Roberts, 1995), ZL2lv} 24 A1SetE= o /5
= ohgt FHHY Y Jle g veEldt 59 gREEY EAdAME dEAEZY HF A
28 83 g % AP §5d g w2 A A 5L sHett (Zohar et al,
1989; Peter et al, 1993). ol2gt EAA L B2 T4 FAAE YEhtL vt (Hussain and
Higuchi, 1980; Lim et al., 1990).

o] Fo AH7F HAolE Aoyl A3 o] &A= hormone o1 F9 ¥3t¢A, HCG, 1
2131 LhRHa/GnRHa 5°| 31t o F<] s R A& F=8 37| =HteH ol &2 &
71ol o] &=zl W o 2A LH #f3dAe] HolA, hormone Meld of FollA Ao wioj
He 9% Fo EUE hormone £ o, TI2ly ¥ 749 59 871 vt (Zohar
and Mylonas, 2001)

HCGE A £ FAECrIA 71 ®el ol &=oAxn lem (Lam, 1982; Donaldson
and Hunter, 1983), Ao &+ Algo] 7HHsla, AL AHFo=R Z&ste] T EAE]
T4 D ER= wE Z Jeldtt (Hodson and Sullivan, 1993). 2zv+ HCG A}
£ & FAHCEE hormone AEe]l$ Aol 42 ¢ Ytz ©de] ot (Zohar and

Mylonas, 2001).
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LhRH (®% GnRH)®| &3 3, dquhg
o] A4 deo 73 J3 AFe F 7 A
itk pRAlg e 2 ofF FEILS GnRHY &4 FAM m&Ed FHstA Abgo] 7}
(Sherwood et al., 1994; Zohar and Mylonas, 2001). Z12{vt w2 GnRHa= &3}Ado| b|ks}
Avt ¥-g-& olZolllEd B AlbE 279t} (Crim et al, 1988; Zohar et al., 1989).

o]2] g hormone X2l & B3 A7 FAT Al #F AT=A, vt 541 E ¢
Feo & PMSG (Pregnant Mare's Serum Gonadotropin) 150 IU/kg 3 HCG 1,000 IU/kgE 2
zb 33] 9 138 FAlo AYdte] FAFES 42 5 AT (Takaya and Arakawa, 1987). %
doje] A g A Agad A=A Aol H3tsA Tme/kget Gonadotropin 500 IU/kg
ZF 5 oHuld @4 FAIY 48A17F Fo] B gubsle QIFAFE SR (Kitajima et
al, 1991). E. striatus ©1vle] A¥M &S F=st7]98]l HCG, LHRH-a, ol 3l (CPH,
carp pituitary homogenate)® 24 @& ¥ EFF st AQFuFHS GEslgTh
(Watanabe et al., 1995).

aga Z2HEA 2ZAE 5 Ao AMLY JdAEHBRE A AP FulkE
(Hwang et al, 1998)¢} E. merra (Song et al., 2003)o}4] 230~500 mme] WEAX:= i
AZAY GEEdDe] FAE HBF7] dAe] GRAX oAyt B¢ 400~500 me FEAFE
E 71X 32 Y& E aeneus N3 S E hormone A B E 53 Adid#d = 48] F$ GnRHa
2 10 pg/kg/28) FAVG AW F9 25 pg T 75 ug GnRHa pelletE o134 & =5 st
27 Bt 2~33 A4S fEE 4 UAT (Hassin et al, 1997). 281 400500 m]
BAEZE 7IA 3L A= Cromileptes daltivelisd] GTH 500IU/kgZE 1¥€ HH o2 & 23 FAL
A TE 3F Tt (Sugama and Ikenoue., 1999).

o] AF A 300~500 pm o] FEAZE 7T & T 4RAE WYLz 3
2w =& 98 Jd¥dA LhRH 50 wgkg 22 13 A3 dFoldx 29%F

3 59 Fol el wi@H A HCG 500 IUkg BWE 13] FAMste] Mg
TolA FARBE FAN BAIF A F Uity ¢ FEE 8371426 m W HTh 2

BE B A% £ oF f= td Algel gulg] & 7utelst wiEE o] 87.5%7F
HAa, Wigd ¢ dF vAds 4 d5@s AYstn tiF-Ee FAAA oAt
A dF FATES 1,360 mE RAAES 549%F oY, o= AdAL# dE & 74
YERY ATt

AukE] Al AW 270~560 pm (B 450+16 m)e] YRAEE A1 e AAE
22 HCG 500 TU/kg FAS 48717 ake] Adeh d& 2% 500 ml o|™ o]F & 466 ml
et HlE2 95.2%%H T

= fuho
o
i
=
N
>,
2
rr
oo _ﬂ
In
=,
=
o
e,
ol
il e
tlo

P )

o~

J L &

o
o

oX

nﬁmézﬂ,mb
e e Ko 4 A

=

o3

i
z

Ju

,_.79_

IP:14.49.138.138, 2017-11-03 15:15:22



TANFE AdAEE AFEA Folth AF7A L TAolRY X #g dT=
TAQBE] R A} 7o F HAso] dojukr] AF st T 10 o2
gttt (Chao and Lim, 1991). 283 E. marginatus<= A&
= A7E A% 140 Ay = veldt) (Glamuzina et al.,
A
w

PN

] 2
Well Al AdAel o] delit
2000). &3+ E mario®] =
 24~32 cmFH A3 ghe] Yo
Aol AL AR 60~70 cm, AF 6~7 kgFH A go] dojdt} (Tsuchihashi et al,
2003). olA# FdolFe THANE 7] A ofu] AbSe] B AHI x=Ho] Hgdrh

F 9@, A llkgFH ARgo] dojvta, Hulele A
T, FFo] 2HL thRE 40 cmo)d FHejokgtd, 18lum

weba $AE Zrsly] g8 o AE e R JAE fEdle FHAE FHe e V)&
g q st

ARSE §FE8E WS A5 (oral administration), FAF (Injection) 282 3 3F FY
(Implantation) ¥ 5°] 1o™, hormoned] ZFF ¢ Al wped AAge] f2 AT +

k=3
oF R &Aalzto] gEbd 4 9t} (Kuo et al, 1988; Quinitio et al., 1997). A F-5<] WHol| o]

A, E. tauwina (Chao and Lim, 1991)¢} E. fario (Kuo et al., 1988)2] A zgh& F=38t7] #3)
MeE e %9 hormones A7I1ZF A diok 3l EAAFe] vt @y FAF whEE o] &3
£3t E tauvina

E suillus® AA# H% (Tan-Fermin et al, 1994)¢} 3t FY WHE o]
(Chao and Chow, 1990)9} &4 o] (Tsuchihashi et al, 2003) A& FZ5 3t¥Th 53] HF
9] W e A% AFTEI hormone B g, FFol WE stresse] H43E & § U=
2t (Yeh et al., 2003).

dutxo g FAolFe AME fxo ¥4 hormone?! 17a-methyltestosterone (MT) AF&-
=™, hormone®] HBFEt wksltl. ZA7Fo WL o]&3t AXEF FxoM, E fawina
E 1d B9 145 mg/MT/kg BW (Chen et al, 19703 701252t 120 mg/MT/kg BW (Chao
and Chew, 1990)s=2 Hde o AASRES & < vk 8z E wriost E
salmonoidesfq ATEFAE B 4Hd3 f2d= ZZ4 70 mg/MT/kg BWH 104 mg/MT/kg
BW Ag@2 o AA% F=E & £ AU (Kuo et al, 1988). FAHE & 0]-9-61' Az 0.
8~15 kg9 E. suillus BAZ F=A, 30 mg MT/kg BWE AF2 63 F4A i< o A
A #5771 715389 Yt (Tan-Fermin et al, 1994). E. tauvinas ™32 05 mg MT/kg
BW 9] silastic capsule® A z3led 3 £ F& of, 1€ F 75 FHASE =5 & ¢
9l9ltt (Chao and Lim, 1991). Z8lx E  coloides® WA CE  androgen hormone
(Testosterone, 17a-methyltestosterone, testosterone propionate)g Z-< B #2 E @3l 3}
9l P2 ), 10~20 mg androgens/’kg BW H ] FolA el 900F &3 R0z JHA%
FE2E & £ AU (Yeh et al, 2003). 541F A2 1.0 mg MT/kg BW & 40 mg
MT/kg BW 9] silastic capsules A Zste] ojst¢dds of, ViE 5 71548 3¢ & &

1)
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AT

s

F ey, 2719 Fo 40 mg MT/kg BW H 7oA A AHZ & +
(Tsuchihashi et al., 2003).

o] AFoA mAHLF FAE YALE FA WHE o8] 05~20 mg MT/kg BW
injection AP W 4FF ZE MAZ GAZo] dojyinh =z A AHE B4l H
A 84 g 27 39)¢ A" T FAU] 9~1€9)9] 1.0~20 mg MT/kg BWE A&
AP FAME 8F FHE 58S 7H AxE 4 5 Utk AFAT ] 72 4~58 4
10~2.0 mg MT/kg BWE A ¢ 2@ FHe 9~11F Fo A2 4& 4 Iy 28
199 silastic capsule® ©]&3F MT 20 mg/kg A8l7E MT 1.0 mg/kg injection A &]F=}
27 =2 105%F g A7 7Hestadt

992 AAF v}E F A€ Eo]= hormone®e] W3}

TestosteroneS AAEA HF7 AP F2g AdS stx, 7] B 24 Jedvt
(Fostier et al, 1987). Hulele] A F7]o W& AW & AH2o|= hormoned #H3l= 71
A zFol 7t AA 9t Testosterone (T)& FA A= FHAGH Aol FAF A7 F& A& Ho
i ZHNA1 2] steroid hormone®F2 AwtE o2 Wi} (Tanaka et al, 1990). E. coioides?] 73
Mg F=3 A" T % WHEE androgen hormone A3 3 Z& 2 e o] %
HAF ZAaste] FA QA7 dzgeh FARE e BRI (Yeh et al, 2003). 549
QAT F= AFeA T U = Hie MT AHeFfoies dEz7RY 25% &
g VeERQTh aEa o) F HA A 8FF 2T KA #E dEhloh

E. morio®] A& F7)o] & A 11-KTe] WHie dds AVldet 2253, 350 42
g MART =A Vebdth (Johnson et al, 1998). LY E coicidesE 732 E androgen
hormone A2 & 3 A9A JH& f= AFA 11-KT9 oy F=e W3V} g
(Yeh et al, 2003). 54019 44 A= #3 5 11-KT9 ) F= ¥st= MT A2l
e 2% MT Az 7oA daztre 22 g2 Yehlda, 455 Ja L ov, 34

N3 7F 7153 A17190 MT A8 8F Fox d27FEot 22 s Vel d9d Adg
Fzd W AW 2 2] hormoned] Wt A= Al hormoned] F7% M2 &5
o wE Fdwisl g Be A7 o] FF et via AlgHTh

—

¢!

Lo

A7 BERE

"

FAre] WEEE Fibo dFE VX o3 9o gE N, FAAA, HEAL B
AE 2% Fol Ytk AAE BFREN] AT A AHL B fA e dedojgt & 5 )
th o] F FzLe] HEd glo] Aoz FHMA HRr AEA 5 Aol WE 2}F
s &d3H= AL WA, A AFY =S fAMIoF @t} (Jamieson., 1991). A E7t

o
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Al o F AAY] BEEES s BE FFe o] olgH I slth (Piironen, 1993; Babiak
et al, 1995). Micropogonias undulatus A2l WHREA sodium chloride, glucose
sucrose} 22 7t A do] K3 m (Gwo et al, 1991), Hipplglossus hippoglossus©l 4]
Mounib’s solution® MFRSE AH&dlg o REEA7 22 Aoz Vel (Bolla et al,
1987). a2gln dA Atge A W BEEdE Ham's F-102 o] 83t Aok e4do19 A
WEREE glucoseZ’} W& FAAd vle] REEGAV 28 AL veyoen oy FE
(glucose, sucrose)w XE&3 FMdo] EH (Gwe et al, 1993) = oz}t o]F (Piironen,

1993) oA 5% B& 5345 vebd A3 fAlsta o
WEEES 93 Zog o8 JHR 29 F M $8% A2 AR BElE de A
Ael Fe Tl WAASGL & & Uch ol FAEAAE AFAe] dojok sta, A EZE
g Fadol ook ah, AR}l T FA4Jo] wolok T} (Jamieson, 1991). F& WA=
T SolAQ A¥eo] 423 A7 WEed BE oF €EeE AEre YT o A
TFoll A= 84t Bo] o]&=jx &= DMSO (Gwo et al, 1993)9t A1ghe] ¢al WE R &
2ol TYBE o83ttt sAo1e HA WEEE ojA of 271A FaliA Ao ©E 2
T A BF HE SlolM B AAd elgt Fite] 7t Am, AMHERE

o

j_.
2
3
=

o

)
=L

oX
L
1o,
ol

FEEEE AR 5T 284 935 nAE 2dezs FIAL (Harvey, 1983)F
HE25E (Caylor et al, 1994)°) 2g F3o] /M Atk PF EEH T4 FAe 54L&
2 3 EF 30~60% Atelol 7b3 FEF FH Lol
dtd o g YEAHAAE ol &3 FHEH FI&2 vi¢ A veldd} (Lahnsteiner et al.,
2000; Linhart et al., 2000; Lahnsteiner et al, 2003). o] A& 191X GDS$ PDS A& +<
F3 g7 F3&L 2T (Row seman)¥ 22 95% Wele w2 £3ED 3388 Bych
Lis
o] Fe] ol Az|e F3 Aloje] A7], AeolsE, JohfiA, o] &% F
A 2 2AARRES B3 FEH Fo g AAA AL Roje] HyEHE S
g edoltt (Kayano, 1996). —Lelal *e] Z7]¢k A2 ojule] Holet 37 gl ute} W3l
HRAHN FAERE FoA ABBAVE Ao, Bl dEe FolA Fdgol A v
(Hamamoto et al., 1986).

AF7A Ba H sAIFe we I7E 0.70~090 mm ¥ elth (Fukuhara, 1989; Chao
et al, 1993). E. costae®] F732 H 093 mm ol (Glamuzina et al. 2000), Hula] &
AL #Ha 077 mmI L (Lee et al, 1997), 419 P2 #H 088 mme|tt (Kitajima et
, 1991, aElm 2E Felztm AR AMAAFY] wel WA Wy 3k E
polyphekadion®] d72-& Za|AGoA 0.71~0.79 mm BYE57 (Rasem et al, 1997), TFA

al.
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Polynesian®|| H—‘C— Hi 0.86 mm At (Aquacop ct al., 1989). E. coioides®] 74-% &3] A<
of qAdl= A dAE2 H 077 mm He™ (Hussain et al, 1975), BE|H Ao A4]s;
= A% f‘é"ﬁ" 084 mm St} (Toledo et al, 1993). ol Z-& Folgtz uPE (42~43%) A
Aol MAshe 4 dEY FHolAlw AEE Bt (Rasem et al, 1997).

o] Aol T}t Aule] FHTL BF FAEREG PP Fe FAHEo|h T3
SAole] AL 760~880 m (B 821.8+2.0 mmelRAiL, FF+= 170~220 m (BT 192.9+0.9
) F2v] o]lx Kitajima et al, (1991)9] AFE 18 |-AFe+sit) =pule] o] W42 830~950
m (B 90012 m)HA e, #7772 200~260 wm (B 2443 m)o] Aot

FHTY & B & g BIg Tol d¥FE Fr LJLeB2e FE o9 £E, aeration
a8y GEEE Zd od o8k Wit} (Watanabe et al, 1995). 2 Z7d] wal 23ist
=H 20472 Bulgle ok 25407 (R 25T) olYen, E strigtuse 25~20417F (2
26~30T), E. polyphekadion< 19/‘121' (£ 29~30T)°]A} (Masso and Masaki, 1966;
Watanabe et al, 1995; Rasem et al., 1997). F4dole] ¥-3} sh=v] L8A 72 46~35A17F (F
& 2~25T)0lgem, Autele &8 A 32417t (& 25T)0| Utk 0] oS E F
stdl 28 Algte] #otAlw S JEUTH

8]

o9
otk
)

T FFAR

ot

wate]l & Aol ddto] L Aojsl "lms] B W AZRAF Fae] B de] JHAE
BH8 4 91822 PNR (point of no return)e] =
A {7+ @t (Bagarinao, 1986). Z2]il W&e] & Aole A weo] HHA Aole] A7|7t
ddAez @7 WEA Fh9eE FHAA Heol HA rteAdel Eob AT fElett
(Hunter, 1981; Quattro and Weeks, 1991).

g1 oFe dF F5 S5 AR g8 24 vebd ¢ 3
TR S AE 2014 ofF oFl Hla dtiHes A
e W24 JPHATt (Bagarinao, 1986). vl 7} =2 25~29T
ool 90% W9 Ee W3 ARES Hola, 99% o WEg & 4
84~60A17te) Ut (Lee and Hur, 1997). o} A@A Fdo1% z}a}a% £ 25T =9
48A13E ool thRE-e] dile] F4EHAo M 22T A= T AR = dE
ol EAstTh

o] 7o F3} Aoje] A & AEA SlolM AFE SF Ho| AFHE T

]

o

jo
o =
3] o]
s
2 o
e 2
ot

rg

5
oitt
o

]

)
=2
R

N-lu:
i
[\
g
>

j}% "
FIF
>
fo
¥
o

s

Mo

2]Ql =2
g o] &3] ol WA dLEHR dEI {77 ol &HolAdnh. Tela o] g dEFER
Z dutd oz 7 d¥Eg d& =4 FFHARAT (Kuo et al, 1974). F4dol9k Ante]
o FT FFEee P8 F BT 2 C

o]
Z7A 96217 oA 2% FeEAn a2y 22T =79
8

A RFFAE A7 dobsdth olgld B JdF F] Bt vlaA =4 o
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=z I#HA Y& tnglyceride®t Z2 #A#FHo] EF Ao AMZHEY (Fyhn, 1989; Clyde et al,
1992)

MFAzE 2§ =27] Hs}

FAIFY MFANEE Eutgls $& 23-31T 2N d8 2§77 2 99%, 95% A
= FeE B3F 62~42407F 1) 92 (Lee and Hur, 1997), &2 20~28C &A= 84~
46412 o]t (Kayano, 1988). o] A @A Fideolet Apute]e] A+ Azt ¢ 22~25T &
A X 96~72A13F o] ¢itt.

Shirota (1970)8] ®Hel| whel A4k AFA zpefe} ]le] A7) 06dE F/8= 0.105 mm
ojem, AutE] = 0.109 mm oA th Hute] Ateie] Hel JFHA] FHL HA& 05d= UM
A5 94 AZ717F 0078 mm (Kayano, 1988: Lee and Hur, 1997) Bt} thi Zit} o] Ad=
dojet Autg] ZQFAl R wol Add] glojx TFE g Y= o] MHd o g Fo] gl
o2 AZEr

off

FaAA

i FEe SiA o) fe RIS dEEFF7 SGRHI] oldA AT, A HA A st
59 7%l ZEFo WA oF FFHHAE Fb (Moser et al, 1934). oJF Aoje] A&
7FeslAl she AeE 7] HARAES 459 S &4t ARE (E fuscoguttatus, Chanos
chanos, Siganus guttatus, Lates calcarifer)< W<€ 7] Aol 43 B2, UIUA S 4E
2 7, dolsy Y HEWNH U vnPde W, FoAF L alarifer Al HE
ot g FoF, C
8 ¢ vk aeiv %

0
AZ7F Fm, W§ FEE

B

Hoeg 3 9 AV HAT R JGE HESE] F7E
chanos Ztolw Wi FFEF Aol & w
oAF Aoy o= FILEE RIS
2 o, 27] o] FE vf& 7
o F Aole Hol AFx & (encounter rate), ol FE& (feeding strike rate)9t o]
X B E (feeding success rate)@ Z-& 220 o8 AR At} (Hunter, 1981). =g o] F Aol
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22 TF FF AL 9 4LH ) 100%°] Aol stH o, rotiferite ZFE FRolA 100%2
AoldA & 94 & 4 UUTt E coioides Aol rotifer?t-&

F Acartia £+ Pseudodiaptomus®] #7| nauplius +4< £3 Fo 8

&7 7148wt (Toledo et al., 1997).

Hol WE7l ¥ Z¢ Aole Heolx: F3r] As] AAUAE LESA Ha, =Hel 44
7F o3 S AMFER 71 @t (Hunter, 1980; Laurence, 1977). Z7] Heo] HEZA
rotifer?r& o] &% A¥oNM E. coioides® E. suillus AololA rotifer& 20,000 ind/1 RE&2
TFe9 S W 5E9A 100%2] Adolstsitt (Duray, 1994). ¥+ 599 E tauring Aol thEE
2 5000 ind/!l 9 rotifer BEA HelE: HFHI A+ U™t (Randall and Heemstra,
1991).

a8 3 rotifer?ts FEStE A AelE2 Hol AHA rotifer T 2% NAE 4 AL
o} (Duray et al, 1997). &ute] zpole] Ast#) rotiferd] 7342 F38 3~4d4A 70~150 wm
oli, B3} 5UA 127~147 mP v AWAE 170~210 m= 23 Y52 Zr)o T A4
A7 7} ZF7F8k T (Kayano and Wan, 1997). 28l Hulalel FE A4k 7]9) 1o} A rotifer
Ho| YEZ o2 AP goAA Z7] AR A7l 9% 5~T7TY Alold] oz #HAts)
o, ol Ho|ZA rotifer®E o] &3dA 23t e ®E AZAFE} (Kim and Park, 1993).
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I
9 =7 et Aoz AlRET

S 1]

ol oy

3%

23 A% pA0ls Aud Aold 4L ¢g F47 WA AAHE FaE uNA
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47E e F3% 93dA 93.78+1.98 mm7tA AAsATE TR C dltivelis (Sugama
and Ikenoue. 1999), F4° (Kitajima et al., 1991), E. fuscoguttatus, E. polyphekadion
(James et al., 1998), E. suillus (Duary et al., 1997)2] A& galbetg ot
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BA71e AAke] 40%, 35% 2 HE Hgdh
AR AL AL 279 mek Aelrt glev WHAZE AA artemia®)t AF ALE
E Mo o|ZRE Ao wEA APEo] (Duary et al, 1997), artemia®t 1 FALE 7} rotifer

2ot o g duAE R oA, HolA A £4& Fom Yz
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