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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 (FAO, 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 ornamental fish in Korea, China, Japan, and Southeast
Asia.

Studies on the reproductive biology of groupers have begun (Hwang et al, 1998; 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 265 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 0~50%. Egg

production and quality decreased gradually at the end of the spawning period.
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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
injected 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%, 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 gm. 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 gm were suitable for
hormone-induced spawning. Oocyte diameter increased to 300~700 gm 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
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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, 790~8930
(average 821.8+2.0 ym) in diameter, with a 170~230 m oil globule (average 192.9+0.93 im).
The fertilization and hatching rates were 56.2~94.9 and 70.0~97.7%, respectively, using the
dry fertilized method.

At a water temperature of 22.0+57C, 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, 16,5, 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 22°C, the rate of yolk absorption was 32.7% after 24 h, 88.2% after 48 h, and 93.1%
after 72 h.

The rate of oil globule absorption at 25°C in newly hatched larvae was 34.0% after 24 h
and 80.3% after 48 h. By contrast, at 22T, 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 25°C, and 4 days at 22C.

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 yolk 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 yolk 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 TL.

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 um) in
diameter with a 200~260 um oil globule (average 244+2 ym). The fertilization and hatching
rates were 97.7+0.6% and 96.7+0.5%, respectively.

At a water temperature of 25.0+057C, 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 TL 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 30.57+0.81 mm, respectively.

The second dorsal and pelvic - spines appeared at 11 DAH. The first and third dorsal



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 initially 0.83£0.23 mm long,
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.

_Xi_



CONTENTS

SHTIMIALY +-s+s+seeseeomsssmssensessseess e s8R0 vii
COMLEIILS #+#-esreesereserentstsntsarnsssstatar st ss e eaeses e st £ b h et d eS8 R L e e h eS8 AL b0 Xii
LASE Of TFAGUIES wreversseesrersserssessssrmssecssesssests st SRR i
LISt OF TABLES +srerrereeerssersresesessesenentntsmteetesesesestntstotesssesrss s asas e b bbb e e s b aa e h et eSS s i
Chapter T . TtrOCUICEION reverereerssreerosm sttt he sttt s s s s s e 1
Chapter 1. Materials and MELhOdg roorerrreerssmerrmsattrerr it 2
Section 1. Adult fish and management ............................................................................................. 2
SeCtiOn A IndUCﬁOrl Of maturati()n and Spawning .......................................................................... 4
Section 3 Induction Of sex reversal and Cryopl"otectant ............................................................. 9
SeCtiOn 4 Development of egg and 1arva soerererererreserr s s s 16
Section 5. Food and Larvae CULLUEE sttt st sttt s 19
SeCtiOH 6 LarVae CUlture Of EpinepheluS bruneUS ...................................................................... 22
Chapter TIL. RESUILS ww+weesersesesersses sttt e 25
SeCtion 1. NATUTAL SPAWIINE ++rwsrresssessressersssrensssssstrsstsss sttt e 25
SeCtion 2 IndUCtion Of maturation and Stripmg EE wrevrereer s s e ‘29
Section 3. Induction of sex reversal and Cryoprotectant s wssessmessssesssrmesmrmmems s 38
Sect-ion 4 Development of egg ANA JAI VA cworereeermrmern sttt s s e 45
Section 5. Food and Larvae P R0 1 ¢ s TR 56
Section 6. Lar-vae CUlture Of Epmephelus bruneus ...................................................................... 6’7
Chapter AT D T o T s 10 ¢ T et i L 77
Chapter V. PrOpOSﬂl on applicati()n ........................................................................................................ 87
Chapter VL. REfOIEriCe «seeerresreeeeemssrsemmettttnes sttt d b sttt e 90

= Xii =



Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

List of Figures

1. Schematic diagram of semi closed recirculation system used in the experiment. - 5
Fig. 2. Examination of sexual development in E. septemfasciatus using cannulation
method ............................................................................................................................................ 7

3. Measurement sites for larvae of E. SepLemfasciQtus. - - 18
4. Measuring the mouth Size Of E. SeptemfasciQtus, - wsrsrresssrsscsersinimmnssinnns 18
5. Feeding scheme and tank management used during E. bBrumeus. =« 24
6. Volume of natural spawned eggs of E. septemfasciatus in 2000, «-veeeeesemeemernnnne 26
7. Fertilization rate of the floating eggs during the spawning period in 2000, «-weeerer 26
8. Volume of natural spawned eggs of E. septemfasciatus In 2001, «reeerrmeremrmeeieeenis 27
9. Fertilization rate of the floating eggs during the spawning period in 2001, -reweeeeee 27
10. Volume of natural spawned eggs of E. septemfasciatus in 2002. -ewweeeeesremresesernenes 28
11. Fertilization rate of the floating eggs during the spawning period in 2002, - 28
12. Change in water temperature and photoperiod under natural conditions and in the treatment

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

group from 11 MarCh to 19 AugUSt 2001 .................................................................................. 29

13. Change in water temperature and photoperiod under natural conditions and in the treatment

group from 9 December 2001 to 19 May 2002, «-eswwessseeresssecemssssevssssrsesssesusssesessssscsssssnsessnes 30
14. Change in water temperature and photoperiod under natural conditions and in the treatment

group from 20 October 2002 to 19 March 2003, «wssserssecessserssrersisessemsesssnerassermmseemmsessssmsaneoss 31
15. Different development stage of oocytes in the ovary of E. septemfasciatus by

Cannulation. .................................................................................................................................... 32
16. Hormone injection and artificial Striping Of €ggs. s wwsmwsssesssessssssesssessissssssissssississsissees 33
17. Egg variation with the passage of tirhe after LhRH hormone injection. -« 34
18. Change in egg diameter with time after HCG injection on 12 July 2003. --eeesereeeeeeesecene 35
19. Change in egg diameter with time after HCG injection on 21 July 2003, sseerereseeeeseesecenee 36
20. Effect of HCG treatment on ovulation in a female E. septemfasciatus in 2003. == 37
21. GSI variation with MT treatment in E. SeptemfasciQius. - «sstswrerssessesvenecenes 39
22. Sex reversal of the gonad with MT treatment in E. septemfasciatus. -« 39
23. Change in serum testosterone and 11 KT with MT treatment, as compared to the

- Xxiii -



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

Control group ................................................................................................................................ 41
24. Variation in sperm activity -of E. septemfasciatus in different diluents and
Cryoprotectants' ............................................................................................................................ 43

25. Variation in sperm activity of E. septemfasciatus with time after dilution in

GEAWWELEE, wrsverersesrereesessertstuemsusstaessasestasseseesesststsesssnsntaesneasssstacsesatsssssssamsessneassesessensaetcsesessesssssesens 43
26. Effect of different diluents on the fertilization rate of E. septemfasciatus. - 44
27. Effect of different diluents on the hatching rate of E. septemfasciatus. -« 44
28. Frequency of oil globule (A) and egg (B) diameter of E. septemfasciatus. = 46
29. Embryonic development of E, SEDIemfasCiaus. - - rrmsssssssssssssssssssississsissssssssesss 48

30. Fertilization and hatching rate of the floating eggs in E. septemfasciatus using
art1f1c1al OVUlatiOH rnethods il'l 2003 ...................................................................................... 50
31. Hatching rates of E. septemfasciatus eggs at different water temperatures and
Salinities. ......................................................................................................................................... 51
32. Absorptions rate of the oil globule (A) and yolk (B) volume in E. septemfasciatus
larvae reared at different water temperatures. ................................................................... 52
33 Larval development Of E septemfasciatus fOf 30 days. .................................................. 54
34. Growth in total length and anal length of E. septemfasciatus larvae at different water
temperatures. .................................................................................................................................. 55
35. The population growth curves of the Thai-strain rotifer, B. rotundiformis, cultured at
VariOUS Water temperatures and Sa]_inities. ........................................................................... 57
36. Distribution frequency of lorica length of the Thai-strain rotifer, B. rotundiformis at
VariOUS water temperatures and Salinities. ........................................................................... 58
37. Variations of water temperature, DO, and pH in Rearing Tank 1 during the
eXpeI‘iment. ................................................................................................................................... 60

38. Variations of water temperature, DO, and pH in Rearing Tank 2 during the

EXPETIITIENIL, +++evrrerererssrssssssssssmmtaee st st bt e e s 60
39. Distribution of lorica length in the Thai-strain rotifer, B. rotundiformis. =« 61
40. Distribution of lorica length in the S-type rotifer, Brachionus Sp. =-:---«sssseeseseeseee: 61
41. Distribution of lorica length of rotifers in the larvae culture. =i 63
42. Microscopic findings of E. septemfasciatus larvae fed rotifers. r-wwreeemsimcasien. 64
43. Total length growth of E. septemfasciatus larvae in the excremental Group A. === 64

= Xiv -



Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

44, Total length growth of E. septemfasciatus larvae in the experimental Group B. -eeeeeeeee 65
45, Total length growth of E. septemfasciatus larvae in the experimental Group C. e 66
46. Number of surviving cultured of E. septemfasciatus larvae in experimental Group

(. wovemeererer ettt e bbb bR E b bbbt sa sttt et eseaene 66
47. Frequency of egg and oil globule diameter in E. Bruneus. = - eweesessraminnis 68
48. Development of fertilized E. Bruneus eggs. - - wseressscrimessssmmssmsmnsssmssssssssssssse 69
49. Hatching rates of E. bruneus eggs at various SaliNIties. «wewessssreceeoremsiiissnennnen. 69
50. Absorptions rate of the oil globule (A) and yolk (B) of E. bruneus larvae reared at

QIffETENt WALET LEIMPEIALUTES. <+ wrsrrrsserrsrecessersserisessssessessusersiseseseessssessssesssss s ssssssesssesssssssses 71
51. Growth of the 1st, 2nd, and 3rd dorsal spines and pelvic spine of E. bruneus

JATVAE, wveerrerrsesresserereneneissiesessaesesetetsaeataestateceseseseseaeatatatstnt et e eseb ettt ee et easat ettt st s eeeeebetenrteteaensananaen 73
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. Bruneus. « e seeeesessesssosinennnee. 73
93. Development of larval and juvenile E. bruneus in the laboratory, « e eeeemsseeesees 75

54. Growth of total length and anal length of E. bruneus in the laboratory at

- XV —



List of Tables

Table 1. Total length and body weight of E. septemfasciatus in experimental area - 3
Table 2. Hormone treatments used to induce ovulation in E. septemfasciatus «-«--tssesmeeeee 8
Table 3. 17a-methyltestosterone treatments for sex reversal of E. septemfasciatus from
JUNE 1O SEpLermnber N 2001 s wwswsseseessrenrensrssrssissss ittt 10
Table 4. 17a-methyltestosterone treatments for sex reversal of E. septemfasciatus from
March to May in 2002 -w-reeeeerserssmsessrsmsreisnse ettt 10

Table 5. 17a-methyltestosterone treatments for sex reversal of E. septemfasciatus in

Table 6. Measurements of functional male E. septemfasciatus used for this experiment ---- 13
Table 7. Constituents of the diluents tested for cryopreservation of E. septemfasciatus -+ 13
Table 8. Experimental groups of diluents and cryoprotectants tested for cryopreservation of

E. SCPLEIMIASCIQLUS SPEITIL *+#e e estesessesesssssssmssnsmeme ettt ettt 14
Table 9. Numerical index used to evaluate SPErm MOty w s seresssrssssrsessssmssssssssissssssesesesas 15
Table 10. Artificial stripping of E. septemfasciatus eggs after LhRH hormone injection -+ 34
Table 11. Effects of 17a-methyltestosterone injection on sex reversal in E. septemfasciatus ---- 33
Table 12. Induction of functional males and gonadal development with MT treatment -:-40
Table 13. Stages and time of egg development in E. septemfasciaqlus - -rwrrermmrreressesee 47
Table 14. Relationship between water temperature and time (hour) required to reach each

development stages after fertilization in E. Septemfasciaiils «---«woseseseeeessessmarisannn 49

Table 15. Variation in the mouth length of E. septemfasciatus larvae during the early larval

Varlous Water temperatures and Salll’lltleS ............................................................................ 58

Table 17. Variation in mouth length of E. bruneus larvae during the early larval period «--«----=see 72

- Xvi —



F 1 A A B e 1
;q] 2 %}. zﬁg 1:71; HOH?; ................................................................................................................................... 2
A L M ZHE] B ARG cererenenentns e oo e 9
Al 2 A AL B IE T AFTH oo 4

A 3 A IS FAGE D AR WE HBFE s 9

A 4 A G E ZE - X 0] HEEE s 16
A5 A HolAYG M D glEF FBE APAF e e 19

A 6 A RFHFE] F LAY oo 29
A3 ;g—. . 25
;q] 1 & x}cﬂ@;& .................................................................................................................................. 25

;q] 24 AAE 5 Gl QT FEFJ T ceeereeeeerrrenn et 29

Al 3 A 7SH FAFE D AR WE H I s 38

A 4 A W T RF ¢ X O] HEEE e 45
A5 A o]l AT ML L T BT AR e 56

Al 6 A FFHFR] T B AIAL covererseriosemsestssee s 67
It - R 77
A 5 A, ATANEFZTIO] BFL ] E] cererrrrerrrerseesiserisere st e ]7
I R T T I e A a0

- xvil -



dolF (Epinephelinae)d 34HES 15%0] 159F0] Rus 1 glow, olgL diF& ofd
AL dxet Azt wdd AHo] MAs vk (FAO, 1993). 1elal F4 <
FYUEHET ofyet dE FI aEln FolAol AFAAAE HEolrM VEET}
& oFogA, SHUFAAE FEdy AFE Addd 54 E. septemfasciatus, ¥t
Epinephelus bruneus, ¥#v}2] E. akaara 5 11%°] ¥X3t32 ot (Kim et al, 2001).

TAF FEAANS Y8 ou)#y (Lim et al, 1990; Kayano, 1996; Duray et al., 1997,
Hassin et al, 1997, Sugama and Ikenoue, 1999), A A& 7%= (Lee et al., 2000; Lee et al,
2002a; Tsuchihashi et al., 2003; Yeh et al, 2003), 282 AA&FE (Kim et al, 1997,
Marino et al, 2003)5°l #3 A7Eo] o]FofAx gnt. aeln A¢A A9} FAoF
A& (Hwang et al., 1998; Johnson et al. 1998; Lee et al., 2002b; Song et al., 2003)° 3+
ATEo] &s] AP vt
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A1AE. oju] FH 9 A3

A Aotell A A3 ] ALSE 5A o), E septemfasciatus o7 2198 E 7918t AlF)
S HEFRAATL on] AFLE (50 ton EAHE 2 AR)AA A 7 FwA B
N e 2AL B3 A4S FEE FHSAT oue ZVE AR 666:44 cmol X, AF
53+1.1 kgelAth 283 gzT2A Ad4s 5 2 A4S 45 A4S 57 it F
7199l Wieteatel 401 oln] 30mbaE] (A 70.7¢1.6 cm, AF 6.1+04 kg)E T 3le] ofn
A& E Fx 2R Addd S22 AAdgY. £§ FP5Aee

0 cm, #F 3.0+0.2 kg)a oz AL
] 8t} (Table 1). "40]}:'— s ©E FE3AY e adAtse AARE
g MP (moist pellet)y& A3t 13]/19 FF395, 549 v AsdEE 1,383
6~1665.2 g/m’2 &x5gr}.



Table 1. Total length and body weight of E. septemfusciatus in experimental area

Experimental area

Fish MERT 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 65.7 571 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 65.8 541 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

Averagetse 66.6%0.9 5.310.2 70.7£1.6 6.12£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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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.



g dds 2 aE fx
T AXE FE E A9 AFE FE] Y8 FF S8 2ET A9 o
ZT A¥o)E gtz AAFTE E3 cannulation RAPEHE S olfdle AAds dAE X

s, RS b AAE gAdeZ zHz LhRH-a (desGly'® [D-Ala’] -luteinizing hormone
releasing hormone ethylamide, Sigma Co., USA)¢} HCG (human chorionic gonadotropin, Sigma
Co.,, USA)E ol &3td HF HAs 2 uWldFEE AASA

(1) cannulation ¥ & o838 AL g 2A}

Q19 A WjH#e 45357 $1% hormoned A HEA71E Golr 7] 98t cannulation W
HE o] &3t FAo onje] AAE A= BT AP AT Aol WA AT
2 Table 1o veton, Agdols 9F AT L HATd ma dHAES Hddstd,
2-phenoxyethanol®] 200~300 ppm =& vl ¥+ Ul 08 mm, ¥4 1.0 mms! 2 A&
o] FEE ©]§3l9] cannulationg A3 "“"%} T A¥oles ofF F¥ #AY At sl

n.o

93sted HCl-Oxytetracyclin 150 ppm & 147k 2 AAerAe (Fig. 2).

(2) hormone A& 93k ¥ A< @ wjgd F&
A¥ol= cannulation WHE o] 83t A2 YA 400 m AFL ¥ T Qe ofuw

S ez A LAY tagging?d F Fxo 8% F APoE Ity FHIHG. P
HFTAHASG L EFFEE §7] 9% hormones LhRH®F HCGE o %ﬂ?ﬂ,\\:}. hRH # ]+ Ethyl

alcoholdl] #3138t LhRH €319} cocoa oil (EA, Japan)S &% ¥ 13] FAlsgth LhRHE] A g
FTEE AT kgT 50 1g] FER FAIAT. HCG e Agd g &3 5 AT kg
50 IU &2 13] FAS Tk Hormoned] FAF H91&E ofA9] § 2% AlSZE ol 1 om ¥&
of FAbst4d™. Hormone FAF ¥ 24A17F kAo 547 gk {5 2 e ¥WsE AFIIT
(Table 2).



Fig. 2. Examination of sexual development in E. septemfasciatus using cannulation method.
At experimental fish, B! measure, - C: anesthetize, D: cannulation, E: balneum

medicatum.



Table 2. Hormone treatments used to induce ovulation in E. septemfasciatus

Fish No.

Total length Body weight

Designed of

Actual treatment Duration of

(cm) (kg) hormone of hormone experiment
1 71.0 572 290 pug
2 70.0 5.78 290 pg -
| LHRH: 0 ps/ka i 11342; 2002
3 66.0 4.50 230 pg
4 725 536 270 ug
5 83.0 11.18 LhRH: 50 pg/ke 560 ug
6 69.0 6.28 3,140 IU
7 89.0 11.98 6,000 IU
8 84.0 10.74 5,400 IU
9 83.0 1118 se0 U 0T
HCG: 500 TU/kg 31 Jul. 2003
10 73.0 5.60 2,900 IU
11 710 5.34 2,700 TU
12 60.0 3.65 1,850 IU
13 60.0 3.78 1,900 1U




AR, 7154 A FE 2 A FERE

o] BRE Yoty AFE dctoA AAH
-methyltestosterone (MT)E o]&3ld 7)%3 4+
12 2 ARG A71FH B

Ziad
1. MT Aol e 7153 3 45

7153 4 5 28-S 2001 ~20033 74 hormone?l A Al 719 Whgel] W& 3}o]E Uof
27l 98t 58] HAAEAT. MT A& 2%+ o4 5 1 kg@ 05 mg, 1.0 mg, 20 mg &
T tHETE stATh MTe] R ojx o 5 &8 F99 hormones FAMst:E T
T B AY S ol 85

TS5 FA S MTE ethyl alcohol (95%)9l &38JA1#A cocoa oildt EFF 3 o Ho] 5 =%
A=2 obef lem F&9 FARIEG. MT9 Fo& 123 49 (20019)914 = hormone?] #
o= F 1314 53l ZX FARIGon, olF 55 & Ao zAstA paAs gon
(Table 3), 2xF A% (2002~20033)FEH e F 134 430 A FAEH o, FA 457375 H
B 2284 4 2 FA FF {FE 2ASAT (Table 4, 5).

B0 4 8L MT7E S99l silastic capsules A &5t B2 sk o) Silastic
capsule AZx WHL 100 mge MTE 200 09 ethyl alcohol (95%)] &8f+171 ¥ 800
cocoa oil& FH7FA Y (1 mg MT/10 w0). 283 W23 1.2 mme H2EFEE 1 cm MT 2
mg §HF&)9 15 cm MT 3 mg &8) 2832 2 cm MT 4 mg 582 22 Adetd
kol A A= hormone £4& Z47H 20 pl, 30 u, 40 ME BT AR FBL ApEow
At A 2E silastic capsule® A9 FhEA v 2 EES 05 cm AA F AY
i, HFAE o]&3te ANEHE B3t Hormoned 13 Xelstdon, e 85 3

H Ao 28 FFE wF 2ASIA Y (Table 5).
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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 I
Control ony )
2 28.2 578 cocoa oil
1 370 820 144
MT 05 mg/kg
2 30.0 638 11.2
1 41.0 1,168 58.8
MT 1.0 mg/kg
2 32.8 585 205
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 oil
3 47.0 1,797.4
1 33.0 7185 10.1
MT 05 mg/kg 2 40.5 1,291.5 18.1
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 1,771.5 49.6
1 43.0 1,403.6 78.6
MT 2.0 mg/kg 2 41.3 1,298.0 72.7
3 448 1,761.1 98.7
1 445 1511.2
Sample
2 34.5 673.6

._..10»..



Table 5. 17a-methyltestosterone treatments for sex reversal of E. septemfasciatus mn 2003

Experimental

Total length Body weight Actual treatment Duration of

Numb Methods
group mber (cm) (g) of MT experiment
1 53.0 2.350 65.6
2 48.0 1,896 52.1
MT 10 3 490 1,803 55.5
/k 4 52.0 2,350 62.2 DJan o et
. . njeclion
fesse ’ 98 Feb,
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/kg 3 51.0 1.965 40 14 Mar.  capsule
4 53.0 2,309 5.0
1 450 1,600 89.6
MT 20 2 57.0 2,700 152.2
mg/kg ) ’ ’ 5 Apr. ~ Infectio
njecrion
3 46.0 1,620 90.8 31 May
MT 1.0
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 2,800 156.8 18 Jul
4 525 2,200 123.2
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2. Hormone % 9 A

£ % 7158 A FERANA A 2 Zol= hormoned] W3E 25 71HoE
gL HA o] uZ Testosterone (T)Z 1l-ketotestosterone
(11-KT)9] F% W3E A sk
2HRol= hormoned] FE&2& Z+ X4 hormone T 8% 250 wE AHT o+, 2 mlY
diethyl ether® #H7}8te] & E3 & 5~1087 4B AZ 5 -70CY WdE oA 1583 2
WAL ol F 4E 9 #71EmE (free steroid) e A& &4 YA FHVE A AxA
Rom, ¢ho] FEAAE 23] HbE A g4 pnx «’-‘-ﬂ]ioli FZEL 1 ml9 01%
gel-PBS (pH 75)°] thA] &3 & ¥, Aida et al, (1991)9] ol mhzb WAPE 954U (RIA,
radioimmunoassay) 2. & ¥4} 3t gt}

A A G 248 0.0075~3.84 ng/mi7hA] 10942 w50 A standard® A EE 247 200
of ‘HZ Al A 2HZol= (Amersham)& 100 w0 (°F 12,000 cpm)® 7t 5 54 A 3(};—4}
T 200 wH Wi WHEAIA 4T 124205t WA AT I, FA ] 2FEH F
#3171 Y8l DCC (dextran coated charcoa)E 250 w0 H7bste] 4TslolA 158
& F dHEE 47T, 2000xG, 15 min) & H, AFF FT4E FHAstd 97l 3 mle
scintillation cocktail (optiphase, WALLAC)E ¥ i dAAAFAZSVZE2 ST

N

R

3. A ¥F HE

AT AR BE Ve MEE Aol W AT R Aue EFPe o) AT
gk 2 AR oHRE SEL, FH o] Argdel od =¥ FHE AT
A

Ao o] 8% e 994 HAE = FAHE 2 Ved A (AP 478£21 om,
AF 21202 kg) 4vte]ol A F2F AAE o] &3t HASAT (Table 6). s4°12 4=
T EE 7lE EE sUldE FdY SEEANN Ade] WERES AT FHAR FNEA
A TR e 3TARY ¥ 5L ARG

7h B2 AR R A FHe wE 9
Aol AAE AP AAL2E AE2T F 29e A adn gHAE JE F
e A 444E Pee IFER FEYA guEiA AAE AT A AE A
ZbetaA AEdwts FASNAG. AR S48 A48 (3000 rpm, 5 min)FILUA FF Y
) A T A 9AEE (3000 rpm, 30 sec)E AAEH T
At Az AR YAEE (3000 rpm, 5 min) F H3HFo) sperm pellets HH
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SA0] A WEREC HEgE FHAS v 98] 5% glucose ¢ MFRS (marine fish
ringer’s solution), Ham’s-F10, &% g A< (PMRS, Pagulus major ringer's solution)& ©]-&

o ol A H+ Table 73 Zth

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

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

1 450 17 55

2 480 20 36

3 480 2.1 | 37

4 50.0 25 39
Averagets.e 47.8+1.0 2.1+0.2 4.2+05

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 KCl, 0.017 g MgCl, 135 g NaCl, 0.025 g NaHCOs
/ DW 1,000ml

MFRS™

10 g NaCl, 0.22 g KCl, 025 g CaCl2, 0.74 g MgSO4 - 7TH:0, 119 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

ook

DW: distilled water, "MFRS: marine fish ringer's solution, = PMRS: Pagulus major ringer’'s solution.

..‘.13».



Y. 53U A A (Cryoprotectant) 5 % YER S wE o3k

Al WEREY o] L3 FaANAAe £F2A DMSO (dimethylsulfoxide)2t Test Yolk
buffer (TYB, Irvine Scientific)& ol &ttt Zzte] 52 H7pg Aol DMSO% TYB
& EET F HIATE 1R olURE st WEsigt s dR FEAA FHe wE 24
7o &3 vl &2 Table 8% 2l )i Z4zhe] Ao A WEE ke 34 Ad

[‘

o] F9dH 05 ml &% HAAEESE strawd AAAL F7] (-76C)el o3 HA3] 14 d+F
g O, 2&8 ARAL (-196T) Bl 23 WEsAY. ¥ AAE AAPBL @A) 7
Azt A & 30:05C Y F2FF TE AL o/ 43t 10x o HFstAth ofF %4
Z} AT sE Axe dA6ER d5o M F oHE F A B 0E AA
AP EE SA3A

YEREY Agd Ao APzl e L84S Frtetr] dstd 4 A¥d AAS
Adsieo 1:99 v&R g4 F Fdu A BYEE o] &5t AR I mE AR
+E5AE oAt AR EFA o2 Strussmann et al. (199499 BA &G A

(sperm activity index: SAI) A Wy = A4 $£4 S8 7IX 1 Q& 1949 A x5

=2
& ZA%Arh 24 APl g HA 4L 3~58 S5t HT-E T (Table 9).

Table 8. Experimental groups of diluents and cryoprotectants tested for cryopreservation of

FE. septemfasciatus sperm

Composition
Mixture rate  Remark
Diluents Cryoprotectant Sperm
5% glucose GTS
MFRS TYB sperm pellet 02505025 ~ MTS
Ham's-F10 HTS
5% glucose GDS
MFRS DMSO sperm pellet  0.60:0.05:035 ~ MDS
Ham’s-F10 HDS
PMRS DMSO sperm pellet 0.75:0.05:0.20 PDS




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
m 1 Spermatozoa display vibrating movement moderately
\Y 0 Immobile sperm

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

__15_
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Fig. 3. Measurement sites for larvae of E. septemfasciatus. a—-g: total length, a-f: anal

length, b-e: length of yolk, c-d: diameter of oil globule, h: height of yolk.

Fig. 4. Measuring the mouth size of E. septemfasciatus. 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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400 gm.

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

Fig. 15. Different development stage of oocytes in the ovary of E. septemfasciatus by
stage. Scale Bar



t}. hormone # gl &% 2L
A& ol canulation W& 01%3 of AU WAl 400 m AF F& JHRI e o

=

A2 ez o As 2 wdFEE shr19s8l LhRH ¢ HCGS A= stith (Fig. 16).

(1) LhRH

2w fmE 2002d 5¥ A 7633+584 cm AT 7.56+1.81
kgel A#ol2 Ao g d¢rk LhRH Ad 5+ 50 ug/kg BWo R FAME S o, FA}
9 A F, 2w 59 A% F 47 9F D Atk 2 ARA 75 mle) 2~874 9]

F 1260 ml H& AFsgA o BF
820.7£16.6 m °]At} (Fig. 17, Table 10).

F7E D A A4 de Avsdn, 59 A%
= e

ol & A o) A

Fig. 16. Hormone injection and artificial striping of eggs. A: experimental fish, B: hormone

injection, C: mature stage of gonad, D: artificial striping eggs. An: anus, Cop:
copulatory orgarn.
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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 FEgg diameter Number of eggs (ml)
(cm) (kg) (¢m) After 2 days  After 5 days
1 71.0 572 500 0.1 540
2 70.0 5.78 350~530 74 720
3 88.0 11.18 320~480 - -
(2) HCG

HCG A e £% A% 2 o 8 2003d 79 795 79 3197t 27 8utglE o
oz ANFHT AFPole] AVE HAAF 74252411 cm AF 7.32:1.21 kgolth. HCG A2
FEE 500 IU/kg BW=E 13 FARA T

O 333

Cannulation W& o] &3l HCG A8 F Az o AAxy dA¥ss 79 12¢
7 219 23] =Abstgch HCG X A 300~500 mm (4611266 m)Q G X7 24Xt 33
T QALY G BExE 300~700 mm (5096+11.8 m) W tFd EXE B I
48N ZF AT & itk dol B¥EE 800 im (837.122.6 m) WA (Fig. 18, 19).

@ ﬁﬂ%}%i 2 g

HCG A2 F Y Aol gutel F 7rhE vt W@ E o] 87.5%71 W@
AL, Bﬂ%% e 4y Hl‘é% 3 F&eks Astn g A2 dolinh w
miol itk Zelx wigdE dF FA4FS 1,360 mE F3

o i W

o] &= 70~710 mlE F 2480
< 549 ‘39\5} (Fig. 20).
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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. septemfasciatus in 2003.
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AE. 71548 A FE 2 AA YFEE

L MT A 92 71538 £4 #=

FA0je] AR FRE sty MT (17a-methyltestosterone) S o} &3 71538 F3H S
719ste] AFE Akl AFE wAdE ddeR 2001d 98FE 2003d 747HA]
53] A4 gtk MT A2 &A% FE9 AL st 29 a2 v s

R e

7. GSI ¥ist 9@ =8y #z

A8 AFA dz2Fe GSI g2 003+0.02019 3L, F&A GSI %2 0.04+0.012 37}

Ho
A1 I

Jo fd

AR

o} aEn AAAY AXFAE SAEgch 28y MT 05 me/ke. 1.0 mg/ke, 2.0 me/kgdl
28 ol = GSIgke] 0.06£0.01, 0.12+0.04, 0.11+0.032 W29 GSI 2t MT 1.0 mg/kg,
20 mg/kg HFFAA =L #L vehuled, A4y AXPAY FAol #FEHIUT (Table

11, Fig. 21, 22).

Table 11. Effects of 17a-methyltestosterone injection on sex reversal in E. Sepi"emfasciatus

Weeks after Sex

Experimental TL (cm) BW (g) GSI distribution < crmiation

the initiation N )
group (meants.e)  (meants.e) {meants.e) F I M

of treatment

Control 8 3 36.90+257 7875026582 00360009 3 0 O 0
MT 05 mg 8 3 3857£099 871.53+12369 00590007 O O 3 0
MT 1.0 mg 8 3 37.50+£1.50 750.50+98.51 01190036 0 0 3 3
MT 2.0 mg 8 3 39.17£1.74 8768319239 01110033 0 0 3 3

F: Female, I Intersex, M: Male.
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0.16

0.12 +

0.08 r

GSI

0.04

06.00

Control MT 0.5 mg MT 1.0 mg MT 2.0 mg

Experimental groups

Fig. 21. GSI variation with MT treatment in E. septemfasciatus. Vertical bar denotes a

standard error of means.

Fig. 22. Sex reversal of the gonad with MT treatment in E. septemfasciatus. A: cross section
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 .
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v AR} SR

MT 1.0 mg/kg, 20 mg/kg =5 FAF W& o]l &3t 7]5H FRLRZ F=d MANA
AAE AAstAct. 2ela AAxe vzt #3424 27 398 A T FA47] 9~14)
of MTE A AFgFoMe 8FFHH 548 71 ARE At AdA 71 77t
+ 4~5¢9¢ MTE AT APFAME 9~11FFd A4 AdS & 5 AJd. 283 14
of silastic capsule °]&3% MT 20 mg/kg A& F= MT 1.0 mg/kg FA AFRYG 2F
2 10559 A=A AAo] 7hdtA et (Table 12).

N

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

‘ Periods . TL (cm) BW (g) .
Times Groups N spermiation
{(Week) (meants.e)  (meants.e)
Control 10 2 31.5+33 659.0+81.0 0
MT 05 mg 10 2 335+35 729.0491.0 0
Sep. 2001 :
MT 1.0 mg 10 2 36.8+4.1 876.5+£291.5 3
MT 2.0 mg 10 2 37.0+1.7 811.0+201.0 3
Control 8 3 422424 1,349.0£250.8 0
MT 05 mg 8 3 392433 1,243.6+290.4 0
Mar. 2002
MT 1.0 mg 8 4 39.9+3.1 1,441.5+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 50.9+1.0 2,179.4+110.2 7
Jan. 2003
MT 2.0 mg’ 10 4 48.4+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+3.9 1,940.0+380.7 3
May 2003 MT 2.0 mg 11 4 53.0£5.5 2,470.0+616.7 -3

1t was treated by silastic capsule
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2. 93 A 2" E0]E hormoned) W3}

MT AHgg B¢ 7|58 #3 FE3AHd W& Testosterone (T)3 1l-ketotestosterone
(11-KT)¢ &= Wsts zAeAth (Fig. 23).

T Y v= W3 dEz2FolA 0.116~0.073 ng/ml B2 A7)z W) vjmd #3)
7 iAoy, MT Al FellHe 2% MT 05 mg/kg, 1.0 mg/kg, 2.0 mg/keg Az FolA 2zt
ZF 0152, 0.223, 0189 ng/ml .2 dZTRYG & e Yehlsich a8 o) F HA} ghas
o 8FF thzF9 FAFE 0.078~0.098 ng/ml 7S YERHTH

11-KT¢ g9 F=wstes 274 0.029~0.059 ng/ml B2 A7 W »#oF
W7t glley, MT A E 2% MT 05 mg/kg, 1.0 mg/kg, 2.0 mg/kg # & Tl A
ZkZb 0112, 0232, 0240 ng/mlZ WETRT £2 e dehlifdch 285 475 MT 05
mg/kg, 1.0 mg/kg, 2.0 mg/kg A#Tol= z+zF 0.133, 0203, 0.211 ng/mlE HETHT =&
e UERAT olF 11-KTY ddY sxx= dx g4so 8% MT 05 mg, 1.0 mg, 2.0
mg A TolA 742 0,043, 0.070. 0.112 ng/ml& MT 05 mg A& FolA d2FRt & #
= YEH AT

030 r
025

020

Testosteron(ng/ml)
= =]
Ll fsnd
> wn

005 |

0.00

11KT(ng/ml)
>
7y

Mar.17 Mar31 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. Vertical bar denotes a standard error of means.
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3. AR W¥E EE

7h WA 54
sl oy FaHRA FH wWE Az} £FAL WET (row semen, 20.42+2.30)9} H] AL
1 o GTS (13.68+1.77)¢F GDS (14.24+1.84) A7 dz=7FRth ¥ & Yyt 2
#JuU HTS (7.76:1.00), MTS (6.08£0.78), MDS (3.60+0.46), HDS (7.52+0.77) 2@F Rt} 2]
37 EA YERTH (P<0.05, Fig. 24). |

WEAA $EAL GDS AUTAA AE F A0l A A 20308 Ao
of 74 BueA eEaRen, oF A4 FastAr. 2w GTS AWTe A3 A% A
o $EAE A3 F7H) Adstel dE ¥ 0¥ AFE g LT 2EHE Bt 2

= BHEFH AR 93t FAEF 9@ 2IL&e dET (row semen)® GDS, PDS A+ &
=

Ye A wE $£AHAES GDS (97.66:1.22%) 2 g Foll A dl2T (94.85£2.02%) 9 PDS
(93.93+1.77%)1 v} =2 & JeEhidd (P>0.05 Fig. 26). 183 H3F3&L tiEz7dA
97.33+1.45% 2 7} ¥2 $HES Yehdoen GDS ¢ PDS Ad@TA 242k 97.00£0.899
94.00£1.32& YRR dzT9 A@ 73l FelE ik (P>0.05, Fig. 27).
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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. septemfasciafus. Vertical bar

denotes a standard error of means.
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A4, 5oz zle] g

Aol T B4 9 A o] AH % FHEgd 9% AT7E FHHA

TAoe FATE FAEGE FPos FERAgdelth dHS 790~80 m (H

821.8+2.0 m)°ol A, F7+ 170~230 m (H 192.9+09 m)el A} (Fig. 28).
FAY o 3 Ao 22417 (Table 13)8 LA (Fig. 29)& AT ¢4&
2 < (perivitelline space)e]. 7] A ujut (blastodisc)o] 84 =
Atk (Fig. 29A). 4 F 1417t whol] wjro] & - AEFE F02 E8 WrolAe A 14T
] AlZEo] 24 327)9) olZH T (Fig. 29B). A 2¢¥ & A 1d¥o] 45d F of 1A =
T 4A 70 olZH I (Fig. 29C), 1A17F 308 o 8ME7] (Fig. 29D), 2417 30% ol 32
E714 o]Z¥t} (Fig. 29E).
d&o] Alg Aa=uA qFFe zmvv) 7§7§ Zopx L, A F LA 7R HAW
(Fig. 29F). 4 F 12A17ke] A3} A0S o Zujrlo] o]2WA winked (blastoderm)e] €7
57 AR T (Fig. 20G). 25 A% djuwrgio] wolAwWA Ude @7 AAsd. ¢4 F
167 7ke] ARHRNL o wjwre 2E dFe HolH9wA wiF (germ ring)e] FAHWA
Fal7lel HAEAT (Fig. 29H). 73 F 23X 7te] ZHHAE o d77F Ed=a, A3
4 (embryonic shield)e] A=A (Fig. 290).

FA F 27Nl Auwa FRIL s by FAEAL, 7T~ ZHe] FAH
Ak olm Kuffer's vesicleo] #iale] 2 REoA #Z=HJU (Fig. 29, K). 48 F 29~
31A17bo] A3 % Kuffer's vesicleo] 2®H1, oy s 11~1270 ol2#tt (Fig.
29L). |

#7 % 3707 ol ol lensyt A7) G RZol o)Ak PHglon, olm 2H FiE
17~20M A (Fig. 20M). 54 % 44Azbo] AH3tA S o A e SRl AFHEA TE
AgEEol BHEEHAT (Fig. 20N). £4 F 4627 Fo 7 F3p7F A#=HAT (Fig. 290).

Sem ed BE 9BE 2AR AP, £8 7 TARA st Age 200
A A7 Led AL WE SAR ¥ BTAME mﬁﬂv}x}
o WAL 22TolA 12A17F, 25Col A= 1054 ke]

A8 ATEE 22THA 23413, 25ToA & 1741701
2 22TY w 46717 25C Y W 3BARLR Fo] ¥
gkol At (Table 14).
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[—} [0} (=] 9] [—] wn [—]
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30

25

Frequency (%)
[y
1]

780 790 800 810 820 830 840 850 860 870 880 890
Egg diameter (um)

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 . .
Fig. 29 fertilization and embryos
Fertilized egg A 0Oh
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 min
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 embryvo formation ], K 27 h
7~9 mytomes stage
. ' Kuffer's vesicle disappearance
Myotomes formation stage L 29~31 h

11~12 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
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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 (C)

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 17.0 h
Hatching 46.0 h 350 h

o3} G¥el WE FRBY Pago MXE FFS 2ASAT. F& 2T 25T

ad
ZANA AAsNF 26%, 18% S FEol W& FATo H3F A AT 26%, 18%
A FAA zol7l AT, 2t Bege 2Cx2dAqA A 100%2 26%9 18%

3
o) 893+1.8%%} 64.0+6.4%% AAHFE 26%, 18% AFE AFTHE FoAAT AAT
(P<0.05). 123 25C =AM R3&L AAshro 99.3:0.7% 2 26% 9t 18% 2] 98.7+0.7%
sh 89.3+37%2 FAsF 26% ABTAE A} YA, 18%] ALY AT F
927k AN (P<0.05, Fig. 31).
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Fig. 30. Fertilization
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Date

and hatching rate of the floating eggs in E. septemfasciatus 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 superscripts

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

3. A Aoje] Fepids A3 A

T Aole #ed ¥F F4 A RAME] S8 2 22T 26T d¥TE AAS
of ZApAIZte] WE 23 xole ¥ F7 F5& WEE Fig 329 2o dRFsE A
¢, 235} 3 goje] Y8 83 ul§o] 0.244+0.020 m® (100%)0 4 F3 F 25Tzl A 24
At BIAA 1646% A1, BAAE 2.14% 2 §3F F 48A ol W&ol F HUT 1
U} 22T =AM 24A2 AIA] 6728% R 3, 48A1 A= 11.84%, 72X A& 6.90% % 73
T T2M3% EA st

2AMAA T AR dFol ,
T FFEY AL, 3 Zolo] 47 && Hgo] 0.0034:0.0002 m® (100%)] A 3}
¥ 25T 7oA 243 A A 65.98% A1, 48AIZHAE 19.65%, 9641 A 0.92% = H-3)
48~T72A17t oliel {7t S48 FF HA ey 22TEAANA 2443 B2HA] 70.47%
31, 48N 7R = 59.79%, 96417 Al 31.83% % MAE] 4 F, 120/ A 7.85% 2 H4 3

)
o

ooy ¥Q  Hob

3 F AFAAA 208 A BT 2iA dFe] AL Foete FIF 3UA, 22T
AMe F3b F 4dA A57F =71 AlEskiTh
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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.

. Fskxiel o] Wga) Q) A7) A

Fetol o] § 27l 2 A Wale Table 159 2t 33 & X /JFA Aolo] Aty 3
71 0.148+0.009 mmZ ¥3F 444 0169£0.006 mmz Ha Hristd 2EgF 1194
0.230+0.005 mmol| o]2Ft}. ¢ Z7]E= Shirota (1970)8] ¥Hiol wat =poje] 7ATF2ZF 90°, 45°,
0°E 247} 100, 50, 0% 7ATF&=Z A o AFgol 75%, 50%Y we ¢ =78 Z47
0.75d, 0.5d= T8t Hol& M AFste #3F F 34ARE U7X Aolg ¢ =7)
£ 0.209~0.325 mm, 0.75dE 0.157~0.244 mm, 05dE 0.105~0.162 mmeol gt} o] 7]7+E9
Atotel AR A7) ¥t R 4YANYE AR Fobste g AV W Al
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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 (mmzs.e) (mmts.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

*V2XUpper jaw length

k. =Zpolel ¥
(1) 23} 0~19: A% 1.75~240 mmZ 75 d&o] ¥FRE JEL A FIrY
st ok mv%s— e B3 BEERG ZAAEI AT FA=HuE JHAE &
(@] Eﬂ }

m_, é'é
i3
it

K g

e zae) Bz YUY, RaAolt dRE SEWA Bus 931, ¥ oy
on wam AAAAE FANNE £aA0D #EA FUNE FE BT (Fig BA)
(2) 23 2~39: AR 246~255 mm= FFFH F77F Goigla, d¥ £33} 3AFH AT

II

57] AFstA B3 224 Ao FasA #2H, st =en 4717t 2dss 2l
E ORE 2 AUez 1%6}93\’:} (Fig. 33B).

(3) 23} 4~544: AP 255~2.72 mm=Z &3 F77F FAFA FFHAG dol ATH
T, FEo] dglon, ehpe] T4 Ma¥xrt FAHYY. A=} mAA =T ULt
Heou, tEA=guE #@sr] AFsdrt. SALEE A53H YFoE Hu S
AR gPon, 2L ©g BRZozr AAQHo JAUT. AdEL FEUSE °Fd
o s Ha PEL rgow, X MANA rotiferE Aol MM BAHUG (Fig
33C).

(4) B3} 7~1094A: A% 262~294 mmE FA=Hv|7t 2QHD FA=HV S A=Y
v gg)an FheAndest 2aHQen astde] Eawg Atk B 9 ¥ wiN E4
A7 B8 2ol ARl geow, 28 wat BA=Hu] R AAX JHFY7} Fohet
At (Fig. 33D).
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(5) §-3} 17~23Y: A% 416~512 mm=Z SALen A5z WA= Sof &d, 4

grarstiet, 2efal me A

Fig. 33. Larval development of E. septemfasciatus for 30 days. A: newly hatched larva,
1.75 mm TL, B: postlarvae, 2 DAH, 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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2. 2ol 4%

20} 5T 0] Be 2o 47 GEGe WS 2ASRYG Ao AFe] Wi
Bah AF 175 mmel A 23 394X E AR & wahe
Azbeh HEF AQARE 5T 2ANA FR Aol
3 F 119A (A% 324 mm)¥E WME 43 Rgom, ¥aF 240l 512 mmAA 4F
sach G249 WnE Ao MR A AP BATh (Fig. 34).

60 r 7 6.0
—=—25C TL

50 r 41 5.0
E i | =
E 4.0 4.0 =)
5 5
§ 3.0 + 1 3.0 §
= =
S I _ =
EE 2.0 2.0 <

1.0 1 1.0

0.0 1 1 1 1 L 1 1 i 1 1 1 0.0

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.
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A, WolAd AL W o FE AL

1. HolAld M

7h AT

T2 EY AT AFRS A AFdE Fig. 359 Zvl. Thai-strain rotifers H &
2 5~6Y9A peakol @Flow 1 F AALEEI FH3 "olAE AL BT ¢ 28TH
ol dolME 16% B2FT7F o2 Ag o] vs) dA-3) =& ALFE Byon (P<0.05),
33%0 4 64?7} HE 9e AR £EE BT (P<005). 4 AgFtds FR AIFS
Bolxl &t F& LTHIFAAE 33% HAI77/E 713 w3 4FE=E H3oH
(P<0.05), U= Nﬁé’?% e F3s Ags Holx = &yt 28T 32THF =3 7

<3 ditTid 234A 3043 ASANMGS g HATW rotifer A ] Wi A7)

w7 120 ol kel ¥ e 28CoF 32THE T 27 15%e 25% 2771 & A3l
Ala) AA3] wken, Holzrld Y & e Wiz 150 mwe] xR Z2 e
Bk Wb, 33% 2@ TAAC b wve B

Table 162 Fig. 369 =FEXE AFEE ¥4 s4Ez ved et o 439 23
A AolAlZlel e Hol& Mol AV|Q 120 mrwe] FAEFH &S 13.63~2364% (32
C, 25% 7H¢ =) HAR o, 5%t 33%NAE 273~654%° AUA &g 7] 9

=
o

ol&H Zhed AV 150 mv] o]l At FAEE

AL
2 ol 2 EXHES B ¥ 33%olAE 20% Ak

& 15% <k 25% A 46.30~64.55%
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120

40 r

Number of individuals

160 r
—— 5%0

—8—15% | 32°C
120 | —a—25%
& 34%0

80 +

Number of individuals

Fig. 35. The population gfowth curves of the Thai-strain rotifer, B. ‘rotundzformis, cultured at

various water temperatures and salinities.
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49 r

30 b 34%
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Fig. 36. Distribution frequency of lorica length of the Thai-strain rotifer, B. rotundiformis 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 ¢m 130 m 140 ym 150 ¢m < 150 ym

5% 1.87 6.54 934 1583 2617 7383
28:05°C 15%a 741 1574 2315 2963 46.30 5370
25%o .27 1363 2127 39.09 46.37 5363
33%o 182 455 819 1546 20.00 80.00
5% 1.82 727 18.18 2127 3090 69.10
05T 15%o 319 1455 20.00 30.00 5727 4273
25% 10.00 2364 3091 4364 64.55 %4
33%o - 273 4.5 12.73 20.00 80.00
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A (B-type)

S$Aolel U TR AN AR AFSASFAAAATE (A-type)?h Dok
2 e

a8 n FHFASEY GAFFAFRAIG (C-type)ol A HHe FRAL 7]
]
i=]

S
K1
iR

ol

bol A5,

7}. A-type

(1) AH5873

AFSEZ 19 3393 E By £29 A$ 207CoA 28T ¥Wss By AT £8&
dznE UA7A 1Y 1THE ASAA 25CE el 169 o|FHE 26TE FAANR.
DO 3.14~9599 W3S wgow pHE 7.44~793¢ W3E B2J} (Fig. 37).

ASFz 29 BAWMEE B £29 A% 20.7CHdA 28T ®¥EE Bt DOE 212~
8.92¢ W3E RYey pHE 721~7.959 #3E o (Fig. 38).

(2) Rotifer wj ¥

ZH Ao o] &9 rotifer= Thai-strain rotifere} 4wk THEFNA AL&31 JE S-type
rotiferg A3ttt Rotifer ¥]%-& Thai-strain rotiferd! A-$- G¥F%E 15~25%, T 30T
atoll A 1,000~1500 7AA/ml ¢ D=2 4709 F<F viksldal, S-type rotifers DRHeR4(32
%), T 30CT3tel A 400~500 MA/mlel RE2 344 5 widste AR SR
o] o]&% Thai-strain rotifer®d] w|Z+& =7] (lorica length)E® 81~184 m (37 139.5+26.6
m), S—type rotifer= 89~222 ym (B 15451+3460 m)F ok (Fig. 39, 40).
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Water temperature( C) & Dissolved oxygen

Fig. 37. Variations of water temperature, DO, and pH in Rearing Tank 1 during the experiment.

Water temperature( T) & Dissolved oxygen

Fig. 38. Variations of water temperature, DO, and pH in Rearing Tank 2 during the experiment.
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Fig. 39. Distribution of lorica length in the Thai-strain rotifer, B. rotu

of lorica length in the S-type rotifer, Brachionus sp
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(3) FHAA

100 im E7HAZ 2 AAE AAZ F =42 rotifer?] A3 &2 Thai-strain rotifer?] 73
$- 60~70%% 2.1, S-type rotifer= 40% A =91, A E rotifery Z7]E Thai-strain rotifer
ol 2% 80~160 m (BT 1262+129 m)o] 3L, S-type rotifer= 90~190 gm (B 130.4+16.9
m) HAIT FFE "ol F wjgtFo] 150 mu)wte] A s E XU E Thai-strain©]
97.53%, S-type rotifer 88.64% & & xlol7} glgon, Aol Z7|Ad FFHF xR 753
t} (Fig. 41). ‘

Aol o] 23tA rotiferd] HHFTFE B2Y AP E 23T 494 90%0]4] Holes
HAow, 33 5d44= A A AdelstAdch = 287 HA & AN rotifer 271
Z4% 243 g5 4dAE 104~125 m, F3H5 5 A= 88~160 tm 2719 rotifergo] &3
HAt (Fig. 42).

3% 15871x19 Aojo] AFL 2 Fig. 437 2tvh 33 AF Aojo HAHFL 168021
mmE 2RI F3 F 5383 1094 42 254+0.20 mm¥F 3.1120.14 mme] BFE BN
o} Ztzbe] A FE B3l 3 25949 32¢A AR AAgE A
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Thai strain rotifer
n=81

E,
=
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Z
=
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Fig. 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
E 40 |
=
)
s
|
5 2.0 b+

0.0 1 . P ) i " 3

0 5 16 - 15
Day after hatching

Fig. 43. Total length growth of E. septemfascz’atus larvae in the excremental Group A. Vertical

bar denotes a standard error of means.
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L} B—-type

FAY FE&L Tm TAYE £z IE o &3t9 30000071E FE&AL, olH FHEL
94.85+2.02%, H3}&L 99.3:0.7%°IUth. AbS Aloje] WAL F3k HFo Z7|7b 1.75:0.03
mm oot 25%F 34 e 248+0.04 mmo] 1 6L A= 268065 mmE HAF W
Aoy, 9dAlE SR Aol ﬂﬂ&M 294+0.37 mm=Z AZAsAct 281 4dF =
512 mm7tA] AAsIATH ALS Aoje AEEE 1IEAAA & AEEE By 1 ofF

TR 49 3BdAE A AL ﬁ%l*}ﬁbw} (Fig. 44).

6.0
50
4.0

3.0

Total length ¢m)

2.0 -

1.0 -

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

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

bar denotes a standard error of means.

t}. C-type
806.1+39.6 um (n=30)0l2 H3 FAZ & o] 175,770i16,5717ﬂﬂ19&‘3’r. Ab& Alof 9]

AL 53 3o A7)7F 2454007 mmol Ao, 35 3UA A= 2422015 mmol L #3}
6dxoll = 2541019 mm=E A A& #FE F A, F3F 99AE FRAY A
1 FF5 0] 301025 mmZ AZAsET 21832 B33 12940 E 3.02£033 mme A A
Fol #EHATY (Fig. 45).
AbS Zpoleo] AEEL B35 3UA 89.3%, 645 826%. 9UA 8l3%E Wiy =
FAs AT I, A 3R 1294 ARSF F4% (30T o) eE <
13%2 FA3A2, 385 1384 A A7 dAsda (Fig. 46).
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= [—J
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[—4
T
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Day after hatching

Fig. 45. Total length growth of E. septemfasciatus larvae in the experimental Group C. Vertical
bar denotes a standard error of means.

300
mﬂ\
[}
A
Q 200 T
£
=
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=)
g
< 100 -
g
=
Z

0 l
0 3 6 9 12
Day after hatching

Fig. 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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A 64 . Avte], Epinephelus bruneus 1 A4}

Loofml A% 2 42

7haRdE 2 od aA

Cannulation W& ol&ste] A do ¥ds AR 243 374 270~560 m (B
450+16 m)) ZukE] 4R (MG 780 cm, HF 6.80 kg)l A HCG 500IU/kg FAF 48] 7F
I F AT FE BF 500 ml o)H olF FA4T2 466 mlE FAAT HEE 95.2% .
BH%Q & AukE] 2 (AR 850 cm, AMF 844 kg)l A AHAT AAE ol&do AF F

o Ml

)

Y7L 830~950 mm (BT 900+2 m)F LW, F774-& 200~260
u%, FEL 97.7+0.6%°] A} (Fig. 47).
< T4 1A F 24XVl o= ow, 4543F A3 - A7)
A JJ& W Euly], 13 7ke] AHAEHAE o Fulr]e] Ho
th 165A17k0] AHHAS o wiAsE AT, £ 24 FHE A7 237 ARHA

25T z=Z0M ztzhe) @i & FAT 73t AZhe ATt 28%, 24%, 18% <

dAFelA Zolzb Atk a8jm R3Ee ST 96.7:1.3%2 28%, 24%, 18%

97.320.7%, 95.3+0.79%, 92.7+1.8% A t}. A¥E H3 ol AGE dF+2 255 3582 4
WA grgtoy; A pzke] foxtE Atk (P>0.05, Fig. 49).

y
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Oil globule diameter (m)

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% 28% 24%o 18%
Salinity (%)

Fig. 49. Hatching rates of E. bruneus eggs at various salinities. Vertical bar denotes a
standard error of means.
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2. 2 Aele] Yelwgst A2

ZAMEE7] fl8 2 22T9 26C A += dAs

g 3 4 , & Wahe Fig. 507 2

93 FEed 49, P35 AF Aol ©d 87 wfo] 25T UMM 4N FTA

79.1%3, 48N AE 9T1%Z 8 F 48413k olule] watel F4 Hth T} 22C 27
ol M 24X1%F I 423% 031, 48X A = 76.6%, T2A A E 95.6%= F-3) 2A Z¥7HA]

A o] &3t

T FFEY A, H3 AF Ao 3 &3 HlEo] 25T FAAA 243 B A
454% AL, BAAE 64.2%, B6AIZF ol dd BT FFEHAT. vt 22T oA 24743
73] 555% R I, BAIHAE 46.5%, I6AIFAE 13.3%E XA FaEHo AFFAE dF
ol it

o 71HLA]77}7<1 288 AL 25T =AM dFo] A FF3te F3%F 394, 22T
e F3 F 494 AT =7l AFEA.

. FEixtolo) § A7) W)

Rapatole] ¢l =7] @ AR WElE Table 173 2k B3 & 3 AFA zpoje] Ao
A7]= 0.155+0.008 mm=Z #31% 644 0.17620.008 mm= Ha F7FetA ok 183 o]F H
A3 AAotadel AVt Frbstrl AlFEte] REFE 1194 0.302£0.006 mmel o]2Fl ow, 73}
¥ 549 A 2.838+0.176 mmol o] 2},

AT&o) 75%, 50%Y WY 9 =A7NE 47 075d, 0542 FIAT. 2 A3 HolE AHAs
7] N 23 3 3AAMEE 4971R] Zole ¢ =7) dE 0.219~0.223 mm, 0.75dE 0.16
4~0.167 mm, 0.5dE 0.109~0.111 mme] Y},

o SA=u e i =n) S wg

A0 2T v =gr) F9 EdL 135 11945 Uggon, FA=g7 A
1, 33L& 535 174 A 2H L}EWE}

TA =Y A2 Wsle £4d Al
A e ek WA =] S8 ‘aﬂ;ﬁ}
4.11+0.17 mm 7tA A8, A =2
At} (Fig. 51).

Auke] o] FA=2n A25F A= Fo o AFe HF 8 mm HFA7 Mg

40%, 35% % HAE B (Fig. 52).

o 056+0.20 mmolA ¥3}% 384 Hof 535+0.20
23 Al7]9) 0.83+0.23 mmol A ¥3& 33U Hoj
vk miR el s F3E 48YA A=Y E E35

—~r1r~
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0.006

0.004

0.002

Oil volume (mm3)

0.000
0.160 r
——25C -

0.120 r 27

0.080

Yolk volume (nm3)

0.040

i d

L 2

0.000 !
0 24 48 72

Hours after hatching

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

Day after Total length Upper jaw length

hatching (mmis.e) (mmzs.e) 8 0.75d 0.5d
2 2.68+0.03
3 2.76:0.08 0.155+0.008 0219 0.164 0.109
4 2.84+0.06 0.157+0.006 0.223 0.167 0.111
6 2.76+0.04 0.1760.008 0.249 0.187 0.125
8 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
14 495+0.12 0.287+0.008 0.406 0.305 0.203
17 6.10+0.14 0.40620.039 0574 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 10.420.17 0.957+0.152 1.353 1.015 0.677
33 15.93+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 2112 1.408
54 41.12+1.20 2.838+0.176 4.013 3.010 2.007

*Yy2xUpper jaw length
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—&— st dorsal spine
5r ~—&— 2nd dorsal spine
—a-—3rd dorsal spine
—a&— Pelvic spine

Length (mm)
|73

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.

¢ 2nddorsal spine

. @ Pelvic spine

Frequency (%)
w
@

e 5 10 15 20 25 30 35 40
Total length (mm)

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. bruneus.
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TEF 0~1ed Fs Gl BRE, FEE dHAA ozt "ol Fol FYRT Hd A
AT AYEE T T4 BFE FAREIE Y wA=uE A e §5 e
e HHoR Yol FEAtoje g FRrEC st H9sm, wHE oo
2 Fta AAGHE FAsF xHos w2 fdste d5E RAT (Fig. 53A)

I AU d G f7E S FEHUG e ArH, el IR, <
Tl 54 Axxrh AHHAG (Fig. 53B).

A=) A2F et WA =n Fo] @8 (Fig. 530).

25 % 11-289: %3 1150 5 ;
FF 179 Aole] B % Fol AFSIL, BRI TAFo] Wasty, S =]
of 25¢ 2AFT (Fig. 53D).

T35 28UA F7) AoAlvle T3 mA e e |x2H2 E77t ¥4 ddar] A
At (Fig. 53E).

35 509 AF: Ax=#u 37t drEa, AAol FAH ¥WH dAE EHI (Fig.
53F). Aol M Aoje] ez Wete], A Byd YT FHE UErY (Fig. 53G).

Abs Aol mE zulkEle] Al WEE 3 A5 202:0.20 mmolRew, WHE AJFA]
4.12£0.09 mm ©o|Sith WHE] AlZrolE Ha Wz A AAste] HE @EA 7] 41.12+1.20 mm
7HA 3% sk olF FAT AAS slo] B3F 93U A 93.78+1.98 mm7tA A s
(Fig. 54).

aeal g wseE ¥3 A% 1224002 mmelt. $3} 54U 3 7299 FEF] A=
Zyz} 22534051 mmel| 30.57+0.81 mmeol it} (Fig. 54).

Apoio] i HAE WE T3 F T o3 wAAY. 1 A §3 F 93U HT A
E&L 7.46% 5},
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100

80 —&— Total length
~£— Anal length

Length (mm)

0 1 2 3 4 6 8 11141720 2326 3033 3844 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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M 4% o

o FAE AR A9 ofF A%e AT AW ASPES ol §: Qo
o]
‘I!"

9~201C<l 6€¥d A&t 26~27CWHel 9¥Z7FA o] FojAt} (Kayano 1996; Okumura et
al., 2002). F-Zytols FHupgle]l AT X

and Park, 1993), Z28]3 AF2|doME= 69 FoHE 82714 Aradd (Kim and Kim.
1993). 5ot e] s Al

@ IS 5
Aol GRS mA= 2 9]

rlr
=
(o]
g
W)
N, o
=2,
¥
ofo
i)
K
B
o,
nd]

17F 92t (Okumura et
Edgo] o4 &+ %
A s sS walsty] Wil ATFY Hae FAHEY
AeHE 7HAE £ vk B asktl (Tanaka et al, 1990). Hubgle] Agule} 1wtelg Ak
0 Mol A Abdge] B2 A¥ES B3 (Kayano 1996).
gy Yl ¥ oldd] A Yo MAste= FAHoF (Cromileptes altivelis, E. striatus, E.
merra, E. polyphekadion)®] 7% @F7ie} #@#sf A" 7|0l sk 4 Ao
(Colin et. al., 1997, James et al.,, 1998; Lee et al., 2002b; Okumura et al., 2002).
SR TS E fuscoguttatusZd - 4H 1vFE7F AgY] B H 23009 K E A
FeHLim et al, 1990). 2el3 Fubele] ¢A 1wk rb A&7] Fet 83~125RE Abst s
e vk 3A o] F FUhSe | AbdEFe oF 8~9AoA Hdlo &3t (Kayano 1996). Al
T2 YollA F4o] 30vtElE gidez xdadhs FES A ABNT T F ARS

%k 330~771%H7) ol ATt

e

H

Ho

rlo

o
2

AArTdE G FHE L FIEL 9% 24% olFte] wWg @& ALHE HI HI Ut
(Hussain and Higuchi, 1980; Lim et al, 1990). ¢]=g @& A& H3J&2 ofr] 17|19
AR, vy ETd % U @&480e2 FAS AT (Toledo et. al, 1993). 28] 1L
AAskdE o] 5L Az v|e wo] abg $r]o] dHT UAe] ¢ A3, ¥IE % AE

_77_



< 2.8

i

&°] =9 (Kayano et al, 1988; James et al, 1998). TAdol¢ AArtard *eo] R
6~286% HMARCH, B FHES AH7|2 Yol 0~80% HAATE 2 ATFY
B2 YRV $U)d 4548 Be AFE B

A sl FEHAME 7] A% FAS g1 BARS dFs] 8 B $Hde +

o
=
AHe FUY 5 Y= By 2o ety ArUd

N2

=]
34

1

B3/ - 4 2AE BT A9H 4445 HE

o Fol oA AALEFE Aodte 89w YH Y tEo FFre 0] HAde
Aoz 4y e (Nishi, 1979), 53] tiths ol FE& d2AIZEY AAH A3 dfdd o3
A2 eSS Aojdt}t (Bromage et al, 2001). 18]3 @A Ao}l F (Taranger. 1993)¢} YA F

(Watanabe et al, 1998), E&F (Park, 2000) 5 B ¢ i oFd #5727 238& 53
A A7 2EE St vk B R dy & O}C’adﬁﬂ oAFe AF Az F20] 4=
F71= @t (Munro, 1990). 541 FF7|9 & WS BT A9 A5 /= 2E
Al 39l 14L:110DE AAsd Al719] FAdzdn £ 20Tl &8 2t AAL4E A

7180k 2~370d e HEss AR F AJTh

FA A AFY AHAA 2R A FRUAN S AE Bl 8 A7 3
24 %1%0] 7bs8llok g}t (Bromage and Roberts, 1995), Z2&#iv £ZUdlA Al{dlE o FE
< 0 dHel A 7% ZAHE JEdth 53] diEe A E dRAEY HF A
SHE 283 Md 2 Add fFxd Fold gE 3dAd A 5& JPH T (Zohar et al,
1989; Peter et al, 1993). o]# 3 EAH L L& HAFIME Yelvdn o} (Hussain and
Higuchi, 1980; Lim et al.,, 1990).

of7el AA7E BAAE AIsty] A o] &HoJA = hormone2 o Fe] H3t+A, HCG, 1
2]31 LhRHa/GnRHa &°] 3t oF9 444 2 A4F 28 719 HslkeA ol &2 2
710 o] &5 WHOo 2A LH FfEolA2 ®olA, hormone A€ o] FoA Ao v
He 9%S Fo EYE hormone o ¥o, a3z 2AW 79 59 87t AT+ (Zohar
and Mylonas, 2001)

HCGE A FAF gl Eoloa 7} Zo] o]l&Fojxx ¢glem (Lam, 1982; Donaldson
and Hunter, 1983), A o2& Al&o] 7tHez, WA id AHAor ZEste] FRAHFEL]
HTAHs ¥ Egfzd wE £38 Jeldd (Hodson and Sullivan, 1993). 28y HCG At
g W& EAFSZE hormone HElo]lF UAo] A2 £ sloke @Al Yt} (Zohar and
Mylonas, 2001).
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LhRH (% GnRH)Y AL 3Ax), dodure S 99A7)x vl 4, LHY #& & 4%
ste] A4 dged 73 ZA3 AFE F 5 Uk AA, FAo] &olsted AW Ta U}
Utk wiAlgte 2 olF FE7HY GnRHY FZA A W&o FH 9 stAl AMgo] 7Mssict

(Sherwood et al., 1994; Zohar and Mylonas, 2001). &y w2 GnRHat &34 o] njets}
Av ¥&E olFojul=d B2 AlZHS 273t} (Crim et al, 1988; Zohar et al., 1989).
°l21 gt hormone A& B TAFY FH T Aibe] # AF2A, Ant g T4 o
Ao & PMSG (Pregnant Mare's Serum Gonadotropin) 150 IU/kg ¥ HCG 1,000 IU/kgE 2}
7+ 339t 15| FAl At FHEE A& § YAk (Takaya and Arakawa, 1987). &
dote] AaAde Ay s d9Az Ao H3¢A Tmg/kg?t Gonadotropin 500 1U/kg
€ § o5 A FAbstH 48A1zF Fof] HE gubste] QI A @S Aot (Kitajima et
al, 1991). E. striatus ©1v]¢] Agujd& F=st7198l HCG, LHRH-a, ¥ 3t (CPH,
carp pituitary homogenate)E Zt7 @& T EF5FAst AFuTFE FEIGY
(Watanabe et al., 1995).
a8 2ATAH ZAFE B8 B4 AL dRAWSE ARG AFAA %H}F/]
(Hwang et al, 1998)9} E. merra (Song et al, 2003)9A4 230~500 mme] FEAMEZE UiF
AZAY d3EHo] HE G} dA dRAE ok ¢ 400~500 me EH}E
€ 7IA 3 e E. aeneus F 2 Z hormone A3 & B3 AAdd = A48 2% GnRHa
E 10 pg/kg/28] FASE A3 79} 25 pug = 75 pg GnRHa pelletE oA § &8 4 st
A7) B 2~33] S =2 £ JdAY (Hassin et al, 1997). 28] a2 400~500 me] &
2 £ 71X 3 Q¥ Cromileptes altivelis?l GTH 500IU/kgE 19 A2 & 23] FA &
AFAQ &2 34T} (Sugama and Ikenoue., 1999).
°] AAA 300~500 m Welo] GRAEE 7HA1 e T4 ¢AE dBeE HITAHS
=8 9% 2YPNM LhRH 50 we/kg 22 13 At Aol 24 F v|dx
I 59 Fo Fede] wigE ok HCG 500 [U/kg BW=R 13] FAsted Mgt A
;Loﬂﬁ dRRE e FAF BAIZT A $ dds 3o £XE 8371226 m WA a2lx
¢ ds 2 9@ fx g Ade] 8uke]l 5 7ekelvb wi@E o] 87.5%7) W@
HAx H 32 dF s ¢ g3 Adstn fREe] FAAHA doldnt. w
2| 1""6‘ FAEE 1,360 mE FAEL 549%H o, ol AN dRY & BAES
Yeh AT
Zube] AR A2 270~560 m (B 450:16 m)o] GFRAEZE /AL e HAE
S 2 HCG 500 IU/kg FAHF 487135k MA@ 2 25 500 ml ©o|¥ o3 F-3&2 466 ml
23] HEL B2%A
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SR A Folth. AF7A <l o7 4Agd 2 d7=
TARFE GRNA FARALR R go] dojutr] AlFste], 7 10 o] 2

d ] gt} (Chao and Lim, 1991). 18]l 3 E marginatust A3
el AdAQ] gge] doliks A7lE AF 14d0] AW F Uehdth (Glamuzina et al,
2000). £ E mariod] AAEL AF 034, AF lkg?H FAFo] dofrkm, Futele A

et

4
A 24~32 cmFH gl dojuvtm, FAo]l FHL tiFEE 40 cme]d Holokgth Il
40l dARE HA 60 cm, AF 6~7 kgHBl AAgo] dojdth (Tsuchihashi et al,
2003). o]AF FTAEoAF FTEALE 3] AT ofn] AMFo| B AT o] Hgsitt
uEA $RE FR37] i oY MAE Yder A8 fEstd FAE FHte 7eol
g g3t}

AASE FE3E WHE FA 359 (oral administration), FA} (Injection) L8l 3}
(Implantation) *3 =
9} A &A 7ol @3 4 Ut (Kuo et al, 1988; Quinitio et al., 1997). 73
A, E. tauvina (Chao and Lim, 1991)¢} E. fario (Kuo et al.,, 1988)2] AAZS &
Ae B2 49 hormones 7|t Agsol st FAHC] vk g FA
E. suillus® 2743 §% (Tan-Fermin et al, 1994)¢ 38t F¢ HPHE o]
(Chao and Chow, 1990)¢} 5/d©} (Tsuchihashi et al, 2003) 44 & F=& 3ttt 53] 33

ol W e MAZ AFEF hormone Bl g, FHFo| WE stressd H43 & F U=
t} (Yeh et al, 2003).
durd o 2 HAo]Fol AAHS FEd A hormone$l 17a-methyltestosterone (MT) A&
W, hormone®] AFev sttt AFF WP S o83 A F=lM, E tawina
13 < 145 mg/MT/kg BW (Chen et al, 1977)% 7€ %< 120 mg/MT/kg BW (Chao
and Chew, 1990)=2 A< o HA&F=E & ¢ AAo. 233 E {fario%t E
salmonoides®d 7B7FHE 53 AAS FxdE= 22 70 mg/MT/kg BWH 104 mg/MT/kg
BW Helg& o 448 F=& & & UJT} (Kuo et al, 1988). FAPE S o438 A% 0.
8~15 kg9 E. suillus AA% FE4, 30 mg MT/kg BWE ZAF2 63 FA 33 o 4
A3 57t 7159t (Tan-Fermin et al, 1994). E tawina® ™32 & 05 mg MT/kg
BW 9] silastic capsule® A Z3sled 13 ¢ RS u, Y F 7154 FAHE 4= & F
A9tk (Chao and Lim, 1991). =281 E coioides® UWASZ  androgen hormone
(Testosterone, 17a-methyltestosterone, testosterone propionate)S 22 H|f 2 EFsld 33}

9] #& wi, 10~20 mg androgens/kg BW &l Fox A 90%F LA} oz FH%
FE5 & F dAT (Yeh et al, 2003). T41E Hde2 1.0 mg MT/kg BW 2 40 mg
MT/kg BW 9 silastic capsule® A&t a9l o, 1€ 3 7158 F£3& #= &

4
.S
kg

N

32

e
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T ANey, 2712 Fo 40 mg MT/kg BW A FodA AR AHE & &+ A
(Tsuchihashi et al., 2003).

o] AFollA mA&T FHolE e R FA WYL o] &std, 05~2.0 mg MT/kg BW
injection M & W 45F 2ZE /A7 Sl dojyirh 2 A AHAE A2 H
2 B4 84 27 3R 4 F FA7 9~19)9 1.0~20 mg MT/kg BWE A 2|3
AP E 85 FHE LBAE /M FAAE A& F Ut AFAZIA AhE 4~54 9
1.0~2.0 mg MT/kg BWE g3t 4@ FdAE 9~11F Fo AAE 4& & Udoh 28z
199 silastic capsule® ©]€% MT 2.0 mg/kg A&7+ MT 1.0 mg/kg injection A 2]FE T}
25 %2 1055 B AFH7L 7HssAh

A2 AP & FF 2H Zo|= hormoneFe] W3}

TestosteroneS AAEA #A 3 AAZ Fe3 4L slx, A&7 S =24 JdEdH

(Fostier et al, 1987). Fulele] A2 F7]o] & AW dF 2 2o|= hormoned] W3t= A
A o]l 7F AA gk, Testosterone (T)& 7;1°ﬂ e FAGAHl B4 A7l g2 FAE Ho
ZFA A 9] steroid hormoneS-& YwkA o2 It} (Tanaka et al, 1990). E. coioides® 73
3t 553 AdgA T ®% ¥W3lE androgen hormone X2 ¥ & & Jehd o
b st FHAE AFHAZ G 2T FARE s JERIATE (Yeh et al, 2003). $7%4
A% f= AdoA Te 9y = ¥W3le MT AHFdAe dE2TEY 255 2
< e 28l o]l F Ha Aastd 8FF iz fARE g YERIH.

E. morio®] A2F71o] M AW 11-KT W3l 485 A7 &5, s3] 4
g ARG =4 Jeldrt (Johnson et al, 1998). 1#lW E. coioidesE TS E androgen
hormone A& F3 AA AAE fx APoA 11-KT9 Ul v=v W3/} A
(Yeh et al, 2003). 4ol 48 F= #3 F 11-KTe B F= W3t= MT A7
Me 253%F MT AT dz2FEd £ 3& ez, 45F JAA Zdasidod, 32
AFAZE 7Hed A171A MT A8 8F Fol= 7R £ &S Yedn. A93 448
Fxol & A 2HZo]= hormone?] W3l A= A8 hormoned FTH Al %

o WE &AWzl g B AqUt o FoF Hert slvty Al

o

rEH

uﬁ

_‘(}Z
o}
(o]
T

0
033

A YFRE

=

kel WERE Hdte] GFL AL F28 2do2E FAd, FAWAA, FYAL 2
A% e= Sl Atk ARE YEREN] A% A APe AP AN Mol & 4 3
o ol F BAe wzel g} HHAo e HAA PATt AT FE Holo] B Rl
A 2AHHE RS YAk, B AFY FE FAHIoF T (Jamieson,, 1991). A F7}

)

(¢]



2 ol F el YEERES H8 B TFHY Aol o] &5 3 3t (Piironen, 1993; Babiak
et al, 1995). Micropogonias undulatus A A9 WEHZo|A sodium chloride, glucose
sucrosedt & 7hE 3l dlo) [ 5?31 (Gwo et al.,, 1991), Hipplglossus hippoglossus®|*]
Mounib’s solution® MFRSE A4S u) BEE2F3r) £& Ao Vet Bolla et al,
1987). 28z @A AEel AR WY REAE Ham's F-10& o &3t itk s4oie FA
WYEREJE glucose’t T2 FAA vl EREaart ¥ AR Uggoen, ol 22
(glucose, sucrose)S X33k A Ho]l EA (Gwe et al, 1993) . dojz o] F (Piironen,
1993) FolA ¢ BE AFE Jed AT FASRI .

YERES 98] 823 o2 /1A 89 F 4 93 AL 78'%}7} BE d= A W
A& T B3 PAAGT & 5 Ut oI WA E FAFAdel ojoF dha, AR
g Fdo] gotol atw, Fale] gt EAJo] vrolol It} (Jamieson., 1991). T3 WA A=
291 Ago]l A3 Zepr] o] BE olFo] dEHE AHEIrle FEH o &
FAME ol fFol Bol o]&Hojxl= DMSO (Gwo et al, 1993)¢F Agre] dah @EEE

£ TYBE ol&stdth s4019 AAF YerEo oA o] 27kA] FadA A wE 2
ol fITh BAe HA W HE oA FHAA ] 97 dgo] A AN, ANYRE
glucose?t 7Hg £ EF}E BT

1

z 5o

>

WEREYE FR HEE SEA AL nxE gQogyE HYPAZ (Harvey, 1983)3
HELh (Caylor et al, 1994)°] ¢]3+ < ko] 7}72} Aack dE BEd SA0 ARY 542
FEE 5T 30~60% Alolol 713 e 223 Yol YERTH

ol

At oz WEAAZ ol &3 F£HEY F3&e n¢ @A vEldtt (Lahnsteiner et al,
2000; Linhart et al., 2000; Lahnsteiner et al., 2003). o] A&l glojx GDS$ PDS A &9
AE7 238 gE2T (Row seman)® T 95% 9o & 37 #3&& EAh

s

ol Fol o] AVE R Aole =], Moy, ylohfA, o] 48 & Uxe el AVl W
A9 Az REY =59 §Y S T AAAA e Aoje] FEHE T 8
3t Q2lolt} (Kayano, 1996). 18] o] =79} AL ojuje] Holel 373 g ¢l wet
AT EAeTE Fo3 FRBAS o], Gl d¥e ToA FAEel BA 4
(Hamamoto et al., 1986).

AENA B 8 FAA9FY 39 =71+ 0.70~090 mm HHolth (Fukuhara, 1989; Chao
et al, 1993). E. costae®] @74S FT 093 mm Yol (Glamuzina et al. 2000), Hutel ¢
AL HI 077 mmAL (Lee et al, 1997), sAolel * 73 H 0.88 mme]tt (Kitajima et
al, 1991). gz & Folgtm TXGE AAAge] uwa 339 Wivh N E
polyphekadion®] 738 FaiAgolA 0.71~0.79 mm HHA L (Rasem et al, 1997), T2
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Polynesian®] A& ZF 086 mm AT+ (Aquacop et al, 1989). E. coioides®] 7% &2 A9
o MAsE A% A4S HF 077 mm §.2n (Hussain et al, 1975), "] X[ G A4}
t A% %1 084 mm At} (Toledo et al, 1993). o= £ Folzte nFE (42~43%) A
Aol Mgt A dAY FolA= FEgE EA (Rasem et al, 1997).
1 %

ol Alel FARE BT PAFEYF FPo B Ryt 1dn

1

oje] UL 760~880 um (BT 821.8+2.0 mmolA 1L, FFE 170~220 mm (Ht 192.9+09
im) A2H, ol Kitajima et al, (1991)9] AR s}t fASAth Apulale] ¢ 830~950
pm (B 90012 mew, 7728 200~260 m (He 244+3 mm)e] Atk
SR B £x I BEg S s FE QQdoRE & 019401] 2%, aeration
gl GEEE T 98] 93-S Wtk (Watanabe et al, 1995). 2 Z7d| w2} ¥3ts)
SAIZte Eulgle oF 2547 (2 25T) oldew, E striatuse 25~20A13F (5
26~307C), E. polyphekadions 19417t (€ 29~30C)oltt (Masso and Masaki, 1966;
Watanabe et al, 1995; Rasem et al, 1997). sAol2] ¥3} ted £8A7HE 46~35A13 (F
& 22~25T)ol e, Autele] 28 AJZFE RAITL (& 26T)0lAT. F&o] 255 F3
Stedl &8 AlTte] #olxle ZBE¥E YERUTH

R

ojeh

A7k

dgo] & Aol o]l e Aoje) vlma B o AZ2AF G g2 ¢ AduAE
Hygd 4 31222 PNR (point of no return)ol] Tg3
A o7t Bt (Bagarinao, 1986). 18]35 3ol & Atole A Ho| AFHA] xoje) A77}
Aogez A7) Wi §9%E UM Hel AHF stEAe]l Eob AT fFHEH
(Hunter, 1981; Quattro and Weeks, 1991).

a8 3 AR/ ¥ F5 =2 AAS2Add g t2A vded o, olduiA ol R
e TR ErAAE U R oFd v duFeR AL d¥gs BEAIuA, 47
ol E4+ waA APAr} (Bagarinao, 1986). Hule]lrt & 25~29C 2ZAA H3t5 244]
1ol 90% Welel He U3 2RSS Holi, 99% ol dEE FFete AFEE FI%
84~60A1 7ol Atk (Lee and Hur, 1997). o] AeA sAolst Antele & 26T A
48A17ZF ol o] thEEe] dato] F4Edoy 22T 2AGME 3 F RARMMARE €8 &
o] EAA

o)
o

olFol ¥3} Aojel A ¢ AE YA AMEF Y Heo] HAE T A8 FEF=H
g 0] &357] old UUA AUYEZE 3B F7U) olgHoilth adm o WA dFER
Z vty oz §37 Y@ EY thh =4 F550A0 (Kuo et al, 1974). A9 Ahute
o] FF FFEL 3 F BT WA 9643 ojde] BF FLEAT. 22 22T 239
A ATFFE I FolglAt ol AL dd F47] Bt vimy =A ol&HE AL



2 A Y& triglyceridedt 2 & #AFHo] 9 &
1992)

pa.}

oz AZALH (Fyhn, 1989; Clyde et al,

AFAZ D o =27] W3t

zolRe AFAPL Eulgs & 23-31C 2AdA d8 2 77 42 9%, 9%5% A
T 58 23% 62~4243F w 4o™ (Lee and Hur, 1997), & 20~28C A= 84~
46A17F ©]Q T+ (Kayano, 1988). o] A& A9 Autaly 7|+ Ale #& 22~206C &=
ZAoA 96~72413F o]t
Shirota (1970)9] ¥Whfio] wal AAE ATA 2ol e} A7) 05de F4°lE 0105 mm
19en, AutalE 0109 mm oItk Hube] ztole] Hol 4FHA FAL AL 05d= M
A 9l =717} 0.078 mm (Kayano, 1988 Lee and Hur, 1997)2t-& tha Ft} o] AF}E &
Jolob Ahate]l ATFA 3 o] Aeo] lolA FFF 4 gl Hol Mg o g Aol %
ot AZErt

[

v

gy i oJRE BIT JBFSFI gadgr] olAzA AT, AL FAH R 23
=9] 7)%o] 30| AWA &R JFAAE Fh (Moser et al, 1984). oIF Aolo] AES
% 27] BAGA S 4% A A AFE (E fuscoguttatus, Chanos
chanos, Siganus guttatus, Lates calcarifer)2 W34 %7] Aole] dxt E37], WdE B4=
A =8, Holxy o YBIH Z2AL vy W, solF L alarifer Aol ¥F 2
Hog 23 ¢ 77} FAAT YR JFE ¥EFo] FET S5tk wd=2 FoiF, C
chanos A1E WE QAFET Ao ¥ REFsh}, & AV2 BFFE & gtk 234 ¥4
oF Aol o= v@CEE 2galy] oo sivstd ¥ B At Fa, iR dEE

HEEE Aon %7 Ao|FE ¢ ¥7] gjEo|t} (Kohno et al, 1997).

o}& zolel Mol MFE Z$& (encounter rate), Bo] EH & (feeding strike rate)st Aol
A 2E (feeding success rate)® Z-& 240 o3 ZA P} (Hunter, 1981). £ o] F Apo] 9
wo] 7+x] 53 (prey perception ability)® o] EF o] Aol /A Zd| Yt} (Buskey et al,
1993). zEa Rol7} AFHe] 9B AFHAAE & F Y 7Tl EFAvTE dAHe
2 wol2 AHsE A7)E olBtt ¥ (Avila and Juario, 1987). Fdolsh Autele] A4=
23F 394 MFHALH FIF 497 2olE AFH A

SolBo A 7] Ho] FEEA rotiferst 22HF9 nauplius 4 283 =
A 5L 23 EE BEo g ol ol&3tal Ut E coiodes A1l FRAL A7) Ho] /‘c‘l
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& EF FF P& o 44 100%° Aol s rotifertt& FHET T2 100%2]
ol AL 9UA ] AL F UAY. E coioides Aol rotiferite FHI Aol

Acartia =¥ Pseudodiaptomus® %7] nauplius A8 & £% F93te= Aol AHY AEE
el 714 gt (Toledo et al., 1997).

Hol Wryl R¥& A Ao Ho g HFHer] H& AAUAE LR =i, Hol A3
7F o8l e A AAgEL =71 @ttt (Hunter, 1980; Laurence, 1977). Z7] el A EEA
rotiferit& o] &3+ Aol A E coivides®t E. suillus Aol A rotiferE 20,000 ind/1 B2
FFAAE W 594 100%] AelsAt (Duray, 1994). ¥r8 549 E. taurina Aroje] thi-&
< 5000 ind/l 2] rotifer WEolA HolE& AFHI /MA= U™t (Randall and Heemstra,
1991).

old

i

d ox

ag)a rotifer?E FFIE AF A5 Ho] HFHA| rotifer T 2% HAE 4 AT
o (Duray et al, 1997). &utg]l zFoje] 283 rotifere] FAA-E H3F 3~4UA 70~150 g

ol:, B3} 5UA 127~147 mA L™ HYXE 170~210 mz #3F 59 A7} A A48
A7 7F F7F8tA T (Kayano and Wan, 1997). 28] 3 Hulale] £8 AAbA 7|0l eI A rotifer
E o] PEE o] &3 HAAo oA 7] AR Al7leE 4dF 5~74 Alold] djFez HALst
Rew, ol HolZA rotiferg o] &3k X Aew AzZET (Kim and Park, 1993).
o] Aol FRAA A7l S-type rotifer?tg 15000 ind/l BEE TEOFZ FHI
ZAAte] 7bsatgint vlo] Wmel FHE 2 SolH9 Ho| A¥H 7] Hol 4HA T

==
O
7ol A7 719l%le Ao AlgdHt)

3l A% sAole} AutE] Aole] AL W F40 wEA JYPHE FIF
© FAT 78 o, olF HolE Holgte FIF 5 oldde Aol
e AL AHA FEHE 1) wolE Aolste o =
Ab X2 ©]& (Ishibashi, 1974)517] o Fola}
WHEAI 71 58 A A8 Fohetr] Alabste] Wie) ¢s
HE] AlZA] 4122009 mmoll A HE] g8 A7 30
A%s ot F3F 93dA 93.78+1.98 mm7tA]l A
and Ikenoue. 1999), TAo] (Kitajima et al, 1991), E. fuscoguttatus, E. polyphekadion
(James et al., 1998), E. suillus (Duary et al, 1997)2] &3 §AHIA .

aga FA=YR A2FY wA =] F& Wge A NA A 8 mm WFAZIC A
el 90%, 656%2 HUWE Hola olF Agojek Ak ddidAds EQYh (Kitajima et al,
1991). Avpe]e] FA=en] A253 wix ] F9 #ste 24z 7% 3899 5.35+0.20
mm, 4.11£0.17 mm 7}A] sttt Ao e dddge o9 vl A4 8 mm A

_85_



BTA 71 AL 40%, %R AWE BYGrt

AR AL AMS 270 wel Aolst slov WEAZIE AA artemiadh <)

QA MR

Mol o]ZRE AHAo] wEA APHo] (Duary et al, 1997), artemia$} AFALE 7} rotifer
o o 28 YA Z TRt JoiA, AMolAl AAd =S Frvhn AAEC
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