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Abstract

Owing to the fry of red spotted grouper has a small size of mouth, it
needs a live food supply that is suitable for initial feeding during the seed
production process. In this study, we made an incubation environment to
miniaturize the rotifer used as an early live food, and the fry was raised by
supplying the proper living food according to the size of the mouth.

In order to produce ultra-small rotifer, the incubation conditions were
maintained under water temperature of 28+0.5°C, dissolved oxygen of 20
mg/l, PH 2.0 to 8.2, and salinity of 25 ppt and chlorella supplied 1.36x10" ~
2x10"” cel/mL with 100 million rotifers per day. Low-density rotifer
incubation conditions maintained water temperature of 25+0.5°C, dissolved
oxygen of 10 mg/L, PH 7.1 to 8.2, and salinity of 25 ppt and chlorella
supplied 1.36x10"°~2.42x10" cell/mL with 100 million rotifers per day.

The fecundity of rotifer in ultra-density incubation was investigated every
three hours. Rotifer with two eggs were observed 18 hours after and rotifer
with three eggs after 24 hours. And after 30 hours incubation, rotifer with
four eggs were observed. The population of rotifer with four eggs reached its
highest level after 84 hours incubation.

The size of the rotifer produced in ultra-density incubation were 90.44 im to
201.02 wm, and the rotifer size in low density incubation were 130.39 /m to 216.02
. The size of the mouth was 263.443.7 ym on 5 day after hatching (DAH) and
406.7+21 pym on 11 DAH. It was increased to 856.9+136.6 uym on 21 DAH.

The result of supplying ultra-small rotifers to fry was 95% feed intake rate. The
size of the fry grew to 1.95+0.06 mm on 1 DAH, 2.40+0.14 mm on 7 DAH,
3.5240.70 mm on 15 DAH and 4.99+0.72 on 21 DAH when raised under water
temperature conditions of 21°C to 24.5C. Fry grow to about 2.12+0.55 c¢m in size

on 45 DAH, and its external morphology was alike to that of an adult fish.
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Fig. 1. Culture of adult red spotted grouper by recirculating
aquaculture system. A, schematic diagram of recirculating
aquaculture system; B, rearing tank; C, adult red spotted grouper in

rearing tank.

Fig. 2. Production of fertilized egg in red spotted grouper. A,
broodstock; B, hormone injection; C, spermiation; D, egg stripping;

E, wet method of fertilization; F, fertilized egg.
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Fig. 3. Schematic diagram of rearing tank by experimental control

(A) and photograph of larval rearing tank (B).
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Fig. 4. Change of upper jaw length in larval red spotted grouper. A,
UJL of 5 DAH; B, UJL of 11 DAH; C, UJL of 21 DAH. DAH, days after

hatching; UJL, upper jaw length.
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Fig. 5. Ultra—high—density rotifer culture. A, schematic digram of
high density rotifer culture; B, photograph of high density rotifer

culture tank.



2) Rotifer A2 %= (low density culture) B

Rotifer AE % ¥l ALz} o} 3 H4-2(1.0 mx1.0 mX1.5 m, &5
1.5 ton)dll & 25+0.5C, 844 7~10 mg/L, pH 7.1~8.2, ¥& 24
pptE FA3FA . Rotifer R E+= Y% 1.5ton =2 1,0007§ A/mL
5 fAEI0 T, AEE adsze Hol= 5% chlorellas 8ol

rotifer 19 7NA & 1.36x10%~2.42x10" cell/mLE & 539 tH(Fig.

6).

Heating
(25C)

Oxygen(DO:8mg/L)

B

i1 itH}

A AT Heating ‘Ceramic
tone  par stone

Fig. 6. Low density rotifer culture. A, schematic digram of low
density rotifer culture; B, photograph of low density rotifer culture

tank.
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Fig. 7. Schematic diagram (A) and photograph (B) of artemia

culture tank.
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Fig. 8. Schematic diagram (A) and photograph (B) of enrichment

Artemia culture tank.
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Fig. 9. Feeding scheme during larval rearing of red spotted grouper

Epinephelus akaara.
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Table 1. Hourly change of total harvesting amount and egg-carried

rotifers by ultra high density culture

Elapsed Total Density (inds/0.1 mL)

time amount
(hour) (X107 inds)

2 eggs—carried 3 eggs-carried 4 eggs-—carried

rotifers rotifers rotifers

OH 18.9

6H 23.9

12H 24.3

18H 34.8 20

24H 41.7 185 5

30H 46.3 276 71 1
36H 55.2 199 45 1
42H 63.4 263 51 4
48H 34.5 82 33 1
54H 36.1 80 12 1
60H 32.3 76 21 1
66H 38.1 172 45 6
72H 42.3 236 62 3
78H 37.5 157 63 4
84H 43.2 382 101 10
90H 45.1 239 75 6
96H 46.7 126 28
102H 52.0 217 68 1
108H 52.7 94 39
114H 52.5 53 38
120H 47.8 136 28 1
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Fig. 10. Hourly change of total harvesting amount and egg-—carried

rotifers by ultra high density culture.

2) Rotifer sl & F7] vl

ZaEs wjFggolA 7 22 rotifer A7]% 90.44 m7F FEE AL,
71 2 rotifere= 201.02 m= #FFEEHAT. AEE wfol A 71 2
rotifer 7]+ 130.39 mola, 714 & rotifers 216.02 m= B2H5

A HFig. 11).

- A""_'f‘_ som |
i g P =L .gB"W;,,-o.)_- . » Yersmr] —_
Fig. 11. Change of rotifer size by culture method. A, ultra high
density rotifer culture; B, freshly—hatched rotifer; C, low density

rotifer culture.
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g ol wWE rotifer ML A7) ZXE HES AR Ay, 2o

W Ho| = 3k AR Holx gottt gl xudE
ool A 37 120~150 m F7]9 rotifere] H]&o] HA 43.15%
S Ba, AYE wubHOl = 150~180 m 7)<

=
rotifer7} AA 9] 57.89% % ZA} ¥ JtH(Table 3, Fig. 12).

Table 2. Size range of rotifer with different culture method

Cult
e 00 100~120im  120~150mm  150~180m  180~200mm  >200um
method
Low
) 7.3% 57.89% 29.47% 5.26%
density
Ultra high
) 3.15% 16.84% 43.15% 26.31% 7.36% 3.15%
density
70 1 I Low density culture
I Ultra high density culture
60 -
50 -
S
3 40 -
c
g
g 30 -
s
20 -
10 A I
" - , , , a .

<100 100-120 120-150 150-180 180-200 =200

Size of rotifer (um)

Fig. 12. Size range of rotifer with different culture method.
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3) Artemia ¥4t A% A7) ¥

Artemia §-3t 42 A7) WaE SAS] fal F3b A5 Artemia
o H3} 3 30AIgto] At dFAst @ Artemias °F 1007k A3 5k
Vet A B8 A$ Artemia H-3tAel AGS H 488.17 m, F

rtemia F-3-+A AL H 785.53 mE FALY

2 (Fig. 13).

A == B arm

Fig. 13. Freshly-hatched Artemia (A) and Enriched Artemia after

30 hours after (B).
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2. F-3pato] o] bt

1) F-stAtoje] A%

HEapxro] Ao Rl 192k 1.87~2.04 mm, 792t 2.14~2.60 mm,
1542k 2.17~4.78 mm, 21¥9%} 3.86~5.72 mm=zZ A&t H-3F 15
d AF AoJEFEH= JHAl zol7t vERYT] Al#SEtHTable 4 and
Fig. 14).

Table 3. Change of total length in larval of red spotted grouper

Total length

1 DAH 7 DAH 15 DAH 21 DAH
(mm)
Minimum size 1.87 2.14 2.17 3.86
Maximum size 2.04 2.60 4.78 5.72

Average size 1.95%£0.06 2.40x.014 3.52£0.70 4.99+£0.72

Total length (mm)
o

0.0 =
1 7 15 21

Culture period (day after hatching)

Fig. 14. Change of growth in larval of red spotted grouper.
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HolE Tud 73 5dA Fsparele] Aot A7]= 186.3£2.6 m
2 FAHA, Shirota (19700 AXHoR  FHD)S  AXed

7 ol ATt 0.5D}F 0.75DE Zh7F 131.7£1.8 imet 197.6+2.8
ol ek, F-3F 1194 F-siarole] +4(D)e 406.7£21.3 m, 0.5D¢}
0.75D% z}7} 203.3+10.6 gm, 305.0+16.0 m= AR, T3} 214 53}
kol o]l F3(D)L 856.9+136.3 mm, 0.5D9} 0.75D+ 27 428.4+68.3
i, 642.7£102.4 ym A7) 2 FEEAH(Table 5 and Fig. 15).

Table 4. Change of mouth size in larval of red spotted grouper

bays L D 0.5D 0.75D
after hatching UIL. {zm) ' '
5 DAH 186.3+2.6 263.4+3.7 131.7+1.8 197.6+2.8

11 DAH 287.6£15.0 406.7£21.3 203.3x£10.6 305.0£16.0

21 DAH 606.0+£96.6 856.9+136.6 428.4+£68.3 642.7£102.4

UJL, Upper jaw length; D, mouth size.

1200.0 B 5DAH
HEE 11 DAH
EEE 21 DAH

1000.0 4

800.0

600.0

Size (um)

400.0 A

200.0 A

0.0 A
JUL Mouth size (D) 0.5D 0.75D

Fig. 15. Change of mouth size in larval of red spotted grouper.

DAH, days after hatching; UJL, Upper jaw length.
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3) F-3pate] o] HolE Ao

3-1) 7] F3pzto] 238t o rotifer #2 L Aol& FA}

A Hols T & 3 5UA kAol rotifer HolES XA A
3, %7] F3kAo] 9] rotifer Aol &S 95% =, 20vtE] F-3ixtolF 1vbg
2 AQ)E 19vte]e] AstFol A rotifer Aol BAFHAT. F31 6UA
rotifer Aol&% 95%=, 20vte] F-statol 5 197k o] F-3hato] Azt
o| A rotifer |/"do] #F=HAHFig. 17).

N

Fig. 16. Photomicrographs showing the presence of rotifer in larval
guts on 5 DAH. A, live rotifer; B, fed rotifer of larva(scale bar:
200 um); C, mastax of rotifer in larval intestine (scale bar: 50 gm).

Arrows indicate mastax of rotifer. DAH, days after hatching.
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4% rotifer &9 & 53} 89A HF3lxto]o] AstHsS %2
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A23 A 23T Y rotifers Aoldk EAQl rotifer X0 TzE Q]

=

sxow

Fig. 17. Histological observation of rotifer mastax in larval intestine
on 8 DAH. Arrows indicate mastax of rotifer. DAH, days after
hatching.
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3 o] R mEAFA ojEow 1980WHITE Aol A%H

. B8 Fulele e v o fd ve) ke stHdow Awse] ¥t
AT} e ojFow FERT Stk el ojfe} g wEAIA U
Fo) A WAL GaNE WA e LY o] A EA

Aako] o] Fojjol gt} Fmuby] A AT dEolA omHe|et 27
AALETY Fo A7 A EHJAwHUkawa et al.,, 1966; Fukunaga et
al., 1990; Okumura et al., 2002), F-g#}o] 7+ & =2 HALE=Z <13
B2 oS 73 Ark(Yamaoka et al., 2000).

vk 3t o) F 5 EIE sfatolF el FAAA] flol 7] HolAERE
= v o] 753t rotifer, B. plicatilis®t B. rotundiformisE 7V &
o] o]&3lar Yr}(Lubzens, 1987; Lubzens et al., 1989; Hagiwara et
al.,, 2001). stA|vt Fule] T wpe3 of 7o %7] F3pxpoje] 7o o
HE OFAIhA} ool Hls]  Zro}, B, plicatilis (140~320 m)%t B.
rotundiformis (100~240 mE A4 o= HdFsted B AHESE 2
I Qo] AFERA we oyee A1 AY(Duray et al., 1997;
Kohno et al., 1997; Suchar and Chigbu, 2006). %7] F-3#}o]o] +7
A717F A& A EEY A AAS s FEFEEY dolu 714,
nauplius @19l 872 FA T A7 ¥ O (Schipp et
al., 1999; Nagano et al., 2000; Toledo et al., 2002; Yoo and Hur,
2002), 7] Hol wo] Al AstEwg 9 Aol wE HAF i, P
Arkel olEw & B2 w£A3S 2t dvk(Payne and Rippingale,
2001; Lee et al., 2006). o]=& <l&] <Ql-FEAAAlo] o] H7}71R|
o oFo HgH T AL 98 AR Ho] I HEo] 2A4AF
rotifer FAAE 7]z 7o) w2 A77F &= gt
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of Aol A bFA FHule] FAEALE fl@ rotifer AP S A%
S 2Aetal, FEAte] F A mE AR HolAE FHAIVIE
gAEG Y. 2 e YN HS FF rotifers A4S A3 120 wm )
sk rotifers= 19.99%7F #&A =L, AL E wjgel M= g A= &
A gtk 2= wigel A AtE E49 rotifers 3 F 5¢
%27 FaApojo Al Fadt A 95%9] dol&S Btk Tek AUE w
el rotiferv= A7]17F 120~180 mm= F3} & 8~9¥47

o

>
=

v 247 100% deoles Bt

FEFol =i AWHHQl giFAAAr WHow  AAEE rotifer B
plicatilis®} B. rotundiformist= 3373 A717F AAX FHo] 22 Hubg
Z7] F-spafo]e] Hol2 FAg s, o] A NEE Fal AAkE AF s
rotifer B. plicatilis®} B. rotundiformis= %vFg] Z7] F-3}xojo] Hol
= Aot 5 b A Fukg o] FA AstE e =7 T3kt
ojo] A A58 43 kAR RN Y= o] dQsitta &

et
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V.8 o
k= o] #2 ol FE SAATAA A 27] ol ol Hed
719 #oldE swol dasitt o] 1lAM = rotifer &

MRS 2ASA, ool T4 weh = wolgEe FH o

3 rotiferE AAEH7] 98] =3 HE rotifer vl

=

A™E rotifer WY¥FHHEE F& 25%05

3

, 2F=A2 10 mg/lL, PH
7.1~8.2, A& 25 ppt, HolAEZE 19 rotifer 1999 chlorella
1.36x10%~2.42x10" cell/mLS &F3+

AN
Z 1A% rotifert] ol A rotiferd] EFE AT @92 SHHs Ay

18A17F 3 2719 & EH3 rotifer(2E 2 rotifer), 24A17F 3¥x @

rotifer, 30A1 7t 4 & rotifer A7} =34 HJdow, 4 rotifer 7

A= 84417 Fo] Hu Aol &3kt

Zad % wjekol A A rotifer F71E 90.44~201.02 mE AT A

D ol E130.39~216.02mB AR, +4 A7le F3 F 543

263.4+3.7 im, 1192} 406.7+21.3 mm, 2192} 856.9+136.6 m= =7}

EiSd=g

Atofoll Al 244 rotifers Twd A3 HFHES 95% Aot

Aol o]l A7 AR 2 21~24.5TColA F3 F 1¢3 1.95+£0.06 mm,
A2} 2.40+£0.14 mm, 15¥2} 3.52+0.70 mm, 21¥2} 4.99+0.72 =

AAetolet. Aol = S 459 2.1240.55mm 343t Adole] e}

AR AlgE
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