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ABSTRACT

As a part for the development of effective mass production technigne of the puffer,
Takifugu rubripes, seedfish, an investigation was carried out in 1989, 1991 and 1992 to
determine the optimum starting feeding time of rotifers as a starting food for the fish larvae,
and to find out the influences of the light intensitiy and LD cycles on the Arfemia
consumption by the larvae.

The optimum starting time of feeding with rotifer, Brachionus plicatilis was 2nd to 5th
day from hatching resulting in survival of 96.5~90.0%.

Optimum light conditions for maximum feeding for fish larvae with Arfemia were 1000
lux in 6mm, 600 Iux in 8mm, and 200 lux in total length of 10~12mm larvae. Relationship
between total length (X:mm) of fish (6~12mn in total length) and light intensity (Y:lux) for
maximum feeding was:Y=2200—200X (r=-1.000).

Relationship between days from hatching (X) and total length (Y:mm) of puffer fry was
1Y=1.6427+0.2540X (r=0.9814) for 3 to 36 days after hatching, Y=-33.1452+ 1.1867X (r=
0.9854) for 36 to 68 days after hatching. Survival rate for 68 days after hatching was 24.1%
and the range of water temperature during this period was 21.25+ 1.67 C.
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Fig. 1. The feeding regimes of the puffer fry from hatching.
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Table 1. Growth and survival rate of the puffer fry for 68 days after hatching

Date Days from Total length No. of Suvival rate
hatching (mm + S.D.) Survival (%)
May 1989
18 3 2.92 + 0.1033 5,270 100
19 4 3.13 + 0.1950
24 9 3.86 + 0.2180 4,503 854
29 14 4.71 + 0.2890
June
3 19 577 + 04960
5 21 6.16 + 0.5840 3,063 58.1
9 25 8.33 £ 0.2307
11 27 8.61 + 0.7520
20 36 11.43 + 15661 2,048 389
July
1 47 22.72 + 0.7200
7 53 27.54 + 0.2657
9 55 31.96 + 0.8590
13 59 35.28 + 0.2192
15 61 37.61 + 0.7456

22 68 51.22 + 0.8305 1,270 241

rotifers ffgste] 12 A7 9] BRE WE AFRES AHRS Table 29 Fig 37 2
BHEE 2 A7E 5 U7A HolF (AT MRS R RS 242 965, 965, 90.0, 915% 2= =7
HEREA|RE, o] F 6 dolA 8 AR 242} 785, 885, 7T15% QA 9 URE 12 UK 2zt 60.0,
550, 60.0, 51.5% 2 BT 2ol fHER o] WE T-testo] #5BE Table 33 2t} HLE 5
dollA 8 Afolel] TolE AT AL TE Wol fHAHF 8] 95% SZoA Gyl Ao e
R

3. BBER L:D cycle®| WE Artemnia HEE

FRE] W& &R 6m {89 Artemia nauplius TR ES Table 4 9} Fig 4 9|4 B e} g}
ABRIEA L0, L 500, L1000, L 1500, L 200014 14 A17+ 5ot 10le] & 74y age 7h7 210+ 455,
340.3+23.39, 425.8+8.54, 4335+7.00, 450.3+6.99 7HA T} L 1000~2000 &l A 2 H&Ee] %7}
SLE2 (Table 5), d7]o1X kriafifrel @atE HEE L1000 Wl Aoz vehto

ER 6meA S BRE FE BEAMARY 717+ BEE L1000 W 9002 28 8m o] A<
ff - fefel deiMe RES ®WES L1000 ol3te HM%sted ZAS & WERMT 7 - ff o
Artemia nauplius® HR3 #HEE= Table 6 Z Fig. 514 Yehl o)
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Fig. 2. Growth and survival rate of the puffer fry for 68 days after hatching.

Table 2. Average number of survival of the puffer larvae with different start of feeding time

Days from feeding

Days from hatching

3 4 5 6 7 8 9 10 11 12
0 200 200 200 200 200 200 200 200 200 200 200
1 200 200 200 200 200 200 200 200 200 200 200
2 200 200 200 200 200 200 200 200 200 200 200
3 200 200 200 200 200 200 200 200 200 200 200
4 200 200 200 200 200 200 197 200 200 200 200
5 200 200 200 200 200 200 197 197 200 200 200
6 197 197 200 197 197 197 190 187 183 183 187
7 197 197 197 193 183 190 177 183 177 177 177
8 193 193 183 187 163 177 153 140 113 123 123
9 193 193 183 187 163 177 153 140 113 123 123
10 193 193 180 183 157 177 143 120 110 120 103
S“rg‘;‘eval 95 965 900 915 785 885 715 600 550 600 515

300



50.1
FED

50 |~

S/
ALk

0 2 46 8 012 O 2 4 6 3 0 12 O 2 4 6 8 1012

Days from hatching

Fig. 3. Comparisons of survival rates of puffer fry by different initial feeding day.( 1)

Table 3. Statistical analysis of survival of the puffer larvae from initial feeding to 12th day (T-test)

Days from hatching 2 3 4 5 6 7 8 9 10 11 12
T. value 1645 1645 0.522 2252 2204 2668 1314 1970 1905 0.815

t. (0.05, 10) =2.228
t. (0.01, 10) =3.169

Table 4. Number of food (Arfemia nauplii) intake per puffer larva (6mm in total length) for 14
hours under various light intensities

Total Vessel B Light intensity(Lux)
length No. 0 500 1000 1500 2000
1 15.0 313.0 419.0 341.0 459.0
6 mn 2 21.0 368.0 421.0 441.0 442.0
3 26.0 368.0 438.0 437.0 451.0
4 220 3320 425.0 425.0 449.0
" Total 840 1,3610 1,703.0 17340 18010
 Mean 210 3403 4258 4335 1503
S.D 4.55 23.39 8.54 7.00 6.99
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Fig. 4. Average numbers of food intake per puffer larva (T.L.:6mm) under various light intensity.

Table 5. Statistical analysis of number of food (Artemia nauplii) per puffer larva (6mm in total
length) for 14 hours under five different light intensities (T-test)

Light intensity (Lux) 0 500 1,000 1,500 2,000
T. value 68.905%* 8.533** 0.481 1.021

t. (0.05, 4) = 2.776
t. (0.01, 4) = 4.604

25 8m {FHS L0~L 1000 HEA FHARLS 257.0~980.8 EEZHN 2K 6m zlo{d] Blaty
RIS BES LoolMe HREe] 2570 /MAE A3 BMERE & F AUk o] Bl &KX #

S Hol BEe @iflE L600~L1000 2.2 o] =l AR S 960.8~989.8 HEEI T L 400 A=
Bk AR 868%C MFEHE 8593 S MASIAT &K 10m fE&ds Lo oﬂ*ﬂ 501.8
AANE TAE Aoz el §i Bl v3le d 22 HAEES EF U RARAEES L 200~
L1000 9ol A 14343~14888 7HAIATH 2K 12mn #AENAe HBAHAES 10mm gA9 22
L 200 o]ioll A 1578~1596 /WA & @hmsldet LodlAe] MAEE 838 Bl U & IAHE

ERA e

& 8mm, 10mm, 12mn GAlM 2l 2 AR BRE AEN e A3 Table 7 9lA
He ureh 2t

&£ 8m GANME 2x L600 o4l e AEEY flglen], 2K 10m @A o|FoA= L

200 olAdell A HEEZF AUk o3 Antz Hol £ 8m GACAM HAFR WS BES
L 600, 10mm &A o] A= L200 o2 ekt
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Table 6. Number of food (Artemia nauplii) intake per puffer larva (8, 10, 12 mn in total length) for
14 hours under various light intensities

Total  Vessel L Light intensitg(Lux)
1ength No. 0 2007 i 400 600 _§09__ B __l,Oﬂi
1 206.0 773.0 843.0 954.0 971.0 985.0
|mm 2 297.0 742.0 837.0 953.0 972.0 988.0
3 252.0 754.0 892.0 971.0 978.0 992.0
4 2780 7560 8650 965.0 9820 9940
Total 1,028.0 3,025.0 3,437.0 3,843.0 3,903.0 3,959.0
Mean 257.0 756.3 859.3 960.8 7975.8 989.8
L S. D._ 38.65 i 12.76 24.93 8.73 519 4.03
1 562.0 1,438.0 1,441.0 1,476.0 1,484.0 1,491.0
10mm 2 475.0 1,431.0 1,445.0 1,476.0 1,483.0 1,490.0
3 4470 1,433.0 1,438.0 1,470.0 1,484.0 1,485.0
4 5230 14350 14530 14690 14850 14890
Total 2,007.0 5,737.0 57770 5,891.0 5,936.0 5,955.0
Mean 501.8 1,434.3 1,444.3 1,472.8 1,484.0 1,488.8
S.D. ) 750.97 _ 2.99 6.50 8.77 0.82 2.63
1 824.0 1,586.0 1,589.0 1,591.0 1,594.0 1,597.0
12mm 2 844.0 1,586.0 1,588.0 1,590.0 1,594.0 1,596.0
3 820.0 1,584.0 1,587.0 1,590.0 1,592.0 1,596.0
4 _86'_7_.0 ) 1,556.0 o 1,586.0 1,589.0 1,592.0 _1,596.0
Total 3,355.0 6,312.0 6,350.0 6,360.0 6,372.0 6,384.0
Mean 838.8 1,578.0 1,587.5 1,590.0 1,593.0 1,596.0
S.D. 2156 70 129 082 115 082
1,700+
’;é *_____@,..__.&————.A__——_-:
’ g — O ———
2 1400k je-—moTTTTT
z b /
=1 /1
= s/
[P]
s 1100k
E f I
TOJ /I /l -7 ndd
8 e
= goot -
e [ e
E) /I ,’« e-® T . L=8mn
E 500 // 0--0 T.L=10mm
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Fig. 5. Relationship between light intensity and numbers of preyed Artemia nauplii by puffer fry.
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Table 7. Statistical analysis of number of food (Artemia nauplii) per puffer larva (8, 10, 12mm in
total length) for 14 hours under various light intensities (T-test)

T L. Lux 0 200 400 600 800 1,000
8mm T. value 22.369 5.562 4.882 0.603 0.552
10mm T. value 30.120 0.326 0.921 0.357 0.153
12mm T. value 29.346 0.300 0.077 0.092 0.092

t. (0.05, 5) = 2571
t. (0.01, 5) = 4.032

Fig. 6 2 A5 7 - #A2 E BEHIZ BE5S RAHR ofdAe BEY #(LE v&
Witk A2 10m GAAAY &3 fFA HREE k= BEe] Aloldls Y=2,200—200X]
FFRe 2 £rsol A4 wet A& o ¥ BETIIAE Hiol s & & & UL,
&F 10mm o} JAMAC] WEES BEE L200 WYt AFE F- #AL] & (X 42
BEY HRE HEA 97 fAfitRE (VT Bife Fig 7 914 B nkeh 2o] Y=-640.02+
196.805X (r=0,9675) 2] B SR FREJDL webA 6am TANA 12m GARAAE FRol A
£go wet o FagEel weiste ®mdhs & & UATh

LD cycleS 2|3 TN A58 {7 - #AY HAES Table 8 % Fig. 8 olA JERUTH
Z 12112, 14:10, 16:8 8] AZA EHETAN &£ 6m M+ 3193, 379.8, 4305 EEE &4 f
#£892, gmn TAY A= 778.3, 885.8, 991.5 s, £ 10mm DA A 14165, 1447.5, 14815 &

1,000

5 soof

£z Y=2.200—200X
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Fig. 6. Relationship between total length of puffer larvae and light intensity of maximum food

intake occurred.
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Fig. 7. Relationship between total length of puffer larvae and number of maximum food intake.

Table 8. Number of food (Artemia nauplii) intake per puffer larva or juvenile of different size

under three different LD cycles

Vessel Total length
LD cycle -
No. 6 mm 8 mm 10 mm 12 mm 14 mm
1 3100 781.0 1,418.0 1,495.0 1,716.0
2 322.0 779.0 1,416.0 1,416.0 1,729.0
3 313.0 780.0 1,414.0 1,463.0 1,736.0
12:12 4 332.0 773.0 1,418.0 1,484.0 1,715.0
Total 1,277.0 3,113.0 5,666.0 5,903.0 6,890.0
Mean 319.0 778.3 1,416.5 1,475.8 1,722.5
S.D. 9.91 3.59 1.59 16.52 12.07
1 384.0 886.0 1,445.0 1,551.0 1,819.0
2 387.0 887.0 1,448.0 1,558.0 1,704.0
3 371.0 885.0 1,449.0 1,557.0 1,757.0
14:10 4 377.0 885.0 1,448.0 1,579.0 1,787.0
Total 1,519.0 3,543.0 5,790.0 6,245.0 7,067.0
Mean 379.8 885.8 1,4475 1,561.3 1,766.8
S.D. 7.18 0.96 1.73 12.23 48.90
1 426.0 993.0 1,485.0 1,590.0 1,791.0
2 433.0 992.0 1,475.0 1,599.0 1,799.0
3 438.0 992.0 1,482.0 1,596.0 1,787.0
16:8 4 425.0 989.0 1,484.0 1,595.0 1,794.0
Total 1,772.0 3,966.0 5,926.0 6,380.0 7,171.0
Mean 4305 991.5 1,4815 1,595.0 1,792.8
S.D. 6.14 1.73 451 3.7 5.06
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Fig. 8. Relationship between L:D cycle and numbers of preyed Artemia nauplii by puffer fry.
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Z 2N

BEAREA oM HES AFRS ABR MF SoA olFoA 7] dEdd Hfid ue xbelsb
AR BEEEAT 2olo] B & M E ZebAA ®o) (Kakuta ef al. 1988).

AL A2 2552 g WHE RN Y Kk dalAe demet b5 (1982, 1983) = b
5UA ) £FK 3.22mm, 10 Do} 3.65mm, 15 Lol 3.94 mm, 20 A& 521 mm, 25 Lol 657 mm, 35 Lol
11.77 mm, 45 Lo 20.33 mm, 55 LA 32.05mm, 60 Y=ol 3575 mE AAsHen *3 & (1970)
= Wb 5 AR 2K 321m, 10 LA 384 mm, 15 LA 4.90mm, 20 A& 542 mm, 25 A=} 7.96 mm, 35
AA 1561 mm, 45 DA 25.84 mm, 55 LA 41.63 mm, 60 LA 48.36 mm, 67 DA 58.17 P THL L5t
Bl wlete] Bk 10 @7t = EiEtF o bk 1548 FE wE 43E By 338% 60
A= F 13mme] x}olE Holx gt

K el e B 4 A 3.13mm, 9 YA 386 mmE A SholM ] HFEEET FHUT KES B
Got 14 YA 471 mm, 19 LA} 577 m, 25 AR 833 mE & w2 AARAS WGth #ART o) 39

306



B E - EE

1

2.000 —e [:D=12:12

£ o—o L:D=14:10
2 1,600 &—a L:D=16:8
£

=

3

2 1,200}

£

°

8

€ 800

[«

123

2

g 400

=]

Z.

o 1 | 1 1 1

6 8 10 12 14
Total length (mm)

Fig. 9. Numbers of food(Artemia nauplius) intake by various size of puffer fry under different
L. D cycles

oAM= Wb 36 Aol 1143 mm, 47 Aol 2272 mm, 55 L& 31.96 mm, 61 YA 37.61 mm, 68
AR 51.22mmZ A AL db 8 (1982, 1983) 0 Hlstd= wakov, £ & (1970) o Hstad= i
AR AFAE Ak olHd R AFE HEARAAM KM £ (1982) 7} HmEet W (1984) 0]
feHEst vtel #Zo], % HART ol KR, BERFE S BEA BRAY &4 Helo BHA, AL EH
ol % MEAkfEfFolV BEESY FEHNA Fo ME MY ERANA BEY BRE A7

A5 PHEES e BEAES Hluste HW OEE £ 19822 TAE, Mylo
macrocephalus 9] AHSolA MLt 20 dAol &£ 8.05mm, 36 YAl 1350 mP L, Fl—3F Aol &
B ERANA Ao} i (1987) = 22 ¥Ao] 854 mm, 38 Ao 15.79 mm, 72 LAl 30.19 mE {43 o
Hlgted K BRAA AFE RS %I (FfRE old7tAe BAAEH FASHA JElEAR, o
o] F #faidle 258 vy AATS I Uk T BE BEAE A9 FE HEREY
d |, Paralichthys olivaceus® 1 M5 @ED vuste] B, A3 /K (1979)2 ML 35 U
25 1510 mP 3L, Lok (19712 Wbk 290 A £K1593m, 38 A& 1680 mE A3 A3t 1, E
+(1986) & Mb# 20 4® 11.90 nm, 51 L&) 29.60mm, 66 YA 4030 mE ARt B1d o
Hetd K Bl e i Biget o] fefaiole d Ao visle 2589 o] tha Wolx}
BRI o] Z o AAdAMe A FAHA veldt, uetr] AFEe] EEEES Hite U E BE
ol ¥e) 1 gikmol A AFisid AyzEc

REy Wik AR HS 9YA) 854%, 21 A1) 389%, K TE:Q 68 Aol 241% = 1}
B i BEREY 8 £FRT HEH FASEAT i A RoX s Helo #ERy FHE
wE #HALRTE K PFFEol A= Ohgami and Suzuki (1982)7F XA 3k vie} o] £ 4mm o] Fo] o
ot & Hly e HEHRA HHoE W A7 £FR Be S nx e o= #Hxddo

B Bt (rRart £FSH] AdAe 9 e BEKGE EESAY £ BuYE 34 FRste
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AL A7) BEE R FHo B B 98 £ A2 5+ 3
o Ut

T ABHIQ BEAE GBRAME dERH HAL ge Ho)AES vl % yd F95he
de FxU A2 FEE ssFEaN dojuc FEENEY B HAE Yol Eo] Aztol
Eadel wel BRERS BE ey gid Z3 VL 4ol TAY wole &%l Qe
Ex mo] ol HolE W FRE BHRTS Bk Hoz Wit (fhol g Ho2 F
= #IE BHE EEsle 92 9dd) Fad EFR/ 9o (B 1978). B F (1986)2 @X 9
AEANM K3 T 24 o] HelZ £ AL 65% 9 £FERS VEIYY, 3~4 4R o
HEAL WLk 10 Y7HA 35% ol AESFLn, 6 ol F HolE T Hede 7Y
T At char ok ek F9) E (1987) ¢ FAEY A9 23F 4 ool Yol S fi
S 7TE7A Y £HFEL 56~61% A1, WL 7 AR rotifers #E4E8HA] Fgd A S0l
EF JA SA1SS @ stk K PHgel M ATE-S Bk 2 dRE 5Y Alolo (£l x7]
o]l rotiferE BHASIR S 729 EBRAT 12497714 90% olF9 ¥ AFXRES Vel 6
A~11Y Atojol] Ho|E fitfadt B9 KT 885~550% 2 fii Mo visle =4 Jelwoh
312 G7A] ol FoEtA] @2 Ad® dA e BN B £ e &8 e dojuA
BUL, HuA H& 515% Y 4AFES YU o]8iF HoA H|Fe] B xpFE-S JiKo]
1.20~145mm (BEM 1962: R& £ 1978) 24 72459 0.74~0.94 mn (=9} & 19875 FF 1969; kR
% 1980), 9] 0.86~0.94mm (FS} K 1986; FA 198D wlshe] A1, Fpfsio] IS Itk Hh
BRI ZA b VZbe] Sl BN vls] Zu, ZASY dAEY 2 JIES A )7
&l irsts #ifo]l o s A2 Be HolE daw de A77F kol fih fmfEol w)s)
L O Alskel A Ao A7 Fojin mElA K A AFE BLirae] EIE rotifer
BHaRS BB K TI7EA 90% o] AEES Bl K3 3 2~5Y Abolof f#H43o] ulE AT
Aoz Azbdr)

R BEAE oA 2o e R MeEEd 83 BEERGY shiolth visual
feeders] 43l= A 7 - HASS F2 i #& FES o wide #Ei-s0, o w9
Yole g Holof @ webA daAgh g 001~10 2 # el &3t Zo) g (¥t
T 1978).

BE TE (1978) = TAEY Bk 10d 5] AFSoA £FH Aol E& ¥7]= L3000
>L 2000>L 1000 > L 1009] <elx, &9}t F (1987)= #AEY £ 7~10m =lo]= L2000 o]
2ol ek FaEEY gden, LodAMe #HES FIEtE &K 14m FRE L1000 ol
A, &F& 15mol A= L300 A=A &FKA HifiEe] @t stglon, FEol + (1986)2 A #
BEEFEAA &K 10m {FE7} X HgEd 23+ 97 L1000 oldols Aokx sa dch

K A 2k smEE AFE] FAE LML i AEHANL £& 10m @ o KX
fREY =gshs Wrls L200 ol o2 dx, Aderc ¥ 2o BENA A Hifeol IaEs)
Ak oA T Z7)e] FAEFOIY |Ae BlEted A HgEolY EAo) Tosle Hre) &
Bol o wa #EFEEI Aol A As oz A=A

T B0 L1000 EATAA 43 270 &K 10me) HELRE 7 - fiA EEE
Artemia® K WEES vt BH Y& 12956 @88 (B + 1986) A3, #AES
MREEQT L 2000 ol A 41642 /R A1 H] ®lste] KPFFLoAe] AAFE L 14488 [EEES A H%E 3
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A, ffEl] W & EAQ] Rl AR £R £HYE oz gzl

BER MEAER Ot RERES B BREid MEstE= Fae AHAEIE olHd LD
cycled @M=Ll chet HRES KRN TS viAe Aoz JAF k ProeM Al BRERZ
FHET LD cycle st A frfe] 27 HAES R et 202 Einstgl e &K 8mn
GAAAE KR ATl A4S AR B o] BHESAAT 10m o] FoAXE X R
fifoll B7Aglol 7z MRRE o HRES BLSH JYetwtdh ole & o WM KEsS ¢4d39
B Ao Sold ez AR #dste AZHE BIE T 58 & 919 BE Foll BE
fRRE ol BS FEHBRAM fAHA MEHe Ade] daHer 2R Aoz Yzhe it
& 6mFE 10m GAZA= LD cycled] £2EREANAM g @& HAY KAHAEE] 524
stAl st A B 5 ey &R 12mRE 1 e Fol @igstA et ole o
A S Aojo] pffo] niste] FPl ALRTE Artemia L $hHS] A77F FHH A VIR AR
AZtE B2 B8 BN Artemiat B8 K HolHES ARSI HiEd dart Jloa Azbdc
BoE K BN BFiEd LD cycdle BES N BIH AP 2d whE HfgEo] Wstek e A
23 Aol dig dES A 2K 6m o)3te] ofd @A Rel A= o] HEHF T A
oz ey

® OB

AFE, Takifugu rubripes TETHS E&3 QU AR 4E HMe BRS 7] 935o] 1989, 1991
FE=7 1992 F 5 &% AT W(LE {1 #HAS HEo=Z FHI rotifer (Brachionus
Plicatilis) @] I LA, BES LD cycleol W& Artemia FHAE 2 Wi iRl sl
WA RS Eystd g 2o

WL friae] HIE rotifer 45 Bt Rl ML 2~5 < Aleln L AFELE 96.5~90.0
% St

& B BIER A HAEEd FE ¥ & e KK BEes 2K 6molAE 1000 22
AL, smmoll A 600 =2, 10mmol A 12mm Alolo M= 200 222 A& wa} x& KRET
oA gl AEESIHTE 25 6~12mm Alele] {f - fiEfaol] oA 2K (XN AR E
dal= BE ()9 9 #4= Y=2200—200X (r=-1.0000)9) EHEEFEXoz Jeld & 9l
Aok A7ERS] LD eycle 4 (12112, 14110, 16:8) ToA 2E 6~14m7tA 9 BE B
RER 1 - HEFR S FHARS A2 f BE Biifo] Zojd4E Zolxle ERS Fgoy &
el gk

B REHE X9 2& (VD9 BE AR B3 3d5EH 36 47AE Y=1.6427
+0.2540X (r=09814) 2 FREAUI, 36 YHE 68 A7tA= Y=-331452+1.1867X (r=0.9854)
2 vepgtt of 71z B9 K-S 213+ 167 C AEN o 68 Uty AFERS 241% 00

2 % X R
Kakuta, I, M. Okabe, K. Nanba, H. Nakagawa, H. Kumai, and M. Nakamura. 1988. Studies

on nutritional requirement of Fugu-1ll, Effect of dietary dextrin, feed oil and vitamins.
Suisanzoshoku. 36 (3) : 183~191.
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