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Effects of Starvation on Juvenile Tiger Puffer, Takifugu rubripes

Takanori Miyazaki*', Toshifumi Yamatogi, Masao Sakaguchi,

and Jun-ichiro Tsukahara*®

The effects of starvation on growth, survival rate, condition of caudal fin and peduncle, bio-
chemical compositions of muscles and livers, and oxygen consumption were investigated on juve-
nile tiger puffer, Takifugu rubripes.

A slight delay in growth of juveniles was observed after 5 days of starvation, but survival
rate of the starved group was 99.5%, which was the same as the control group. The growth rate
and the other condition parameters of the group starved for 5 days recovered to the same levels
as those of the control when feeding was resumed restarted, suggesting that 5 days starvation
had little effect on juvenile tiger puffers. The survival rate of the group starved for 10 days was
81.0%, suggesting that 10 days starvation affected juveniles. Besides, the survival rate of the
group starved for 15 days was 9.5%. The caudal fin/body length ratio, liver/body weight ratio,
and the amount of crude lipid in the liver all decreased with the starvation period. On the other
hand, oxygen consumption (ml/g) also decreased due to starvation. This result suggests that star-
vation is used by juvenile tiger puffers when low oxygen concentrations are observed during red
tides?
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Table 1. Description of experimental conditions used for juvenile tiger puffers.

Experimental No. I I
Experimental group control 5 days starvation 10 days starvation 15 days starvation feeding starvation
Initial body weight{g) 9.9+22 9.8-+23 98+22 92418 87+21
Initial total length (mm) 82+6 806 816 805 816
Initial body length {mm) 676 665 665 65+4 665
Initial number of fish 200 200 200 200 200 200
Rearing period(days) Jul,19.2002 ~ Sep.2.2002 (45) Jul.19.2002 ~ Aug.3.2002(15)
Starvation period from start{days) 0 8 10 15 1] 15
Feeding frequency(days/week) 6 (i} [}
Feeding frequency(times/day) 2 2 0
Starvation period from start{days) 0 5 10 15 0 15
Feeding rate Satiation Satiation =
Water temperature(C) 24.8-289 25.5-28.0
Average water temperature(°C) 210 26.9
Initial fish size (Mean-=S.D.)(n=30)
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Fig. 1. Standard method for judgement of condi-
tion caudal fin and caudal peduncle.
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Fig. 2. Survival rates of four experimental groups
in juvenile tiger puffers
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Table 2. Body lengths of juvenile tiger puffers in the six experimental groups.

Rearing period (days) 0 5 10 15 31 45
Control 67+6 85+5 1007 1167
5 days starvation 665 775 9745 112*6
10 days starvation 665 71*5 896 1087

15 days starvation 654 7146 83+6%  101+6%
feeding 67+5 765 g1+5
starvation 646 68:--4 6844

Body length (mm) (Mean=+S.D.) (n=30,%n=19)

Table 3. Body weights of juvenile tiger puffers in the six experimental groups.

Rearing period (days) 0 5 10 15 El 45
Control 99422 227+34 38172 60.0+110
5 days starvation 98+23 170+32 334%£52 550%94
10 days starvation 98+22 11.8+25 271x£53 482%x11.2
15 days starvation 9.2+1.6 92+18 21.6+46" 39.2+74%
feeding 13227 174%x36 21640

starvation 9.0+21 88+1.7 83+1.6

Body weight {g) (Mean®S.D.) (n=30,%n=19)

Table 4. Condition factors of juvenile tiger puffers in the six experimental groups.

Rearing period (days) 0 5 10 15 31 45
Gontrol 33.2+28 36.7+£20 38.0%28 380%x22

5 days starvation  33.6+19 36621 363+20 395+34
10 days starvation  34.3+24 329420 374425 37.5+40
15 days starvation _ 33.3+2.0 257430 377+21% 377+19%

feeding 439+49 394+26 406=x41
starvation 334+16 28.2+26 261+25
Condition factor (Mean=S.D.) (n=30,%n=19)
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Table 5. Caudal fin and caudal peduncle conditions of juvenile tiger puffers in

the six experimental groups.

Rearing period (days) 0 5 10 15 31 45
Control 45+07 39+04 3311 3.6+06
5 days starvation 4606 3.8+0.7 34+08 3.7+08
10 days starvation 45%06 28+1.0 26*15 3.1%x08
15 days starvation _ 4.6-0.6 25+13  43+08% 39+07*
feeding 43+06 3.9+07 3.8%05
starvation 44106 3.5+08 28408

Caudal fin and caudal peduncle conditions (Mean+S.D.) {n=30.§n=1 9)

Table 6. Caudal fin/body length (%) of juvenile tiger puffers in the six experi-

mental groups.

Rearing period (days) 0 5 10 15 31 45
Control 227+22 18724 159+46 154+22
5 days starvation 21.9+241 202+26 173*x28 172x24
10 days starvation 229+21 17.9+25 13145 154=+30
15 days starvation  22.6+1.8 16459 14.9430% 158431
feeding 222+40 196+28 182+28
starvation 230+25 201441 16.6+4.3

Caudal fin / body length (Mean=+S.D.) (n=30,%n=19)
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Table 7. Hepatosomatic indices(%) of juvenile tiger puffers in the six

experimental groups.

Rearing period(days) 0 5 10 15 45
Control 55+09 126%+1.2
5 days starvation 5.1%+0.7 13.0%£1.0
10 days starvation 53+08 13.9+038
15 days starvation 51%0.7 13.3+0.8%
feeding 6.6+0.7 74+=08 10408
starvation 35+1.0 2.7+07 2.3+0.7

Hepatosomatic indeces (Mean®S.D.) (n=30gn=1 9)
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Table 8. Changes in biochemical compositions (proximate compositions, %) in
muscles of juvenile tiger puffers during starvation and refeeding.

Rearing period Initial 5days 10days 15 days 45 days

Moisture (%) control 80.1 79.7 715 75.5 75.7
5 days starvation 79.2 76.1

10 days starvation 79.4 76.0

15 days starvation 80.2 80.5 81.6 840 79.0

Crude protein (%) control 17.7 17.4 205 224 22.0
5 days starvation 18.2 21.6

10 days starvation 18.4 21.5

15 days starvation 17.7 174 16.5 13.7 18.6

Crude fat (%) control 05 0.6 04 0.8 0.6
5 days starvation 0.7 0.6

10 days starvation 0.6 0.8

15 days starvation 0.6 0.5 0.5 0.5 0.8

Ash (%) control 15 1.5 1.2 1.2 1.3
5 days starvation 1.6 1.4

10 days starvation 14 1.4

15 days starvation 1.3 1.5 1.2 1.3 1.3

Table 9. Changes in biochemical compositions (proximate compositions,%) in liv-
ers of juvenile tiger puffers during starvation and refeeding.

Rearing period Initial S5 days 10 days 15 days 45 days

Moisture (%) control 616 558 49.0 490 44.8
5 days starvation 60.3 43.2

10 days starvation 56.4 40.2

15 days starvation 58.5 60.1 64.8 74.2 421

Crude protein (%) control 9.4 83 7.8 6.6 6.6
5 days starvation 92 5.9

10 days starvation 3.1 6.0

15 days starvation 92 105 11.6 12.4 5.2

Crude fat (%) control 274 311 40.1 40.7 46.1
5 days starvation 29.1 48.7

10 days starvation 33.0 50.3

15 days starvation 30.9 27.6 22.3 121 48.8

Ash (%) control 09 1.1 0.7 0.6 0.6
5 days starvation 0.9 0.6

10 days starvation 1.0 0.6

15 days starvation 1.0 12 1.0 1.1 0.6

Glucidic(%) control 0.7 3.7 24 3.1 1.9
5 days starvation 0.5 1.6

10 days starvation 0.5 29

15 days starvation 04 0.6 0.3 0.2 33

Glycogen(%) control 0.027
5 days starvation 0.026

10 days starvation 0.150

15 days starvation 0.280
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Table10. Dissolved Oxygen (DO) in experimental water of control and T-days-starved juvenile tiger

puffers.
Time (min)
o 0 10 70 30 20 50 80
Control (mi/1) 422 2.91 2.06 1.46 1.10 0.82 0.64
(%) 92 64 45 32 24 18 14
7 days starvation (ml/1) 422 3.01 233 1.69 1.37 1.10 0.91
(%) 92 66 51 37 30 24 20
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Table11. Total oxygen consumption of control and T-days-starved juvenile tiger puffers.

Time (min)
10 20 30 40 50 60

Control (mg/fish) 1.96 3.25 4.15 4.69 5.10 5.38
(mg/g) 0.10 0.16 0.21 0.23 0.25 0.27

7 days starvation (mg/fish) 1.10 1.71 2.28 2.57 2.82 2.98
(mg/g) 0.09 0.14 0.19 0.21 0.23 0.25

7 days stavation/Control(mg/fish) (%) 55.9 525 55.1 54.7 55.2 55.4
7 days stavation/Control (mg/g) (%) 929 87.0 91.3 90.6 91.7 91.8
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