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Effects of aestivation on energy budget of sea cucumber Apostichopus japonicus

Selenka  Echinodermata Holothuroidea
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Abstract Aestivation is defined as a period of dormancy or inactivity allowing animals to survive during an extremely hot
and/or dry season. This phenomenon has been observed from various animals including earthworms snails bivalves sea
cucumbers lungfishes and amphibians. Apostichopus japonicus is a temperate sea cucumber and known to aestivate when
water temperature rises over 20 C to 24.5 “C. We measured effects of aestivation on energy utilization 1i.e. energy
distribution in growth feces respiration and excretion of A. japonicus with two different body sizes large 134.0+3.5 ¢
and small 73.6 +2.2 g at water temperatures between 10 °C to 30 °C with 5 °C intervals. The data indicated that water

temperature body size and/or their interaction exerted significant effects on energy ingestion. In particular water
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temperature was the main factor influencing energy allocation of A. japonicus. Noticeable variation in the energy utilization
of sea cucumber was also observed in this study. During non-aestivation period energy deposition in growth was lower and
the energy loss through feces accounted for the majority of the ingested energy. Under threshold temperature the energy
intake became reduced and energy deposited in growth became negative. During aestivation sea cucumber discontinued
energy intake resulting in weight loss. Our study suggested that the ecological implication of aestivation in this species

could be a mode of energy saving during long-term hot period.
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8 Apostichopus japonicus Selenka 3157

mean+SE L 134.0+13.5 ¢ S 73.6+2.2 g 2
45 cm x30 ¢cm x30 c¢m 35 L L 1 S 2
28d 4
1

Table 1 Proximate composition of the experimental diet

Moisture % Dry matter % Crude protein = % Fat % Ash % Energy content J g~
1.18 £0.01 98.82 +0.01 3.33+0.15 0.79 +0.01 78.42 +0.03 2668.8 +12.1
+ 3 Values were expressed as mean + SE n

=3 Contents of Protein Lipid and Ash were shown with their percentage in dry diet and Energy content was showed with data from dry diet

2

Table 2 Experimental grouping and basic parameters in body sizes of A. japonicus

Temperature C Size Initial wet weight g  Final wet weight g  Initial dry weight g Final dry weight ¢
10 L 112.9 £20.8 149.4 £25.4 9.2+1.7 11.0+1.9
10 S 81.6+11.4 119.7 £14.3 6.7+0.1 9.2x1.1
15 L 138.4£3.0 211.3 £7.1 10.4 £0.1 15.6 £0.4
15 S 73.8 £6.5 110.8 4.6 5.4+0.4 8.0+0.4
20 L 138.1 7.1 153.5 £12.3 11.3 0.6 12.3+0.6
20 S 69.5 +5.1 75.1 5.5 4.6 +0.7 5.0x0.6
25 L 131.946.3 126.1+6.7 11.4£0.6 9.940.5
25 S 81.2x4.2 78.6 £8.3 6.4+0.4 5.2+0.5
30 L 138.9 +13.7 123.9 £8.9 11.6+£0.1.1 10.1+£0.7
30 S 69.9 £7.8 58.7£9.0 5.8+0.6 4.4+0.6
* 4 Values were expressed as mean +SE n =4
1.3
1/2 ~2/3 100
+0.5 C 5.0 mg L™
pH7.8~8.2 30 ~32 ppt
1.4
4 2 L
1 S 2 3
1 17 00 23 h 8 00
16 30 48 h
65 C
1.5
PARR1281 PARR Instrument Company USA N
240C Perkin-Elmer Company USA 105 C
12 h N 6.25
550 C 12 h N 2
1.6
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R
U= Cy-F,-G, x 24830
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80% ~85% "
R =C-G-F-U
1.7
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Table 3 Energy parameters in A. japonicus of various sizes at different temperatures
Temperature °C Size C }gtd! F }gtd! G Jgtd! U Jgtd! R Jgtd!
10 L 1477.9 £126.5 926.8 +116.7 82.0 +26.1 50.0 +4.5 419.1 +31.4
10 S 1464.8 +100.6 941.6 +89.3 93.7 +29. 1 56.1+4.6 373.5 +£20.2
15 L 1912.7 £210. 4 1279.7 £142.6 197.7 £12.2 52.4+8.0 382.9 +62.9
15 S 2608.5 +162.5 1786.1 +114.4 226.0 +27.0 76.9 +6.2 519.6 +38. 1
20 L 1099.6 +210.8 553.7 +113.1 74.8 +14.4 34.2+7.0 437.0 £103.7
20 S 1038.0 +184.4 510.4 +83.3 77.4+27.8 36.4 5.6 413.9 £77.0
25 L 634.8 +333.7 327.7 £170.5 -22.7+35.6 28.7+9.1 301.0 +131.5
25 S 451.7 £207.9 225.4 +103.3 -27.2+28.4 23.5+4.1 230.1+75.6
30 L 0.0+0.0 0.0+0.0 —64.2 £36. 1 9.8+3.4 54.4+32.8
30 S 0.020.0 0.0+0.0 -119.5+27.2 14.3+4.0 105.2 +23.4
+ 4 Values were expressed as mean = SE n =4 C energy ingested F energy lost in feces G

energy deposited as growth U energy lost in excretion R energy lost in respiration

2.2
4
P <0.01
P >0.05
0.05
10 °C 100C=63.6F + 3.7U + 6.1G + 26.6R
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8 Apostichopus japonicus Selenka 3159

15 °C 100C =67.9F + 2.9U + 9.4G + 19.8R
20 C 100C =49.9F + 3.3U + 7.4G + 39.4R
25 °C 100C =53.4F + 13.6U-55.3G + 88.3R
30C 0C=0F + 8.2U-100G + 91.8R 100G =8.2U + 91.8R

4 mean + SE

Table 4 Energy allocation of A japonicus at different temperatures mean + SE

Temperature °C Size c [ ¢ get U we-t R wC-
10 L 100 62.5+2.6 5.7+2.3 3.420.0 28.4+0.3
10 S 100 63.9+1.9 6.3+2.0 3.9+0.3 25.9+2.2
15 L 100 66.9 0.7 10.7+1.5 2.8+0.3 19.6+1.5
15 S 100 68.4 +0.6 8.7+1.0 2.9+0.1 20.0+0.9
20 L 100 50.0 0.6 8.1+2.6 3.10.1 38.8+2.1
20 s 100 49.6+1.6 6.8+1.6 3.6 +0.2 40.0+2.3
25 L 100 55.8 +4.6 ~76.2 +54.5 17.2+9.4 103.3 £41.0
25 S 100 51.0 2.0 ~34.4222.1 10.0 3.6 73.5+17.2
30 L 0 0 - 100 4.7+12.2 95.3+12.2
30 S 0 0 -100 11.7+1.4 88.3+1.4

30 C The energy

consumed from food C and the energy lost in feces F  were zero and the energy deposited for growth G was negative at 30 C The percentage of the

energy lost in excretion U and the energy loss for respiration R were shown in the negative percentage of G in this table

15 C
25 C 30 °C
3
16
3.1
10 ~20 °C 49. 49
~67.9%
17 18
12 19 20
19.8% ~39.4%
21 22
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72.3 ~139.3¢g 100C =53.4F + 13.6U - 55.3G

+ 88.3R

88.3% 13.6%
30 C

100G =8.2U + 91.8R
8.2% 91.8%

> 30 C 28 d 5.4% ~24.6%

Coles Pila ovata 1/6 *  Shinya  Buck
Glossoscolex Paulistus !
30 C 15 C 54.4% 79.7%
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