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A comparative study on the growth and energy budget of Chinesse shrimp

(Fenneropanaeus chinensis O sheck) at constant and diel fluctuating temperature
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Education, Ocean U niversity  China, Qingdao 266003, China). Acta Ecologica Sinica, 2005, 25(11): 2811 2817.

Abstract: Tanperature fluctuates diurnally and seaonally in natural aquatic systans How ever, most previous studieson the
effects of tenperature on the grow th of Chinese shrimp (F ennergpenaeus chinensisO sheck) usually w ere conducted at constant
temperaturew ith a assumption that grow th at a constant temperature is close to that at fluctuating tenperaturew ith amean
smilar to the constant one Current literature on the effect of fluctuating temperature on the grow th of Chinese shrimp is
fragnental . The grow th rate, food consumption, food conversion efficiency and energy budget of Chinese shrimp were
compared betw een diel fluctuating temperatures ((22+ 2), (25t 2), (28+ 2) and (31t 2) ) and constant temperatures
(22, 25, 28 , and 31 ). This study further explored the physiological and bioenergetic mechanisn s involved to optimize
shrimp grow th in themally fluctuated regimes The range and pattern of tamperature fluctuation mimicked those found in
north China (36°1' N, 120°3' E) during the growth seaon The minimun temperature was set at 0600 hours, and then
gradually increased to the maximum value at 1400 hours U pon reaching themaximum, the temperatew as decreased to the
minimum at 0600 hours next day before repeating the diel cycle Shrimp w ere cultured in glass aguaria (45anx 25an x 30 an)
w hich were mmersed in onew ater bath tank (170am x 75an % 30 an) for each temperature treatment and the tenperature
change in the aquariaw as synchronized w ith each w ater bath Therew ere five shrimp in each aquarium w ith four replicates

Thewhole experment lasted for 33 days The results show ed that the grow th ratesof shrimp at diel fluctuating tenperatures

of (22+ 2), (25 2) and (28+ 2) were significantly greater than those at constant tenperaturesof 22, 25, 28, and 31 ,
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repectively However, no significant differencew as found between (31+ 2) and 31 . The food consumption at (25+ 2),
(28t 2) and (31t 2) were significantly higher and the food conversion efficiency at (22+ 2), (25+ 2) and (28t 2)
compared to those at the correponding constant temperatures No significant difference in apparent digestion rate w as found
betw een the constant and diel fluctuating temperatures The energy budget analysis show ed that the energy assmilated into
grow th as a percentage of energy intake at fluctuating tenperaturesof (22+ 2), (25t 2) and (28t 2) was significantly
higher than that at the correponding constant tenperatures, w hile no significant differencew as found between 31 and (31
2) . Therefore, the enhancament of shrimp grow th could mainly be ascribed to high energy intake, high food conversion
efficiency and more energy partitioned into grow th

Key words constant tenperature; diel fluctuating tenperature; grow th; energy budget; Fennergpanaeus chinensisO sbeck
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Table 2 Proximate canposition (%, mean + S.E.) of the exper mental diet
Item Energy content(KJ/g) Protein (%) Fat(%) A sh(%) M oisture(%)
N eanthes japonicus 5.33t 0.02 17.82+ 0.17 2.37+ 0.06 1. 66+ 0.02 74.90% 0.24
A rtificial pellet 16.88+ 0. 11 43.39+ 0.22 9. 74+ 0.30 9. 91+ 005 8.41+ 0.06
1.4
©) (©) R) (F) L) (e
C=G+ F+U+ E+ R
,C , G ,F U 'R , E CGE F
[28, 29]:
U= (Cn- Gv- Fn- En)x 24830
,Cn , Gn , Fn , En , 24 830
0/9) , : , P-E240
R=C- G- F- E- U
70 XRY-1 ©
(F) (E)
1.5
(SGR) (ADR) (K)
ADR = (Cu- Fu)/Cu
SGR = 100x (INW - InW o)/t
K = 100x - Wo)/Cw
,SGR , Fw ,Fe K , Cw
y Wi Wo , t
t (ANOVA) Duncan , p<0.05
SPSS (SPsS, Richmond, CA, U SA)
50 mFr ocr a
2.1 Lor i i
2 2 , 2 31 , § 0 2 ;
9.10 21.43ng/d 1.80% 3.28% , 1o |- B 31
.31 , o LB 38! $ i |
22 25 28 31
(SGR) 12.64 29.6Img/d X Mean temperature (C )
2.40% 4.02% , 4
, (28t 2) (22 2 (cm (FT) (SGR)
+ 2 (25¢ 2) (28+ 2) Fig 2 The wecific growth rate (SGR) of Chinese shrinp at
, (31+ 2) 31 constant temperatures (CT) and fluctuating temperatures(FT)
(p< 0.05)
3 ’ (p< 0.05); M eansw ith different letters in the sane average
25 28 31 ’ temperatures are significantly different (p< 0.05); the same below
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(p< 0.05), 2 (p> 0.05)
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Table 2 Growth, assimilated rate in energy and conver sion efficiency in energy of Chinese shrimp at different thermal regimes

Treaments Temperature  Fluctuation anplitude No. shrin Initial w eight Final w eight Duration Daily increnents
) ) e @ ) &) (mg/d)
Cc22 22 0 20 0.37+ 0.01 0. 67+ 0. 06 33 9.10+ 0.16 a
F22 22 2 20 0. 35+ 0.03 0.81+ 0.04 33 13.94+ 1.12°
C25 25 0 20 0.35% 0.03 0.86+ 0. 092 33 15. 55+ 1. 85
F25 25 2 20 0. 35+ 0. 06 1. 09+ 0.08° 33 22.42+ 1.62°
C28 28 0 20 0.35+ 0.03 0. 96+ 0.082 33 18. 67+ 3.232
F28 28 2 20 0. 34+ 0.02 1.32+ 0.07° 33 29. 61+ 1.65°
C31 31 0 20 0. 36+ 0.03 1. 07+ 0.08 33 21.43+ 0.70
F31 31 2 20 0.35+ 0.01 1.23+ 0.06 33 26. 65+ 0.54
* (p< 0.05), The dataw ith different letter in
the same column at the different themal regimesw ith same average temperature means significant difference each other (p< 0.05); the same
below
2.2
( 4 225 28
(p< 0.05), 31, (p> 0.05)
5
2 70 - 90
E" 60 | p<005 8 FT OCT a L 80 a
g a i b % 0l g a
g 0r = ) Sg 60 b i b
2 40 |- t333 3 BE 50 | B i
g 5338 N8 % : 333
2 30 - 33, 3 & g 40 1 3538
8 331 3 7 S 30 | [ 353
20 S 3 $
kS B3 <y 'an’ 20 |- fies 33
2 10 - |3 3 3 10 [ [ 3138
i o ] I 334 | ] 0 L |
& 22 28 31 22 ) 25
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3 cm (FT) 4 (FT) (cm)
Fig 3 The food consumption of Chinese shrimp at constant Fig 4 The food conversion efficiency (FCE) of Chinese shrimp at
temperatures (CT) and fluctuating temperatures(FT) constant temperatures (CT) and fluctuating temperatures(FT)
, 63.25% 85.17% ,
(p> 0.05)
2.3 _
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) Fig 5 The agpparent digestion rate (ADR) of Chinese shrimp at
(p> 0.05) constant temperatures (CT) and fluctuating temperatures (FT)
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Table 3 Energy allocation in Chinese shrimp at different thermal regimes

T reatments Food consumption Grow th Exuviae Faeces Excretion M etabolisn
/(g d) /(g d) /(g d) Q/(g- d)) W/(g-_d) 0/(g- d)
C22 671. 73+ 15.88* 66. 79+ 9. 192 5.35%+ 0.54 104. 71+ 9.94 45.76+ 5.12 449. 12+ 21 122
F22 592. 51+ 20.63° 107. 59+ 8.19° 3.76% 0.23 87.75% 6.13 35.86% 3.13 357.56+ 19 28°
C25 849. 60+ 19. 56 117.12+ 18.85 3.72+ 1.31 102. 39+ 8.17 60. 00+ 3.52 566. 37+ 25 98
F25 883. 98+ 65. 40 138. 64+ 21.65 2.51+ 0.32 119. 78+ 11.37 57.12+ 3.81 565. 92+ 38 60
Cc28 1065. 93+ 90. 81 131. 55+ 19. 502 5.33+ 0.69 124. 48+ 4.92 75. 08+ 8.58 729.50+ 73 88
F28 1029. 46+ 81. 02 184. 20+ 2. 73° 4.67+ 0.80 107. 86+ 17.93 66. 14+ 11. 16 666. 59+ 57 44
C31 1290. 39+ 10. 03 156. 64+ 7.54 6. 70+ 0.13 108. 61+ 6. 46 98.19+ 0.73 920. 24+ 4 28
F31 1310. 99+ 30. 31 165. 90+ 13. 48 5.37+ 0.09 88. 34+ 19.00 102. 29+ 3. 65 949. 10+ 34 56
22 25 28 , (p< 0.05), 31
(p> 0.05)
28 , (p< 0.05),
(p> 0.05)
, (p> 0.05)
4 ( )
Table 4 Allocation of the conaumed energy in Chinese shrimp at different thermal regimes
T reatments G (%) F (%) U (%) E (%) R (%)
Cc22 13.94+ 1.342 15.59+ 1.12 6.81+ 0.15 0.80+ 0.09 62. 86+ 3.12
F22.2 18. 16+ 1.12° 14.81+ 1.23 6. 05+ 1.02 0.63% 0.04 60. 35+ 2.41
C25 13.82+ 0. 48 12.04+ 0. 77 7.06% 0. 26 0. 44+ 0.15 66. 64+ 1.52
F25.2 15. 62+ 0. 26° 13.56+ 1.02 6.47+ 0.28 0.28+ 0.03 64. 06+ 1.91
C28 12. 35+ 1.562 11. 73+ 1.04 7.03+ 0.27 0.51+ 0.11 68. 38+ 1.447
F28.2 17.97+ 1.58° 10. 43t 0.96 6.41+ 0.20 0.46+ 0.11 64. 72+ 0.55°
C31 12.14+ 0.57 8.41+ 0.45 7.61% 0.06 0.52+ 0.01 71.32+ 0.41
F31.2 12. 66+ 0.21 6. 75+ 1.54 7.80+ 0.12 0.41+ 0.01 72.38+ 1.31
C, the energy consumed in food, G: the energy deposited for grow th; F: the energy lost in feces U the energy in
excretion;, E the energy gpent for exuvia, R the energy for regiration
3
3.1
, (2 31 [ (P lacopecten m agellanicus) #, 7. 30]
, (salmo salar) (Pagrusmajor)®  (Cyprinuscarpio)  (Carassius auratus)
(Oncorhynchus kisutch) 1 ! (5. 16 31] (201
, 22 25 28 + 2 , (31 2) 31 ,
31 [20. 2] 28
(2 ' , Hokanson 1*
L yytikaeinen  Jobling!™ ™! 3.8 , . (salmo gairdneri)
1.5 BB (Salvelinus alpinus) 0.4 [
; ) , (31
2) : : : :

3.2
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