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2.1 AEVETHITENERHEK

223 40 d AR E iR— A AR R A R )
ATV Ab B ) 4 A B4 0 ) (R B b B 0 2 2 5 (3R
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F1 AEALEHETHEDERHEK
Tab.1 The growth of fish in different treatments

Ab

treatment Ho e H He Hy
W, (g) 36.21 £0.04% 36.03 £0.09° 36.27 £0.15° 36.29 £0.09° 36.20 +0.22°
WGt Wq(g) 9.05 £0.09° 9.00 +0.10° 9.06 +0.05" 9.07 £0.09* 9.04 +0.08"
initial fish W, (g) 5.74 +0. 06" 5.71 +0.06" 5.75 +0.03° 5.75 +0.05" 5.74 +0.05"
W.(KI)  201.57 +2.01° 200. 46 +2. 24° 201.79 +1. 00" 202.02 +1.68* 201.42 +1. 68"
W, (g) 76.23 +2.74° 69.11 +0.89% 64.89 +2.51* 68.18 £4.20% 64.87 +3.55%
gEfi W, (g) 21.93 +0.61° 19.86 +0.32% 18.83 +0.57* 19.70 £0.78% 18.75 £1.08*
final fish W,(g) 12.70 +0. 36" 12.08 +0.20* 11.33 +0.34% 10.93 +0.43* 11.42 +0. 66
W.(KJ)  516.88 £14.49°  466.55 +7.60®  440.37 £13.25°  470.38 £18.62%°  422.02 +24.24°
DGC,, 2.33 £0.13° 2.00 £0.05% 1.77 £0.13° 1.93 +0.20% 1.77 £0.17°
HAKZE(%) DGC, 1.79 £0.08° 1.57 £0.06% 1.44 £0.07° 1.54 +0.08 1.43 £0.13°
daily growth coefficient ~ DGC, 1.36 £0.07° 1.27 £0.05® 1.14 +0.06™ 1.07 0. 06° 1.15+0.11%
DGC, 5.40 +0. 23" 4.76 +0.16% 4.35 £0.20° 4.77 £0.22% 4.08 £0.37°

T A —47 A R AR 7R B EAN T 2 ) 22 57

Notes: Values without same superscript in the same row are significantly different from each other.

2.2 AEAETHEIFHENER.GHLEFE
B R
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2) o UIARIEAGOR ARG AR L H, A3
e, IREE T H R RO RE R 2R R (IR ARDRE
FetbRex 5 B Hy (H, Hy Al Hy 203, 3 H
TEARFIE AR B DR AR T, BREIRE AP,
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Tab.2 Feeding,digestive rate,and feed conversion efficiency of different treatments
b
AL H, H, H, H, H,
treatment
FI, (g) 32.47 £1.78° 29.42 £2.01% 25.49 £0.71° 28.10 £2. 84 28.25 £2.69%
Eiigce e Fl;(g)  30.14 £1.65° 27.30 £1.87% 23.66 £0. 66" 26.08 +2.63% 26.22 +2.49%
feed ingestion FI,(g) 16.14 +0.88° 14.62 £1.00% 12.67 +0.35° 13.97 £1.41% 14.04 £1.34%®

FI.(KJ) 587.03 £32.17°  531.84 £36.38% 460.85+12.86*  508.04 £51.40®  510.75 £48.538™

FR, 1.44 £0.05" 1.40 £0. 09* 1.26 £01° 1.34 £0.08" 1.39 £0.08"

BEAR(%) FR, 4.86 +0. 18" 4.73 +0.28° 4.24 +0. 06 4.52 +0.33" 4.70 0. 27°
feeding rate FR, 4.37+0.17° 4.11 £0.25° 3.71 £0.05° 4.17 +0.31° 4.08 +0.24°

FR, 4.08 £0. 15 3.98 +0.24° 3.59 £0.05° 3.76 +0.28° 4.08 +0. 23"

WAL ( %) DR, 91.35 £2.52° 89.64 +1.87* 88.15 £2.33° 89.02 +1.96 87.50 £2.22°
digestive rate DR, 83.52 +1.33° 81.76 £1.53% 80.00 £1.79° 83.63 +1.04° 80.27 £2.31°
FCE,  123.03 £2.39° 113.07 +4. 71 111.95+7.54®®  112.88 +£3.07®®  101.10 £3.80°

TR (% ) FCE, 42.75 £0.35° 39.94 £1.11% 41.24 £1.46° 41.04 +1.63° 36.88 £0.72°
feed conversion efficiency ~ FCE, 43.14 £0.38° 43.72 +1.14° 43.94 £1.70° 37.28 +1.21° 40.30 £0.97%®
FCE, 53.74 +0.46° 50.23 £1.49° 51.69 +1.70° 53.24 +2.27° 43.05 +0. 80"

T < [ — A7 A AR E AR 5 BRI R R L 2 (] 22 5 35

Notes ; Values without same superscript in the same row are significantly different from each other.

2.3 AERETHETELNENSERS

283 40 d 9FREE , AN R AL B 48 S 6T 40 0 i
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HEMEEE S EREAEEZR, 0
H, A PEA) S AT H, A PR 5 a5y, i 1
H, QL3R FcARTT H, AL PR 5 sy, AE I &
A PR R AT He AP R

®3 VBREMARLEERENFENS

Tab.3 The body composition of initial and final fish of different treatments

b WIhG
ALIE . %ﬂﬁﬂ# HO H4 H() H8
treatment initial fish
K453 (%) b o , , ) ) ,
. 75.01 £0.22 71.21 0. 34° 71.26 £0.20° 70.96 £0.27° 71.03 £0.74° 71.10 £0.25°
moisture
HEHA(% ) ' ' ) .
*(. ) 15.85 0. 11° 16.68 £0.20° 17.48 +0.12°¢ 17.47 0. 16° 16.08 0. 41 17.61 £0.15°¢
protein
bﬂﬁ %
I i (.d ) 4.55+0.15° 6.24 £0.07° 6.77 £0.05° 7.20 £0.07% 7.48 £0.19° 6.85 +0.06%
1p1
fie g (kI/
Hef (k/g) 5.57 0. 06 6.79 +0.08" 6.75+0.05" 6.79 £0. 06" 6.92 £0.18°¢ 6.51 £0.06°
energy

T A — 47 B IR AR 7R BN B 2 ) 22 57

Notes: Values without same superscript in the same row are significantly different from each other.

2.4 AREAETHEIEHENERERENSE
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H HEHER 5% ) RE SR UG L H, A B e AR
H, Ab3 5 i ey, Hy A PRI A6 #Y RE & L 41
BERT AL (K 4)
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Tab.4 The allocation of ingested energy of individual in different treatments
JLEL]
H(P H2 H4‘ H() HS
treatment
(G, %
(G, %) 53.74 £0.46" 50.24 £1.49° 51.69 =£1.70° 53.24 £2.27° 43.05 +0.80"
growth
FEAE(F, % ) , b b . ab
feces 16.48 £1.04* 18.24 +1.31° 20.00 £1.95 16.37 £1.21° 19.73 £1.78"
St (U, %
HPH( . ) 5.27 £0.04™ 5.02 £0.12% 4.83 £0.19° 5.65 £0.13° 5.16 £0.11%
excretion
(R, %) . . . . b
. 24.52 £0.44 26.50 £1.37 23.48 £1.51 24.74 £2. 14 32.06 £0.69
metabolism
TE [ —A7 A AR TR AR B A EUEAR L 2 1] 28 5 3
Notes: Values without same superscript in the same row are significantly different from each other.
RS AEAESAVEEHEENRX
Tab.5 The daily energy budget of unit body weight of the fish in different treatments J/(g - d)
SO
H, H, H, Hq H,
treatment
BRERE(C,) . -
. 260.67 +8.27° 252.72 +15.53% 227.79 £2.58* 241.96 +14.50° 251.65 +15.10°
consumptlon
K (G,) . be b b
140.05 +4.14¢ 126.49 +3.81" 117.74 £3.95" 128.21 £3.10" 108.55 £8.31°
growth
{6 (F,) N © w A , b
42.95 +1. 36" 46.11 +2.83" 45.57 +0. 52" 39.60 +2.37* 49.65 +2.98
feces
(U,
H <, ) 13.72 £0.40° 12.72 £1.11% 11.00 £0. 442 13.71 £1.10° 12.95 +0.54%
excretion
fRBH(R,) A ) ) .
63.95 +2. 71" 67.40 +7.78" 53.48 +3.51° 60.44 +8.52° 80.51 +£3.43
metabolism

T Al — 47 A M) AR 7 B BUEAN L 2 ) 22 57 B

Notes ; Values without same superscript in the same row are significantly different from each other.
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The growth ,energy allocation,and body composition of the
brown flounder ( Paralichthys olivaceus ) during the cycles
of high temperature-optimal temperature operation

LI Jie, HUANG Guo-giang * , ZHANG Xiu-mei, WEI Liu-zhi, TANG Xia
( Fisheries College ,Ocean University of China,Qingdao 266003, China )

Abstract; Short-period fluctuations in ambient temperature have a major impact on the growth and energy
metabolism of fish. Under indoor controlled conditions, the growth and energy distribution of the brown
flounder( Paralichthys olivaceus ) juveniles undergoing the cycles of high temperature-optimal temperature
operation were investigated. During a singlel0-day cycle,the 20 C acclimated juvenile brown flounder were
cultured at high temperature (26. 5 C ) for different days as follows:0 d(H,) ,2 d(H,) ,4 d(H,),6 d(H,),
and 8 d(Hy) , and then maintained at 20 C (optimal temperature ) for the remaining days. The fish were
stocked in five recirculating systems and each system was equipped with three aquaria(80 cm x50 cm X 35
cm,about 140 L). Aeration was continually provided to keep the dissolved oxygen content above 5.5 mg/
L. The salinity of the seawater was 30 and pH was 7.5 +0. 3. A photoperiod of 14 L: 10 D was adopted
during the experiment. The fish were cultured for 4 cycles(40 d)and at the end of the experiment period , the
body weight of fish which experienced different periods of high temperature exposure expressed in dry mass,
wet mass, protein, and energy were all significantly lower than those of control group (H, ). The lipid
contents of the final fish which experienced high temperature were significantly higher than those of H,.
Similar trend was observed in the protein contents of the final fish, except that H, was slightly lower than
H,. Through the experimental period, less feed ingestion and smaller fraction of energy allocated to growth
mainly depressed the growth of fish which experienced different periods of high temperature exposure. The
feed ingestion of the fish which experienced different periods of high temperature exposure was slightly lower
than that of the controls, but the feeding rate, digestibility and food conversion efficiency were not
significantly different from those of the control group. The energy allocated to growth in H, ,H, ,and H, was
not significantly different from H,. The highest proportion of energy lost in feces and excretion appeared in
H, and H, respectively. The energy distribution in the growth in H, was significantly lower than other
treatments and its proportion of metabolic energy consumption was significantly higher than other treatments.
The daily unit body weight energy ingestion of the fish which experienced different periods of high
temperature exposure were was significantly different from H,, but the energy allocated to growth was
significantly lower than that of H,. It could be concluded that the complete and over compensatory growth
can not be achieved in similar high-optimal temperature operation. The above results indicated that the
juvenile brown flounder showed poor flexibility to the cycle of high-temperature-optimum-temperature
operation and temperature fluctuation would impact their growth.

Key words: brown flounder ( Paralichthys olivaceus) ; temperature fluctuation; compensatory growth;
feeding; feed conversion efficiency
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