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Tab.1 Average time and seawater volume of experimental
bag under different water temperature

KT SCIRASPEKIRRBUL  HSLEHT I b

water temperature seawater volume time
15.8+0.1 40.2+1.2 3.0
21.0+0.1 39.8+0.3 1.5
26.6%0.1 39.5+0.0 2.6
30.9+0.1 39.5+0.5 1.2
36.5+0.1 39.7+0.1 1.3
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FriE 10°C, 7K 7= 2% i 0 0 AN HE AR 1k (1 B 2R,
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Oy SIRIRE Ty, T B AFE R R HEE R
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SRR R T SPSS18.0 BT )7 22430,
2R A LSD ZH A, BUER A EEbR
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Tl E

£ 15.8~36.5°C, [F]—HUA&ESER Jp R0 A3 B 1 11y
FE SRR Bt 2 7K T A 38 N S BT R 5 Ak . PG
I AR (A 1) 7F 15.8~26.6°C Y, /Kl
A, FEARRR, MUKIEF SR 26.6 CHEL/N
L RIS B2 Bk JIE A BT 41 FE SR R 28 B B = {1,
2354 1.51 mg/(g-h).0.31 mg/(g-h)F1 0.16 mg/(g-h),
BEJE T RE . PR TR . HESRAT A 2 i
(# 2), ZHHNEFEZKRR ER, KEXTN,
K3 FhHURS B BR R AE A BE 0 FE R A A
F M (P<0.05),

KT 15.8~36.5CIEH, BB ENRA B HE
ARG R A EAAL(E 2), TEKIR
15.8~26.6°CHf, /I, H1, K 3 FA& SR LR B

SURBIPERAK IR _ETHABE K, 76 26.6 CHIA
KA, 43900 47.74 ug/(g-h). 13.96 pg/(g-h)Fil
6.81 ng/(g-h), TEKIE 26.6~36.5CH}, 3 FhHLME
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Fig. 1 Impact of water temperature on the oxygen consump-
tion rate for hybrid grouper (Epinephelus fuscoguttatus Q@ x
Epinephelus lanceolatus &) with various body weights
At the same temperature, different letters mean

significant difference (P<0.05).
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Fig. 2 Impact of water temperature on the ammonia excretion
rate for the hybrid grouper (Epinephelus fuscoguttatus @ x
Epinephelus lanceolatus &)

At the same temperature, different letters mean
significant difference (P<0.05).

x2 TRMBEHREBEEREZERP)SKE®ZERXRER
Tab. 2 Relationship between oxygen consumption rate (y) and water temperature (x) of the hybrid grouper
(Epinephelus fuscoguttatus @ x Epinephelus lanceolatus 3) with different body weights

1A /g body weight X %R function R? a b c d e P
g body weig

27.4+0.8 =0.3589x"-4.2649x°+17.306x*-27.435x+14.142  1.000 0.3589 -4.2649 17.306 -27.435 14.142  0.000
276.5+17.3 =0.0522x"-0.6171x°+2.4826x*-3.8711x+2.0127 1.000 0.0522 -0.6171 2.4826 -3.8711  2.0127  0.000
575.4+18.8 =0.0242x"-0.289 1x*+1.1724x*-1.8329x+0.958  1.000 0.0242 -0.2891 1.1724  -1.8329 0.958  0.000
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010 TE 21.0~26.6 CHTBiA B K, 43514 91.80,
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BRI B FESAR 010 FHFZRR 010 H7TE
26.6~30.9°CHf R/, 435124 0.01,0.09.0.13 F10.68 .
0.76. 0.80 (% 4),

2.2 A[EHAR IS TR A BB A BT & P IR A0 HE it g 35
ke

FEARSCEG T, N [F AR 2 2k e I A B ()
W RN HE AR A i 45 R R B, R — KR AT,
ASTRIRLAS 22 B T IE 7 B0 £ (10 07 0 96 30 o I 35 7 Ak
(K 3), TEAHFIKIR T, B e a5 AR A R
Bt o A P 1 I T B AT, A B K A 2 2R R IR A

BEfn, HABFCRMAL, REER T ZREERER,
FRAK KT 22 B e IR A B £ AR SR 52 e B 3
ZE5(P<0.05) TEAFDKIRT, RS2 BRI
AP FE AR I B ARERT & — 0 IR R (R
5), BRI AREAFEAFTLIT, a HH
0.5301~—-0.0106, b {H} 0.0098~—2.7951, c {H }y
0.1214~ 3.7754,

B2k e I8 A B 0 A W AR 5 HE 2R 1 AR
AN A RIS 5 FEERC R R — 2622 H7 (A 4).
FEFR—/KIRFMT, KRR 15.8°C . 21.0°CHY,
Bl 5 FAS B 3G K, BBk A B f0 HE 2 A8k
AT IS AR A R, KR 26.6°C L 30.9°C
F136.5°CHf, Hrz R R2MEMRAEE . Jr2mPrds
SRFRBH, BUAK XT 2 B e IH A B A0 HE 2208 1Y 52 1 58
F| B EIKT-(P<0.05) 0 FEANFIKIRAAET, AFEL
& B e I A B0 £ HE 2038 (0 28 b e 4 5 FE AR A
B, BIFFG—Iu KRR 6). TEEBRIEIBABE
i HEECR AL, o {8 13.319~-1.97, b {HH
8.75~—73.741, ¢ {5 108.16~ —5.83,

F3 FAEABEBHREBAEHEHIE(QP)SKE®ZEHXAR
Tab.3 Relationship between ammonia excretion rate (y) and water temperature (x) of the hybrid grouper
(Epinephelus fuscoguttatus Q x Epinephelus lanceolatus ) with different body weights

1A /g body weight F*Z R function R? a b c d e P
27.4+0.8 y=11.844x*-139.96x*+566.07x*~895.18x+458.18 1.000 11.844 —139.96 566.07 -895.18 458.18  0.000
276.5+17.3 y=2.7888x"-32.999x*+133.54x*-211.65x+112.1  1.000 2.7888 —32.999 133.54 -211.65 112.1 0.000
575.4+18.8 y=1.0655x"~12.617x*+50.882x*~80.071x+43.426 1.000 1.0655 —12.617 50.882 —80.071 43.426 0.000

Fz4

FRKBFGHTEHREEAHMERARMEIERN 0 &

Tab. 4 Qo value of oxygen consumption rate Q9 (o) and ammonia excretion rate Qo (v for the hybrid grouper
(Epinephelus fuscoguttatus @ x Epinephelus lanceolatus 3) with different water temperatures

K/ °C 0100 Qo

water temperature 27.4+0.8 276.5+17.3 575.4+18.8 27.4+0.8 276.5+17.3 575.4+18.8
15.8~21.0 1.27£0.33° 2.72+0.85° 2.78+0.23° 1.15+0.00° 0.98+0.12° 1.01£0.04%
15.8~26.6 11.49+0.27" 4.57+0.17° 4.41+0.42° 1.43+0.06° 1.13£0.01> 1.09+0.03¢
15.8~30.9 1.60+0.18° 1.490.06" 1.58+0.04° 1.15+0.06 1.01+0.01° 0.99+0.02
15.8~36.5 2.63+0.12° 1.73£0.05*¢ 1.36+0.03% 1.20+0.02° 1.05+0.00™ 1.02+0.01%
21.0~26.6 91.80+22.41° 7.8242.19° 6.88+1.75° 1.75+0.14° 1.30+0.15¢ 1.16+0.10°
21.0~30.9 1.83+0.28° 1.1120.18°F 1.18+0.02°¢ 1.16%0.09° 1.03+0.06* 0.99+0.02°
21.0~36.5 3.39+0.28" 1.5120.134 1.07+£0.06" 1.22+0.03% 1.08+0.04™ 1.02+0.02*
26.6~30.9 0.01+0.00" 0.09+0.00 0.13+0.04" 0.68+0.01° 0.76+0.02° 0.80+0.11°
26.6~36.5 0.53+0.05" 0.60+0.02° 0.38+0.02%" 0.99+0.01° 0.97+0.01° 0.95+0.04°
30.9~36.5 10.35+1.60° 2.61£0.17* 0.91+0.13° 1.3440.05™ 1.18+0.04° 1.09+0.04¢

T MRS O fHT, AR AR BRI B A 35422 5 (P<0.05).

Note: Different letters mean significant difference (P<0.05).
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Fig. 3 Impact of body weight on the oxygen consumption rate Fig. 4 Impact of body weight on the ammonia excretion rate

of the hybrid grouper (Epinephelus fuscoguttatus @
Epinephelus lanceolatus &)
At the same body weight, different letters mean
significant difference (P<0.05).

2.3 IR BEATE & PR HEt K 4 AT

T A PR W AN R ) o0 B, RIS R TR IE A
BEA 1Y O/N HAA 5 RS AR Z MM X R, &
7 AW, FE(15.8+0.1)°C. (21.0£0.1)C Al
(36.5+0.1)CF, BERJpIHA B O/N L fERE
PRI BE TR AL, T AE(26.6£0.1)°C . (30.9£0.1)°C
T, O/N LU R 0 Bl A~ 44 1y 38 O 22 BLJE RS T
fyRaH, JKIR M (15.8£0.1)°CHY, /N, WL K 3 Fb

=5

of the hybrid grouper (Epinephelus fuscoguttatus @
Epinephelus lanceolatus &)
At the same body weight, different letters mean
significant difference (P<0.05).

FIAK 2 TR e B A7 BE A7 O/N HL{E M 113.541£5.890
FEIRE 12.097+0.401; 7KiE }(21.0£0.1) CH}, O/N
FLIE AN 62.728+5.401 F#AKZE 19.302+3.253; /Kl
H(26.6+0.1)°CHF, O/N FLAEM 36.571+18.229 F#AIL
% 22.12842.675; /Kl #4(30.9£0.1) CH}, O/N L {E
M 33.775+24.006 FEfkZE 26.117+3.435; KA
(36.5+0.1) CH}, O/N HfHM 21.535+9.234 (L2
15.645+3.037,

FEKEBEFGHTEREBAHEEER()SABEZBHXAER

Tab.5 Relationship between oxygen consumption rate (y) and body weight (x) of the hybrid grouper
(Epinephelus fuscoguttatus @ x Epinephelus lanceolatus &) with different water temperatures

JK/°C temperature F %3 function R? a b c P
15.8+ 0.1 y=0.0109x%-0.0813x+0.1782 1.000 0.0109 —0.0813 0.1782 0.000
21.0+0.1 y=—-0.0106x>+0.0098x+0.1214 1.000 -0.0106 0.0098 0.1214 0.000
26.6+0.1 y=0.5301x-2.7951x+3.7754 1.000 0.5301 -2.7951 3.7754 0.000
30.9+0.1 y=0.0345x%-0.2155x+0.4009 1.000 0.0345 -0.2155 0.4009 0.000
36.5+0.1 y=0.2483x-1.3647x+1.9207 1.000 0.2483 -1.3647 1.9207 0.000

*6 ARKEBEZFHTEHREEAHREHEESABOZEHHXRER
Tab. 6 Relationship between ammonia excretion rate (y) and body weight (x) of the hybrid grouper
(Epinephelus fuscoguttatus @ x Epinephelus lanceolatus 3) with different water temperatures

7Kii/°C temperature F & function R’ a b c P
15.8+0.1 y=—1.97x"+8.75x—5.83 1.000 -1.97 8.75 -5.83 0.000
21.0+0.1 y=-1.1771x*+5.2109x-2.1105 1.000 -1.1771 5.2109 -2.1105 0.000
26.6+0.1 y=13.319x>-73.741x+108.16 1.000 13.319 —73.741 108.16 0.000
30.9+0.1 y=1.7414x*-10.325x+17.868 1.000 1.7414  -10.325 17.868 0.000
36.5+0.1 y=12.29x"-68.02x+97.43 1.000 12.29 -68.02 97.43 0.000
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Tab. 7 O/N ratios of the hybrid grouper (Epinephelus
fuscoguttatusQ xEpinephelus lanceolatus3) with various
body weights under different water temperatures

n=3;x£SD
JK{/°C water temperature K /g body weight O/N
15.8+0.1 27.4+0.8 113.541+5.890°
276.5£17.3 15.713+1.626°
575.4+18.8 12.097+0.401°
21.1%0.1 27.4+0.8 62.728+5.401°
276.5£17.3 32.193+14.656°
575.4+18.8 19.302+3.253°
26.6+0.1 27.4+0.8 36.571+18.229°
276.5+17.3 22.128+2.675"
575.4+18.8 24.776+6.389"
30.9+0.1 27.4+0.8 33.775+24.006°
276.5+17.3 26.117+3.435"
575.4+18.8 27.094+8.099°
36.5+0.1 27.4+0.8 21.535+9.234°
276.5+17.3 17.548+1.501°
575.4+18.8 15.645+3.037°

e AHREDKIR T, A bR R 4 RAT 2 25 5 (P<0.05) .
Note: Different letters mean significant difference (P<0.05).

ANRIKERSEAT, R — RS 2 2k e I8 A BE
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Effects of temperature on respiration and excretion by different sizes
of hybrid grouper (Epinephelus fuscoguttatus QxEpinephelus lanceo-
latus )

QIU Denggao"?, HUANG Zhongchi %, ZHENG Leyun"*, WU Shuiqing"?, LIU Yinhua'*?, QIU Fengyan’,
ZHENG Junpiao’, CHEN Xinming’

1. Fisheries Research Institute of Fujian, Xiamen 361013, China;

2. Key Laboratory of Cultivation and High-value Utilization of Marine Organisms in Fujian Province, Xiamen 361013,
China;

3. Xiamen Xiaodeng Aquatic Science and Technology Co. Ltd., Xiamen 361104, China

Abstract: The effects of five water temperatures (15.8°C, 21.0°C, 26.6C, 30.9°C, 36.5°C) on respiration and ex-
cretion in three sizes (27.4 g+0.8 g, 276.5 g+£17.3 g, and 575.4 g+18.8 g) of hybrid grouper (Epinephelus fus-
coguttatus @ xEpinephelus lanceolatus?) were investigated using ecological methods in the laboratory. The ex-
perimental results showed that both water temperature and body weight had significant effects on oxygen con-
sumption and ammonia excretion rates of hybrid grouper (P<0.05). Under controlled laboratory conditions, oxy-
gen consumption and ammonia excretion rates increased initially in all sizes of hybrid grouper, then decreased and
increased again as water temperature was increased. These rates were highest at 26.6°C, such as (1.510+0.124) mg/(g-h),
(0.306+0.007) mg/(g-h), and (0.161+£0.010) mg/(g-h) and (47.739+£21.048) pg/(g-h), (13.956+1.783) pg/(g-h), and
(6.811% 1.882) pg/(g-h), respectively. The regression equations between oxygen consumption rate and ammonia
excretion rate and water temperature were quadratic (R’=1.000). Oxygen consumption and ammonia excretion
rates within the temperature range of 15.8-6.5°C decreased roughly with an increase in body weight at the same
water temperature, and the regression equations for oxygen consumption rate mg/(g-h) and ammonia excretion rate
ng/(g-h)and body weight were quadratic (R*=1.000). The Q;, values for the oxygen consumption and ammonia
excretion rates in all sizes of hybrid grouper peaked at water temperatures of 21.0-26.6C and were at their mini-
mum at 26.6-30.9°C. The mean O/N ratios of the small- and medium- and large-sized hybrid grouper were 21.535,
15.713, and 12.097 to 113.541, 32.193, and 27.094, respectively, indicating that protein, fat, and carbohydrate
wereconsumed by the small-sized hybrid grouper for energy, and that protein and fat were consumed by me-
dium-and large-sized hybrid grouper.
Key words: Epinephelus fuscoguttatus QxEpinephelus lanceolatus &'; water temperature; body weight; oxygen
consumption rate; ammonia excretion rate; Q;o; O/N ratio
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