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1 BEMSRECHEMIRZITEELE
Tab.1 Experimental design of temperature(T) and salinity(S) combinations and results

/ / /
T U
1 0 0 24.5 10.0 0.182+0.012 8.917+0.422 0.182 £0.017 17.859+1.022 0.725+0.021
2 0 0 24.5 10.0 0.162+0.009 10.083+0.382 0.176 £0.013 14.058+1.261 0.790£0.028
3 0 0 24.5 10.0 0.197£0.015 9.127£0.451 0.199 £0.014 18.887+1.632 0.733£0.022
4 0 0 24.5 10.0 0.168+0.010 9.641+0.527 0.187 £0.018 15.248+1.483 0.811+0.021
5 1 -1 32.6 2.9 0.29740.018 15.55+0.873 0.291 £0.023 16.712+1.381 0.713£0.019
6 1 1 32.6 17.1 0.179+0.016 8.894+0.471 0.184 £0.017 17.610+1.725 0.748+0.024
7 a 0 36.0 10.0 0.266+0.021 18.061+£0.912 0.278 £0.024 12.887+1.053 0.760£0.022
8 0 a 24.5 20.0 0.122+0.012 4.398+0.234 0.118 £0.013 24.272+1.762 0.706£0.018
9 0 - 24.5 0.0 0.169+0.017 8.026+0.387 0.169 £0.019 18.424+1.681 0.728+0.026
10 -1 1 16.4 17.1 0.092+0.007 4.049+0.429 0.098 £0.009 19.880+1.659 0.77240.031
11 -1 -1 16.4 2.9 0.115+0.008 5.685+0.276 0.114 £0.012 17.699+1.291 0.719+£0.017
12 —-a 0 13.0 10.0 0.102+0.007 6.295+0.312 0.111 £0.008 14.178+1.093 0.795£0.027
13 0 0 24.5 10.0 0.185+0.017 9.773£0.628 0.198 £0.019 16.564+1.472 0.778+0.031

R2 BEMBEMEARMEFARETESNE

Tab. 2 Analysis of variance for regression model of temperature and salinity on oxygen consumption rate

source sum of squares df mean square F P

model 0.0408 5 0.0082 32.0121 0.0001

residual 0.0018 7 0.0003

lack of fit 0.0010 3 0.0003 1.7210 0.3001
pure error 0.0008 4 0.0002

total 0.0426 12

%3 HAEARHMBEERE. ERE B5%NEFEXIE
Tab. 3 Test of significance, standard error (SE) and 95% confidence interval (ClI) for regression coefficients

sourcii(())flvaria- regression coefficient SE lower 95% CI higher 95% CI P
intercept 0.1638 0.0072 0.1469 0.1808 -
T 0.0512 0.0051 0.0392 0.0633 <0.0001
S -0.0212 0.0059 -0.0352 —-0.0072 0.0089
TxS -0.0195 0.0067 —-0.0353 —-0.0036 0.0229
T 0.0049 0.0045 —-0.0057 0.0155 0.3148
s? -0.0149 0.0061 —-0.0293 —-0.0006 0.0435
LT ;S

Note: coefficients in the table were given in terms of coded factors. T donates temerature and S donates salinity.

9~10 : 33~36°C, S CO,
3~5 (P<0.01)  7); T Co,
23 CO, (P>0.05); T
. (CR) S T S CR
: 6

CR=-0.0467+0.0069T+0.01445—0.0004TxS+
P<0.01, ; 0.00017%-0.00045>
P=0.332 2>0.05, T S R2=0.979 5,
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Tab. 4 Analysis of variance for regression model of temperature and salinity on ammonia excretion rate
source F P
sum of squares df mean square
model 187.7567 5 37.5513 61.6790 <0.0001
residual 4.2617 7 0.6088
lack of fit 3.3488 3 1.1163 4.8906 0.0796
pure error 0.9130 4 0.2282
total 192.0184 12
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Fig. 1 Response surface plot (a) and its contour (b) of the effect of temperature and salinity and their interaction on oxygen

consumption rate of Oreochromis niloticus juveniles

#5 MEERBHEZMHEE. RERK S%EFEXIE
Tab.5 Test of significance, standard error(SE) and 95% confidence interval(Cl) for regression coefficients

source of variation regression coefficient SE lower 95% CI low higher 95% CI P
ntercept 8.6142 0.3500 7.7864 9.4419 -
T 2.9236 0.2492 2.3344 3.5127 <0.0001
S -1.4285 0.2889 -2.1116 —0.7453 0.0017
TxS -1.0332 0.3276 -1.8077 —-0.2586 0.0161
T 0.9581 0.2192 0.4399 1.4763 0.0033
s -1.8174 0.2965 -2.5185 —1.1163 0.0005
LT ;S

Note: Coefficients in the table were given in terms of coded factors. T donates temerature and S donates salinity.

AdjR*=0.964 9, 97.95% ; 13~17°C, CO,
, 2.05% 9~10 ; 28°C~32°C,
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3(a b) , O N 1
0~20 , CO, 13~36C 13~36°C 0~20



56 19

b
-~ &
T =
B
b0 2
@ B =
= 2 BE g
% = =E 1330
= £ ”
@ £
5
S -
36.00
0 T T T
13.00 18.75 24.50 30.25 36.00
iR C
temperature
2 (a) (b)

Fig. 2 Response surface plot (a) and its contour plot (b) of the effect of temperature and salinity and their interaction on ammonia
excretion rate of Oreochromis niloticus juveniles

R6 BEMIMEN CO, HMRMEFEE T ENH

Tab. 6 Analysis of variance for regression model of temperature and salinity on CO, excretion rate

source sum of squares df mean square F P
model 0.0415 5 0.0083 67.0041 <0.0001
residual 0.0009 7 0.0001
lack of fit 0.0005 3 0.0002 1.5511 0.3322

pure error 0.0004 4 0.0001
total 0.0424 12

R’=0.9795  Adj R*=0.9649

F7 EPRKEEMRE. FRERK 5% EFXE
Tab. 7 Test of significance, standard error (SE) and 95% confidence interval (CI) for regression coefficients

source of variation regression coefficient SE 95% CI low 95% CI high P
intercept 0.1735 0.0050 0.1617 0.1853 -
T 0.0512 0.0036 0.0428 0.0596 <0.0001
S -0.0198 0.0041 -0.0296 -0.0101 0.0019
TxS -0.0188 0.0047 -0.0298 —-0.0077 0.0051
T? 0.0045 0.0031 —-0.0029 0.0119 0.1939
s? -0.0215 0.0042 -0.0315 -0.0115 0.0014
: LT ;S
Note: coefficients in the table were given in terms of coded factors. T donates temerature and S donates salinity.
O N 12.887~24.272, 3
17.252, (P<0.05), 31
(P>0.05); 0.706~0.811,
0.752, (P> , [2, 10-12]

0.05) Ponce-Palafox ,
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Fig. 3 Response surface plot (a) and its contour plot (b) of the effect of temperature and salinity and their interaction on CO,
excretion rate of Oreochromis niloticus juveniles
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Combined effect of temperature and salinity on energy metabolism
of GIFT Nile tilapia (Oreochromis niloticus) juveniles
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Abstract: We evaluated the combined effects of temperature and salinity on the energy metabolism of Nile tilapia
juveniles (Oreochromis niloticus, GIFT strain). We used a two-factor central composite experimental design
(CCD) and response surface methodology (RSM) to test the effects of temperature (13-36°C) and salinity (0-20)
on the oxygen consumption rate (OR), ammonia excretion rate (NR), and CO, excretion rate (CR) under laboratory
conditions. The linear effects of temperature and salinity, the quadratic effect of salinity, and the interaction be-
tween salinity and temperature had significant effect on OR, NR and CR (P<0.05). The quadratic effect of tem-
perature was not associated with changes in OR and CR (P>0.05). The model equations for OR, NR, and CR had
R? values of 0.958 1, 0.977 8, and 0.979 5, respectively (P<0.01), and could be used for prediction. The OR, NR,
and CR were influenced more by temperature than by salinity. At lower salinities, energy metabolism was sensi-
tive to changes in temperature, and OR, NR, and CR were higher around the iso-osmotic point. However, when
salinity exceeded the iso-osmotic point, lower temperatures and higher salinity inhibited metabolism. The O N

ratio did not vary with temperature, but vary with salinity (P>0.05). Within the temerature range of 13-36°C and salin-
ity range of 0-10, tilapia juveniles utilized protein-lipid- dominated metabolism. Conversely, the juveniles depended
on lipid-dominated catabolism at salinity of 20. The mean respiratory quotient value was 0.752. Our results pro-
vide insight into the joint influence of temperature and salinity on the metabolism of tilapia juveniles and provides
a bioenergetic basis for the study of how environmental factors govern the spatial and temporal pattern of energy
distribution in this species.
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