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1
Tab.1 Body weight and specific growth rate of juvenile P. olivaceus cultured in seawater of different salinities

 X SE

Item
  Treatment

S12 S19 S26 S33 S40

Initial fish

/g  Wet mass 2.53  0.04a 2.57  0.17a 2.58  0.16a 2.63  0.09a 2.69  0.06a

/g  Protein 0.37  0.01a 0.41  0.03a 0.39  0.03a 0.39  0.02a 0.42  0.01a

/kJ  Energy 12.88  0.15a 12.01  0.75a 12.59  0.69a 13.17  0.49a 13.00  0.23a

Final fish

/g  Wet mass 6.45  0.24a 6.92  0.58a 6.34  0.36a 6.03  0.47a 6.19  0.46a

/g  Protein 0.95  0.11a 1.04  0.07a 0.98  0.05a 0.94  0.08a 0.87  0.06a

/kJ  Energy 33.25  0.93a 36.56  2.84a 33.42  1.91a 32.10  2.53a 30.55  2.15a

/ %•d 1

Spe ifi  growth rate

  Wet mass 3.11  0.17a 3.29  0.07a 3.00  0.17a 2.76  0.18a 2.77  0.17a

  Protein 3.04  0.19b 3.15  0.05b 3.12  0.21b 2.91  0.20ab 2.42  0.22a

  Energy 3.16  0.13a 3.70  0.06b 3.25  0.13ab 2.96  0.20a 2.83  0.17a

P<0.05 .
Note Subs ript in treatment means the salinity of the treatment values without same supers ript in the same row mean signifi antly different 
from ea h other P<0.05 .

2
Tab.2 Feeding rate digested rate and feed conversion efficiency of juvenile P. olivaceus cultured in seawater of different salinities 

 X SE

Item
  Treatment

S12 S19 S26 S33 S40

/ %•d 1

Feeding rate

  Wet mass 2.16  0.08a 2.16  0.07a 2.14  0.12a 1.96  0.02a 2.03  0.08a

  Protein 6.71  0.34b 6.41  0.23ab 6.34  0.34ab 5.83  0.06a 6.34  0.19ab

  Energy 8.26  0.25b 8.30  0.19b 8.16  0.26b 7.38  0.10a 8.12  0.19b

/%
Digested rate

  Protein 98.51  1.11a 98.61  1.05a 98.18  1.01a 98.09  1.11a 98.66  1.06a

  Energy 97.56  1.14a 97.82  1.05a 97.32  1.04a 97.07  1.14a 97.80  1.09a

/%  
Feed onversion effi ien y

  Wet mass 134.74  5.79a 141.57  5.94a 131.83  8.03a 133.05  7.21a 129.80  12.71a

  Protein 42.88  4.15ab 45.94  1.86b 45.96  2.74b 46.96  2.63b 36.75  2.44a

  Energy 35.63  1.02ab 40.59  1.51b 37.15  2.56ab 37.57  2.18ab 33.11  1.55a

P<0.05 .
Note Subs ript in treatment means the salinity of the treatment values without same supers ript in the same row mean signifi antly different 
from ea h other P<0.05 .

40 SGRp 12 19
26 19 SGRe 12
33 40 P < 0.05
2.2

2
P > 0.05

12 33 P < 

0.05 33
P < 0.05

P > 0.05

P > 0.05
40 P < 0.05

P > 0.05

2.3
10 d 5 47

19 P < 0.05
2.1 19

5
30 19

47
19 3
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3
   Tab.3 Body mass of juvenile P. olivaceus at different time X SE

Item Treatment
/d  Re overy ulture days

0 10 20 30 40
/g

Body mass
Wet

IS5 6.97  0.13a 7.54  0.07a 9.18  0.29a 11.42  0.63ab 14.23  0.33b

IS19 6.85  0.18a 8.55  0.22b 9.97  0.29b 12.43  0.77b 14.72  0.09b

IS47 6.98  0.19a 7.78  0.01a 9.05  0.19a 10.67  0.05a 12.71  0.35a

/g
Protein

IS5 1.01  0.03a 1.16  0.03a 2.21  0.05b

IS19 1.01  0.03a 1.33  0.04b 2.22  0.03b

IS47 1.07  0.06a 1.19  0.01a 1.98  0.07a

/kJ
Energy

IS5 36.17  0.96a 37.09  0.71a 78.01  1.92b

IS19 37.20  0.81a 45.30  0.82 81.38  0.33b

IS47 37.34  1.10a 39.90  0.48b 67.22  1.96a

IS5 IS19 S47 5 19 47 3 P<0.05 .
Note IS5 IS19 and S47 were treatments with initial salinities of 5 19 and 47 respe tively values without same supers ripts in the same row mean 
signifi antly different from ea h other P<0.05 .

2.4
4

1~10 d
P < 0.05 19 IS5

P < 0.05 10 d

P > 0.05
11~40 d IS47

IS5 P < 0.05 IS19

IS5 IS19

P > 0.05
IS47 P < 0.05

4
  Tab.4 Specific growth rate of juvenile P. olivaceus during different period X SE

Item Treatment
/d  Period

1 10 11 20 21 30 31 40 11 40 1 40

/ %•d 1

Wet mass

IS5 0.79  0.10a 1.96  0.13b 1.82  0.27a 2.08  0.25a 1.95  0.11b 1.79  0.08b

IS19 2.20  0.23 1.52  0.13a 2.21  0.21a 1.73  0.31a 1.82  0.11ab 1.91  0.05b

IS47 1.09  0.18b 1.50  0.09a 1.65  0.21a 1.74  0.23a 1.63  0.04a 1.50  0.04a

/ %•d 1

Protein

IS5 1.32  0.41a 2.16  0.08b 1.95  0.04b

IS19 2.73  0.06b 1.70  0.05a 1.96  0.05b

IS47 1.08  0.59a 1.69  0.10a 1.54  0.15a

%•d 1

Energy

IS5 0.26  0.14a 2.26  0.11b 1.76  0.07b

IS19 1.97  0.09b 1.95  0.07ab 1.96  0.06b

IS47 0.67  0.17a 1.73  0.06a 1.47  0.04a

IS5 IS19 S47 5 19 47 3 P<0.05 .
Note IS5 IS19 and S47 were treatments with initial salinities of 5 19 and 47 respe tively values without same supers ript in the same row mean 
signifi antly different from ea h other P<0.05 .

2.5

IS19

IS47 P < 0.05 IS5

19 IS5

IS19 P < 0.05 IS47

IS19 P < 0.05
10 d 31~40 d

P > 0.05
11~40 d IS5

PDF 文件使用 "pdfFactory Pro" 试用版本创建           www.fineprint.com.cn

http://www.fineprint.com.cn


4  619

5
Tab.5 Feeding rate digested rate and feed conversion efficiency of juvenile P. olivaceus  during different treatment period

 X SE

Item Treatment
/d  Treatment time

1 10 11 20 21 30 31 40 11 40 1 40

/ %•d 1

Feeding 
rate

Wet 
body
mass

IS5     1.03  0.05ab 1.29  0.03 1.29  0.05b 1.21  0.06a     1.25  0.04b     1.11  0.03b

IS19     1.27  0.14b 0.98  0.07b 1.28  0.10b 1.17  0.08a     1.12  0.06ab     1.10  0.10b

IS47     0.76  0.12a 0.80  0.05a 0.91  0.13a 1.18  0.05a     0.96  0.07a     0.87  0.02a

Protein

IS5     3.40  0.18b     3.88  0.11b     3.61  0.04b

IS19     3.58  0.47b     3.65  0.22ab     3.66  0.35b

IS47     2.15  0.50a     3.07  0.20a     2.79  0.03a

Energy

IS5     4.05  0.24ab     4.76  0.14b     4.28  0.10b

IS19     4.73  0.55b     4.10  0.28ab     4.11  0.32b

IS47     2.90  0.48a     3.64  0.23a     3.34  0.07a

/%
Digested 

rate

Protein

IS5   97.58  1.31b   98.27  0.62a   97.69  0.37a

IS19   87.83  1.06a   97.47  0.71a   97.75  0.48a

IS47   96.24  2.04b   97.98  0.07a   96.52  0.22a

Energy

IS5   98.16  2.21a   97.58  1.31b   97.53  0.58a

IS19   96.76  2.01a   87.83  1.06a   96.90  0.67a

IS47   98.03  3.01a   96.24  2.04b   96.31  0.73a

/%
Feed 

onversion 
effi ien y

Wet 
body
mass

IS5   76.17  6.22a 151.47  24.45a 167.77  22.40a 181.53  28.01a 152.09  8.50a 154.60  2.35a

IS19 158.30  11.36b 155.72  34.40a 171.52  22.38a 150.77  33.80a 159.70  17.37a 168.65  18.04a

IS47 138.81  15.86b 186.75  19.30a 193.80  28.85a 145.94  17.29a 167.35  3.23a 166.44  1.22a

Protein

IS5   39.51  9.39a   53.77  1.04a   51.43  1.43a

IS19   66.17  6.21b   46.11  3.59a   52.04  5.43a

IS47   46.08  8.05ab   54.04  1.12a   53.44  5.36a

Energy

IS5     6.07  3.19a   45.65  0.84a   39.43  0.62a

IS19   42.92  6.37   46.85  4.29a   46.01  4.49a

IS47   22.33  2.89b   46.78  1.59a   42.86  1.04a

IS5 IS19 S47 5 19 47 3 P<0.05 .
Note IS5 IS19 and S47 were treatments with initial salinities of 5 19 and 47 respe tively values without same supers ript in the same row mean 
signifi antly different from ea h other P<0.05 .

IS47 P < 0.05 IS19

IS5  IS19

P > 0.05
IS47 P < 0.05 5

IS19

IS47 IS5

P < 0.05 IS19

IS47 IS5

P < 0.05

P > 0.05 5
IS5

 IS19

P < 0.05

IS47 P < 0.05 19

P > 
0.05 5

3
3.1

12~40
P > 0.05

4 8~32
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3
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Effect of salinity on the growth of brown flounder Paralichthys olivaceus and its 
compensatory growth following salinity manipulation

WANG Li-hua HUANG Guo-qiang TIAN Si-juan ZHANG Guo-zheng WEI Liu-zhi ZHANG Xiu-mei 
Fisheries College O ean University of China Qingdao 266003 China

Abstract Brown flounder Paralichthys olivaceus is an important fishery and aqua ulture spe ies. The 
apa ity of tolerating variable salinity is one of the important abilities to survival the different natural or ultural 

environments. Two experiments were ondu ted to investigate the effe ts of salinity manipulating on the growth of 
juvenile P. olivaceus. In the first experiment juveniles with an average body weight of 2.6 g were kept in seawater 
with different salinities 12–S12 19–S19 26–S26 33–S33 40–S40  for 30 d. In the se ond experiment juveniles 
with body weight of 6.9 g were sto ked in seawater with salinities 5 IS5 19 IS19 and 47 IS47  during the first 
10 d. Then the salinities were adjusted to 19 in 3 d at a steady rate and the fish experien ed a re overy period of 
30 d. It was found that the wet weight growth wet weight feeding rate and wet weight feed onversion effi ien y 
of juvenile P. olivaceus would not hanged signifi antly within the salinity range between 12 and 40 P>0.05 . 
But salinity put signifi ant effe ts on these parameters when they were al ulated in terms of protein and energy 
P<0.05 . Juvenile P. olivaceus sto ked in seawater with salinity 5 IS5  and 47 IS47  would grow signifi antly 

slower than that fish sto ked in salinity of 19 P<0.05 . Fish in IS5 a hieved ompletely ompensatory growth 
in 30 d after the salinity was swit hed to 19. But fish in IS47 failed to at h up the weight of fish in IS19. For the 
whole re overy period 11-40 d P. olivaceus in IS5 showed signifi ant better appetite than that in IS47 and the 
appetite of fish in IS19 was in between. After swit hing of salinity from 5 and 47 to 19 respe tively no signifi ant 
differen e on feed onversion effi ien y between treatments appeared during the experimental period P>0.05 . 
Results mentioned above indi ated that the ompensation of the growth delay aused by low salinity 5  was 
dependent mostly on improved feeding rate. It ould be on luded that the juvenile was expe ially tolerant to 
lower salinity stress. Journal of Fishery S ien es of China 2008 15 4 615 621
Key words Paralichthys olivaceus salinity feeding rate feed onversion effi ien y ompensatory growth
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