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Tab.1 Description statistics of growth trait of difference families of turbot
family AGRw-1 AGRw-2 family AGRw-1 AGRw-2
1 0.081 1.422 21 0.053 1.421
2 0.103 1.223 22 0.055 0.926
3 0.092 1.267 23 0.066 1.545
4 0.061 1.375 24 0.072 1.497
5 0.084 1.245 25 0.057 1.253
6 0.077 1.396 26 0.064 1.054
7 0.090 1.244 27 0.055 1.489
8 0.107 1.661 28 0.050 1.298
9 0.093 1.471 29 0.052 1.211
10 0.088 1.268 30 0.051 1.363
11 0.072 1.553 31 0.056 1.146
12 0.101 1.487 32 0.067 1.317
13 0.082 1.558 33 0.078 0.791
14 0.057 1.601 34 0.049 1.314
15 0.057 1.178 35 0.044 1.600
16 0.070 1.250 36 0.053 1.219
17 0.044 1.550 37 0.045 0.955
18 0.049 1.247 38 0.042 1.059
19 0.066 1.187 39 0.033 1.672
20 0.041 1.349 40 0.061 1.393
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Tab. 2 Description statistics of upper thermal tolerance trait of difference turbot families

famliy mean SD CVI% famliy mean SD CV/%
1 1008.58 230.50 0.23 21 1198.06 285.97 0.24
2 1092.31 313.51 0.29 22 1142.86 282.13 0.25
3 996.49 249.44 0.25 23 1134.85 305.62 0.27
4 1217.30 261.32 0.21 24 1083.59 287.58 0.27
5 1130.20 329.09 0.29 25 1146.03 348.20 0.30
6 1226.64 282.85 0.23 26 1068.39 401.66 0.38
7 1066.27 223.40 0.21 27 1021.93 451.67 0.44
8 1355.40 211.01 0.16 28 1283.78 363.87 0.28
9 913.77 300.20 0.33 29 1004.97 187.80 0.19
10 1114.33 347.73 0.31 30 1178.49 430.48 0.37
11 1132.58 313.27 0.28 31 1218.19 349.98 0.29
12 1046.15 215.32 0.21 32 1125.49 300.10 0.27
13 1127.12 341.79 0.30 33 1367.30 241.15 0.18
14 1244.96 359.61 0.29 34 1037.51 293.95 0.28
15 1018.32 476.56 0.47 35 1046.71 390.04 0.37
16 987.27 232.18 0.24 36 1095.76 418.88 0.38
17 1214.40 380.26 0.31 37 1322.67 301.44 0.23
18 1030.65 417.49 0.41 38 836.30 444.45 0.53
19 1175.09 271.49 0.23 39 1126.38 321.54 0.29
20 1068.13 352.25 0.33 40 914.95 324.26 0.35
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Fig.1 Means of upper thermal tolerance of 40 families of turbot

x3 AWONKREFRAMAEATENNER
Tab.3 ANOVA for upper thermal tolerance among 40 families of turbot

F P
source of variation sum of squares dar mean square
between groups 9540023.652 39 244616 2.219 0.0001
within groups 76938136.25 698 110226.6
total 86478159.9 737
F>F01(39,608), P£<0.01, 40

! 40 4, 4 ;
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Tab. 4 Comparisons of upper thermal tolerance trait of 40 families of turbot
family mean a=5% a=1% family mean o=5% o=1%
33 1367.30 a A 10 1114.33 abcdefg ABCDE
8 1355.40 ab AB 36 1095.76 abcdefg ABCDE
37 1322.67 abc ABC 2 1092.31 abcdefg ABCDE
28 1283.78 abcd ABC 24 1083.59 bcdefg ABCDE
14 1244.96 abcde ABCD 26 1068.39 cdefg ABCDE
6 1226.64 abcde ABCD 20 1068.13 cdefg ABCDE
31 1218.19 abcde ABCD 7 1066.27 cdefg ABCDE
4 1217.30 abcde ABCD 35 1046.71 cdefg ABCDE
17 1214.40 abcde ABCD 12 1046.15 cdefg ABCDE
21 1198.06 abcdef ABCDE 34 1037.51 defg ABCDE
30 1178.49 abcdef ABCDE 18 1030.65 defg ABCDE
19 1175.09 abcdef ABCDE 27 1021.93 defg ABCDE
25 1146.03 abcdef ABCDE 15 1018.32 defg ABCDE
22 1142.86 abcdef ABCDE 1 1008.58 defg ABCDE
23 1134.85 abcdef ABCDE 29 1004.97 defg ABCDE
11 1132.58 abcdef ABCDE 3 996.49 efg BCDE
5 1130.20 abcdef ABCDE 16 987.27 efg CDE
13 1127.12 abcdef ABCDE 40 914.95 fg DE
39 1126.38 abcdef ABCDE 9 913.77 fg DE
32 1125.49 abcdef ABCDE 38 836.30 g E
Note: Numbers with different letters are significantly different.
F5 KESEKSHBIERBLSH ,
Tab.5 Correlation analysis of growth and upper thermal
tolerance traits of turbot 3

trait upper thermal tolerance AGRw-1 ,
AGRw-1 0016 (P<0.01);
AGRW.2 -0.042 0.089 ,

a=5% 33 8 37 28 14 6 31 4 17
21 30 19 25 22 23 11 5 13 39 32
10 36 2 , o=1%

3 16 40 9 38

24

0.089,
(P>0.05)
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Comparative analysis of growth and upper thermal tolerance traits
among turbot (Scophthalmus maximus) families

CAO Baoxiang®, ZHANG Tianshi', LIU Baosuo'?, KONG Jie*

1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China;
2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China

Abstract: This study assessed the thermal tolerance of 40 turbot families. Growth and upper thermal tolerance
traits were recorded. The upper thermal tolerance trait was analyzed using variance analysis, correlation analysis
and variance component analysis. Analysis of the two growth stages showed that among the 40 families studied,
within the first growth stage, six families showed rapid growth, 26 families showed secondarily rapid growth, and
eight families showed common growth. Within the second stage, nine families showed fast growth, 28 families
showed secondarily rapid growth, and three families showed common growth. Only one family showed rapid
growth over both stages. Analysis of the upper thermal tolerance trait showed that upper thermal tolerance ranged
from 836.30-1 367.30°C-h with a total mean of 1 113.00°Ch. Three high heat resistance families were identified.
The family with the highest heat resistance was shown to have a mean upper thermal tolerance of 1 367.30°C:h.
Five non heat resistance families were identified, with a thermal tolerance of 836.30°C-h identified for the family
displaying the lowest mean of upper thermal tolerance. The results of ANOVA showed that there was a significant
difference in upper thermal tolerance among the different families studied (P<0.01). The correlation analysis
showed a different phenotypic correlation between growth rate at different growth period compared to growth rate
and upper thermal tolerance.
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