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Fig. 2 Growth of Chanos chanos juveniles at salinity stress
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Tab. 2 The test of normality of Chanos chanos juveniles’ body weight at salinity stress

Kolmogorov-Smirnov (a)

sroup statistic df P
0  salinity O group 0.0860702 37 0.2
10 salinity 10 group 0.1231266 39 0.140834
20  salinity 20 group 0.0841719 47 0.2
27  salinity 27 group 0.0994419 46 0.2
35 salinity 35 group 0.1007043 50 0.2
— (Stepwise), 5 0 20
, 35 3 ,
, 0.949 30 12.158 45 0.32091; 10
, 27 2
, 4 0.338 41 0.898 38
0 , , 10 20
0.974 32, 35 3 ,
, 35 ,
, 10
20 35
10 2 , , 20
0.581 73 0.427 40,
Sd
20 3 R (4 53,
, 3.486 90 )
-3.31543  0.750 34, 2.3.6
, , ), (x1~x10),
- (Stepwise)
27 , ,
, 0.947 83, (P<0.01)(  6),
(P<0.05)
35
4 , 0.566 0 :y=-2.38429+0.08347x,;
49 0.406 55 -0.071 24 0.094 66, 10 :y=-0.29413+0.01535x,+0.05395x;
, 20 :y = —0.34773-0.10438x,+0.12844x+
s 0.12057x10;
27  1y=-0.41061+0.02797x;
2.3.5 35 @y =—0.32462+0.01872x,+0.0277 7xs—

0.05257x5+0.05674x0;
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Tab.3 The phenotype correlation coefficients among the traits of Chanos chanos juveniles at salinity stress

group trait y X1 X X3 X4 Xs X6 X7 X3 X9
X1 0.972"
X2 0.974™  0.998"
X3 0.905™  0.913" 0.916"
X4 0.953"  0.976" 0.979"  0.828"
) ,O Xs 0917 0.956™ 0.952"  0.872"  0.902"
Sa;‘r'(‘)‘;}y)o X6 0.849: 0.896: 0.886: 0.803: 0.835: 0.952: 3
x7 0.914 0.936 0.942 0.848 0.916 0.937 0.818
xg 0.841" 0.864™ 0.862"  0.826™  0.804™ 09057 08157  0.8217
Xo 0.942"  0.9577 0958  0.836"  0.9607  0.906™  0.820"  0.924" 0.814™
X1o 0.966™ 0.976” 0.978"  0.9077  0.945" 0956  0.888"  0.947" 0.844™ 0.956"
X1 0.983"
X2 0.981"  0.997"
X3 0.770™  0.780"  0.784"
X4 0.921™  0.941 0.9417  0.541"
10 x5 0.949™ 09577 0959 0708  0.894”
Salg”r’(‘)tgpm X6 0.920: 0.911: 0.912: 0.683: 0.850: 0.945: 3
x7 0.928 0.921 0.921 0.680 0.868 0.935 0.880
xg 0.630™  0.679"™ 0.685™  0.480™  0.629™  0.7657  0.606"  0.548™
Xo 0.933  0.9137 09077  0.748"  0.8307 0.8777 0.8617  0.868" 0.556"
X1o 0.973™  0.938" 09377  0.7817  0.854™  0.905"  0.903  0.890" 0.553" 0.946"
X 0.907"
X2 0917  0.998"
X3 0.885™  0.933”  0.939"
X4 0.900"  0.970" 0.972"  0.851"
20 x5 0.8317 09547 09517 0902  0.876"
Salg”r’(‘)tgpzo X6 0.786: 0.909: 0.908: 0.871: 0.820: 0.977: 3
x7 0.862 0.969 0.965 0.900 0.922 0.960 0.902
xg 0.733"  0.854™ 0.850"  0.819™  0.767" 09157 0.863"  0.833"
Xo 0.869  0.960 0.958  0.904”  0.929" 09117 0.873"  0.933" 0.812"
X1o 0.914™ 0.988 0.986™ 09177  0.960"  0.943"  0.900”  0.958" 0.840" 0.955™
X 0.948"
X2 0.946™  0.997"
X3 0.888™  0.950" 0.947"
X4 0.937"  0.980" 0.985"  0.888"
oz Xs 0.924” 0.976” 0.980"  0.926"  0.947"
Salg”;(‘fgpy X6 0910™  0.966™ 0969” 0922  0.935"  0.986"
X7 0.921™  0.952  0.959™  0.9057  0.9307  0.973"  0.943"
Xs 0.850"  0.909” 0.906™  0.838"  0.8817  0.928" 0.886"  0.873"
Xo 0.918™ 0.956™ 0.951™ 0901  0.943  0.920"  0.909™  0.896" = 0.884"
X1o 0.942"  0.976™ 0.973"  0.920™  0.9577  0.956"  0.949"  0.935" 0.897" 0.973"
X1 0.989™
X2 0.993"  0.994™
X3 0.965™  0.968" 0.976"
X4 0.986™  0.984™ 0.9917  0.947"
e xs 0.967" 09707 0973 09457  0.944”
Sa;‘(t)ﬁss X6 0958 0954 0958 0927 09327  0.985"
x7 0.970"  0.971™ 0.974™  0.949™  0.952™ 0979”7  0.950"
xg 0.880""  0.894™ 0.899™  0.880"  0.863" 0934 08817  0.903"
Xo 0.970  0.9637 0.9657  0.9337  0.9577 0943  0.926"  0.943" 0.888"
X1o 0.990  0.980 0.984"  0.958"  0.976"  0.958"  0.942"  0.961" 0.881° 0.978"
(P<0.01).

Note: ™ denotes extremely significant differences (P<0.01).
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Tab. 4 The results of path analysis of the effects of phenotype traits on body weight and multiple correlation index of Chanos
chanos juveniles at salinity stress

IE indirect effect R
group trait (c;ggfefllitiig(;ﬁ direct effect total Xi X X6 Xs Xio multtil(f);ei;((i);ela—
. _O X2 0.97432 0.97432 - - - - - - 0.94930
salinity 0 group
10 X 0.98278 0.58173 0.54586 - - - - 0.54586
0.98768
salinity 10 group X0 097326 0.42740 0.40105 0.40105 - - - -
20 X 0.90741  -3.31543  —6.58613 -3.31024 - - -3.27589
salinity 20 group X2 0.91671 3.48690 6.92055 3.48144 - - 3.43911 0.87351
X0 0.91356 0.75034 1.48145  0.74139 0.74006 - - -
27
. X4 0.94783 0.94783 - - - - - - 0.89838
salinity 27 group
35 X2 0.99322 0.56649 1.60984 - - 0.54286  0.50948 0.55750
salinity 35 group X6 0.95788 0.09466 0.26327 - 0.09071 - 0.08336  0.08920 0.99334
X 0.87972  —0.07124  —-0.18956 - -0.06407 —0.06273 - -0.06275
X0 0.99049 0.40655 1.14129 - 0.40009  0.38309 0.35812 -
*5 BEREHERSHERNAERRERH
Tab.5 The determinant coefficients of Chanos chanos juveniles traits on the body weight
. determinant coefficient
group trait >d
X X2 X6 Xg X10
0  salinity 0 group X2 - 0.94930 - - - 0.94930
10 X1 0.33841 - - - 0.46660
. 0.98768
salinity 10 group X10 - - - - 0.18267
20 X 10.99206 - - -4.91606
salinity 20 group X2 —23.08494 12.15845 - - 5.16099 0.87351
X10 - - - - 0.56301
27  salinity 27 group X 0.89838 - - - - 0.89838
35 X2 - 0.32091 0.10278 —-0.07259 0.45329
salinity 35 group X6 - - 0.00896 - - 0.99334
Xs - - —0.01188 0.00508 -
X10 - - 0.07253 —-0.05102 0.16528
F6 ZREIRAAEMAESH
Tab. 6 Analysis of variance of multiple regression equation
group index quadratic sum df ms F P
regression 19.23098 1 19.23098 655.31862 0.00000
0 salinity 0 group residual 1.02711 35 0.02935
total 20.25809 36
regression 0.67431 2 0.33715 1443.24221 0.00000
10 salinity 10 group residual 0.00841 36 0.00023
total 0.68272 38
regression 2.18160 3 0.72720 98.97941 0.00000
20 salinity 20 group residual 0.31592 43 0.00735
total 2.49752 46
regression 2.23803 1 2.23803 389.00130 0.00000
27 salinity 27 group residual 0.25314 44 0.00575
total 2.49117 45
regression 2.53124 4 0.63281 1677.28777 0.00000
35 salinity 35 group residual 0.01698 45 0.00038

total 2.54821 49
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Effects of salinity stress on the survival, growth and correlation of
characters of juveniles of Chanos chanos

LIN Xianzhi" 2, ou Youjunl, LI Jia’erl, WEN Jiuful, WANG Pengfeil

1. Key Laboratory of South China Sea Fishery Resources Exploitation & Utilization, Ministry of Agriculture, South
China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510300, China;
2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China

Abstract: The growth and development of teleost were more or less directly affected by the environmental factors. Salinity is
one of the important ecological factors. The influence of salinity on the survival and growth of marine fish has been demon-
strated in many studies. However, distinct results were displayed due to the different abilities of tolerance to salinity among
fish species. The milkfish (Chanos chanos), which has a nice marine habitat and an efficient osmoregulation, is widely dis-
tributed throughout tropical and subtropical Indo-Pacific. This species occurs naturally and is commercially cultured in fresh,
brackish, and oceanic waters as well as in hypersaline lagoons. In the present study, the influences of salinity stress on the
survival and growth of milkfish juveniles were assessed and the effects of morphometric attributes on body weight were also
evaluated. Juveniles of milkfish [mean weight and total length: (0.215+0.083) g; (2.850+0.356) cm, respectively] were reared
at salinities of 0 (fresh water), 10, 20, 27 (sea water) and 35 without acclimation, in triplicate, for 30 d cultivation. The survival
rate was recorded and the body weight and morphometric attributes of each individual were measured. Results showed, the
lowest survival rate was founded at salinity 0 group (73.33%) when compared with other groups (>90%). The juvenile stage is
a special stage during the life history of fish, the juvenile developed not as well as the adults, and cannot adapt to the
short-term drastic changes of external osmolality, which may be one of the reasons of the high mortality rate at salinity 0
group. On the other hand, however, the highest rates of weight gain rate (573.94+231.58)% and specific-growth rate
(6.23£1.16)% were obtained at salinity 0 group (P<0.01). Meanwhile, there was no significantly difference among other
groups (P>0.05). The higher weight gain rate and specific-growth rate were also found in the intermediary groups with salin-
ity 20 and 27. It has been suggested that the marine fish often has a better growth rate in water with lower salinity for the rea-
son of fish spending less energy on osmoregulation in such conditions. Although it has not been reported that milkfish require
a fresh water environment for any part of its life cycle, it did showed well growth performance at fresh water in many studies.
Furthermore, recent studies indicated that the true proportion of energetic cost of osmoregulation remains under debate as
thought before. The total length (x;), body length (x,), tail length (x3), trunk length (x,), head length (xs), postorbital length of
head (xg), eye diameter (x;), snout length (xg), caudal peduncle height (xy), and body height (x;,) were measured by QCapture
Pro 6.0 software after the cultivation. The correlation analysis, path analysis and determination coefficients were calculated by
SPSS 13.0 software. Significant differences (P<0.01) were found in all correlation coefficients between each morphometric
attributes and the weight. The results of path analysis showed that the traits which had the strongest effect on body weight
were total length, body length and body height, and the direct effects of morphometric attributes on body weight were differ-
ent at salinity stress. The analysis of determinant coefficients revealed that the determinant coefficient of body length was the
largest (¢=0.949 30) in the salinity O group. For salinity 10 group, the determinant coefficients of total length and body height
were larger compared with other traits, among which total length had a predominant determinative effect (¢=0.338 41). For
salinity 20 group, the determinant coefficients of total length, body length, and body height were larger, among which body
length had a predominant determinative effect (¢=12.158 45). For salinity 27 group, the determinant coefficient of total length
was the largest (¢=0.898 38). For salinity 35 group, the determinant coefficients of body length, eye diameter, snout length,
and body height were larger, among which body length had a predominant determinative effect (¢=0.320 91). In addition, the
best multiple linear regression equations were established at salinity stress, which will be helpful to the cultivation of milkfish.
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