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(121 5 min, ( 0.1mm)
( 0.1mm) ( 0.01mm)
, (
1 YJ) ( WA ( : HSH) ,
112 13 , 11
, 21 13
, (BWH) (TL) (BL) (BW)
(BD) (HL) (HD) (HW) (SL)
(ED) (ID) (CPL)
! (CPW); 11 1 23 45 67
1.1 8 9 10 11 ( 121
35 , A(1-2) B(1-3) C(1-11) D(2-3) E(2-11)
40 , F(2-10) G(3-4) H(3-10) I(3-9) J(4-5) K(4-9)
35 (D, 110 L(4-8) M(4-10) N(5-6) O(5-8) P(5-7) Q(6-7)
R(7-8) S(8-9) T(9-10) U(10-11) , 1-2
1.2 1 2 ,1-3 1 3
1.2.1 MS-222 (200 mg/L) , [13-17]
*1 TRHERXERER
Tab.1 The information of experimental samples
)
population (code) location sampled longitude and latitude number sample 1D time sampled
(Y9 Baise 106.6318°E, 23.9015°N 35 YJ 1-35 2012.7
(VA)) Chongzuo 106.9995°E, 22.3247°N 40 ZJ 1-40 2012.7
(HSH) Heshan 108.9242°E, 23.5522°N 35 HS 1-35 2012.7
1.2.2 (1) :
, 12
21 ,
, 33
(BL)
SPSS17.0 (One-Way
1 i : N y ANAOV) (LSD, least signifi-
s 6 7 : cant difference method) 3 12
8 ;9 ; 10: ;11 21
; SPSS17.0
Fig. 1 Truss network of distance measurements of Siniperca kneri 3 33
1: tip of snout; 2: terminus of mandible; 3: origin of pelvic fin;
4: origin of anal fin; 5: terminus of anal fin; 6: ventral origin of ; 3

caudal fin; 7: dorsal origin of caudal fin; 8: terminus of dorsal
fin; 9: fin spine’s terminus of dorsal fin; 10: origin of dorsal fin;
11: terminus of head back.
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LSD
2
, 2
21 3 12 21
LSD BWH/BL HW/BL ED/BL  CPL/BL
3 12 (P<0.05);  BD/BL :
, 7
LSD (P<0.05),
F2 THESRKESFIC LSD IEELK
Tab. 2 LSD multiple comparisons of three S. kneri populations based on 7 traditional morphological characteristics
95%
I J =) 95% confidence interval
. population I and comparison popula-  Mean difference between
item . . SE
mean value tion J populations (/-J)
lower bound  upper bound
VA 5.17999" 0.58643 0.000 4.0174 6.3425
YI(12.0185) HSH 4.22914" 0.60567 0.000 3.0285 5.4298
/ 71(6.8385) YJ ~5.17999" 0.58643 0.000 —6.3425 —-4.0174
BWH/BL ’ HSH -0.95084 0.58643 0.108 -2.1134 0.2117
YJ —4.22914" 0.60567 0.000 —5.4298 —-3.0285
HSH(7.7893) YA 0.95084 0.58643 0.108 -0.2117 2.1134
Z) ~0.03423" 0.00993 0.001 —-0.0539 —-0.0145
YI(1.1703) HSH 0.00312 0.01025 0.761 -0.0172 0.0234
/ 23(1.2046) YJ 0.03423" 0.00993 0.001 0.0145 0.0539
TL/BL ' HSH 0.03735" 0.00993 0.000 0.0177 0.0570
YJ -0.00312 0.01025 0.761 —-0.0234 0.0172
HSH(1.1672) Z] -0.03735" 0.00993 0.000 —0.0570 -0.0177
VA 0.00765 0.00486 0.118 —-0.0020 0.0173
Y3(0.3220) HSH 0.07331" 0.00502 0.000 0.0634 0.0833
/ 73(0.3144) YJ -0.00765 0.00486 0.118 -0.0173 0.0020
BD/BL ’ HSH 0.06566" 0.00486 0.000 0.0560 0.0753
YJ -0.07331" 0.00502 0.000 —0.0833 —-0.0634
HSH(0.2487) YA —0.06566" 0.00486 0.000 -0.0753 —-0.0560
Z) -0.02900" 0.00394 0.000 —-0.0368 -0.0212
YI0.3611) HSH —-0.00706 0.00407 0.086 —-0.0151 0.0010
Y] 0.02900" 0.00394 0.000 0.0212 0.0368
HLiBL ZJ(0.3901) HSH 0.02194" 0.00394 0.000 0.0141 0.0298
HSH(0.3682) YJ 0.00706 0.00407 0.086 -0.0010 0.0151
) Z] —0.02194" 0.00394 0.000 —0.0298 —0.0141
Y1(0.3147) VA 0.02403* 0.00613 0.000 0.0119 0.0362
HSH -0.02137 0.00634 0.001 —-0.0339 —-0.0088
YJ -0.02403" 0.00613 0.000 —-0.0362 -0.0119
/ .
HW/BL 23(0.2906) HSH —0.04540 0.00613 0.000 —-0.0576 —-0.0332
HSH(0.3360) Y] 0.02137" 0.00634 0.001 0.0088 0.0339
) YA 0.04540" 0.00613 0.000 0.0332 0.0576
zZ] -0.03108" 0.00456 0.000 —0.0401 -0.0220
Y1(0.1856) HSH 0.01133" 0.00471 0.018 0.0020 0.0207
/ 23(0.2167) YJ 0.03108" 0.00456 0.000 0.0220 0.0401
ED/BL ’ HSH 0.04241° 0.00456 0.000 0.0334 0.0514
YJ -0.01133" 0.00471 0.018 —-0.0207 —-0.0020
HSH(0.1743) YA —0.04241" 0.00456 0.000 -0.0514 —-0.0334
Z) 0.04117" 0.01126 0.000 0.0189 0.0635
/ Y3(0.3206) HSH —0.13059" 0.01163 0.000 —-0.1536 -0.1075
YJ ~0.04117" 0.01126 0.000 —0.0635 -0.0189
23(0.2794) HSH -0.17176" 0.01126 0.000 -0.1941 —-0.1494
CPL/BL HSH(0.4511) YJ 0.13059" 0.01163 0.000 0.1075 0.1536
) Z) 0.17176" 0.01126 0.000 0.1494 0.1941
Dk 0.05,Y] ,Z] , HSH

Note: * means significant level of mean differences was 0.05. YJ, ZJ and HSH indicated Youjiang, Zuojiang and Hongshuihe polula-
tions, respectively.
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(P>0.05) T(9-10)
3 21 , 3 (P>
, 8 0.05);  N(5-6) U(10-11) :
LSD ,
LSD (P<0.05),
, 3 (P>0.05)

&3 S LUERJLMAI2MKIRIC LSD B E K

Tab.3 LSD multiple comparisons of three S. kneri populations based on 8 truss network of distance measurements

I

J

=)

mean difference

95%

95% confidence interval

M oimeanvalue poputation s beteen populations  SE ’
(=) lower bound upper bound
YJ(0.24821) Z] 0.0091229 0.0080061 0.257 —-0.006748 0.024994
HSH -0.0113240 0.0082686 0.174 -0.027716 0.005068
Z7J(0.23909) YJ —-0.0091229 0.0080061 0.257 —0.024994 0.006748
ca-1h HSH ~0.0204469" 0.0080061 0.012 -0.036318 —0.004576
HSH(0.25954) YJ 0.0113240 0.0082686 0.174 —-0.005068 0.027716
VAl 0.0204469" 0.0080061 0.012 0.004576 0.036318
YJ(0.20737) Z] -0.0065593 0.0066524 0.326 -0.019747 0.006628
HSH ~0.0194083" 0.0068706 0.006 —-0.033028 —0.005788
EQ-11) 7J(0.21393) YJ 0.0065593 0.0066524 0.326 —-0.006628 0.019747
HSH —0.0128490 0.0066524 0.056 -0.026037 0.000339
HSH(0.22677) YJ 0.0194083" 0.0068706 0.006 0.005788 0.033028
Z] 0.0128490 0.0066524 0.056 -0.000339 0.026037
YJ(0.34248) Z] 0.0247650" 0.0105692 0.021 0.003813 0.045717
HSH 0.0201105 0.0109158 0.068 -0.001529 0.041750
ZJ(0.31772) Y] —0.0247650" 0.0105692 0.021 -0.045717 —-0.003813
6G-4) HSH —0.0046544 0.0105692 0.661 -0.025607 0.016298
HSH(0.32237) YJ -0.0201105 0.0109158 0.068 —-0.041750 0.001529
Z] 0.0046544 0.0105692 0.661 —-0.016298 0.025607
YJ(0.13523) Z] ~0.0098633" 0.0045942 0.034 -0.018971 —0.000756
HSH -0.0104201 0.0047448 0.030 -0.019826 —-0.001014
ZJ(0.1451) YJ 0.0098633" 0.0045942 0.034 0.000756 0.018971
143 HSH -0.0005567 0.0045942 0.904 -0.009664 0.008551
HSH(.14565) YJ 0.0104201 0.0047448 0.030 0.001014 0.019826
Z] 0.0005567 0.0045942 0.904 —-0.008551 0.009664
YJ(0.11482) VAl 0.0044823 0.0057777 0.440 -0.006971 0.015936
HSH —0.0345811" 0.0059672 0.000 —0.046410 -0.022752
7J(0.11034) YJ -0.0044823 0.0057777 0.440 -0.015936 0.006971
NG HSH ~0.0390635" 0.0057777 0.000 —-0.050517 —-0.027610
HSH(0.1494) YJ 0.0345811 0.0059672 0.000 0.022752 0.046410
Z] 0.0390635" 0.0057777 0.000 0.027610 0.050517
0O(5-8) YJ(0.12972) yal 0.0048376 0.0042094 0.253 —-0.003507 0.013182
( to be continued)
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( 3 Tab. 3 continued)
95%
I J 95% confidence interval
item population I and comparjson mean differepce be- SE P
mean value populationJ  tween populations (/-J)
lower bound upper bound
YJ(0.12972) HSH —0.0044003 0.0043474 0.314 -0.013019 0.004218
7J(0.12489) YJ —0.0048376 0.0042094 0.253 —0.013182 0.003507
0(5-8) HSH -0.0092379° 0.0042094 0.030 -0.017582 —0.000893
HSH(0.13412) YJ 0.0044003 0.0043474 0.314 —0.004218 0.013019
Z] 0.0092379" 0.0042094 0.030 0.000893 0.017582
YJ(0.34036) VAl —0.0111215 0.0105429 0.294 —0.032022 0.009779
HSH —0.0054404 0.0108887 0.618 —0.027026 0.016145
T(9-10) ZJ(0.35169) YJ 0.0111215 0.0105429 0.294 —0.009779 0.032022
HSH 0.0056811 0.0105429 0.591 —-0.015219 0.026581
HSH(0.3457) YJ 0.0054404 0.0108887 0.618 -0.016145 0.027026
Z] —0.0056811 0.0105429 0.591 —0.026581 0.015219
YJ(0.1827) VAl —0.0080212 0.0057537 0.166 —0.019427 0.003385
HSH 0.0317077" 0.0059424 0.000 0.019928 0.043488
ZJ(0.19072) YJ 0.0080212 0.0057537 0.166 —-0.003385 0.019427
vge-1h HSH 0.0397289" 0.0057537 0.000 0.028323 0.051135
HSH(0.15099) YJ -0.0317077" 0.0059424 0.000 —0.043488 —0.019928
VAl —0.0397289" 0.0057537 0.000 —0.051135 —0.028323
D ¥ 0.05,YJ ,Z) , HSH e 5 2: ;3
;4 ;5 ; 6: ; 8: ; 9: ;3 10: ;11

Note: * means significant level of mean differences was 0.05. YJ, ZJ and HSH indicated Youjiang, Zuojiang and Hongshuihe polula-
tions, respectively. 1: Tip of snout; 2: Terminus of mandible; 3: Origin of pelvic fin; 4: Origin of anal fin; 5: Terminus of anal fin; 6:
Ventral origin of caudal fin; 8: Terminus of dorsal fin; 9: Fin spine’s terminus of dorsal fin; 10: Origin of dorsal fin; 11: Terminus of

head back.
22 3 33
3
21 )
3 33
3 33
SPSS17.0 ,
3 33
LSD
3 33
4
, 1

13

Excel s

; 6 1
2 3 4 5
6 13.856 5.745 2.611 1.641
1.158 1.013; 41.988%
17.408% 7.913% 4.973% 3.509% 3.068%, 6
78.859%, 6
78.859% ,

M/BL F/BL B/BL K/BL E/BL S/BL
T/BL P/BL J/BL O/BL I/BL G/BL C/BL
R/BL N/BL :
: CPL/BL A/BL BD/BL
SL/BL U/BL HW/BL ED/BL

HD/BL HL/BL CPW/BL BWH/BL
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: 13-9) M(4-10) K(4-9) J(4-5) T(9-10) O(5-8)
: N(5-6) P(5-7) R(7-8) S(8-9)
ID/BL TL/BL BW/BL 3 ,
3 (12 )
(21 )

C(1-11) E(2-11) F(2-10) G(3-4)

F4 3IPAMREFEHAIBZMASMHERILGIER D AEMHERTE
Tab. 4 Variance and variance contribution of the principle components based of three Siniperca kneri populations on 33
measurable characteristics

/

initial eigenvalue 1% extracting percentage/square loaded
principal cumulative
component /% percentage 1% /%
total percentage of variance percentage of variance cumulative percentage
1 13.856 41.988 41.988 41.988 41.988
2 5.745 17.408 59.395 17.408 59.395
3 2.611 7.913 67.308 7.913 67.308
4 1.641 4.973 72.281 4.973 72.281
5 1.158 3.509 75.791 3.509 75.791
6 1.013 3.068 78.859 3.068 78.859
7 0.774 2.347 81.206
8 0.645 1.955 83.160
9 0.575 1.742 84.903
10 0.534 1.619 86.521
11 0.485 1.470 87.991
12 0.386 1.171 89.162
13 0.367 1.112 90.274
14 0.351 1.063 91.338
15 0.317 0.960 92.298
16 0.289 0.877 93.175
17 0.253 0.766 93.941
18 0.228 0.690 94.630
19 0.220 0.666 95.297
20 0.210 0.637 95.934
21 0.192 0.583 96.517
22 0.173 0.524 97.041
23 0.161 0.489 97.530
24 0.141 0.427 97.957
25 0.133 0.402 98.359
26 0.115 0.348 98.707
27 0.097 0.293 99.000
28 0.076 0.231 99.231
29 0.071 0.216 99.447
30 0.059 0.179 99.625
31 0.056 0.170 99.795
32 0.037 0.114 99.909
33 0.030 0.091 100.000
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Fig. 3  Scatter plots of scores on the 1st and 2nd principle
components of three Siniperca kneri populations based on 33
measurable characters
HSH, YJ, and ZJ indicating populations of Hongshuihe, Y ouji-
ang and Zuojiang, respectively.
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SPSS17.0 3 33
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Tab.5 Squared euclidean distances of three Siniperca kneri
populations based on 33 measurable characters

polulation R4 7)) (HSH)
R%) 0.000 14.765 17.658
zn 14.765 0.000 22.606
(HSH) 17.658 22.606 0.000
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Fig. 4 Diagram of cluster analysis of three Siniperca kneri
populations based on 33 measurable characters
YJ, ZJ and HSH indicating populations of Youjiang, Zuojiang
and Hongshuihe, respectively.
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Morphological differentiation among three wild populations of
Siniperca kneri in Pearl River
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Abstract: The Pearl River Basin, as the largest river of southern China, comprises the Xijiang River, North River, East
River and Pearl River Delta. With abundant water and fish resources, Xijiang River, which comprises the Nanpan River,
Hongshui River, Qianjiang River, Youjiang River and Zuojiang River, has a wide basin that represents 77.8% of the
Pearl River Basin. The big-eye mandarin fish (Siniperca knerii Garman, 1912), belonging to the Perciformes, Serrani-
dae, Siniperca, is a special and precious freshwater fish distributed only in China, especially in the Pearl River. S. kneri,
which is a carnivorous freshwater fish with a favorable taste and abundant nutrients, has become one of the most im-
portant commercial freshwater fish in China, and has the potential to be a candidate aquaculture species because of its
significant economic and ecological value. However, some negative factors, such as the constant severe water pollution,
the building of water conservation engineering works, overfishing, and electrifying and bombing of fishes, have led to
its miniaturization, low annualized phenomenon and rapid reduction of its wild population. Morphological differentia-
tion among three wild populations (YJ: Youjiang River, ZJ: Zuojiang, HSH: Hong Shui He River) of S. kneri in the
Pearl River was studied based on traditional morphology and a truss network of distance measurements. We aimed to
learn more about the germplasm resource of S. kneri by determining the differences among the three populations and to
provide reliable scientific evidence to underpin the protection and use of germplasm resources of S. kneri. Three multi-
variate analysis methods were used (One-Way ANOVA, principal component analysis and cluster analysis) for 33
morphometric proportional parameters, using SPSS17.0 software. Based on the LSD results of one-way ANOVA for
the measurable characters, there were significant differences between three S. kneri populations, mainly in the head and
tail traits. Specifically, there was a significant difference in the head traits [HW/BL, ED/BL, U (10-11)] and tail traits
[CPL/BL, N (5-6)] between the HSH population and ZJ population, and between the HSH population and YJ popula-
tion, respectively; however, there was no significant difference between the ZJ population and YJ population. For the
morphological differences among populations, the contribution of the truss network of distance measurements C(1-11),
E(2-11), F(2-10), G(3-4), 1(3-9), M(4-10), K(4-9), J(4-5), T(9-10), O(5-8), N(5-6), P(5-7), R(7-8) and S(8-9) indi-
cated that the truss network of the head and trunk of S. kneri was the principal component, and the contribution of tradi-
tional characters was the second. Cluster analyses suggested consistently that the ZJ and YJ populations clustered first
and then clustered with the HSH population, whether based on the traditional morphology or the truss network. All of the
above indicated that morphological differentiation nexisted among the three populations and was closely associated their
geographical distribution. The results, representing basic knowledge of Siniperca kneri in Pearl River, provide reliable sci-
entific evidence for the protection and use of germplasm resources and for artificial selection breeding of S. kneri.
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