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Table 1 Sample size,body length,body weight and sampling locations of ten populations of S. o’ connori
\ FEAS & 4 /em Body length & i &/ kg Body weight
BEIA o " 2z o i
2 e S 3 i 3
Population . b 1 A plogil A Longitude Latitude
size Range Mean Range Mean

P (LTS) Lhatse 29 35.17~45.68 41.02 0.65~1.35 1.06 87°38'4.72"E 29°05'6.01"N
H 1% 0 (SG) Shigatse 33 26.77~34.75 31.12 0.27~0.52 0.37 88°52'44.66"E 29°16'12.96"N
BT TR MG " ’

T+ 49 17.63~54.12 34.18 0.08~2.30 0.70 91°20'53.65"E 29°40'19.33"N
Maldrogongkar
% H (SR) Sangri 37 26.39~49.31 39.02 0.25~1.69 0.99 92°03'56.65"E 29°17'01.23"N
fin#s (GC) Gyaca 41 23.59~52.17 40.48 0.20~1.97 1.09 92°37'31.79"E 29°06'67.97"N
B H (NAN) Nangxian 47 26.10~51.22 34.86 0.30~2.23 0.77 92°53'49.42"E 29°04'03.78"N
kA (ML) Mainling 46 24.39~47.30 31.26 0.20~2.21 0.54 94°06'09.37"E 29°11'59.16"N
IR (PZ) Paizhen 15 18.07~47.76 32.97 0.06~1.70 0.68 94°51'41.73"E 30°06'10.68"N
i 4 (TM) Tongmai 35 16.11~35.39 22.64 0.06~0.65 0.18 95°04'17.34"E 30°05'79.59"N
R IEHF (KDQ) Kadagiao 10 20.06~25.79 22.74 0.11~0.25 0.17 95°19'28.17"E 29°59'47.33"N
12 ESERNE 1.3 HIESH

Xof oA B T ARG T I . — 2R
TR AR e B U AR R OROFS # B 0. 01
mm) I & K 9 IR 42 (ED) L BR8] BE (ID) | 1 24 5%
(MB) K58 (BW) | Jifg & i 55 8] BE (DOP) | 5 & i 1
[ FE (DOV) L 88 J5 DL R Ry 2 B0 45 o 4 22 O 50hs
M .2k Photoshop 3 i & T B I 4 8 K Y 4>
K(TL) (&K (BL) L 3k K (HL) . Wy (SL) & &
(BD) B K (CPL) . B4R & (CPD) 4§ 13 A% MUE
AR, 5 —FRELIE S AR R 11 A4
il ) 2 A B o PR AT HE ZR 0 H (I 1), AR R A 2 TR
HEWEM Do Dy Dy ¥ £~ . R A Photo-
shop LM T 20 MHESRIE S MR O 8 B 0.1

mm) ,

11 A i) 22 AL BR 7S Eleven anatomical landmark points. 1. g
2 4 Origin of pectoral fins 2. W3 Tip of snout; 3.1 &2 &5 Origin
of ventral fin; 4. ZH8AG 8 355 #% 7 % Most anterior end of scales on
skull; 5. B £ Origin of anal fin; 6. & # 2 £ Origin of dorsal
fin; 7. B #EHI K ¥ Terminus of anal fin base; 8.7¥ & X 3 K i
Terminus of dorsal fin base; 9. J&#§IE ## £1 Ventral origin of cau-
dal fin; 10. )2 #75 ¥ &5 Dorsal origin of caudal fin; 11. i 7 3%

Operculum base.

Bl RAREERSNEEREM
Fig.1 Truss network for morphological

measurement of S. o’ connori
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Table 2 Loading of six principal components for thirty-two characters of ten S. o’ connori populations and their contribution rate
P 461 2tk A5 B FE M4 Principal components (PC)
Proportional character Variable PC1 PC2 PC3 PC4 PCS PC6
& /R K TL/BL X1 0.643* —0.044  —0.147  —0.150 0.131 0.420
% /MK HL/BL X, 0.588 —0.094  —0.523 0.165 0.265 —0.005
Wy /R &K SL/BL X5 0.711* —0.128  —0.446 0.224 0.181 —0.187
4% /fA K ED/BL X, 0.748* 0.125 0.002 —0.041 0.245 0.269
HR 5] BE /46 1D/BL X; —0.370  —0.057  —0.351  —0.147 —0.104 —0.613"
25/ kK MB/BL X5 0.250 —0.563  —0.409  —0.077  —0.150  —0.049
@ /&K BD/BL X; —0.199 —0.761* —0.185  —0.302  —0.019 0.198
R/ k¥ CPL/BL X 0.571 0.177 0.192 —0.523  —0.262  —0.130
A /K CPD/BL X, 0.346  —0.608*  —0.051  —0.283  —0.125 0.149
58 /K& BW/BL X1 —0.461 —0.622* —0.184  —0.221 0.059 —0.074
Jifq 85 32 5 1) B /&K DOP/BL X1 —0.323  —0.626" —0.367  —0.231 —0.128  —0.279
JiE % 2 o5 AT BE /(R & DOV/BL X1 —0.321  —0.630% —0.235  —0.276  —0.058  —0.137
Dy /fA¥ Dy,/BL X3 0.770* 0.065 —0.434 0.111 0.249 —0.018
Dys/#k+& Dys/BL X1 —0.602*  —0.332 0.162 —0.182 0.149 0.129
Dy./#¥K Diy/BL X5 0.444 —0.257  —0.115  —0.340 0.231 0.225
D/ Dis/BL X —0.837" 0.031 0.013 —0.339 0.146 0.111
D /A% D2s/BL X1 —0.561 0.263 —0.417  —0.272 0.420 0.061
Do/t Doy /BL X5 0.684 " —0.150  —0.479 0.165 0.224 —0.076
Dss /& Dss/BL X1 —0.697" 0.029 0.145 0.322 0.045 0.029
Dse /iR, Dsg/BL X2 —0.302 —0.728*  —0.121  —0.387 0.009 0.187
D.s/f&K Dys/BL X2 —0.720*  —0.121 0.229 —0.012 0.322 0.100
D¢/t D,s/BL X2 —0.702" 0.277 0.038 —0.421 0.283 0.036
Dsq/#kK Dss/BL X3 0.020  —0.818" 0.220 0.270 —0.015 0.104
Ds;/#kK Ds;/BL X —0.387  —0.264  —0.152 0.379 —0.269  —0.107
Dss /M Dss/BL Xos 0.071  —0.811" 0.298 0.077 0.218 —0.112
D7 /4 Dgr/BL X 0.166  —0.769" 0.212 0.449 —0.119 0.133
Des/HH& Des/BL X7 —0.166 —0.130  —0.340 0.250  —0.655" 0.428
D;s/#k¥K D:s/BL Xos 0.278  —0.670" 0.409 0.233 0.269 —0.117
Dqy /M4 D7y/BL X9 0.610 " 0.226 0.155 —0.561  —0.258  —0.018
Do/t D71o/BL X0 0.652* 0.036 0.125 —0.554  —0.258  —0.029
Dso/#kK Dgy/BL X 0.636" —0.363 0.482 —0.106 0.058 —0.200
Dg.1o /&% Dg10/BL X2 0.625 " —0.240 0.566 —0.119 0.117 —0.173
Al it B )7 2 Explained variance 9.031 6.109 2.886 2.749 1.679 1.298
Ti#k %/ % Contribution rate 28.22 19.09 9.02 8.59 5.25 4.06
7 Note: * Fric 1Y 1 fif {5 >0.600 Marked loadings are=>0.600.
DL DT Rk # 5 = 1) PCL #il PC2 14 28 X+ 15 73 ik 3
o
fi (B 2) . 3 22 (TMD iR 38 B (KDQ) 2 4~ Bif 4 2r o T e oLTS
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Fig.2 Scatter diagram for the first principal
component (PC1) and the second principal

components (PC2) of ten S. o’ connori populations
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BN R W W10 AN BEK Z 8] 32 4 L
AR 817 A 3 M 22 5 (P <0.05) , BER 2 1] 4%
Fb B AR 4 80 2 LR S SR LR 3.

MR 3 AL A 12 A E AR S MR, T B
& TL/BL #1 ED/BL ¥J{f iz K , KDQ BF AR Z , iX
2 ANEEAY TL/BL F1 ED/BL #8583 K TRkl 4
Uit 8 ANFER(P<C0.05), [, TM MR HL/BL,
SL/BL.CPD/BL #{H th i K, & K FHA 9 MR
K (P<C0.05); KDQ Bf#& 1D/BL #4918 e /1 » 53 /)
T HA 9 MK (P<<0.05), TM 1 KDQ 2 A
LA 6 > RLPEAR 5 R AT 13— 43 4 1) Tt
WS R L 8 AT, LTS BEAH
4 AR (TL/BL,HL/BL,SL/BL,CPD/BL) #J {&
/N5 SG BERAT 2 Mk (ID/BL.CPL/BL) ¥
K5 AR (MB/BL, BD/BL, BW/BL, DOP/BL,
DOV/BL) ¥ {5 & /s MG Fl SR BEAK 43 5 4E CPL/
BL.ED/BL PR 934 £ /N s SR Fil GC BEAK 53 Il 7
BW/BL .MB/BL Pk () ¥ {8 £ K s NAN B 7E 3
AR (BD/BL.DOP/BL.DOV/BL) i) ¥ 1 & k.
FER WA L 8 AHEIRZ ], 12 A% BB & AR 4
BEMAFRENZEF(E D,

£ 20 MEFE AR T, TM 5 KDG 2 4~ #f
Wz HALE 3 IR (D, /BL. D,y /BL fil D4/
BL)FE7E i B M 2% 5 (P <<0.05), TM Bk 3 Ak
R(D,,/BL.D,,/BL.D,,, /BL) # {8 & K. #B it &
KT RS FUF 8 MK (P<T0.05), TM (5
KDG) # & 5 A~ ¥k (Do /BL.D,s/BL. D5 /BL,
D.s/BL.D .«/BL)BMEE/N 2 DHEARE 5 D PERES
/N T RS FiE 8 A RFIR (P<C0.05), TM(EL
KDG) B & 6 4~ ¥4k (D.s/BL. D+ /BL. Dy, /BL,
D:s/BL.Dgy/BL.Dygy, /BLO¥IE K, 2 NREAR 6
AR B 25 K TR e 4y Ll 8 AR (P<C0.05)
TERWe 7 b 8 HFEM P, LTS BEAAA 4 AR
(D.s/BL. Dys/BL. D,s/BL. D,s/BL) ¥ {ti & K.
Dy /BL YA £ /N SG BEE A 7 A PEIR (D, /BL.
Dys/BL.Dss/BL.Dss/BL. Dy, /BL. Dss/BL. D;s/
BL) ¥/ MG BEAR A Do /BL ¥ E K2 1
AR (Dsy /BL.Dg.o/BL) R/ SR BEEA 2 AR
(D1 /BL.\D+o/BL ¥ A /s GC BEAR A 2 S HEAR
(Dy:/BL. D, /BL) ¥J{f £ K. D+, /BL # {} & /N;
NAN #E) Do /BL B{E /N 78 2 DN HEAR (D L/
BL.D,/BL) ¥E K. K4S FiF 8 A Z [H
20 MELUE SR BB AFBREN 2T GE 3,
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Table 3 Multiple comparison for averages of thirty-two proportional characters among ten populations of S. o’ connori
AR BEIR Population
Character LTS SG MG SR GC NAN ML PZ ™ KDQ
TL/BL 1.148+ 1.162+ 1.152+ 1.151+ 1.159+ 1.169+ 1.170+ 1.165+ 1,194+ 1.183+
R 0.011d 0.013bcd 0.025cd 0.019cd 0.022bcd 0.021b 0.022b 0.021bc 0.020a 0.012a
HL/BI 0.179+ 0.185+ 0.191+ 0.196+ 0.192+ 0.186+ 0.191+ 0.187+ 0.206+ 0.193+
o 0.009d 0.012cd 0.013bc 0.013b 0.018bc 0.011bced 0.015be 0.017bed 0.010a 0.008bc
SL/BL 0.056+ 0.063+ 0.060+ 0.066+ 0.065+ 0.060=+ 0.063+ 0.058+ 0.072+ 0.067+
o 0.004e 0.004bc 0.006 cd 0.005b 0.007b 0.006cde 0.007bc 0.009de 0.006a 0.003b
ED/BI 0.016+ 0.022+ 0.018+ 0.016+ 0.017+ 0.018+ 0.022+ 0.018+ 0.027+ 0.025+
. 0.000d 0.000¢ 0.001d 0.000d 0.001d 0.000d 0.001c 0.001d 0.001a 0.001b
ID/BL 0.085+ 0.086+ 0.082+ 0.085+ 0.083+ 0.082+ 0.079+ 0.080+ 0.077+ 0.074=+
e 0.004a 0.005a 0.005bed 0.004ab 0.004bc 0.004b 0.003de 0.005cde 0.004e 0.004f
MB/BI 0.084+ 0.082+ 0.083+ 0.093+ 0.101+ 0.099+ 0.095+ 0.087+ 0.095+ 0.093+
) 0.006cd 0.004d 0.007cd 0.008 b 0.005a 0.006a 0.006b 0.009¢ 0.007b 0.004b
0.225+ 0.192+ 0.200+ 0.228+ 0.229+ 0.243+ 0.214+ 0.229+ 0.220+ 0.232+
BD/BL
0.011b 0.007d 0.007d 0.018b 0.013b 0.018a 0.023c 0.030b 0.013bc 0.009b
CPL/BI 0.165+ 0.179+ 0.157+ 0.157+ 0.159+ 0.169+ 0.175+ 0.172+ 0.179+ 0.175+
ST 0.011be 0.009a 0.013c 0.016¢ 0.012¢ 0.014ab 0.017a 0.013ab 0.012a 0.012ab
. 0.102+ 0.102+ 0.103+ 0.105+ 0.105+ 0.109+ 0.107+ 0.106+ 0.114+ 0.110+
CPD/BL -
0.006d 0.003d 0.006cd 0.005cd 0.005¢d 0.006b 0.004be 0.007be 0.005a 0.004b
BW/BI 0.153+ 0.130+ 0.137+ 0.155+ 0.150+ 0.151+ 0.143+ 0.148+ 0.136+ 0.142+
. 0.008a 0.004d 0.011cd 0.011a 0.014a 0.012a 0.013be 0.013ab 0.007cd  0.007bc
DOP/BI 0.152+ 0.136+ 0.142+ 0.151+ 0.154+ 0.155+ 0.143+ 0.146+ 0.142+ 0.144+
o 0.008a 0.008¢ 0.010b 0.007a 0.008a 0.010a 0.009b 0.012b 0.009b 0.006b
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£ 3R 3 Continued Table 3

AR BEK Population
Character 1 1g SG MG SR GC NAN ML Pz T™ KDQ
DOV/BI 0.100+ 0.092+ 0.094-+ 0.099+ 0.100+ 0.101+ 0.096+ 0.099+ 0.096+  0.098+
’ 0.006a 0.004c 0.005bc 0.006a 0.005a 0.008a 0.005ab 0.008a 0.004ab 0.004ab
DoypL 0194 0.2034 0.200+ 0.200=+ 0.199+ 0.194+ 0.203=+ 0.196+ 0.221+  0.209+
PR 0.008¢ 0.010bc  0.014be 0.009be  0.016bc 0.011c 0.017be 0.022¢ 0.012a  0.006b
DLpL 0333 0.315+ 0.327+ 0.330+ 0.329+ 0.336+ 0.321+ 0.335+ 0.320+  0.323+
SUTY0011ab 0 0.021d 0.015abe 0.013abe  0.012abc  0.014a  0.017bed  0.020a 0.010cd  0.018bcd
byl O12E 0.117+ 0.112+ 0.111=+ 0.118+ 0.122+ 0.120=+ 0.117+ 0.127+  0.124+
PR 0.005bed 0.007d 0.006¢ 0.007e¢ 0.009¢d 0.005bc  0.006bed  0.008d 0.007a  0.005ab
DLapL 103 0.382+ 0.385+ 0.387+ 0.385+ 0.396+ 0.386+ 0.398+ 0.352+  0.358+
PP 00134 0.015b 0.017b 0.015b 0.019b 0.016a 0.018b 0.025a 0.012¢ 0.013¢
Dy pL 578 E 0.567+ 0.568+ 0.573+ 0.565+ 0.563+ 0.567+ 0.5734 0.546+  0.540+
PR 00124 0.011b 0.014b 0.012ab 0.014b 0.013b 0.011b 0.016ab 0.016¢ 0.011c
Dy Bl 01224 0.127+ 0.133+ 0.138=+ 0.131+ 0.128+ 0.134=+ 0.127+ 0.148+  0.139+
T 0.008¢ 0.007de 0.010bed  0.008b  0.012cd  0.009cde  0.008bc  0.0l4cde  0.007a  0.005b
D /BI 0.258 & 0.252+ 0.257+ 0.258+ 0.259+ 0.252+ 0.251+ 0.254+ 0.230+t  0.232%
PR 00l1a 0.012a 0.018a 0.013a 0.014a 0.018a 0.014a 0.014a 0.010b  0.014b
DeuspL  O2UE 0.182+ 0.185+ 0.214+ 0.219+ 0.233+ 0.203+ 0.217+ 0.204+  0.216+
SO 0.011b 0.008d 0.013d 0.020b 0.013b 0.017a 0.022¢ 0.026b 0.011c  0.009b
Do.jpL 0658 0.631+ 0.633+ 0.638=+ 0.642+ 0.641+ 0.634+ 0.642+ 0.615+  0.618+
- B 0.012a 0.018b 0.022b 0.017b 0.018b 0.032b 0.018b 0.019b 0.013¢ 0.015¢
DoospL 0438 0.419+ 0.402+ 0.402+ 0.403+ 0.407+ 0.408=+ 0.417+ 0.370+  0.375+
R 0.016a 0.016b 0.026¢ 0.015¢ 0.018¢ 0.015be 0.018be 0.023b 0.016d  0.014d
Doy O2T8E 0.267+ 0.280+ 0.292+ 0.294+ 0.291+ 0.281+ 0.281+ 0.301+  0.304+
TP 0.009¢ 0.010d 0.011c 0.010b 0.014b 0.012b 0.013¢ 0.024¢ 0.010a 0.014a
Do, pL 0072 0.0714 0.076+ 0.074=+ 0.0794 0.076+ 0.071=+ 0.069+ 0.069%  0.070+
T 0.005¢d 0.004¢d 0.006ab  0.005be 0.007a 0.009ab  0.004cd 0.006d 0.004d  0.004ed
DoyypL  O184E 0.174+ 0.181+ 0.193+ 0.194+ 0.193+ 0.187+ 0.188+ 0.205+  0.204+
PR 0.007c 0.008d 0.012¢ 0.012b 0.015b 0.013b 0.012bc  0.012be 0.009a  0.008a
DyypL 0312 0.3094 0.325+ 0.332+ 0.336+ 0.332+ 0.322+ 0.322+ 0.345+  0.348+
CTEE L 0.012¢ 0.010¢ 0.013¢cd 0.012be 0.014b 0.012b 0.011d 0.012d 0.013a  0.015a
Dyo/pL 0127 0.126+ 0.139+ 0.138=+ 0.1374+ 0.139+ 0.131+ 0.1374+ 0.1274+  0.129+
S 0,009 0.011b 0.013a 0.012a 0.011a 0.010a 0.009ab 0.010a 0.010b  0.013b
DoyypL 0199 0.197+ 0.201+ 0.210=+ 0.2134 0.208+ 0.206=+ 0.205+ 0.231+  0.234+
s ’ 0.009de 0.010e 0.013cde 0.012bc 0.016b 0.014bed  0.011bede  0.012bcde 0.016a 0.009a
DouspL  O-L40E 0.146+ 0.131+ 0.131+ 0.124+ 0.138+ 0.151+ 0.138+ 0.151+  0.145+
TP 0.010be 0.013ab 0.013cd 0.012d 0.013¢  0.016bed  0.0l4a 0.008bed  0.010a  0.014ab
Doy 0175 0.189+ 0.171+ 0.170+ 0171+ 0.182+ 0.187+ 0.180+ 0.194+  0.188+
T 0.009¢d 0.010ab 0.013d 0.012d 0.015d 0.014bc 0.010ab 0.010bc 0.008a  0.012ab
DeuspL  0U7E 0.322+ 0.314+ 0.320+ 0.318+ 0.324+ 0.332+ 0.3194 0.360+  0.358+
SO 001 0.014c 0.015¢ 0.011c 0.014c 0.016be 0.019b 0.011c 0.014a  0.015a
De 1o /BI 0.283+ 0.297+ 0.276+ 0.282+ 0.285+ 0.292+ 0.294+ 0.282+ 0.325+ 0.324+
STEE T 0.016de 0.017b 0.016¢ 0.011de  0.015cde  0.015bed  0.012bec  0.013de 0.016a  0.017a

BRI R bR 22 . ORI & D7 22 /0T A Newman-Keuls 856 o 10 MR 4 AN HRE S 800 22 5. AT HARE K%
B #45 E M % 5 (P<C0.05), Note:Data were expressed as X & SD. One-way ANOVA and Newman-Keuls test were used to compare the

difference of average of each character among ten populations. In the same row,there were significant differences between/among the avera-

ges marked with different letters (P<C0.05).

SVE L FE 32 A HR AR L TM I KDQ 2 4 MR, SR 5 GC Z I Npde 2 (4); LTS Bk
BRI S Re7y 13 8 MR RZ Y & 2 5 MR8 5 ML ZHM Ny k£ (22), 5 SG.MG ZHiY Ny,
(Np) 43512k 25~30 F1 22~25(TM.KDQ #ffA 5 Wz A, 5HARA 4 MHAZ A N AHXT D SG
ML Z BN, =19) (P <C0.05) . fE K4 [iiF8  FfAS ML.MG Z[E#) N &2 (13~15), 5HA4 5
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AR Z I N B £ (17~21),
23 BRELSMW

BT 32 AN He MR X 10 AN BE AR BE AT R 2 A
BT« R4S BE AR 2Z 1) 9 7 2 RKCIC BE 29 3 [ o 0.087
(TM/KDQ) ~ 0. 172 (TM/LTS), H ', TM HI
KDQ 2 MRER 5 K23 L 8 ATk 22 1] i RK IR
PR B # K (0.126~0.172) ; NAN #EK 5 SG Fl MG
Z M B FE RS (0.133 1 0.132) .GC 5 SG BEA& 2 [] 4
FEES (0. 128) 4 8¢ K, H A B K 22 1) 49 B 5 ¢/
(0.102~0.124), FEFRRICHE B E T 10 REA
PRI E(E 3, Ky FiiF i TM il KDQ 2 4
B AR TR A AH T T 2R O — 3, T R e 4% b 8 AN HF A
BRG—H ., FERBEA LF 8 D REAR X — 4> 32,
SR 5 GC #FRIE S ML e RAE — &, HIKKE

0.08 0.09 0.10 0.11 0.12

HEREIE S Linkage distance

0.13

B3 RAEHREEIONHEEANEEESRER
Fig.3
for ten populations of S. o’ connori
2.4 FR 54
PL 32 A LA ¢ AR A 722 o R A 328 20 0 500 237 B
T D.»/BL(X ;) Dy /BL(X5) Dy /BL(X55) D/

Single-linkage clustering dendrogram

BL(X,)Fl Doy /BL(X )5 AR F AN, Higy 27 A7AF
R ) R, ST T 10 AN ) 1 R B

LTS.PZ . NAN FARR N —NHE 1M SG ML MG
3SABEIRIE 5 — A BE

(DPLRBEER, Yis=23002.369 X, +732.151 X, +7047.822 X, —1949.241 X, +3499.036 X; —
1870.299 X+1387.652 X, +3625.944 X3 —1624.360 X,+519.739 X,,+1932.954 X, —2105.085X , +
3239.348X ,, +1171.691X 15 +1008.424 X 15 +5411.707X ;; —470.030X 15 + 4523.303 X 1, —2775.975X 5, +
196.919X,, — 58.460 X 55 +2062. 115X 5, + 5514. 266X 55 + 2302.522 X5, + 1531.528X 5, + 196.629X 4, +
1225.034X 5, —6598.516

(2) H W BEAK, Yso = 2989.667X, + 643.754 X, + 7358.882X, — 1281. 108X, + 3923. 461X, —
2011.638X;+1339.438X, +3676.911X, — 1287.225 X, + 353.823X,, + 1765.852X ;;, — 2049.128 X ;, +
3264.665X ,, +1072.897X 15 +1097.811 X 15 +5399.343 X ;; —490.341X 15 + 4487.499 X ;, —2869.418X ,, +
165.807X 5, — 34.800X 55 + 2162.706 X5, + 5529. 401X 55, 2158. 717X 5o + 1647. 495X 5, + 179.736X 5, +
1286.859X 5, —6626.670

BT T REBEK, Yue =2981.756X, +792.050 X, +6915.334X, — 1976.734X , +3340.831 X ; —
1910.287X s+ 1294.349X ; + 3583.220X ; — 1158.271X, + 370.989X 1, + 1834.297X,, — 2092.989 X 1, +
3343.405X ,, +1029.428X 15 + 1105.368X 15 +5394.602X ;; —184.436X 15 + 4484.203X ;, —2884.122X ,, +
70.116X 5, + 23.154X 5, + 2178.918 X5, + 5563. 006X 55 + 2219.596X 50 + 1569. 653X 5, + 199. 959X 5, +
1190.729X 5, —6577.920

(1) Z HBEHK, Yo = 3001, 853X, + 784.068 X,+ 7229.501X; — 2290. 213X, + 3268. 801X, —
1629.678X s +1347.496X; + 3624.255X — 1330.922 X, + 544.721X,, + 1767.158X ,, — 2208.857X 1, +
3308.798X 1, +826.075X ; +1026.208X ;s +5494.513 X 1, —280.854X 5 +4507.298X ;, — 2772.519 X ,, +
106.457X 5, 4 24.307X 5, +1992.492 X ,, + 5627. 834X 55 + 2280. 207X 9 + 1470. 125X 5, + 190. 271X 5, +
1243.161X 5, —6669.560

(5) A BEAR, Yoo = 3022. 222X, + 772.190X, + 7129. 981X, — 2019. 010X, + 2989. 977X, —
1315.493X ¢ +1345.486X ; 4+ 3636.092X — 1465.768 X, + 428. 654X ;, + 1819.289X,, — 2133.470X,, +
3307.839X,, +1042.368X 15 +1055.139X ;5 +5415.418 X ;; —470.365X s +4443.698X ,, — 2724.452X ,, +
112.696X 5, + 8.163X,; + 2123.102 X5, + 5611. 999X 55 + 2084. 288X 5, + 1581. 902X 4, + 215.544X 5, +
1244.319X 5, —6644.989

(6) W HBEAAR, Yian = 3055.395X, + 744.379 X, + 6909. 057X, — 1883. 445X, + 2991, 248X, —



244 L 3 AP N S # 40 &

1359.882X ;+1385.155X; + 3642.168X — 1330.583 X, + 344.176X ,, + 1834.385X,, — 2174.764X ,, +
3330.055X 1, +1178.572X 15 +1180.788X 5 +5285.327 X 1, — 358.094X 15 +4410.660X 1, —2697.382X 5, +
89.154X 5, + 12.095X 5, + 2115.027 X ,, + 5553.574X 55 + 2127.554X 5, + 1564.525X 5, + 233. 389X, +
1254.994X ., —6667.308

() K ARBER, Yy = 2983.518X, + 714.391 X,-+ 7038.261X, — 1516. 378X, + 2970. 776X ; —
1432.526X s +1307.074X; + 3626.569X — 1201.976 X, +461.619X ,, +1711.132X,, — 2068.102X ;, +
3319.962X,, +1143.675X 15 +1150.670X 5 +5372.931 X, —277.712X s +4479.056 X ;s — 2810.657 X 5, +
127.260X 5, +47.399X 5 + 2094.169 X5, + 5551. 864X 55 + 2252. 351X 5 + 1576.706X 5, + 256.352X 5, +
1245.163X 5, —6668.613

(8) IR BEIK, Yo, = 3038.265X, + 744. 877X, + 6924. 664X, — 2012. 521X, + 3040. 877X, —
1684.007X s +1406.175X; + 3725.842X — 1335.267 X, +412.869X ,, + 1811.571X,, — 2032.629X ,, +
3327.985X,, +1074.745X ;5 +1078.089X ;5 +5400.738 X 1; —326.087X ;5 +4480.470X ;, —2787.921 X 5, +
113.527X,, — 81.855X 5, + 1913.674 X, + 5625.300X 55 + 2125.409X 5, + 1566.582X 5, + 238.636X,, +
1189.939X ,, —6648.842

(W B, Yrn = 3029.269X, + 715.645 X,+ 7055.980X, — 1198. 808X, + 2647. 934X, —
1651.777X s +1217.272X, + 3567.004X s — 652.596 X, + 149.849X ,, + 1743.001X,, — 1903.262X ,, +
3426.079X 1, +1244.540X ;5 +1154.638X 15 +5273.629 X 1, — 69.383X ;s +4268.999X ;y — 2703.402 X 5, +
68.565X 5, +240.262X 5, + 2064. 480X 5, + 5520. 375X 5 + 2051. 476X o + 1514. 430X ,, + 368.857 X, +
1378.797X 5, —6745.938

(10) F B M BEK, Ying = 3042. 155X, + 671.836 X, + 7001. 299X, — 1236. 848X, + 2458.777X, —
1575.414 X+ 1287. 672X, + 3585.757 X5 — 1013. 749 X, + 216. 647X, + 1754. 327X, — 1837. 031X, +
3352.578X,, +1182.510 X5 +1129.104 X5 + 5222.019 X, — 168. 748X ;5 + 4209. 209X, — 2638.592X,, +
91.632X ., +180. 261X ,; + 2036. 048X, + 5541. 165X, + 2000. 552X, + 1494. 862X, + 358. 715X +
1373.484X ;, —6634.083

PR LB MR B AR A LR A T RRY R MERR 2 100,00 %, LTS.MG Fil TM #f{&
FIH] A A, BE AR B9 H G ME B R Rk 53, 33% ~  BYFINERT R KT 95.00% . 10 AN HEAR B 0 425
100.00 %% , BB FN HEAH 32 88.60% . Hirp SG HE M HIIMERS F 1 W& 4,

F4 HAEBMBENES 0 MEENTNS LR ERE

Table 4 Predicted classifications of discriminant functions and their percentages of accuracy for ten populations of S. o’ connori

I FEAS B W/ % T 4328 Predicted classification
Population Sample size Accuracy LTS SG MG SR GC NAN ML PZ ™ KDQ
LTS 29 96.55 28 0 0 0 0 0 1 0 0 0
SG 33 100.00 0 33 0 0 0 0 0 0 0 0
MG 49 95.92 0 1 47 1 0 0 0 0 0 0
SR 37 89.19 0 0 3 33 0 1 0 0
GC 41 78.05 0 0 0 2 32 5 1 1 0 0
NAN 47 82.98 0 0 1 0 4 39 3 0 0 0
ML 46 89.13 0 0 0 0 1 2 41 2 0 0
Pz 15 53.33 1 0 1 2 0 0 8 0 0
™ 35 97.14 0 0 0 0 0 0 0 34 1
KDQ 10 80.00 0 0 0 0 0 0 0 0 2 8
A1t Total 342 88.60 29 34 2 38 37 49 47 11 36 9

3 i ® @%’éﬁﬁ?&E‘Jgﬁ%ﬁéﬁﬁ{%ﬁﬁﬁﬂ%%’\ﬁ%l,z%ﬁ
(N 2O R B R S B A | 20 3

BER S AL A W 2 (0 B G 2L M SR TR K Sl 4 (9 R apU e e 2 O] 2
BRASEYIRKT LA RS i T AR . A A SRR R B S A D AR B T
RIY S RRAESZ B8 AL T MR R 2w, B N . ARPFSEEET 32 AW BUATHESUE Sk
VRIE] I 25 22 S 2 AR ) 2 RERE R SNFE R BT 200 0 SR W0 20 AT VBRI 3 A7 R B DR 3R O %
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A3 BT 55 7 9 %o o A VT S 1 4 £ 10 AN BRI AY
W2 RHAT T LB,

32 R0 BT T 22 A FH L G B 8 PR 4k B
) AN BCE D R BB ST B 255 T8 A . LR B 4R ]
M FEIR 22500 ARHE ST B 3 RS 4 B 4R
T 6 A F sy, Hor 22 B TTECR 74.23 %, KK F|
SR TTHR A =85 00 14 2K, Uk B XE DA R LA A8 Bl
71 3 A3 of 4 T b AR S 1A SR A [ AR AR T 1
AR PCL FES 2K /KK WK /K
KRR/ R Do /R Dy /RS 14 A el
RA I, T W) ity 2 R A ity £ AR K - Bl 1 ) 22
53 PC2 EE IR E /MR B & /KK KT8/ R
1M i RS 1) BB /R4 | 6 S A [R) IR/ AR K AR 10
A e R A O, 3 B s e £ A T A 1) K T
BE R LA R BN B 2 5. PCL 5 PC2 Bk AR
B s, KWk 28 F U 52 8 2 (CTMD fi R 3k B
(KDQ)2 AR 22 AR/, AT S R e sy L iF 8 A
BRI AME W B, BLAE PCL3h E 22 R K, Fift
(LTS).F H (SR) i (GO BT E (NAN) 4 4~ B
REDES 2Z S B/N . 15 BB (SG) Ff k22 R 8
K. HESH RV 32 A ok G, T™M Al
KDQ 5 K4 i 8 MHFARZ A 1 2 22 7 it
RE N 3 2 s 18 K45 10 8 A FEAR R, SG BE IR
5 ML.MG Z [0 ) & 3 22 R g A, 5 H A4 5
AR ] B B 3 25 SRR S £ i SR GC,
NAN.LTS Bk [i) 2 22 R8s > . Jr 2547
B s M BEIR DR 8 25 5 5 = o e i 4 R A —
. BAh. 5 KA LE 8 NEERAM L. TM A
KDQ 2 MEER ) 4 VIR A2 | 75 6 3 30 - R i L3 2
(] ) A% 1) v B L R A T A T K T A
(P<C0.05) ; [Al B, TM B 9 3k K AT K 1 (AR TA]
FEAS /N AR R (P <<0.05), A, Sk 9K T35
R AR/ AR & X 4 TMLKDQ 2 M RER S
ey 1 UiF 8 AR 9 OC i 2, X 5 A 2
A ) BRI 25 () 7E Sk 3 R sl K T 3 — Se ik
FEAE 25 S BT AR AR 022

53 53 B 2 FH A A 0 T vkl A S A
1) BRI R 5 A TG M AT AR AR 0 AR g R
FETF 27 A BIEIR B S T 10 S EERAY H0 51 pa %k,
S METR R Ry 88.60 %, Hirh SG A 14 1 1 o
%4 100.00% , LTS MG Fl TM BER (1) ) 51 v 1
T 95.00% . Bk PZ Ab, H A4 B4R B 0 51 o 1 R

T 78.00 %, I R AR B hF . SR, GC,NAN, ML

TR 22 8] A /0 A AR B0 03 A % L X 3 Tt A

BHAR IR 2 R8N 5 ERS s R —3.
1M PZ A0 590 o 1 232 e K, 7T fig 2 R hy L RE R o
BN 85 FiF SRONAN 258 BER A7 78 — 5 1 3L A
A K,
5T AT LUAR B8 AR 2448 A 04 D 4 B 45
SR ACREAR ] 9 22 S R IR R AT R B 0 2, DL e i
FEOR ] AR ARUPE S R 0T R . TM F KDQ
2 A FER B KPR B 3 e T 3R S — 3L TR e 4y I
WiE 8 MREIRIR N U5 — 3,2 A4 3 [a] il R ER I B 4%
K. RS L 8 A LR R SG/ML/MG #il
SR/GC/LTS/PZ/NAN 2 N4 B, 2K 45 1
5 By b T 2 BT B R R 22 S AR — 3, 0
K23 TR ¥iE S AR R A YT TM i KDQ 2 S FE A
B2 /NN — 32, RIS LiF 8 NHEER N 5 —
L EAFAE B TR A o A IR, e 25 I Ui
REMBAAE—EMESZR ., TM fl KDQ 2 5%
W SR OB S R4y 1 0E 8 NBEIRTESNERIE S I
B R, 5 i = RSN RGE B R A iR AR
T T R IS 1 S N PN A 151
BEFEZ R M EEE. 85 He %1 & T B A4
mtDNAF | LI K Guo 1 BT 2 4~ mtDNA J#%1
R EEREY N TRl VT PN I 7l o L O 13 e
S 1A R 10 B AR 22 ) A7 AE 0 3 st A% o Ak i 45 AR —
., RWes Bif 8 MR R4 2 MBS 254
B X 56T 2 AR IC 0 W Kk 2y i S 14 248
RS 2 ML R AT H ML BEATE
WERE DAL E 5L 2 g 28—,
I, S 1 40 AN [ A 1] 18 A1 3RO 38 o ik 5 Ho A
T e i T ek R v DR R A o A 8 A5 A1k
A PA R ANRIE AR T 2 B T
DR AL 2 57 BIA R IR BT R 5 o0
AT YL LB L M B L AT R AR R OK L K R A
05T R AR T Ui S U I A R A VLIS 22 WEAEE L EL A
AR A T B 8 AN REIR S K 2 R i
2 AT R 1) 5 1 24 0 f ] BB DR A K 00 R 5 O 5 I
FE AP B PR BE T B A 2= S i an, 5 Rk
A% b U R AR A L, KA T SZ i TMLKDQ {4
By 4K BRI B TM B AR SR K R K K R
TR =T < i = M= S G 12 D I e @
J1 X TR SRR 2 A IE R XS B AR
XEH A RN B 3 FhRLE GBI b s T
b 3 B 4 S BORDRE S A R 45 SR R — B0
A 58 % e A VT S 1A A 10 SRR Y
SN 22 5 AT T 0 0, TR 1T TR R A Kk
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e A e S [ AR AR 22 18] B R A AR AT Ak A
9 7 0 AR 5 M B A 8 5 AR AT A R A VS
A SR A TR AR ) I 2 L S L AU R T R AR
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Abstract

the Yarlung Tsanpo River, multivariate morphometric methods were used to investigate the morphologi-

To explore the morphological differentiation of Schizothorax o’ connori populations in

cal differences of ten populations of S. o’ connori based on the proportional data of 12 conventional char-
acters and 20 truss characters. In principal component analysis,six principal components (PC) were con-
structed, with the cumulative contribution rate of 74.23 % ,of which the first principal component (PC1)
was mainly affected by 14 characters along the horizontal body axis such as TL/BL,SL/BL,ED/BL,
D,,/BL and D,,/BL,and the PC2 is mainly affected by 10 characters along the vertical body axis such
as BD/ BL,CPD/ BL,BW/BL,DOP/BL,DOV/BL. The results of principal component analysis,one-way
ANOVA and cluster analysis showed that there was distinct morphological differentiation between the
two populations (Tongmai and Kadaqiao) from the Purlung Tsangpo River-a tributary in the lower rea-
ches of the Yarlung Tsangpo Grand Canyon (YTGC) ,and the eight populations from the upper reaches
of the YTGC,and each of the two groups was clustered into one branch. Whereas the eight populations
from the upper reaches of the YTGC were grouped into two sub-groups. The discriminant functions were
built for ten populations of S. o’ connori swith a total discriminant accuracy rate of 88.60% ,of which the
discriminating accuracy for Shigatse, Lhatse, Maldrogongkar and Tongmai populations ranged from
95.92% to 100.00%. The morphological differentiation of the S. 0’ connori populations between the upper
and lower reaches of the YTGC may be related to geographical isolation and their adaptation to specific habitats.
The results obtained in this study will provide basic information for the identification,enhancement and release,
conservation of germplasm resources,and adaptive evolution study of this species.

Keywords Schizothorax o’ connori; morphometric analysis; population morphological difference;
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tion; discriminant analysis; Yarlung Tsanpo River
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