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Abstract: By the methods of coefficient of difference, variance analysis, discriminant analysis,
and principal component analysis ( PCA), this paper studied the morphometrics differences,
including 10 countable characteristics and 31 proportional characteristics, between the 142 and
92 specimens of endangered species Onychostoma rara collected from the Yuanjiang River and
Xijiang River systems, respectively. The variance analysis showed that a total of 6 countable
characteristics and 27 proportional characteristics had significant differences between the popula-
tions of O. rara from the Yuanjiang River and the Xijiang River systems, respectively ( P <
0.05). The discriminant analysis revealed that there were 9 proportional characteristics being im-
portant to differentiate the two populations from each other, and the discriminant functions for the
two populations were established, respectively. Based on the results of PCA, there were 16 pro-
portional characteristics along the dorsal-ventral axis, 6 proportional characteristics along the an-
terior-posterior axis, and 2 proportional characteristics along the caudal peduncle of fish body
among the individuals of O. rara presenting obvious differences. As a result, the morphometrics
of the two populations had shown obvious differentiation, probably due to the long-term segrega-
tion of the two populations and their adaptive evolution in different river systems. However, the
coefficient of difference demonstrated that the morphometrics differences between the two popula-
tions were still under subspecies level.

Key words: Onychostoma rara; morphometrics; coefficient of difference; variance analysis;
principal component analysis (PCA).
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Table 1 Countable characteristics of Onychostoma rara populations from Yuanjiang River and Xijiang River systems
CIEZE2IN PLITARE PEIT P LR AR k%)
FHIE X [ PR FHIE X [d] FrifE 22 F P
g5y BB SRAL 8 - 0. 000 8 - 0. 000 - - -
Wt 53 37 bk 25K 14.73 13~18 0. 809 14.11 12~18 0. 627 0.563 29.521 0. 000
i 58 43 S B 8 - 0. 000 8 - 0. 000 - - -
By SCEESREL 16. 55 16 ~18 0. 696 16. 09 16 ~18 0. 408 0.417 25. 896 0. 000
i 2k s 4 44.13 43 ~45 0. 549 44.24 43 ~48 1.028 0.070 0.917 0. 340
M2 1 5% 6.21 6~7 0. 408 6.01 6~7 0. 120 0.379 15. 063 0. 000
ML %5 5.22 4-~6 0. 439 5.04 5~6 0.204 0. 683 10. 689 0. 001
Fil A 4 16 - 0. 000 16 - 0. 000 - - -
W BT L 12.15 10 ~ 16 0. 950 11.67 10 ~17 1.018 0. 483 10. 650 0. 001
A HE L 36. 41 32 ~43 2.906 39.27 33 ~43 2.585 0.521 11.926 0. 001
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Table 2 Proportional characteristics of Onychostoma rara populations from Yuanjiang River and Xijiang River systems

RAILE3IN DEIT AP RE PUTLFPE ZRFRR F P
FH{E X [i] bR PHIE IX. ] PrifE2E

UNEVEUSS 0.364  0.299 ~0.468  0.035 0.337  0.303~0.415  0.204 0.113 34. 869 0. 000
DS NVAUSS 0.224  0.191~0.272  0.018 0.230  0.209 ~0.254  0.010 0.214 7.483 0. 007
L ENWALN'S 0.164  0.131~0.252  0.015 0.184  0.154~0.209  0.012 0.741 95. 100 0. 000
A RT=VZIN S 0.130  0.113~0.158  0.009 0.121  0.084~0.133  0.007 0. 563 65. 962 0. 000
S T WU S 0.802  0.517~1.030  0.081 0.657  0.424~0.821  0.061 1.021 169. 824 0. 000
VRV SIS 0.333  0.263~0.440  0.033 0.319  0.250 ~0.387  0.026 0.237 10. 478 0.001
R/ Lk 0.239  0.183~0.324  0.028 0.251  0.176 ~0.300  0.028 0.214 7. 949 0. 005
ARG / Sk 0.546  0.462~0.742  0.041 0.525  0.467~0.600  0.034 0. 280 13.214 0. 000
RA /B i) 0.442  0.283~0.667  0.067 0.481  0.308 ~0.600  0.069 0.287 15. 031 0. 000
AB/ K 0.182  0.156~0.205  0.011 0.182  0.158~0.205  0.010 0. 000 0.296 0. 587
AC/RK 0.235  0.165~0.286  0.015 0.233  0.203~0.258  0.011 0.077 0. 887 0.348
BC/ Ak 0.212  0.155~0.257  0.015 0.199  0.185~0.233  0.009 0.542 37. 623 0. 000
BD/ A 0.303  0.257~0.353  0.018 0.297  0.261~0.323  0.013 0.194 7.996 0. 005
BF/ A 0.433  0.321~0.481  0.025 0.425  0.397~0.459  0.012 0.216 6.778 0.010
(ZEN'S 0.366  0.313~0.412  0.019 0.351  0.305~0.395  0.015 0. 441 33.000 0. 000
CF/ A 0.301  0.252~0.343  0.019 0.307  0.287~0.337  0.013 0. 188 6.275 0.013
INVZINS 0.354  0.298~0.461  0.018 0.330  0.308~0.401  0.019 0. 649 32. 898 0. 000
DE/#c 0.187  0.148 ~0.303  0.032 0.189  0.167~0.209  0.009 0.049 1.224 0.270
DG/ 0.450  0.378~0.502  0.022 0.426  0.391~0.496  0.016 0. 632 61.763 0. 000
DH/# 0.479  0.409 ~0.544  0.021 0.464  0.427~0.514  0.015 0.417 27.451 0. 000
EF/ A 0.320  0.190~0.412  0.032 0.295  0.268~0.354  0.018 0. 500 34. 153 0. 000
EG/# 0.305  0.252~0.362  0.021 0.278  0.252~0.309  0.012 0.818 97. 807 0. 000
EH/ &K 0.310  0.270~0.343  0.015 0.289  0.261~0.332  0.014 0.724 88.230 0. 000
El/ff 0.379  0.323~0.449  0.024 0.391  0.335~0.453  0.025 0.245 11.919 0. 001
El/ kK 0.425  0.375~0.478  0.019 0.425  0.375~0.470  0.019 0. 000 0. 001 0.972
GH/ MK 0.092  0.070 ~0.113  0.009 0.085  0.065~0.104  0.008 0.412 31. 881 0. 000
Gl K 0.301  0.209~0.349  0.023 0.310  0.273~0.344  0.012 0.257 7.991 0. 005
[BZZEN'S 0.257  0.194~0.324  0.020 0.268  0.214~0.309  0.019 0.282 13.768 0. 000
HI/ 0.222  0.167 ~0.261  0.016 0.229  0.168 ~0.248  0.012 0.250 11. 008 0. 001
SZINS 0.176  0.141~0.240  0.020 0.191  0.134~0.228  0.015 0. 429 30. 259 0. 000
JIZESS 0.133  0.113~0.170  0.011 0.123  0.091~0.139  0.00 0.909 40. 269 0. 000
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Table 3 Discriminant results of Onychostoma rara popula-
tions from Yuanjiang River and Xijiang River systems

LI b A AR St R
VOYLFPEE  PUVLAR (%)
RAN 2i¥icd 114 6 120 95.0
[iawciica 2 68 70 97.1
ZAFINHE(% ) 95.8

P K FA 16 4, a0 B R S/ R K R A
m/ARK R B IR/ S R IERE Sk K
IRAE/IR 1A BC/ A K  BF/IK K CD/IA K DF/{A
K DG/ K DH/AK EF/IAK EG/K K EH/{K

K /AR AT e T ARV T R A e 5Pk
AR ZE R X5 2 E R (PC2) 48m7 i R 1 A F
A6 A, ulh kKR K B /RK CU/RK
G/ HI/RK A HI/AR K BT B2 R e T ik
Wk B L BIPERR A AL, X5 3 F a5 (PC3) 2
far BRI & EVIRK A B/ R4, LS 3
T I A P f R 2 EE AR B T R AR B A
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ZR Sk A G He A8 PR KMO B 0. 814, Bartleet
R 0 IR S 3 KA (P<0. 01) (£ 5) , AT DL & He 451
PEIRIE G AR 43 7
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Table 4 Component matrix and contribution ratios of principal components in PCA of proportional characteristics in Onych-

ostoma rara

LETN PCl PC2 PC3 PC4 PC5 PC6 PC7 PC8
N2 NS 0. 882 0. 104 0.003 -0.070 0. 002 0.143 0.130 -0.015
SR/ K 0. 341 0. 444 -0. 196 0. 498 -0.301 -0. 403 -0. 089 -0.054
SR ZLNS -0.230 0. 744 0. 432 -0. 087 0. 062 -0.023 0. 102 0. 026
S ET=V2US S 0. 837 -0. 003 -0.137 0.073 -0. 111 0.317 —0.041 -0. 105
A B K 0. 625 -0.539 -0. 389 0. 096 -0. 103 0.170 -0. 087 -0. 065
W/ k& 0. 157 -0.059 -0.110 -0.413 -0. 189 0.315 0. 485 0.108
YRS S -0. 549 0. 007 -0.048 0. 320 0. 141 0. 635 -0. 046 0.219
HR [T i/ 3k K 0.552 -0.116 0.073 -0.437 -0.070 0. 045 0.371 -0.035
HR A2/ IR i) i -0. 662 0. 061 -0.070 0. 447 0.138 0. 466 -0.202 0.179
AB/ MK 0.371 0. 449 -0. 200 0. 436 -0.280 0.016 0.234 0.021
AC/TRK 0.438 0. 391 -0.301 0. 439 -0.084 0.143 0. 147 0.114
BC/ K 0. 799 0.041 -0. 192 0.179 -0.012 -0. 065 -0. 186 0.123
BD/ M 0. 181 -0.328 0. 087 0. 162 0. 699 -0.076 -0.075 -0. 124
BF/ & 0. 627 0.207 -0. 150 0.093 0.416 -0.131 0.239 0.179
CD/fRK 0. 800 0.010 -0.087 -0. 031 0.373 -0. 028 0. 061 -0. 086
CF/ Rk -0. 064 0.133 -0. 306 0.256 0.530 -0.204 0.394 0.153
DF/fRK: 0.925 0.135 -0.028 -0.014 -0. 001 0. 037 0.019 -0. 035
DE/{AK 0. 408 0. 086 0.224 0.135 -0.222 -0.319 -0.078 0.484
DG/ K 0. 906 -0.122 0.153 -0. 058 0. 042 0. 007 -0. 063 0.157
DH/ &K 0. 768 -0.225 0.390 0.075 0. 030 -0.071 -0. 099 0.251
EF/{AK 0. 879 0. 091 -0. 063 -0.033 0.042 0.017 0. 001 -0.119
EG/#H K 0.902 -0.155 0.088 0. 094 0. 000 0.122 -0. 049 -0.015
EH/ K 0.702 -0. 415 0.370 0. 086 0. 081 0. 145 -0. 083 0.034
E/ K -0.143 -0.285 0. 693 0. 487 -0. 040 -0.032 0. 201 -0. 082
El/ Rk 0.253 -0. 135 0.771 0.222 -0.118 0.126 0.214 0. 029
GH/ &K 0. 560 -0. 026 -0.011 -0. 356 0. 062 0.021 -0.333 0.276
G/ MK 0.392 0. 565 0.195 -0. 020 0.084 -0. 020 -0.230 -0.270
G/ K 0. 047 0.727 0.127 -0.371 0.163 0. 101 -0. 186 0. 250
HI/ R K 0.283 0.582 0.238 0.074 0.129 0.152 -0.077 -0. 469
HI/ K -0. 087 0.790 0. 145 -0.163 0. 052 0. 202 0.038 0.137
IIZLSN 0. 820 0. 091 -0. 125 0.028 -0. 168 0.184 -0. 049 -0.123
TR (%) 35.40 12.30 7.47 6.73 4.92 4.50 3.60 3.32
ZiTsmE (%) 35.40 47.70 55.16 61.89 66. 81 71.31 74.91 78.23
PC1-PC8 A% 1-8 F1idr,
3¢ OYLILFNEE  ATEVLFEE
R5 KMO #%I&F0 Bartlett #5185 & R , L # aa R
Table 5 Results of Kaiser-Meyer-Olkin Test and S a gt °
Bartlett’ s Test Lr A@%ﬁé%@ o® fz
- 8 ol A 28a 0 2 @ %O oo
KMO #5: Bartlett #5536 g % o b%gag@ B .
FOrfl s BEKF -Lr ° Og%@cno@o Po o
0.814 6296. 705 465 0. 000 -2 . °©
-3 ) © ) ) ,
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Fig. 2 Scatter plots of scores on PC1 and PC2 extracted
from proportion characteristics of Onychostoma rara
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Fig. 3  Scatter plots of scores on PC2 and PC3 extracted
from proportion characteristics of Onychostoma rara
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Fig. 4 Scatter plots of scores on PC1 and PC3 extracted
from proportion characteristics of Onychostoma rara
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S ML T 9 XX MR 1 A 2 SRR
TURREE K Ee IR, a5 9% 10 590 R 50X D YA
PG b B A 0 30 ofe 1 2R 40 51 55 20 T 95. 0%
97. 1% (£ 3) ., WML, WA A H P VR R g 7L
FpfEZ MBS EE AR E W T B ae, H
JE PRIAR AT 8 A2 ph 92 P A B B 0 A6 6 A B
FRIAT K 2R T S B E AL, AR SCHI TS
(5 22530t 22 0GR T 1 32 B4 43 A A0 31 43 A e
R A G2 ASFREE LG B PRR 9 25 Rk B AR
FIE—BU X 3 G M O i AN [ ) £ B )
W TFAFREZ MIFESNE LAATER 225, B2 10
ANEEAHTL AT (HH AT LUK EHIE,

T5 2253 W RN AT Y8022 5 W 3 kAT
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