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Multivariate Analysis on the Morphological Differentiation of
Kozlov's Schizothoracin (Schizothorax kozlovi) and David's
Schizothoracin (S. davidi)
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Abstract: The interspecific and intraspecific morphological variations of 89 specimens of Kozlov's
schizothoracin (Schizothorax kozlovi) collected from Wujiang River and 33 specimens of David's
schizothoracin (S. davidi) from Minjiang River were analyzed by three multivariate analysis methods based
on 10 traditional morphological parameters and 20 truss network features. The methods of hierarchical cluster
analysis consisted of euclidean distance and between-groups linkage, and the plots of dendrogram showed
highest similarity of S. kozlovi from three collections and contrasted with the lowest of S. davidi (Fig. 2). In

principal component analysis of covariance matrix, 8 principal components were extracted with the
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cumulative contribution rate of the total variance of 72.762%, and the most contributions of characters were

focused on snout and posterior torso (Table 3). Based on two steps of discriminant analysis by Fisher's

function Coefficients, 122 specimens were finally divided into two groups and the total discriminant accuracy

reached 100% (Fig. 4). All results suggested that two fishes were significantly different from each other, and

the distinct differences were snout and posterior torso. The samples of S. kozlovi collected in three years were

from the same population, and S. kozlovi and S. davidi could be identified by the three multivariate analysis

methods.

Key words: Kozlov's schizothoracin (Schizothorax kozlovi); David's schizothoracin (S. davidi);

Morphological variations; Multivariate analysis
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Table 1 General information of the samples

o KAER] (FE-FD _ K Standard length (mm)
S%ej?;s Coﬁl:(%gjr:isin Collection time liz:lfé(r
P (Year-month) J5H Range ¥ Average
2008-07 30 150 ~ 228 180.50 +=20.39
1] 234 4:*“"‘:-7:
Rhses  SILBRE 2009-02 18 160~289  195.00 +3501
Schizothorax kozlovi Zongxihe River of Wujiang River
2010-01 41 105 ~ 310 181.10 +44.05
ARG VRV AT
2008-06 33 110 ~ 196 163.33 +20.48
S. davidi Qingyijian River of Mingjiang River

Bl1 #HATERERIEREE
Fig.1 Morphometric measurements of the samples
a. 11 AMEGAYEIR: BD. #w: CPD. JBHim: CPL. BIWK: ED. HfE: EHL. HRJE3LK: HL. ki 1w R[EEE: MBL. fiZik;
RBL. WpZif; SL. f&K; SnL. Wi, b. 10 MESLARFR A 1. WESHEHGE R 20 Wanias. 3. IEEEILIDI Rl 4. BB G oK, 5. 68
Bl 6. TYREERNI AL, 7. BEEELNIOR G, 8. WHESELIRS AU 9. RERILTIBAAL 10, REEELTTT I AL 10 AN ERL R IE]
MIBE B R 20 MEASHEE, W1 Dy RIREN R 1 5 2 Z[RIEE RS .
a. Eleven general characters: BD. Body depth; CPD. Depth of caudal peduncle; CPL. Length of caudal peduncle; ED. Eye diameter; EHL. Head

length after eyes; HL. Head length; IW. Interorbital width; MBL. Length of maxillary barbell; RBL. Length of rostral barbel; SL. Standard length;
SnL. Snout length. b. Ten landmarks of truss network measurements: 1. Origin of operculum fin base; 2. Tip of snout; 3. Origin of pelvic fin base;
4. Distal tip of occiput; 5. Origin of anal fin base; 6. Origin of dorsal fin base; 7. Posterior end of anal fin; 8. Posterior end of dorsal-fin base; 9.
Ventral origin of caudal fin base; 10. Dorsal origin of caudal fin base; 20 truss parameter measurements are the distances between the two of 10

landmark points, e.g., D1., denotes the distance between landmark point 1 and 2.
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Table 2 Data of proportional characters for Schizothorax davidi and S. kozlovi

HORE M )12
Schizothorax davidi S. kozlovi

KA Collection year 2008 2008 2009 2010

A Body depth - 1.38 +0.07 - 1.44 +0.07 - 1.52 +0.09 - 1.44 +0.06
Sk Head length - 1.47 +£0.18 - 1.42 +0.06 - 1.40 +0.09 - 1.34 +£0.04
W& Snout length - 2.54+0.14 -2.39+0.13 -2.35+0.15 -2.34+0.08
k1% Eye eiameter -2.99+0.10 -3.12+0.13 -3.02 +0.15 -293+0.11
NRTAIEE Interorbital width - 2.46 +0.07 -2.45+0.12 - 2.44 +0.15 - 2.37 +0.06
MR 5 k& Head length after eyes -2.11 +0.07 -2.26 +0.16 -2.30 +0.20 - 2.02 +0.04
Wz Length of rostral barbel -2.87 +0.18 - 2.64 +£0.14 - 2.60 +0.17 -2.62+0.11
fZK Length of maxillary barbel -2.74 +£0.16 - 244 £0.11 - 2.45+0.15 - 2.44 £0.09
JE#it Length of caudal peduncle - 1.93 +0.09 - 1.80 +0.10 -1.73+0.11 - 1.89 +0.09
JEHA; Depth of caudal peduncle - 2.14 +0.08 - 2.29 +0.09 -2.37+£0.10 - 2.29 +0.07
D1, Distance between point 1 and 2 - 1.48 £0.08 - 1.42 £0.05 -1.40£0.14 - 1.40 £0.07
D;.; Distance between point 1 and 3 - 1.16 +0.04 -1.27 +0.13 - 1.27 +0.08 - 1.31 +£0.05
D14 Distance between point 1 and 4 -1.82 £0.07 -1.93+0.19 - 1.89 £0.07 - 1.80 £0.09
D,., Distance between point 2 and 4 -1.79+0.13 -1.61+0.10 -1.60 +0.08 -1.67 +0.08
D3, Distance between point 3 and 4 -0.88 £0.03 -1.03 £0.18 -0.98 +0.06 -0.98 +£0.04
D35 Distance between point 3 and 5 -1.43+0.05 -142+0.11 - 1.45+0.09 -1.41+0.07
D3¢ Distance between point 3 and 6 -142+0.11 -1.48 +0.08 -1.47 +£0.12 -1.48 +0.05
Ds.s Distance between point 4 and 5 - 0.45 +0.05 - 0.52 +0.03 - 0.51 +0.05 - 0.50 +0.09
Ds.s Distance between point 4 and 6 -1.10+0.30 -1.04 £0.10 -1.01 +0.08 - 1.06 £0.08
Ds.s Distance between point 5 and 6 -1.07 £0.03 -1.18 £0.05 - 1.15+0.05 -1.15+0.04
Ds; Distance between point 5 and 7 - 2.56 £0.31 -259+0.11 -2.54+0.18 - 2.60 +0.06
Ds.g Distance between point 5 and 8 -1.43+0.10 -1.61+0.10 -1.61+0.07 - 1.56 +0.05
D¢.; Distance between point 6 and 7 - 0.98 +0.07 -1.11+0.23 -1.04 +0.07 -1.04 +0.03
De.g Distance between point 6 and 8 - 2.05 +0.07 - 2.06 +0.06 -1.95=+0.10 - 2.02 +0.08
D7.s Distance between point 7 and 8 -1.35+0.08 - 1.45 +0.06 -1.47 £0.14 - 1.45 £0.05
D79 Distance between point 7 and 9 -1.84+0.18 -1.94+0.11 -1.81+0.16 - 1.86 £0.09
D710 Distance between point 7 and 10 -1.61+0.11 -1.70 £0.17 -1.63 +0.12 - 1.67 +0.06
Ds.g Distance between point 8 and 9 - 0.95+0.03 -1.05+0.04 -1.01 +0.09 -1.02 £0.03
Ds.1o  Distance between point 8 and 10 -1.05+0.04 -1.17 +0.08 -110+0.11 - 1.13+0.05
Dg.10  Distance between point 9 and 10 - 2.13 £0.07 - 220 +0.08 -223+0.18 - 2.19 +0.06
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Fig. 2 Cluster dendrogram of four samples
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Table 3 Loadings of components matrix and contributions on principal components to

total variance of principal component analysis

F: 4> Principal components

PEIR Character 1 3 3 ) z 5 7 5

K Body depth - 0414 0.355 0.005  -0.195 0.413 0102  -0129 - 0.094
Sk Head length 0.440 0.025 0.440 - 0.244 -0.071 0.101 0.393 0.039
W& Snout length 0.693 -0.101 0.135 0.058 0.212 - 0.289 0.455 -0.142
R{% Eye eiameter 0.087 0.128 0.719 0.168 - 0.296 -0.122 0.196 0.310
AR AR Interorbital width 0.303 0.160 0.423 - 0.109 - 0.005 0.178 0.235 0.202
HRJ5 3k 1KHead length after eyes -0.125 0.196 0.665 - 0.566 - 0.206 0.226 -0.103 - 0.081
W75 Length of rostral barbel 0.875 - 0.020 0.105 0.000 0.074 -0.119 -0.385 0.097
N Length of maxillary barbel 0.942 - 0.029 0.094 -0.025 0.066 0.005 -0.170 0.076
MWK Length of caudal peduncle 0.490 -0.043 -0.124 0.463 0.113 0.440 0.066 0.038
JEMirs Depth of caudal peduncle - 0.555 0.211 0.211 -0.122 0513  -0.045 -0.098  -0.180
D;., Distance between point 1 and 2 0.537 0.063 0.334 0.010 0.201 0.284 0.132 -0.024
D13 Distance between point 1 and 3 - 0.489 0.136 0.010 0.303 0.374 0.044 0.075 0.307
D14 Distance between point 1 and 4 0.001 0.108 0.511 - 0.056 0.266 -0.226 0.037 -0.430
D,., Distance between point 2 and 4 0.685 -0.073 - 0.062 -0.043 0.365 0.333 -0.020 - 0.109
Ds.4 Distance between point 3 and 4 -0.356 0.173 0.360 0.136 0.283 0.198 -0.185 0.106
Ds.s Distance between point 3 and 5 0.018 -0.043 -0.020 -0.118 0.004 -0.348 0.036 0.286
Ds.s Distance between point 3 and 6 -0.196 0.223 0.174 0.014 0.549 0.329 - 0.005 - 0.042
Dss Distance between point 4 and 5 -0.318 0.121 0.123 0.025 0.157 - 0.090 -0.168 0.196

D¢ Distance between point 4 and 6 0.313 0.831

Ds.s Distance between point 5 and 6 - 0.592 0.077
Ds.; Distance between point 5 and 7 -0.125 -0.899
Ds.g Distance between point 5 and 8 - 0.605 0.125
De.; Distance between point 6 and 7 -0.169 0.428
D¢.s Distance between point 6 and 8 0.275 -0.110
D;.s Distance between point 7 and 8 -0.363 0.439
Do Distance between point 7 and 9 0.068 0.197
D710 Distance between point 7 and 10 -0.242 -0.192
Dg.o Distance between point 8 and 9 -0.487 0.129
Ds.10  Distance between point 8 and 10 -0.372 0.219
Dg.10  Distance between point 9 and 10 -0.202 0.072
TiMk# Variance (%) 24.509 13.700
25Tk % Cumulative variance (%) 24.509 38.209

0.205 0.052 0.109 0.049 0.203 0.109

0.297 0.096 0.338 - 0.080 - 0.169 0.266
0.208 0.019 0.187 - 0.038 0.060 0.160
0.287 -0.028 0.276 0.164 -0.197 0.249
0.216 0.089 0.021 - 0.529 -0.194 - 0.066
0.213 0.156 0.263 -0.172 0.075 - 0.040
-0.011 0.026 0.134 -0.189 -0.149 0.390
0.404 0.721 -0.218 0.044 -0.124 -0.161
0.332 0.593 - 0.055 0.167 -0.068 -0.281
0.316 0.377 -0.012 0.042 0.087 0.231
0.257 0.378 -0.011 0.001 0.112 0.268
0.142 - 0.009 0.670 -0.211 0.112 0.046
10.416 7.235 5.935 4.344 4.259 3.365
48.625 55.860 61.795 66.138 70.397 73.762
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Fig. 3 Distribution of scores on the first three
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Table 4 Fisher's function coefficients and accuracy rate of discriminant analysis from

four groups of samples

RO VBT 7]
Schizothorax davidi S. kozlovi

KA Collection year 2008 2008 2009 2010

& Body depth -210.122 -193.192 - 207.979 -188.159
R4% Eye length - 246.890 - 274.960 - 270.745 - 253.893
AR5 kK Head length after eyes - 155.873 - 170.691 - 172.007 - 153.169
A Length of maxillary barbel -30.813 - 0511 -8.087 - 6.749
JERK Length of caudal peduncle -67.240 - 46.878 - 37.535 - 66.713
JEl#imr Depth of caudal peduncle - 186.785 - 216.400 -228.375 - 217.020
D13 Distance between point 1 and 3 -176.429 -199.416 - 196.737 -202.917
D14 Distance between point 1 and 4 - 92.585 -112.342 -108.324 -99.088
Ds.s Distance between point 5 and 6 - 451.088 - 557.059 - 533.578 - 525.129
De.s Distance between point 6 and 8 -212.644 - 189.088 - 169.636 -189.129
H4L Constant - 1633.420 -1812.933 -1777.382 -1700.259
ISR (%) 97.0 90.0 66.7 100

Discriminant accuracy rate
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