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Tab.1 Sampling details of three species of Leuciscus in Xinjiang

YF species DUMRHER /1 L. baicalensis

EARHERS A L. idus WETE JRMEZ (T L. merzbacheri

$H number 43 52 33 50 41 54
FKAEME] sampling date 2017-4 2018-5 2017-4 2018-5 2017-4 2018-5
. 5 JE [l range 9.2-27.0 9.7-25.4 9.8-22.9 9.5-27.7 6.8-26.4 6.8-23.8
FEAR K fom . &
sample body length P 17.445.6 17.5+4.5 16.643.8 17.5+4.4 20.6+7.3 15.346.3
mean value
YENE IR 23 63 YHENES IR 35 Hb P4 Rl 35

KAEH sampling location
H AIWIJLL) (S IKR)

L (BTT) (BiU/RFFHITK &)

HZWI(GIL) (Z= ] i 4

246 % longitude and latitude

47°00"10.80"N, 87°21'24.52"E

47°22'18.36"N, 87°48'41.54"E  44°57'30.58"N, 83°42'35.98"E

K BUERL, W Z A Bk
U8, KA AP IR B IR E,
Wit o AL o DR 15 .

IKIRBE A

condition of water environment

MRS WD, RAEEYEE OKRIRPE . i,
FIRFRE, B AR e KA IR IR K,
B Fili 3t L) e /N

1.2 Fi&

121 EEEHEUE EHRMAK (body length,
BL). k¥ (head length, HL), I1%¢¥ (mouth crack
length, ML), ") (snout length, SL). £ (body
height, BH) . {4 5 (body width, BW) . Bl (caudal
peduncle length, CL). F#&H]Z% 51 (pectoral fin
circumference, PC). T5#&7%% JH K (dorsal fin cir-
cumference 1, DC1). ¥ & J5 % Ji K (dorsal fin
circumference 2, DC2)FlIE & [ij 2% J& 1 (anal fin
circumference, AC)11 /1] EHghr . BEHL 9 i1
B, RS 18 MHESRGEAE bR, A BICAE L.
Lis. Loz Loy Los. Lzay Lisy Las. Lag. Laq.
Ls. Ls:g\ Leg. Les Leov Ly.g\ Lrg. Lso (I8 1),
B K 2 0.1 mm,

1.2.2 BEIEE Xt 28 A HLBIFEbR BRI T IE
SHRALE ., SRR . JESERE I SRS,
i 1 H AR T 1 22 040 AR AR

1.2.3 ot i HERS okt i,
2l T R L R RIS, 2l R

TER 0 HEZR S Ry 7R

Bl 1
L WHi; 20 Sk AR S 30 MG ki 40 T EEE KT
5: WABEE AL 6: FEER SN, 7: EEEE A
8: REET I A, 9 RHEE AR T
Truss network of distant measures assessed of
Leuciscus in Xinjiang
1: Tip of snout; 2: Terminal at dorsal of head; 3: Start point
of pectoral fin; 4: Start point of dorsal fin; 5: Start point of
ventral fin; 6: Start point of terminal of dorsal fin;
7: Start point of anal fin; 8: Start point at dorsal of
caudal fin; 9: Start point at ventral of caudal fin.

W o RITZLFB M, s 3 MfED
LA H R R ARSI A

FURERG R P (%0)=HCAE L 10 5] 1EHf 19 FREU
PR <100

FUBERG R Po(%)=HCAE L 0 5] 1EHf 1 FR KU
FIAZHEREZ<100

Fig. 1
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2.1 SHERF

IESHERRAIRBR, 28 D OIS EEY A

JRIER S (P<0.05); FFYERIREE R EIR, A 26
A LA 2 B35 AT J2 7 25 55 PE(P<0.05) (3 2). dE
SEK IS R BN, 28 MBS EE 3 MRS M
B EERGE 1), Spearman FHKEHT kR
4 HL/BL., ML/BL. SL/BL. CL/BL. BH/BL,
BW/BL. L,.»/BL. L 3/BL. L,3/BL. L3s/BL .
Ls¢/BL. Ls7/BL. Leg/BL. L¢o/BL. L,g/BL Fl

Lg.o/BL16 N2 0B8R (3 3).

R2 HEIHEFTSLAIEKFELCHTHERESHRIEITHEEER

Tab.2 The mean values of standardized data of proportional parameter for three species of Leuciscus in Xinjiang

EA HS?U%”;?I EOIRHER A DURHE S A YT KR t %?W)rﬁg?t ) ﬁ‘#ﬁ?@t IES RS nonparametric test
p:;?g;:i:f L. idus L. baicalensis L. merzbacheri esto E]]g)rma 1y or::;;gﬁ(:;;l y R 2 P
HL/BL 0.251+0.032 0.220+0.028 0.289+0.066 0.000 0.000 71.725 0.000
ML/BL 0.082+0.015 0.072+0.011 0.097+0.029 0.000 0.000 77.022 0.000
SL/BL 0.060+0.006 0.059+0.008 0.078+0.018 0.000 0.000 76.532 0.000
PC/BL 0.639+0.076 0.525+0.074 0.648+0.141 0.000 0.000 62.787 0.000
BCI1/BL 0.662+0.079 0.627+0.605 0.660+0.167 0.000 0.127 43.467 0.000
BC2/BL 0.564+0.059 0.481+0.056 0.540+0.147 0.000 0.000 43.334 0.000
AC/BL 0.499+0.056 0.432+0.044 0.474+0.137 0.000 0.000 37.112 0.000
CL/BL 0.205+0.017 0.209+0.018 0.329+0.189 0.000 0.000 15.562 0.000
BH/BL 0.258+0.040 0.215+0.020 0.230+0.038 0.003 0.000 56.685 0.000
BW/BL 0.108+0.019 0.113+0.026 0.136+0.034 0.000 0.000 40.466 0.000
L, »/BL 0.154+0.021 0.146+0.013 0.190+0.015 0.000 0.000 155.038 0.000
L,5/BL 0.224+0.023 0.208+0.019 0.257+0.030 0.000 0.000 110.353 0.000
L,5/BL 0.158+0.023 0.132+0.014 0.166+0.039 0.000 0.000 72.602 0.000
L,.4/BL 0.346+0.033 0.317+0.027 0.376+0.055 0.000 0.000 67.033 0.000
L, s/BL 0.366+0.038 0.334+0.027 0.402+0.041 0.000 0.000 108.052 0.000
Lys/BL 0.240+0.027 0.266+0.289 0.280+0.020 0.000 0.054 112.836 0.000
L;.4/BL 0.321+0.039 0.293+0.026 0.346+0.046 0.000 0.000 58.915 0.000
L4s/BL 0.222+0.034 0.195+0.023 0.230+0.039 0.000 0.000 45.576 0.000
L4.¢/BL 0.105+0.022 0.103+0.013 0.120+0.018 0.004 0.011 50.234 0.000
L47/BL 0.259+0.030 0.239+0.017 0.302+0.031 0.001 0.000 130.485 0.000
Ls.¢/BL 0.244+0.037 0.216+0.021 0.261+0.053 0.000 0.000 42.131 0.000
Ls4/BL 0.192+0.021 0.184+0.020 0.226+0.030 0.000 0.000 91.813 0.000
L¢.7/BL 0.197+0.033 0.173+0.016 0.220+0.033 0.000 0.000 91.238 0.000
Le.s/BL 0.275+0.022 0.269+0.024 0.323+0.046 0.000 0.000 99.161 0.000
Le.o/BL 0.304+0.024 0.291+0.025 0.366+0.029 0.000 0.002 153.271 0.000
L;.4/BL 0.251+0.022 0.236+0.021 0.307+0.038 0.000 0.000 145.589 0.000
L,.4/BL 0.214+0.022 0.209+0.022 0.264+0.028 0.000 0.000 136.498 0.000
Lgo/BL 0.091+0.012 0.079+0.007 0.107+0.024 0.000 0.000 89.581 0.000
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KMO F1 Bartlett’s KB 545 R /R, KMO
{4 0.902, P i} 0.000 (P<0.05), #BAHIE T
i 5 1 22 0 T HR A il & o e A 53
Braf S o, w3 5 I AREE R 1, Hiot
BRI R 57.71%. 9.019% . 6.502%, B TTHk
Fh 73.23% (3 4),

fEF M4 1 ", HL/BL. ML/BL. SL/BL.
CL/BL.L,»/BL.Ly.3/BL.Ly3/BL.Ls.+/BL . Leg/BL.
Les/BL . L,s/BL #l Lgo/BL 1A faf {3 & T
0.700M" WX 12 M HHIBHS Esr 1A E

TUERVEFH, BT 3 AHER i 25 55 2R BLTE
SLERFIEEARES; 7E F RS 2 H, BH/BL (>0.700)&
FEAER, R TR KR
R4 FEIWMBTEEHES BRI
BT RHRE

Tab. 4 Principal component matrix and contribution
rates for three species of Leuciscus in Xinjiang

B2 L 550 4 principal component
proportional parameter 1 2 3
HL/BL 0.854 0.304 -0.078
ML/BL 0.751 0.249 -0.066
SL/BL 0.840 0.098 -0.202
CL/BL 0.848 0.147 -0.365
BH/BL 0.348 0.781 0.267
BW/BL 0.676 0.183 -0.325
L,,/BL 0.710 -0.327 0.401
L,5/BL 0.867 —0.141 0.047
L,5/BL 0.846 0.189 0.160
L;s/BL 0.086 —0.298 0.216
L4¢/BL 0.628 0.079 0.621
Ls4/BL 0.839 —0.201 0.029
Le.s/BL 0.721 -0.416 —0.226
L¢.o/BL 0.830 -0.316 0.043
L;.4/BL 0.907 -0.203 —0.062
Lg.o/BL 0.912 0.039 0.012
FRME{H characteristic value 9.234 1.443 1.04
BTk /% contribution rate 57.71 9.019  6.502
FATTHLH/% cumulative contribution 57.71 66.728  73.23

T RHMAIIRL B9 %05 378 TR 19 248 X% {5 K T 0.700.
Note: The number of contribution rates’ absolute value which is
over 0.700 are in italic and bold face.

ER AT HUR KA R R, mAREY i
DUIN R HE 2 40 2 ) o 8 1 FRACK, U B A £ 2

] TS 25 S 4/, PR f0 5 E R R HE D #0 T
T RIS /0N, U K 19 A 2 0 5 0f S U AfE P £
ZIRIEIEAS DA N B B 22 5o METE SR HE
B0 FEAE M T Fi=0 B9AD, T m A2 £
FUUIM/R AR {0 AL P AE Fi=0 M1, ATk
YENE SR 27 00 14 S 350 LU 55 AR P Rpfn g R, R A
B4 2).

F 42 component 2

-2 -1 0 1 2 3
F 431 component 1
HREFR o NWI/RET A o HIBRBET A « BB 4

L. baicalensis L. merzbacheri L. idus

K2 S 3 ROHER oy 15 F Ay 2 HURK
Fig. 2 Scatter diagram of first and second principle compo-
nents for PCA of three species of Leuciscus in Xinjiang
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Tab.S The average Euclidean distance for
three species of Leuciscus in Xinjiang

SF-14) Euclidean [ &S

HEPR the average Euclidean distance
population
1 2 3
| SRRt L. idus 0 0.005  0.034
2 DUI/RHER ff L. baicalensis 0 0.043
3 UEVEJRFEX 0 L. merzbacheri 0




54 1 Folb T4 #HiE 3 S a2 oS 641
mimye (00 10 15 20 2 FEAS TS5 T o, T AT B e ] 0 v

L. idus

Tm/RFES

L. baicalensis

HEVE /RS

L. merzbacheri 3

K3 S 3 FiOHES fh ) R RDIR I
Fig. 3 Clustering dendrogram of three species of
Leuciscus in Xinjiang
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Tab. 6 Linear discriminated functions of
three species of Leuciscusin Xinjiang

WERMBH et s o e/ f
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1 constant —151.312 ~133.499 ~206.196
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Tab.7 Discriminant results of three species of
Leuciscusin Xinjiang
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discrimination rate
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Multivariate analysis on the morphological among three species of
Leuciscusin Xinjiang

WANG Yening', LI Shengzhong', LIU Changlong®

1. College of Animal Science, Xinjiang Agricultural University, Urumqi 830052, China;
2. Fuhai County Haifu Special Fish Breeding Limited Liability Company, Altay 836400, China

Abstract: The 11 measurable morphological indicators and 18 framework morphological indicators of Leuciscus
idus, Leuciscus baicalensis and Leuciscus merzbacheri were studied by methods of principal component analysis,
cluster analysis and discriminant analysis, in order to reveal their morphological information and laws which can
guide the identification, resource conservation and fine variety breeding of Leuciscus. The results of principal
component analysis showed that the contribution rates of three extracted principle components were 57.71%,
9.019%, 6.502% respectively and the cumulative contribution rate of them was 73.23%. The main proportional
parameters of principle component 1 gathered in head and caudal peduncle. The parameter of head included six
proportional parameters such as HL/BL, ML/BL, SL/BL, L,,/BL, L,3/BL and L,;/BL6. And the parameter of
caudal peduncle included five proportional parameters such as CL/BL., L¢g/BL. L¢g/BL. L;,¢/BL and Lgo/BL.

Cluster analysis revealed that the genetic relationship of L. idus and L. baicalensisis was closed, and both of them
had the father genetic relationship with L. merzbacher. A stepwise discriminant method selected eleven parameters
which also gathered in head and caudal peduncle, in order to establish the characteristic discriminant function. The
data of there kinds of fish were submitted into the characteristic discriminant function to validate. It showed that it
is a little bit difficult to discriminate between L. idus and L. baicalensisis, and L. merzbacher is easy to distinguish
between them. The individual discrimination accuracy (P;, P,) of L. idus and L. baicalensis are more than 80%,
and the individual discrimination accuracy (P, P,) of L. merzbacher reached more than 95%. And the comprehen-
sive discrimination rate of no cross-validated method was 91.2% and the one of cross-validated method was 89.4%. The
comprehensive discrimination rate of no cross-validated method is high and very closed to the cross-validated
method. It meant that the characteristic discriminant function is credible. Three species of Leuciscus in Xinjiang
are divided into two branches. The morphological variation of them is mainly reflected on the part of head and
caudal peduncle. And three species of Leuciscus in Xinjiang could be discriminated by multiple regression function.
Key words: Leuciscus idus; L. baicalensis; L. merzbacheri; morphological variation; multivariate analysis
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