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Al RE 2 T ORI, I T 4 55 A ) 5 1k LL A
% A5 B, MEANE W4 R — e i
H1 T 2204 2 B R AR AE AN /N A a5 2, 4k
KN T BRI A R RS am i e L A
A IR HHFR S R RS 22 57, X 35T ] &R
() R AR AR HEAT X B0 46, DAYH BR PR AR ] S Tl AR K %
SRR IS W) B85 P25 K 43 T 448 SR T A s

SCJE HE B 34350 Bl A IR 35 Fi 28 T 0 O 4 S (1)
FeAE . EdatnifEtb A
lgM,
gL,

o, Mo TR R I 1 B ¥ S 1 L
M e A AR, Lo bl
14 HIENIE
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KMOF1BartlettAs 46 34 71 L1 448 /& 75 3& & T IR 7
SRR AR BURAE AN BT STk R, B i T
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Tab. 1 Sample information of three Brachymystax groups

S SO . HE  fAKLength fAEWeight 2 i
HHf Group KA i Location Size (cm) (2) Longitude  Latitude
RW) 5B, lenok lenok I3 Huma River 32 126°29E  51°42'N
795 By +=HE i i 21.75+£3.87  188.12+99.11
575 BV qu)i;ZeIrluajl in Wusuli 134°39'E 48° 13'N
Rk ; I T i i
BV EEEEB. tumensis 59375 BYTHN :ulfifrluajl in Wusuli 13 134°39E 48° 13'N
e B o o = L. . 34.43+2.68 550.17+131.89
95 BT J;):Eil;l:rlqmg in Wusuli 53 134°39'E 47° 52'N
TRUISHGHELB. lenok % 7 2 Heihe in Shaanxi 14755310 451300000 [07°49E 33 50N
tsinlingensis B 7645 7K §i7 Xushui River in Shaanxi B ' ' 107°27E  33°44'N
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2 F#R
21 FHEDH

FAPR 2R 5 22 40 BT 1) 45 SR 3R BH 34 T L A3 1R o
A 32T IR AE 34N 4 fisk i S ) 22 e W 3 (P<<0.01),
I C5(ARA%)/CLUERK)FICT 6( W) i 25 R #& k2 5 f R
B9)/C LA ) 43 T E 2 W 241 i ik 1 2 0 01 5 ik A%
1)\ 20 P 2 Ml fick A0 1y 4 il i 2R 0 ) 22 e AN R 3%
(P>0.05); ST ] H AR 11 355 7K - 7E 3> FEHE (] 1)
TEE R EMEZE R(P<0.01, % 3F1E 4).

BT it IR RE SR AL AR ]
Fig. 1 Truss figure of Brachymystax
L Wpsitg; 2. Sk H AR A 3. MOEERD AT, 4. T 0B AT 5. B
AHi; 6. EUED 57, 7. MEUEAD AT 8. EUEAD £1; 9. FRMEFEALAL 11,

1. Snout tip; 2. Occiput; 3. Pectoral fin origin; 4. Dorsal fin origin;
5. Posterior insertion of dorsal fin; 6. Pelvic fin origin; 7. Anal fin
origin; 8. Adipose fin origin; 9. Ventral origin of caudal fin; 10.
Dorsal origin of caudal fin; 11. End of caudal fin base

22 EESSH

BT 20 W odi & B K 56 KMO#E 38 11, Bart-
lett 1 ER T ARG 4 38 P 7K ST T (P<0.05), TEAS %
BIERERE A EE T e gh B R 3435
Eb A5 R A SR ) A7 W 2 35 72 57 (P<0.001), KMO
FERAA N 0. 954, Frik B S 35iE &1 F 740 o

F R AT R TR, /T 3N FE R R iE T
BR AR 1£92.779%, BIRGT3AS T o) BES R 34N 2K
BHE LS Z 53 1992.779% . 551 F A I TTERE Y
87.581%, HAR2IUHI DT #R 2 7 7 H2.698% Fll
2.500%. F SATKN, Fif ARG 51 F K
oy B IEAH O, % AR 1 B fer (R . AR AR 1
2 BT e HOR (B 2), FE A1 27K F B2
W 20 i i |l ) 4 gk i R 2 U 4 Bl B 2 TR AV A
BIREA B4
23 BEIMFIRIEE

R FH 328 A5 G 3 92 46F 3 200 gl ik A T £ 34371 EL 451
PR BEAT 50 43 BT, 2 ST 3L 7R H) 5] 3 A R B 1 4y B
(B 3), BRI R 2 1 BT R R 4 531 S 9.8.3 % Al
1.7%, i T RBERTAE RS EZR. B 3nEH,
S T Gk i |l ) B ik R 2 0 4 il B - ) R —
M, “HREHEX o, HES.

N34T L A5 AR H 7 32 H 14 T 5k 3 T R 1)
EE A PR, I 14200 b A3 AR S 37 3 ) 4 1 fief 2%
FER 2 B R i R
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Tab.2 Thirty-five morphological characters of the specimens

% Code J& &4 JRMeasurement character 1% Code J& &1 IR Measurement character
Cl PRA(1—11, Wi 22 R 8 25 350 A v P /K 1 20 C19 2—6 (ST A i 22 I AR A T )
2 A v (AR PR B R v, — AR U I et P I B v ) C20 3—4 (L A5 2 1 B A R )
C3 Sk (W 688 5 5 25 2 1R (¥ KT B ) C21 3—6 (MR 5 25 HE AT £ A BE )
C4 W (W) i 221 IR HEE T 425 22 T £ 7K T B ) 22 3—4 (BHEHEK)
C5 AR A% (IR HE T S 2 22 18] (R 7K T B ES) C23 4—6 (1D 1 2 ARG 5 R FE 25)
C6 AR (B AR s 22 R B 2k 2 ) 1) 7K S B ) C24 47 (G 1 TR D 5 (Y P 29)
7 RAE (s m ) C25 48 (I T 1 2 i g R A A I R )
C8 LS C26 5—6 (75 5 38 K vy 22 BE . i I FE T
C9 ik feg K Cc27 57 (T 3 A s 2 IR 2 A R B )
C10 ELERIS C28 5—8 (e A N 2 R HEE H A E )
Cl11 B EK C29 6—7 (IIEHD 5 GG A BE BT)
Cl12 1—2 (Wi 2 3k T 3 AR v P P 29 C30 6—8 (AR figite » 22 R ke A 1) BE 159)
C13 1—3 (Vi 42 i ff i 13 (1 P ) C31 8—7 (RtEiD sl 2 5L AU PR )
Cl4 1—4 (W 2275 B kS s (R PR ) C32 7—9 (BHEL 1 R A1 TR AR IR )
Cl15 1—6(W) i 22 5 8 2 A5 1 2 ) C33 8—9 (RfEE R 2 R B I U UK B )
Cl6 1—7 (W3 22 8 S R (R BE ) C34 8—10 (NEHEE mi 52 R 68 T HR S a1 BE )
C17 2—3 LT ER AR 2 i A R PRI R ) C35 9—10 (JRHE I HTEL A 2 R BB T AT AR )
C18 2—4 (S R i 2 B A PR )
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Tab. 3 The morphological differences of thirty-four proportional
characters among three Brachymystax groups

BTN commee  shwpanss OB
index B. lenok lenok  B. tumensis isinlingensis
C2/C1 0.53+0.03°  0.57+0.02° 0.45+0.07"
c3/C1 0.50£0.03°  0.56+0.02° 0.48+0.06°
C4/C1 ~0.02+0.09° 0.09+0.04° -0.14+0.12"
Cs5/Cl 0.04+0.06°  0.17+0.03" 0.04+0.08"
c6/C1 0.36£0.05°  0.48+0.02° 0.28+0.06°
C7/C1 0.20£0.04°  0.30+0.02° 0.120.09"
C8/Cl1 0.39+0.05 0.48+0.02° 0.32+0.06°
c9/Cl 0.39+0.04°  0.49+0.02° 0.3420.07°
C10/C1 0.32+0.04° 0.4340.02° 0.25+0.08"
cl1/Cl 0.34+0.06°  0.46+0.02° 0.29+0.07
C12/C1 0.44+0.03°  0.47+0.03° 0.39+0.06°
C13/Cl1 0.50+0.02° 0.55+0.01° 0.46+0.05"
Cl14/C1 0.76+0.02°  0.78+0.01° 0.7240.04’
C15/C1 0.82+0.01°  0.83+0.01° 0.79+0.03°
C16/Cl 0.92+0.01°  0.92+0.00" 0.90+0.02°
C17/C1 0.36+0.04°  0.45+0.02° 0.31£0.07
CI18/C1 0.62+0.03°  0.67+0.02° 0.53%0.06°
C19/C1 0.73£0.02° 0.77+0.01° 0.68+0.04"
C20/C1 0.6120.03" 0.66+0.01° 0.54+0.06°
C21/C1 0.66+0.02°  0.70+0.01° 0.59+0.05"°
C22/C1 0.34+0.04° 0.4240.02° 0.26+0.07"
C23/Cl1 0.5120.03 0.57+0.02° 0.45+0.06°
C24/C1 0.67+0.02°  0.71+0.01° 0.6120.04°
C25/C1 0.64+0.03" 0.9440.02° 0.57+0.05"
C26/C1 0.47+0.04°  0.52+0.02° 0.400.07
C27/C1 0.55+0.03°  0.61+0.01° 0.47+0.06°
C28/C1 0.48+0.04° 0.5240.02° 0.35+0.09"
C29/C1 0.5120.03" 0.57+0.02° 0.39+0.07°
C30/C1 0.61£0.03°  0.64+0.01° 0.53%0.06°
C31/Cl1 0.41£0.03° 0.48+0.02° 0.33+0.08"
C32/Cl 0.47+0.04° 0.54+0.02° 0.36+0.06°
C33/C1 0.49+0.03°  0.59+0.02° 0.40£0.06°
C34/C1 0.43+0.04° 0.5440.02° 0.32+0.06"
C35/Cl1 0.22+0.04°  0.35+0.02° 0.12+0.09°

T RPBUERIE N FIELRERE, TR, by UK
AT BUE 17 22 55 85 2 KT AN [R) - BER R R 3 R 22 3(P<0.05),
A [F] BRI 22 57 AN 2. 3 (P>0.05)

Note: The values in the table are expressed as Mean + SD; the
superscript letters represent significant differences in the same
row; different superscript letters indicate significant differences
(P<0.05), and same superscript letter indicates no significant
difference (P>0.05)

Y,=19.283X,-1389.609.X,-383.295X,+1278.116
X,-786.714X5+3359.066X,+438.062X,—2640.903 X+
4410.283X,+4535.968X,,-2897.131X;,~307.337.X,,+

24.148X,;+253.232X,,~3084.150

Y,=202.415X,-975.010X,—180.814X;+1233.369
X,—-599.994X+2734.644X+572.431X,—4174.366 X+
4643.042X,+8525.419X,,~5027.801.X;,—178.474X, —
204.235X,5+597.118X,,~4769.974

Y3=73.470X,~1303.408X,-291.169X;-1181.266
X,—728.343X5+3076.877X+375.179X-2750.558 X+
4746.653X,+4692.113X,,-3030.688X;,-411.677X,,—
46.691X,;+201.910X,,~3001.380

Y1 — Y353 NS W) 4 i R S B g 4 fi i
A N 2 0 24 ik ik R 1) B ) A X5 X —X 40 il
NECBI IR C5/C1. C7/C1. C9/C1. C12/C1.
C17/Cl. C19/Cl. C21/Cl. C22/Cl. C24/Cl.
C25/C1. C28/Cl. C29/C1. C32/Cl. C34/C1(ii
WA 2).

DS E b 0 ek A S SR A, BT
AT I 5325 (3R 6), B8 HIIE, 178241
fige it AN 1 R 1R A, Z5A FINHE99.4% . Fhule K #H:
FIR BT, P<0.01.

24 BRSNS

) FH IR P R 2 R O 4 AT 92 X6 34351 B A1) 2 4K 1)
FIMEAT RGR LT, HIE 40T W, 34 KR
RN ANRII L, B — S HE S W) 40 i ik R 22 U
Atk i, X P A I TR A R B B T Ak ) 4 i
fie: FUBh e — 3, HLIA) S — SRR s .

25 EFHRHEN

75 R E(CD) R 5 1 2 F— T SRR R L
A RAELE R B 1 2 ST A2 RS, — M T
R, TR R ) 4 S R R A i T
2 ) £ i e 2R ) 20 Bt ke A ) AN A7 7 S 38 ol 125,
BRI T R T 5 2 0 4 Bl ek 5 2 W 40 il Bk L 4 ) 4
SR TR ] (22 57 280, MR AR Mayrss PR i 2
RBO S A SR, ZRIE Y R A S v 4 gk ek 2 1] 1) 5
—fiffl 55 AR AL ) CDAE K T-1.28(CD=2.01); M %
Uy 20 figh fick R ) 24 Bl B A () 45 3 1 0 L A5 R AN
2T AT B IR I CDAE KT 1.28(3 7)-

2.6 RV)YmEEEE. FEM)MBEEETNFRIL N EEE KR
KEE

1(2) AL [ 72 B € B 55, BEZZ MR (1 RS
AR ZR U4 20 fik ik

2(1) ASFR BB B 5, PR TCIR H B IR LOIR

3(4) FE R AL, ERUE ESA B IR R U7

AN L BEE 23 ) A i
4(3) Mmfr, L G g AMIE R A g R 5 4k
MTELLAATEHE . e o v 240 s ek
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Tab.4 The results of one-way ANOVA and ranges of meristic characters from three Brachymystax groups

AT R Meristic characters RV EEEEB. lenok lenok  FiWIANEBREEB. tumensis — ZRVSMEREEB. lenok tsinlingensis

Number of ouirjgﬁ?zlﬁ\r%%igtﬁ first gill arch 2467 (21—28) 20.66° (18—23) 18.48° (16—22)
Numbff L}i%f% cacca 83.30° (54—114) 106.51° (77—138) 59.21° (42—72)
Numbfiﬁfﬁ% ccales 135.90° (127—146) 152.82° (141—167) 130.43" (121—149)

I T 6550 25.47" (20—30) 31.17° (27—40) 28.24" (23—32)

Number of scale below lateral line
A R/ PATHCE P ME, EARAS A BN B3 2 R (P<0.05), MR BER R 2 e AN B3 (P>0.05); NATHE 5 I H AR
AT
Note: Single value in the table is expressed as the mean values; the superscript letter represent significant difference in the same row;
different letters indicate significant differences (P<0.05), and same letter indicate no significance (P>0.05); two values in the parentheses
indicate the range of variation

R5 MBS BIMPIRER S STHE T EHE

2 - o
Tab. 5 Factor loadings of principal components extracted from ° 00
thirty-four proportional characters for the three Brachymystax o o o & “gx O R 24 i ek
' 98 & o O
groups o o L <G
— — " — — @
MR ERT ERS2 PR B B 0F og OPoh H.

Characters PCl1 PC2  Characters PCl1 PC2
C2/C1 0.960 —-0.096 CI19/C1 0.970  -0.098

C3/C1 0911 0.256  C20/C1 0919 -0.124

IE}M} 2PC2
|
S

C4/Cl 0919  0.117 C21/C1 0930 -0.165 2r Bog”

Cs5/C1 0836 0396 C22/C1 0963  0.067 Sl DUD o

C6/C1 0920  0.194 C23/C1 0964  —0.024 og

C7/C1 0979 0039 C24/C1 0977 —0.112 4l

C8/C1 0946 0126 C25/C1 0879 0221 S S 1 o 1 o
C9/C1 0963 0182 C26/C1 0956  —0.080 s 1PC 1

Cl0/C1 0974  0.097 C27/C1 0979  —0.128

CII/C1 0943 0233 C28/C1 0887 -0.226 B2 ERAL 280
C12/C1  0.880 -0.019 C29/C1 0931 —0.180 Fig. 2 Scatter plots between PC1 and PC2

C13/C1 0.938 0.108  C30/C1 0.943  -0.227
Cl14/Cl1 0934 -0.115 C31/C1 0.979  -0.034

CIS/CI 0924 -0.117 C32/C1 0915  —0.061 81
Cl6/C1 0851 -0413  C33/C1 0933  0.041 sL © O Zly il
& pYi

CI7/C1 0959 0085 C34/C1 0907  0.075 s X BL i b
CIS/C1 0968 -0.086 C35C1 0958  0.086 4+

SLS g 2 r %
3 -LTJ--I:Q N xxks(
31 =/ ABERERESER ' R

1R TY AL 2 HOOHRR 8 Al S A B SR B B 2r %
LRI B AR A . AR T A R AR 2 8% 5 SR B 4|
FOOUT R, AR 2 % A 4y 2K () B AR 4R , , , , , ,
ERRE S ITET, 2081t i 72 b =20 -10 0 10 20 30
FAART 2 840 W T-BES ™, S e T o e KA ) T B% 1 DF 1
AFHE ER SRR, ARIT T i SR 8] 5% B3 SR R K. 28

GRREEHER éjﬁ, HET R SRR . Bt Fig. 3 Scatter plots between DF1 and DF2
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Tab. 6 Discrimination among three groups of Brachymystax

TR 432 Prediction classification ZREHIHIZR

N Synthetic
T Hltem FHf Group RWPAIGEEE  GUVIANGESE  ZURATBEEEB. lenok  gicerimination
B. lenok lenok B. tumensis tsinlingensis accuracy (%)
B 5 45 R Results of ) 2 i ik
stepwise discrimination B. lenok lenok 40 (100%) 0 0
Bl 2k et
B. tumensis 0 71 (100%) 0 100
ZRI A1 bk
B. lenok tsinlingensis 0 0 67 (100%)
A H 3 iiFResults of G 21 fi ik
cross validation B. lenok lenok 39 (97.5%) 0 1
Sl ) 4 B
[i;E ?gﬂ%i 0 71 (100%) 0 99.4
. tumensis
U4 11 i f
i 0 0 67 (100%)

B. lenok tsinlingensis

T 55 AT TR PG BIREARL, 455 WP AR TR A i

Note: Number out of parentheses represents the number of discriminated samples, and value inside parentheses means discriminated
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Fig. 4 Dendrogram showing the relationship of three Brachy-
mystax groups
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Tab. 7 The coefficient of difference of the proportional and meristic characters among different Brachymystax groups

IR Character EZRFHICD1 ERARH2CD2 42K Character EZRAFZH1CD1 ERFAH2CD2
Lel iR Proportional characters
C2/C1 0.76 1.33 C19/C1 0.88 1.74
C3/C1 0.28 1.15 C20/C1 0.78 1.51
C4/C1 0.58 1.43 c21/C1 1.06 1.86
C5/C1 0.01 1.20 C22/C1 0.70 1.79
Co6/C1 0.70 2.59 C23/C1 0.63 1.38
C7/C1 0.63 1.67 C24/C1 0.89 1.85
C8/Cl1 0.60 2.01 C25/C1 0.88 5.30
C9/C1 0.43 1.73 C26/C1 0.72 1.34
C10/C1 0.58 1.73 C27/C1 0.93 1.82
Cl11/C1 0.33 1.83 C28/Cl1 0.95 1.46
C12/C1 0.66 0.96 C29/C1 1.19 2.16
C13/C1 0.53 1.35 C30/C1 0.98 1.57
Cl14/C1 0.75 1.29 C31/C1 0.70 1.51
C15/C1 0.80 1.37 C32/C1 1.24 2.50
Cle6/C1 0.98 1.42 C33/C1 0.98 2.40
Cl17/C1 0.51 1.56 C34/C1 1.01 2.59
C18/C1 0.91 1.77 C35/C1 0.82 2.10
A #H AR Meristic characters

B — i o FME R .

itefguinjriizrrst Er%%lllufr'ﬁzf ;ﬁlf 2.01 0.91 i %ﬁfﬂ‘;ﬁé’:r of 0.48 1.69

2% - 8% Number of scale 0.62 0.99

above lateral line

T R CDARE I W) A ik 0 22 0 0 Sl ek S 1] 1) 22 57 R M CD2ARZ ) ik AN Z2 0 A Sl ek S E IR 10 22 57 SR M. A B

#*7/~NCD>1.28

Note: CD 1 represents the coefficient of difference between the groups B. lenok lenok and B. lenok tsinlingensis; CD 2 represents the
coefficient of difference between the groups B. tumensis and B. lenok tsinlingensis. Numbers in bold denote CD>1.28
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THE VALIDITY OF SUBSPECIES OF BRACHYMYSTAX LENOK
TSINLINGENSIS L1 BASED ON MORPHOLOGICAL
DIFFERENCE ANALYSIS

MENG Yan-Xiao', WANG Gui-Hua', XIONG Dong-Mei', LIU Hai-Xia', ZHANG Jian-Lu’, WANG Ji-Long’,
WANG Li-Xin' and LIU Xiao-Lin'

(1. Department of Fisheries Science, College of Animal Science and Technology, Northwest A&F University, Yangling 712100,
China; 2. Shaanxi Key Laboratory for Animal Conservation, Shaanxi Institute of Zoology, Xi’an 710032, China; 3. Heilongjiang
River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Harbin 150070, China)

Abstract: The taxonomic status of Brachymystax lenok tsinlingensis Li, distributing in Qinling area of China, is contro-
versial since it was found. In this study, the morphological differences among three Brachymystax groups (B. lenok len-
ok (Pallas, 1773) and B. tumensis (Mori, 1930) from Amur river basin and B. lenok tsinlingensis (Li, 1966) from the
Qinling area) were investigated, including five meristic characters and thirty-four standardized morphometric charac-
ters through multivariate morphometrics methods. Results of one-way ANOVA showed that five meristic characters
and thirty-two standardized morphometric characters were significantly different (P<0.01) among three groups. Princip-
al component analysis indicated that the cumulative contribution of the top three principal components was 92.779%.
Effective linear discriminant formulas were obtained from fourteen standardized morphometric characters, with the dis-
criminating accuracy of 99.4% in the three groups. The tree diagram of these groups based on the squared Euclidean
distance showed that B. lenok tsinlingensis had a close distance with B. lenok lenok, but it is distant from B. tumensis.
The coefficient of difference (CD) for the outer gill raker number in the first gill arch between B. lenok tsinlingensis and
B. lenok lenok is larger than the threshold value of 1.28, and the CD for the thirty-one standardized morphometric char-
acters and two meristic characters in B. lenok tsinlingensis and B. tumensis was also greater than 1.28. According to the
results listing above, and the geographical isolation of B. lenok tsinlingensis together with its morphological differ-
ences from B. lenok lenok and B. tumensis, it is deduced that the morphological difference between B. lenok tsinlingen-
sis in Qinling and B. lenok lenok in Amur river basin has at least reached subspecies level.
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