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WAL NS, mE, A, ko’

L PEACRMBH KA SR 2 B B2t &, BT # 712100;
2. PHIHE G DXCARMORE 2 Be K P B BE LB, P B 8500005
3. VUK IR XA Z T AL AR JR 78 B R, PR MR 860000

BE: NIRFAF IR S 240 4. (Schizothorax curvilabiatus) TS5, AW GG A= FIEZL M
2 FPBRIR R, XR A SRR VLT AR VLB . IR A AR R 3 S ER R AR 2E ) 62 NMEAS S
BT 2 ARG . BAEGIVEF TR 3 SRR 22 5 F 2RISR . IRGLK . e, BIKAE.
HEETE RIS LB BB A, T I a5 R SRR AR S AR E R s | bR B, RS B iE
R DA K AR AR o TR SRS 25 2R o, BRI ER SIARE AR AE F Ao | 22 REK, FEARIAE MR 6 |
Wl R R AR . (B FEZRIE A S IR 14 DN 6 A EBESEE ST AN A, TR A BRI E N 94.70%
86.40%, 1 ASHHE VR ZRAG I B B0 o B, AR RHIAEC A Bl Sy, i iA RE S A A A B E S, 2 SRR
FMRESP EBONBBRAR R 1 3, WMESEMBARR | . DU E R REBRRA S0k . SRAE

ISRk, TR S SRR IR 2 [ 22 5 /D, (AR IR B MR-

XKEEIE: ISR, IR, TSk SRR
FE S %S 5931 XERERAAD: A

IR & 24 6 ff1 (Schizothorax curvilabiatus),
J& F#E)E H (Cyprinifomes), #fF}(Cyprinidae), %%
i £ V. B} (Schizothoracinae), 2 i i1 J& (Schizo-
thorax). 54 MBI TG, IS, |7z
3 A0 TS A YL (AT (] BROE VL) 0% 1 I 5 5
VLB . ST MARE J AT FOEERERTRT, J3 A 1 4530 il oy
500~2300 m, B YHBRA Zeur 2, R
VLR PLA e . 2 AR IR AR BRI 52 MR, 7Y
it AR I 8, IR A SR A,
P ) DY, O IR S f e TE 12 14
IPER, HEtE 6 11, SAER, 3284 RN
A B BT . KRR R B T BN S b A
INUL KA R b 451 22 TR R s i), i 224 £ B
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Vi) R AN LTG0 2 AN Sl = 15 2%
BT BT S o D 2 ou R, iR £
I 2850808 10 20 B O 32 8 Lok R R T B
H R SR 1 22 5 S B AR TR B R-E . A
Tff 5 2 UG S PR 58 | AEAR AL A RIAR 30 45 1T i S
FER IR (Liza carinata) /N RIFRIE S B AE
BEFFERE, RS % BRI Y
b 25 1 RS2 2 U T8 ) (Eleutheronema rhadinum)
5 MR 2 B r) EZ R, B RIR BRI
R, HESEE SIS 2IEMXC, LAk,
PR e TR 2L 8 1 ER 40 2 RS A TR AR K
RS v (U VY 2 A RN BIE 2 1), BCHR S A
T2k K R AR AR O K00 6 b T o 5 ] 3 S50 e
TR, T A I T R K R 1 A T AR (Gym-
nocypris potanini) 5 H . i 1] Fi 1% R 6 (G
potanini firmispinatus) o] FRAE 81751 K X 31
DL BRI Y A IR R SR X A AR SRR A

AT

DAL AT TS R BRI . AR AIEE R 3 4
TR AR 1) 5 38 v 28 g A% T T CRUHE R 0 3R), B H T
VLR Y A [ SIS 240 fa b BRAER RO IE 252 1 &
Ao, LIRS R A 2 7 1k B A K S TR
ABETE o AWFFEE L G o MIRESIE 25240y
UIRIRARIEEAY R N = R WL V=AY
R BRE IR ORI SRS TR

1 HR5HE

1.1 HRXRE

AWFFET 2024 4 1—5 F i FH ] Rz 76 7E
FEVLT SR RIS 2E arE A 140 B, 735
RIS B 42 BB, U IARERL A 52 8, S
FLIET 46 B2, TS E0 & WA A AR AU o] [8
LR, W SERLE, BT A AEASR T 10%48 2K S Ak
RAE o RS TEANE B IR 1,

Rl MEREEEARERER

Tab.1 Sample information of Schizothorax curvilabiatus
REfA KA 25 KFR AR SRAE T[] ey
population sampling site river drainage sample size sampling time longitude and latitude

2 BLRE AR BB S 5 JR AT VL 42 2024.01-2024.05 95°05'27"E
MT population ~ Beibeng town, Motuo county Yarlung Zangbo River 29°12'16"N
UEERERE BHLS TS W Bt 5B A VT 52 2024.01-2024.05 95°04'90"E
PL population  Yigong town, Bomi county Palong River 30°06'60"N
ZERAE IR G B AT IR R £z TN 46 2024.01-2024.05 97°02'49"E
28°2720"N

CY population ~ Zhuwagen town, Chayu county

Chayu River

1.2 HIENE

Xof SRAE )T SEAE A AT I A 2F A bR e, T
SEFERRNTR . MK (X)), K (X2) . HR)E kK
(X3). MK(X4). LB (X5). KIEXS6). BERXT).
IR AT (X8) . S fLMEIEE(X9)., MK (X10), M
FE(X11) . FEEX12). FREXI3). AR ((X14).
IR (X15). BWEK(X16)., BWHEX17). EAHE
(X18). HWIHE(X19). TFRERE(X20)., g M f K
(X21), HEEILK(X22), Mg (X23). Mol
(X24). MEEEK (X25). MEEE R (X26) . BHEK
(X27). BHEHK (X28), EIEK(X29)., RBIEHEK
(X30). Migfig e i 2 1 ke SR (X31) . I EE R a
FIEHEI S (X32) Sk K AR K, it 34 A~
5, BRI R RS 2 0.01 mm.,

MEREC A 12 A i) 2 [R) IR A B a5 2 BEX
2B KL (YD, K (Y2). K (Y3), K
(Y4). Kr3(YS). Ka3(Y6). Ko7 (YT7). Ko (Y8)
Kr9(Y9). Ky10(Y10). Koqp (Y1), Kz12(Y12),
Kss (Y13). Kys (Y14). Kz (Y15). Ksy (Y16).
Ks3(Y17), K39(Y18). K3.10(Y19). K311 (Y20),
Kus (Y21). Kag (Y22). Kun (Y23). Ksg (Y24).
Ko7 (Y25). K75(Y26). Kso(Y27). Ko.10(Y28),
K011 (Y29) 5 K0.12 (Y30)3E 30 4~ K04 A A HE 22
4K 1), K JH Photoshop 45 HE B85 3 (O
%) 0.01 mm).

1.3 HiESH

R B A AR KNI ST AR S, B Sk

PERSEBR UL, HRSER DUAK T DitrifE



192 Hh [ K R A

%324

K1 IR 24 0 HE 2R 45 1 s 7

Lo Wpii; 2: OB SEHIE A 30 TR OE AR ACHG; 4: RBIE Tk
S 5 MR s 6: R BE IR A i 7: B BE A v, 8: R BEE AT
9: JE HE AR ui; 10: MEEER A 11 Fosgke s 12: DT
Fig. 1 Truss network for distance measurement of
Schizothorax curvilabiatus
1: tip of snout; 2: origin of dorsal fin base;

3: terminus of dorsal fin base; 4: dorsal origin of caudal fin;
5: end of lateral line; 6: ventral origin of caudal fin;

7: end of anal fin; 8: origin of anal fin; 9: end of pelvic fin;
10: origin of pelvic fin; 11: origin of pectoral fin;

12: lower edge of mouth.

AL BR2T ) fdi ) SPSS 22.0 #AEXT 3 ANREARRY
JEA BRI T IR R Ty 22500 . X828
AT TR, SR G O 25, R
H P L X 4 B (LSD ), R Z, K H
Tamhane’s T2 L2 LT 3 ASFER [E] S Ff
X g3 J7 4% BOE & 22 5 &R % (coefficient of

difference, CD)J/& KT 1.28 #478014328, % H
SPSS 22.0 kXT3 MHEAR 62 S8 AT
BT 3 BT (PCA), 5 BUAS 3 % 40 1 28K Ao 8 FD o3
kR P FEARE SRR R A K A 1 A
2 13 4 28 B SR U SR . 3 AN RER DR
& 22 5ok 1B H 51 (DFA), M2 50
SR EA R BRI R, FE IR ARG RE F)
FH SPSS 22.0 X 2848 h5 - YEIETT R 5011,
ATk AL e, A I X R R O
BIMLY,

2 EREHSW

AR IR AR R 260 4, HPEA
Bl 140 20, HEZRBE 120 41, SRS % BECE
MR, SAHEREEE 131 4, HEAVEHE 110 41
(£ 2). HEHRILEFRRKNHE: BBAFAK(160.20~
286.40 mm) ., WAREREIR(165.60~482.10 mm) ., £/
TR (142.62~459.00 mm); HEHLIE 25 2= (R K ]
MF: BPEA(171.60~303.80 mm). MfIpEREA&
(202.70~458.88 mm) . ZEFEHFIA(141.75~459.00 mm).

x2 MERESINEEERER

Tab.2 Sample information of three populations of Schizothorax curvilabiatus

JE A %4 morphometric data

HE LK% box-truss data

e i
cafggry FEA i /ind PR B (B {E)/mm FZ & /ind K3 L (Y 8 )/mm
sample size body length range (mean) sample size body length range (mean)
BB EA MT population 36 160.20-286.40 (232.81) 32 171.60-303.80 (242.69)
TARE#ER PL population 51 165.60-482.10 (362.43) 35 202.70-458.88 (351.07)
AR CY population 44 142.62-459.00 (316.77) 43 141.75-459.00 (319.25)
A1 total 131 110

21 BEEFESW

BENSEP AR T EFERNR X4, XT,
X14. X19. X22. X26. X28~X30. X32 it 10
AR R Tamhane’s T2 347 2 8 HL AT,
HAASHR ) LSD 37407 .

HUH 22 T RIS 2408 6 3 M ERIY
R ESEPA 25 H 2R I E (P<0.05), 74 2%
FAREP>0.05), H, X1, X2, X3, X17,
X21., X28 76 3 M RfR T 22 R W2, J3 0l (A )
i BRESkK . RBARIE . T S DL K
KBNS AR 2 ANBHARIA 6 NSEUFER

Z5, R X7, X15, X23, X25, X27., X29, i
H 5 MSHXS. X10, X13, X14, X22)7EMAkE
5540 2 AR 255 W, RS HA 2 M
a2 SR X6, X9, X19, X20. X24 B3,
HesHmetE 2 MHERNEEREHER
(P<0.05)(F 3). IMAb, 32 MEBSBAES N RHA
6] 25 53 R EU(CD)Y/NT 1.28 (F 3), RIS
f fa 3 BRI 45 22 5 R 3k B A oAb K

30 MEZSHCP Y4, Y5, Y9, Y10, Y13,
Y16~Y18, Y21~Y30 3t 18 S8 kil d 255
PERG S, X Ee S0k ] Tamhane’s T2 72 &
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x3 MEREERSSHERRAESINERRY
Tab.3 The coefficient of difference (CD) of morphometric
parameters of Schizothorax curvilabiatus by
one-way analysis of variance

BRIBUREM  BRILREM  WABEREMAY

BESE wipemtk  EREBE SRR
morpho- MT MT PL F P
metric  population/ population/ population/
parameter PL CY CY

population population population
X1 0.8616° 1.2653*  0.3913°  70.102  0.000
X2 0.5523° 1.1397°  0.5055°  43.992  0.000
X3 0.741° 0.6166°  0.2321° 17.241  0.000
X4 0.0257°  0.2311*  0.1987* 2,689  0.072
X5 0.3471*°  0.0166°  0.3085" 5387  0.006
X6 0.0558°  0.3694°  0.3401° 8.132  0.000
X7 0.8777° 1.2198°  0.1696°  57.514  0.000
X8 0.2677°  0.0748°  0.2551° 3.539  0.032
X9 0.1227°  0.5671°  0.4953*  18.110  0.000
X10 0.3317°  0.2726°  0.5126°  13.424  0.000
X11 0.1752*  0.1492°  0.0817* 1.058  0.350
X12 0.1351*°  0.0868*  0.1932* 1.942  0.148
X13 0.3685* 0.1359" 0.1579" 3.959  0.021
X14 0.7369* 0.2543° 0.4057°  19.328  0.000
X15 0.2765*  0.2205°  0.0150* 2427 0.092
X16 0.2830°  0.0060°  0.1873" 2.568  0.081
X17 0.2337°  0.4817°  0.3101°  10.363  0.000
X18 0.0704*  0.1551°  0.2268" 2364  0.098
X19 0.0151°  0.5112*°  0.5264*  16.268  0.000
X20 0.0796°  0.6259°  0.5352°  21.086  0.000
X21 1.1494° 1.2468°  0.0864°  63.905  0.000
X22 0.3294*  0.0449°  0.3859* 7.784  0.001
X23 0.4801°  0.4623*  0.0559° 9.600  0.000
X24 0.2977° 0.5158° 0.3606"  11.289  0.000
X25 0.5384*  0.5037°  0.1622°  11.421  0.000
X26 0.2880° 0.1015° 0.1645° 3236 0.043
X27 0.4575°  0.4426°  0.1686" 7.847  0.001
X28 0.2745°  0.8033*  0.4428°  21.672  0.000
X29 0.7747*  0.7775*  0.0605°  25.651  0.000
X30 0.3233*  0.0530°  0.1231° 0.692  0.502
X31 0.0838*  0.0299°  0.0546* 0.310  0.734
X32 0.1769°  0.0580°  0.1485" 1.746  0.179

e AAThR A AR B R B 3514 22 57 (P<0.05).
Note: Different letters in the same row indicate significant
differences (P<0.05).

LbE5r i, BIARSECRH LSD #1740 #r .

AT R BRE MR 10 3 A BERHE 2L S 505
Y21, Y26, Y27. Y29 4b, HAx 26 HESH £ R
% (P<0.05), Hrh, Y4, Y9, Y10, Y257E3 4
BriAh 25 03, FERMAKYER. KeS
FEARERAL; Y1, Y2, Y5, Y11, Y12, Y18~Y20,
Y28 3t 9 NSEE BN HA 2 MR E R
B, TR AR o R T IK T A R 6
F£HRYE AL B, C X 3 MEHIFIEL; 8 38
(Y6~Y8 .Y 13~Y17)FELE I 5 H AR 2 A BEAR ] H A
WEER, FERAKRNERTHS; Y3 5 Y30
EMRE S A 2 DA REER, M Y22~
Y24 ZHONAAE S5 50 5 A R REAR ) A AE 10 35 25 5
RIN BRI FEAE 2T o 3 AR I 2 (B HE
BB 25 5 RAU(CD)BI/NT 1.28 (& 4), £ 3
MHERRIHER BT SRR LS, (HRAF]
W Ff K,

3ATEMIE S MM E S S R IE 5, £58
BRI K BRI R B A AR AL s,
h 46.88%, S S WAREREAC 43.75%, HEM5%E
FREEIA R 40.63%; HEAIE STl RN, mhkE
FEEBRHEARARRURE B 55, A 53.33%, ==JBd A RE
TN 40.00%, =850 FIER BRTEACH 30.00%

22 FHHSW

ARAFFE B ZE 4 3 DREAR 2 RO R
Y53 1 Kaiser-Meyer-Olkin (KMO)# Bartlett ¥ %,
Hrp KMO FE s A{HEMT A 5 AR 1), Bartlett 3KE
FEME 2.3 (P<0.01), WJ#EFT RS 6). Ff
JERT 32 TUBASZHOR 30 THHE L2 280 AT AR SC
30T, TREARCRECK T 0.8 FSEL, THBRS N
Z HA X AT 25 R 2, TR S S HOR L X1
X2 HIEREBKT 0.8, ¥ X1 3554500
EZESHCR, 4 Y1, Y2, Y6-Y20 3Lit 17 45
BAHLREKRT 0.8, R Y1, Y6. Y8, Y10,
Y12, Y14, Y16, Y18, Y20 & 55450 M.

XTI S8 4T LA 4 B, TR RRAE(E K
F U ERSY, 539 F sy, BRTTHREN
71.04%; FEEFFEERTF 2 MERS, 58] 4 4
Ty, BETTERER N 48.36%, H F s 1 51
k% 19.26%, FHSr 2 TTERE K 13.90%, FAL
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Tab. 4 The coefficient of difference (CD) of box-truss
parameters of Schizothorax curvilabiatus
by one-way analysis of variance

SR SRR MAREREE/

sy WRERHE  ZOBEE  SCBBEA
box-truss MT MT PL F p
parameter population/ population/ population/
PL (00 CY
population population population
Y1 0.5955% 0.8459° 0.0969° 15.454  0.000
Y2 0.6440" 0.7762° 0.1866° 15323  0.000
Y3 0.6348" 0.0504° 0.3649" 7.704  0.001
Y4 0.5548° 0.3123° 0.0950¢ 6.62 0.002
Y5 0.6318° 0.6019° 0.1651°  17.528  0.000
Y6 0.2115° 0.6901° 0.6181*  18.083  0.000
Y7 0.2057° 0.4079* 0.5576*  11.701  0.000
Y8 0.1826° 0.4102° 0.5259*  10.367 0.000
Y9 0.7395% 0.2675°¢ 0.3816° 14.567  0.000
Y10 1.0326" 0.6745° 0.5126°  42.384  0.000
Y11 0.6925% 0.7730° 0.0173*  18.133  0.000
Y12 0.6724° 0.6947° 0.1364°  17.188  0.000
Y13 0.0924° 0.7717° 0.5467°  20.127  0.000
Y14 0.0947¢ 0.8223° 0.4888°  17.604  0.000
Y15 0.1495°¢ 0.7778* 0.4654°  18.138  0.000
Y16 0.1748° 0.5685" 0.3436° 10.877  0.000
Y17 0.0276° 0.2895° 0.3190° 4.821 0.010
Y18 0.6837* 0.6369° 0.0715*  17.670  0.000
Y19 0.9024* 0.8533° 0.1458°  31.040  0.000
Y20 0.5552° 0.6751° 0.0230°  11.946  0.000
Y21 0.2283" 0.2076° 0.0226° 1.961 0.146
Y22 0.3469° 0.2481° 0.0499° 3.231 0.043
Y23 0.4623° 0.2623* 0.0973° 3.859 0.024
Y24 0.3290° 0.0043° 0.1365° 0.860 0.426
Y25 0.3196° 0.2281°¢ 0.4543° 9.112  0.000
Y26 0.1118°  0.1988°  0.2682°  3.099 0.049
Y27 0.0954* 0.0140° 0.0652* 0.252  0.778
Y28 0.6494° 0.3628° 0.1927°  10.861  0.000
Y29 0.1694° 0.0740° 0.1780° 1.414  0.248
Y30 0.4259° 0.0322° 0.3034° 5.514  0.005

VE: AT R AN R R B B 25 5 (P<0.05).
Note: Different letters indicate significant differences (P<0.05).

43 3 TR N 8.51%, FT 4 TTHREN 6.68%.
HI 4 A~ ERrh, B EE R Wik .
RG-Sk Wik, 2 Bels 2408 fa Sk 5 e
BEFFRE, M X1, X3, X4, X7, X9, X21, X28
REST 1 EETTISEL, FE L
T BE R LA S SE AL, F s 2 5 X14, X115,
X16. X17. X18 Fl1 X30 &= JEHE, sk KIES
SHCHRWIE, KR RTERMEM K., T3

x5 INEZHES 3 NEEESHEUE
Tab.S Morphological similarity of three

populations of Schizothorax curvilabiatus %
RERIE S AR BE SRR PRRERER ZEMEARA
population morphological MT PL CY
similarity population population population
A BAEIAR MT population 40.00 30.00
TAREREIA PL population 43.75 53.33
ZEBHAEK CY population 40.63 46.88

TE: XL T MRS ERE, 4 LA e
Note: The lower left corner of the diagonal is the morphology data,
the upper right corner is box-truss data.

&6 IEREEFSERSHA KMO 0 Bartlett 1036
Tab. 6 The KMO and Bartlett test of morphology and
box-truss parameters of Schizothorax curvilabiatus

morphometric box-truss
category
parameter parameter
Kaiser-Meyer-Olkin J¥ & 0.706 0.766
Kaiser-Meyer-Olkin
measurement
Bartlett 3K B 4G i it 5 14 0.000 0.000
Bartlett sphericity detection
significance

IYHUS R, FRr 1R 2 AR AR - 3 AN EE
TR — e P S (K 2a),

Xof HEQBCHE AT LA o B, O R RRAE (LR
F o1 W ERS, 75 A EMRS RETTECR N
74.23%, Hop RS 1 sTEkE R 29.22%, ERT
2 K 17.90%, i 2 NEMSRIATES 3 AEE
47.12%H MA 5 22 THESR S5 Y1, Y5,
Y6. Y10, Y11, Y21, Y22, Y23, Y30 Xf
g3 1 STRRARXT K, X p fa RS BT 6 .
KBRS FAr 2 FE N Y3, Y4, YI3,
Y16, Y27, Y28 HEA S 42 S W %, Jeik T ik
AR Mg | RN LA SR 8 B TR 25 5
BT HESLEHE A 2 IS 25 R 5 A 0 B 45
WML, T 1 A2 fsdnih b 3 AR AR
— i FE B S (& 2b),
2.3 BRESHBISH

SHEASSBOATHAE Wilks L K5, 255
PR, FEEAET 2 ASHIH R BT LS 3 AR
TEAS 225, AN pR % 1 ] 3 R 2 28 Wilks® A
K 56 5 2 ST (P<0.01), B GHH#E L ERT).

ETTHRFE ST AT RS 50 &

i),
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e BB MT population
a o ARERA PL population
e ZME#{K CY population

BIFHEK5% B SR 95% confidence ellipse for MT population
WHRERHA&95% B {5 R 95% confidence ellipse for PL population

— ZMEREA95%E (5 95% confidence ellipse for CY population
—» [HF#fiH loadings data

—0.4 —0.2 0 0.2 0.4

4

<
N

0.2

E 432 (13.90%)
principle component 2 (13.90%)

E 41 (19.26%)
principle component 1 (19.26%)

2

FE RS2 (15.90%)

o BB MT population
b . ifEEEHA PL population

o ZEBA CY population
B 95% B {5 HFI95% confidence ellipse for MT population
TR 95% B {ZHE1F195% confidence ellipse for PL population
— WAKEREA 95% B 5B 95% confidence ellipse for CY population
—» A T#f7{E loadings data

-04 -03 -02 01 0 01 02 03

8_
S 6f
52
T 4r
N 2 )
= r >/ 4
2 | 7.
S 0 \ ‘
: «
g ot )
2
.§—4-
£ Ll

_8_

-15 -10 -5 0 5 10

FHr1 (36.61%)
principle component 1 (36.61%)

IR 2L 1 3 AR S A

a. JEESHG b HERSHL
Fig. 2 PCA of three populations of Schizothorax curvilabiatus
a. Morphometric parameters; b. Box-truss parameters.

x7

IS RS & LSS HH A R EFHEEFR Wilks’ L I8 R

Tab. 7 The results of discriminant functions eigenvalues and Wilks’ A tests of morphometric
parameters of Schizothorax curvilabiatus

HFAF{E eigenvalue Wilks’ A
B 2 BHE R% RBU% 5 (5) wisn Y o P
function eigenvalue variance cumulative test of function Chi-square ’
FI 5 R %L 1 DF1 5.025 80.5 80.5 F 5| % %X 1-2 DF1-DF2 0.075 314.765 28 0.000
F 5 R 2 DF2 1.214 19.5 100 F 51 e % 2 DF2 0.452 96.564 13 0.000

X1, X7 Fi1 X21 X J 5 pE %L 1 (DF ) EA = 51
HROR, RERIC AR . IR A g i
IR 7R 9 %k 2 (DF2)H X10., X14 F1 X20
TR, RO AR ) BRI R AR (R 8);
J 551 pR B 15 00 50 pRE 2 AT AR RE 100% IR AS 22 53,
WL IR B 1 Sy x il F R R 2 Oy
B TR, 2 SR 3 B IR I R 5 S PRk 1) A5 A4 31 o
B Ah, SR BURE AR S T A AT (B 3).
FIF 14 A DTRREE R NI A5 A s e 7 1) ) Jr
Xt 3 AEHARRIES 22 R TR, AT
Fi T populationy=11.2434,+91.3354,+
120.72345+94.8694,+643.70545+3.0804 —
25.6254,+723.84245+586.091 A4+

143.0314,p+881.6774,,+353.4034,,+
2163.578415+230.4614,4—567.229

FI(PL population)= —37.9034;+139.531A4,+
75.839A45+110.00144+517.70345—
11.359A4¢+8.12247+685.48145+432.03044+
216.861A419+871.7491A4,,+261.347A4,+
2198.242A4,5+278.078414—517.753

Fiey poputation= —68.1984,+143.3934,+
34.80445+133.95744+536.74845+6.4404 4+
10.46047+799.545A45+303.52044+
372.4264,,+940.1344,,+228.9764,+
2443.268A4,3+237.5934,4—568.377

K, Ai~dg P HMREAE R X1, X3, X4, X5,
X7. X10. X11., X14, X15, X17. X20. X21,
X28. X32, WA AR, BaPELLE 14 42
Beoy wls A AR, FAE RO E BN HE A

TEASBHRAI IR HIEFT RN 94.70%, SR
A0 By R e i, TGRS, WA BB R B %y
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Tab.8 The contribution rate to discriminant
functions of morphometric parameters of
Schizothorax curvilabiatus

BESH FI 5 REL 1 F 53 R AL 2
morphometric parameter DF1 DF2
X1 0.467" 0.023
X3 -0.230" 0.061
X4 -0.067 0.126"
X5 0.024 0.259"
X6 -0.109 0.295"
X7 0.419" 0.114
X8 0.011 0.232"
X9P -0.052 0.248"
X10 -0.026 0.412"
X11 -0.037 -0.090"
X12° -0.105 0.220"
X13° -0.137" 0.060
X14 0.146 0.401"
X15 0.082" 0.060
X16° -0.120 0.241"
X17 -0.159 0.171"
X18° 0.025 0.269"
X19° 0.108 -0.213"
X20 —0.187 0.357
X21 0.437 0.181
X22° 0.009 0.040"
X23° 0.280" 0.083
X24° -0.108" 0.061
X25° 0.167 0.221"
X26° 0.005 0.082"
X27° 0.119 0.155
X28 -0.234" 0.228
X29° 0.314 0.162
X30° -0.079 0.193"
X31° 0.140" 0.053
X32 -0.032 -0.135"

T * RN A S ECT H 9 2 8 B 4 XA OCHE; b RN IESER
Z5F05) 734

Note: * represents the absolute correlation of each parameter to the
discriminant functions; b indicates that the parameter does not
participate in discriminant.
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Fig. 3 Discriminant analysis results of three populations of
Schizothorax curvilabiatus (morphometric parameters)

22 THHE ZR R PR RFAF(E A Wilk' ) 23 BT 25 SR R B,
PR 2 0551 R ICRT AR 3 A HEAAR IR HE SR 22
S AN, FEERY 2 A5 R U 3 T (P<0.05),
PR G LR 10).

Xof HE SR 2 B AT RN S BT, 25 3 WA ) o
1 P STERE R YS. Y10 R Y18 B4k, &
BN RTS B8 SR TEAL, FN R AL 2 DTk
B Y8, Y25, Y27 SHL, RWRT R
TR RS (R 11) o LIS R 1 MR 5 pR %R 2 22
OS], 25 R RN, IR A 3 A (A i 2
PR AIHE SR S3 B 25 AR Sy, P ip R A 4 5 ¢
FE A IR AR X 4530 (B 4) o

FI 6 > DT HRAR A HE R A s 7 0 1 ) 78
XF 3 AHEARAHES 22 it AT, HIBIARX T

FZ(MT population):454-83231+339- 124B2+

772.235B3—442.945B,+126.896B5+
439.447B¢—182.033

Fz(pL population):256-87831+549-692Bz+

377.613B3—222.516B4+127.495B5+
306.343Bc—156.482

FZ(CY population):204-94OBl+6 15.637B,+

544.928B3—-410.193B,+208.951B5+
294.759Bs—177.786

K, Bi~Bs /iR ESH YS, Y8, Y10, YIS,
Y25, Y27, FRHEAREREAAR, BIARELLE 6 M2
BT A AT 2R, F A SR B R e BRI

HEZBE W R A AL IE R Rl 86.40%, Hirfi iR
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Tab. 9 The DFA result of morphometric parameters of three populations of Schizothorax curvilabiatus
- TR ZH forecast group -
i p_— \ \ i
judgment group IR e B LB otal
MT population PL population CY population
VIR /% (15D S #EA MT population 100.00 (36) 0 (0) 0 (0) 100 (36)
initial grouping (count) IH B 4A PL population 0 (0) 92.20 (47) 7.80 (4) 100 (51)
FEIBEEIAR CY population 0 (0) 6.80 (3) 93.20 (41) 100 (44)
A AE/% GTED BiHEA MT population 91.70 (33) 8.30 (3) 0 100 (36)
cross-validation (count) Fj B B4R PL population 3.90 (2) 86.30 (44) 9.80 (5) 100 (51)
S BEAR CY population 2.30 (1) 13.60 (6) 84.10 (37) 100 (44)
F 10 MERESERSHH A EBEFHEEN Wilks ) 103105
Tab. 10 The results of discriminant functions eigenvalues and Wilks’ A tests of box-truss
parameters of Schizothorax curvilabiatus
FFE(H Eigenvalues Wilks’ &
PR SRR 7 1% /% PRI 36 (5) Wilks® RI7
. . . . ilks’ A . df P
function eigenvalues  variance cumulative test of function Chi-square
F5 % 1 DF1 2302 72.3 72.3 FI 53 %L 1-2 DF1-DF2 0.161 190.972 12 0.000
F5E% 2 DF2 0.883 27.7 100 F1 531 e % 2 DF2 0.531 66.155 5 0.000
%:2 11 gﬂuﬁ%ﬂﬁﬁﬂ: *?ﬂlﬁ#ﬂnﬂ ﬁﬁ’] ﬁkg o BJBi#HA MT population
Tab. 11  The contribution rate to discriminant a al - ggﬁﬁ 1(’:1;(;;;;:;1{1;;?1
functions of box-truss parameters of -% X #HEE.L> group centroid
Schizothorax curvilabiatus é o . . .
= 2F et . . o
RS IR 1 15168 2 R IR
box-truss parameter DF1 DF2 ‘g 0 °e 5 o« * S G
= i . . .
Y1° 0.397" 0.250 g L. .
Y3® 0.214 0.244" & 727 s .
Y4 0.171 0.190" [
: B -4l
Y5 0.368 0.134 TS
Y6 -0.011 0.483" —6L s L s . . P
« -3 2 -1 0 1 2 3 4 5
Y8 —0.038 0.464 S5 B %1 discriminant function 1
Y10 0.527" 0.417
Y12° 0.352° 0.281 K4 S 3 DREAH 0 2R U I (HEZR S50
Y14 ~0.148 0.477" Fig. 4 Discriminant analysis results of three populations of
. Schizothorax curvilabiatus (box-truss parameters)
Y16° -0.168 0.357
e 0371 0054 TERE AR Il 90.60%, ZERBREAYCZ, I
Y20° 0.316" 0.114 s . s s
- e - BEREGRELAT, 42510 88.40% 1 80.00%; 22 LI IE
ot o o0 L5 R AE I3 83.60%, RSP S LTI I
Y23b 0.087 0.313" 9[\ HﬁéﬁﬁiﬂlfPEIFe%E?W‘%ﬁJ&EﬂZIﬁQT?E/I\%U
Y24° 0.144" ~0.063 RAME(E 12),
Y25 0.010 0.439" 2.4 EBRELSH
b * N
Y26 0033 0009 X LI 5 3 AT VAT 25 RIHE 0 1
Y27 -0.027 —0.058 , PR > \ -
o o o AL AT R AR IIIR, 453 2] 28
- 000 0050 TERECR SR Ty 1 S, WA UK 5 R R T
Y300 0.184" 0.102 1 (14 5a, 5b).
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Tab. 12 The DFA result of box-truss parameters of three populations of Schizothorax curvilabiatus
T 20 forecast group X
H)5E A — — ‘ i
judgment group B AR WA R SRR total
MT population PL population CY population
IR 5 41/% (150 SJBUHEA MT population 90.60 (29) 3.10 (1) 6.30 (2) 100 (32)
initial grouping (count) MAFEREIA PL population 2.90 (1) 80.00 (28) 17.10 (6) 100 (35)
AR CY population 4.60 (2) 7.00 (3) 88.40 (38) 100 (43)
XU/ % (150 BB #EA MT population 87.50 (28) 3.10 (1) 9.40 (3) 100 (32)
cross-validation (count) BB/ PL population 2.90 (1) 77.10 (27) 20.00 (7) 100 (35)
FEWR LR CY population 7.00 (3) 7.00 (3) 86.00 (37) 100 (43)
0 5 10 15 0 2 4 6 8 10
- . : : . : . : :
SR A BIRAA
MT population MT population
WHRERE A AR
PL population PL population
LTS SR
CY population CY population
PEE distance W5 distance

Pl 5 T R i i s 248 3 AR IAR 843 Hr ]
a. JEAEZHG b HERSHL
Fig. 5 Cluster analysis of three populations of Schizothorax curvilabiatus based on the Euclidean distance
a. Morphometric parameters; b. Box-truss parameters.
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B T SRR R R X R 50 KRG, i
G AR . Sk Rk .

ARG R MG BRI 24 SHESIE S 25 P Fh 7
BLRINE2E 0 3 MRHAMIES 22 5. 4R E
B, Sl SmARE SRR 22 AR, minkE
H5EMEHRESERE/N, WK EE, 3 MU
WA ESEREENEN AL
AL, LGS . RS . AR DL K i A
FEHEAE; PN Ty 20 as AR, WK i
Koo HRAR . A EERE A LA K AN K AR TE 45 A
6] 441 77 AE M B 3 22 57 (P<0.01), [A] I AE 3 4 43

B Fe i BRI R 25 22 S Y sk R e, R
X 6 N SEATHE X 43 3 A H FRAE AR Y = AR
tH B Hr gl Al g, 3 IS 2 AR S
FIVHE SR B0 10 F 5 ER 220 94.70% F1 86.40%,
RE A% 4 o b 1) OIS 240 £ 3 BRI I 2SR
J ;ML TR ) ) pR BSCHI S P BT A A A 2R
o BRI &t % A B R 2 B R AR SR o — 32,
177 25 R0 A A B 2 — 032, AR AR R A 1
Gy IEHA G, RS RABA R

WA 75% 0 R 1 L 5 BOARUHEDS, [ — 4
Tt (8 AN [) A AR ) A2 AR T SRR 22 5, BEAAR[R]
TEARRHEZE S REMEN KT 1.28, BIRB X5
TR — R 75%MA R 558 A 97%M4N A,
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B LEHFAEES, HRBBNWMIRRE, X4
TR 5 AL /i IR 5T 45 SR A — BB R & 3R,
IR AN f 3 > b R AR (B) A7 7E — o 2 B st A
s, 5E T — 1R,
3.2 MEEEERSXERNIEN

i 2 AE TR ] P22 0 A e 3 B AT R A
TEIEA 25, ARES 44 A M ES R,
TE IRt PRI A5 T BT BB . 0 e
BRI FwIL L . FUEAFEME ARSI T i
fifl (Saurogobio dabryi)3 3 . YR T-HP I EHR 2= 5 4¢
fiF . AR TTAERL I 5 A s B RER o SRR L DL
(Schizopygopsis stoliczkai)f) 3k T4 B FFIE & 4256
MRS, TR F AT E PR B 25 I il

ARWFFEEIN 3 A RAE S B B E
PR FEZKSCREAE I, SRR B FHEVE T, 7
B4k 500~800 m, TR 22K, /Kintima, Wik
AIK 2~3.5 m/s, 4X4F/KIR 10~20 CP; mapetik
W5 T IARE AR M, P34 2000~2300 m, 7K
BONTRE, WM 1~1.5 m/s, £4EKE 1~14 C;
SRR RE AL 1 TSR N, F-34934K 1500~1800 m,
RIIRHEN 1.2~1.8 m/s, TBEN B BRECR AR Hi%
ZERER, BN, AR 1~16 TP,
gr b, IHREREAR S AR AR B AL, S
SR E AR 2R

R4 R RIS HNE M AE S0 . MaRE gL
B 3 ABERRIAATEIES Lok, Horb s pi itk
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. Mfg . g DL R B B2, SRR
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Rt | g T RIS ) . e AR B
PRSP f VR TS /N S 3 T Al £ 4 5 7k
ENSEES IATTR A 2 (337 e U s el i o] G A I | K732
VK, RN W TR R e By, HATR
SIS BE 7, AT AR O P 4R R IE R RS, #
) T AR ZB0RN 8 JER (%) 01 J5 2 i 0 %l B 48 2 A
T A AR R A R S 2 — 1 RS
Tog R g 22 R, i, &AL LME,
PoREE B AU, B A M R B R AR A,
PRI I A 2 T E B RN B PR A, SR I A AR 2 T i

(e 2l . SF-5 L AR B BE T L AT
LA S 2R K SO 0, 2 T % T A R A Sk
i B AN . Ak A N A LR K Y
1A 20 R BB 69 1 600FA 502 A AR A DI S0 4k
T A X B PR R R R AR S,
FCHERS B VRSP Ay sl A S AR SR 755K BE DN,
AR IR R A0S, TR B A AR I B Sk 38
B B AP A 1T A A0 LA R B T A B T
% [ AR 1A [) A T80 A T8 A HE O O 00 9 Sk R ARRAIE
{ELER T2 BT RT 8 A7 AR 2 B, 56 B R AR A
PR O ) A v AN D R, PR A R
AU B AR o 255 1, SR 20 0 s B RE A1
HEVL TR, 5 ORI R R RIE S 22 57,
H 225 FEAE TR Sk B A PRIk E .
AHFFEHEIT, IR 2L A [a] b BB 4 i) ) JE 25
75 S SR AS ARV AN [7] A 158 K 38 17 B 4%

4 Hig

ASBIE S 3 o Xof A 5 AT T i 9IRS 2R
IS NI RTE, RIAEL TR SRR A S
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SMBHARRDIE 522 B0, IFIA N 22 7 2 4 AR
XA ) A B RT3 17 A 4 5, AR SCRT Ry HA 2R
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Morphological difference analysis of different geographic populations
of Schizothorax curvilabiatus in the Yarlung Zangbo River

SU Qi', LI Hongchi’, YANG Nana®, XIONG Dongmei', ZHANG Chi*

1. Department of Aquaculture, College of Animal Science and Technology, Northwest A&F University, Yangling
712100, China;

2. Institute of Fisheries Science, Tibet Academy of Agricultural and Animal Husbandry Sciences, Lhasa 850000, China;

3. Animal Husbandry and Veterinary Station of Agricultural and Rural Bureau of Linzhi city, Linzhi 860000, China

Abstract: In this study, we integrated two data systems (morphological analysis and box-truss analysis) to
investigate the morphological differences of Schizothorax curvilabiatus among different geographic populations.
Multivariate statistical analyses were conducted on 62 morphological parameters collected from three geographic
populations in the Yarlung Zangbo River (specifically the Motuo region), Palong River, and Chayu River. The
analysis of morphological data revealed that the primary differences among the three populations were evident in
several traits, including beard length, head length behind the eye, body height, tail stalk length and thickness,
dorsal spine length, and anal fin length. Principal component analysis indicated significant differences in principal
component 1 between the Motuo (MT) and Chayu (CY) populations, primarily reflecting characteristics of the
head, dorsal fin spine, and tail stalk. Furthermore, box-truss analysis demonstrated significant differences in
principal component 1 between the MT and Palong (PL) populations, specifically regarding the head, dorsal fin,
central axis, and caudal stalk. In total, 14 and 6 key parameters were selected from the morphological and
box-truss data, respectively, to establish discrimination formulas, resulting in initial discrimination success rates of
94.70% and 86.40%. Scatter plots generated from both data systems showed separation by centroid, with the MT
population being relatively independent, while the PL and CY populations exhibited some overlap. The cluster
analysis revealed that the MT population formed a distinct branch, while the PL and CY populations were
clustered. Ultimately, these findings indicated that the morphological characteristics of the MT population are
significantly distinct from those of the PL and CY populations, which exhibit minor differences but do not qualify
as subspecies.

Key words: Schizothorax curvilabiatus; geographical stocks; morphological differences; the Yarlung Zangbo River
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