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nical variate analysis, CVA)IX £ o4 vH 40 M1 774,
sl e DR ARG A0 R ) TR AR EATBIE S, AR DRI P ) 7K
S P e AR A SR SR AR ) 22 e, K
BT AR 22 G HT A R I ik (R R ) () 22 S, AT dE
— B W T R RIS A RUPE oy SRR UE, 3L
RN ORA B E T A Rl o

1 MR57RE

1.1 #8
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R B N SR, A0S MRS . A SCHTSY T R A
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Tab. 1 Populations, numbers, river systems and sampling positions of individuals used in this study

S50 W A A T et
Subspecies Sampling site Basin Population specimens
1 et SRR L AR £ 4 S A PHERIE /R £ Ef1 8 ] BRI R 20
2 i JEBR A L #4544 S A VR ME /K £ Ef1JEE 31 3] - 3] 16
3 i SR AR £ 45 44 T VH A 7 B B 0 S5 071085 7% ] 7
4 e SRR LA 45 4 A e Bzl P& LA Wi iz e -0 i A 18
5 i SR R AR i BIE A 3 3 P H £ B[R] PO S T 13
6 e AR P A BE AW A P A B B L] S A 2
7 e SRR AR L At B T PR H 4 5 Bl RE ] PO Ja
8 i SR RR AR e BIE A 30 3 Al P H £ Ef1 ] PO S T
9 o SR AR B A BE AW A VU e /K £ B B TS -5 S JR]
10 el S ARE D 1 Y AR I o (it SLEaC Ef1 & ¥r] HREAWI A 21
11 fri S R AR ey BV AW M Ao [T = Ef1 ] BREAH T 6
M1l Total 129
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K1 s R R R B
Fig. 1 Map of the head-water area of the Indus River and Tarim River, showing the sampling sites
HORAE LS 1-11 5 R T 45— 2

The numbers 1 to 11 are same with Tab. 1

K2 ms RS, PR R

Fig.2 The landmarks and the semi-landmarks of the samples

a. W AR LA b. S A IHRFAIE 5 e Sk I KRR A3

a. S. stoliczkai; b. Landmarks in the leftside of the head; c. Landmarks in the venter side of the head
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R AE Y12 Eig s, Bl b AN JER S 2%
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A+ (canisius.edu/~sheets/IMP%208.htm), b 5 H
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BAk g — MR 0 Hegl ), H Tps Ut A (life. bio.
sunysb.edw/morph) Kt & e A IID! s 2D B
EFEA R B R AL, W T — AN R AN
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e
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DA o) vy JE R 2R o e %) A0 T R 1k AT 2
T2, bR SRR A R E A MR B 2 )5, AN S
1§ FIMorphoj*'. TpsRegr(life.bio.sunysb.edu/
morph) HIPASTHA:, X 453 (1) /5y B #1246 ) T
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L [KENE (Generalized Procrustes Analysis,
GPA) JIA FEARRFAE AU AR R B L T — A
YRR R I, BE T2 R, S REACRAE A
AL E . RoEL J7 AR AR I Rl — &R 41 e
ATV WesE . 4N IE, ik & FEAR )
S SR IRNIUREPOE AW < S SN TR A 2N
DT 2 0 H04Rs R 52 M), SR K T A AR (R AR AIE R EAT
B, A RPN RFAE 55K B B (Superimposition),
RE A% B AT 506 B 1) S o JLART T A R AT % L i) &2
J, AT FEREAT F R T b s, T DU R 2540 A
A — AR . ENS T L B F5GREF. GLSHI
GPAZE, I, a4 N g5 )32 [ 7V 4UGPA,
HZTTR AT T PG R B 5/ 1R Ji 0 Sk 4 /N
MERTAR B2 5, 5 IAREN & T A, Rext A

[F) A= 4y 25 K6 1) JUART T AR 22 il B Ay G s 3 52 IR
GPAMHE AL BT OB S (W50 %
R EL A, TN R AT, 1%
T )AL B AT U B A A5 R I SRR AT L)
)T B, R FE A SRR AR A IR A BR 93 25 J5T /00 13 1) A
br; @M 3 & FE A [ )i 00 (Centroid size, CS,
CS=y/ Sl TSI (X — G| B A 25
JFU0 R ()07 R T 7)), 6 BEANFE AR G T30 (BF
AMFFAE 5 AR R B LUSTCMED), AT BR T FEAC K/
AN SO R B B 5 e, @ ey, ik — AN
ENEOES R LI VN (VS SR = N RS
ANTRTSEU, g 55— A FEACRRAE RUBERE, AT 97 RIS
HH T 950000 A B 1) 22 e T 3 1) T AR 22 e 45 BAH
Bl Y GPASMTHERR T AR B A 25 S
B FT4E AR5, 4 0 i 1 e 4 B s e A i 1 mr A
Z UG o M (1% [GJE AR AL R (Procrustes shape

coordination).
mEMIT A UBERN R, T

T 22 I K/ A R T 4 R ] SRR R ) LN
R, I LAARSCR AR % G722 73 T (Procrustes AN-
OV A) ) 7 iR FE 58 22 JHEAT R o 7 o B R 2
Pt [A]— R i I FE A P BEN LI 109K i, BEok
WA H B L4 (1 07 1 0 L HOPR 35 R R P b s R
107K, INITIAF 3] T —NFEAE R 1001 17 R 7K A8 bk
BB Bents SO b, RHZ A RERE T GAPEI & AL
P, P45 2 1) 8% [ AR AR FR 7 22 23 T (analysis of
variance, ANOVA), #7 41 [8] Jy 2275 5 7 2= 1 LL B
(BP0 8 2 ) 155 G — 5 RS B, D) 36 2 22
BT E R

e AR GPAE & 2 J5 15
B R FC T AR AR FR E 3 HEAT 32 1853 43 A A0 e 230 A
ST, BTE N T AT RN EA U B S ERAR
i, o A e R AN [R] i B 2 0] i SRR 2 A [
e 5o RIS AR TP S A TR ) S I 25 (Ma-
halanobis distance) 135 G FE &5, 6 Ho 45 kAT T
KT 10000 H 5 R PAEAT S o 15 PCRH & M (K R
SR EE FH R g 00 A M B TAD IR A S KIS, i
THEL B2 P 7 22 RE AR () R, F A U A v
RN 5 ILADA R R 1 2 5, RO MBS S
) AR PR 5 T A P 2 SR AGH W ) 2 o A [~ 3
A2 SR, A EAszER", 25,
RS R E A, ¥ PR SEEE S A2
PSAT#H A4, 4 ] Euclidean .3 58 2543 #1(10000
RER), AR R A8 o < A1) 2 5+
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B3R

A 28 S ) D T A — o R B b A AR S B
Mo H2SFI26°5RFAE T S W T i R AR S Bl £ 1) Sk
K, 1518 FHRFE s AR I H Sk 58 . anf&] 3a,
PEA TR I25 . 26 5 REAE 4 1) A2 58 H133.98%,

15, 16+ V7RIS SHEE sTAELE P I #C BE IR R J5 (1)
34.31%, DA iZ 0 B S 0 i 4 o8 BOK T 3948, Sk
T TR I T 70 B 3T AT e, St
I R TEAS, AEE X (1) A5 A SRR
Jrua FE N T b B 5, S KRN Sk 5 1R T2 A% ) i)
20.93%H115.59%; = IR AR a4 44 WA (18] 3ce.
3dAI3e) 25 F126 5 KEAE &5 A4E 1 35 %8 J56 14 A ],
15— 18 SR s A1 T P58 3, 25 R BE I AR
HIYAHIL20%, BT CAER 4 0 R 34 Ja B Sk K
B LIRS, Sk H TR TR A

$527. OSRRAL R E L S I SRR A I 11 2
FRAE, B 358 7 BEOS W0 W b 1) 10 447 B A7 17 2
2407 B 1 By, B AR 11K 38.45%, 1 Z4RFAIE A b
5 A P Tt (1) 11 447 7 P34 1 28447 6 (1)
7 AHIEAR RN, K11.20%, RS SE WV R A7
E(EE | W ESY (VA (VAR R S O (= : Yl N g m B Y5 A
WAL

TSR AR 5, AT 8 95 3 NRFAE A
KL TR o FEN WG W) SRR AE A5 AL B AE )
BB RN, A8 5k 42.04%, 1t B13% R ) R 1Y)
TSk g A A o YR THTE A fR R WS I L AR
WWEH VRSB N IR, LR EANE10%. %,
B2 FN3ANJZ BN, ST N W) IR AE s AE
SPEAE BRI PN, S N TR R T A

SEEHAEBETMHTME RS 1
e SRR A S S A I T, AR ST 1 3ANRRAIE 1 J2 0%

K13 FHI0MRZE R 175 s AL e Js R 2L D A 0] 8 5
Fig. 3 The cephalic side contour constituting of 10 landmarks and 17 semi-landmarks of Schizopygopsis stoliczkai

a. PR IR b, BRI o, $8 44 WA IR R AE; d. 5 4 RIS & B e, Fa 44 WA R A R i o KBRS ROR A7

FEA RIS BE%E 58, 45 Sk A E 73 LEBUEARR B AR I T LR

a. S. stoliczkai bangonggensis; b. S. stoliczkai maphamyumensis; c. Xiangquan River population of S. stoliczkai stoliczkai; d. Shiquan River

population of S. stoliczkai stoliczkai; e. Karakash River population of S. stoliczkai stoliczkai. Gray lines represent the average for all

samples, and the arrow means the direction of the deformation. The percentage is the size of the deformation
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LA DU A o U AR . JR AR L
A AA N aE MBS ZE S BT
300. QO AT T il 58 36 TR 22 S BE A W10 A
DL A A (B 4a. 4b, WJFR K i1 vA AL Fl),
5. 64 THRFAE AT I AR, 1 A
TR AN IR B0UE [0 M St ™ ES, AR T S [
ST TAERE 4c. 4d. delm BRI, 5. 6. 75
FEAE R0 £ 1) B A — M 1B, 3K = AMRRAE 2K S
TE—4HE% L, FalEarm B @ N aisi )
£ 50 B B 22 S [ ArP 12 SRR AR AR B B AR
SRR T AL E, PE L IR IR Fh (1125
KX FEIT 645 A4, Ul B T 35997 28 N0 o 1) B0 R £ i
LT AR RE RS AR Ak, BIE28 980 S0 fr 1~ 25 50 1) £
JFANAT0.21 mm( P& Sa), %A Rl ) SF- 2 B8
FK N 117 mm, 1T H8 48 WP = A Jm HE B A
55 AR mmbL . @D RASMER 2= R
BRI 2 RS EE B (R 4R 65 RT3 5 )
(i) ) TT FH SR S e 11 JR R AR A, B 2 950 NI P (1) 3K 1B
RUTA)PE S AR, T S R I, % e ) e I )
#HE50.48 mm( & Sa), & WHIZ AR E BUERAE
2 o A7 5 76 B 4brh, R AR vy B AR
0T AR g 30 W) G 1 BE SRS K, PSR B

1.43 mm, FHyEAWINE A1) R0 W A7 [FIFE,
WK 4c. 4d. 4de, To A WRII65 F113 S HFE S
TF) BE AR 3 K, T iR 4 W i ity 1R P 38 B 2 38 4
220 mmUL b, AARGEE IR, B ShRERT &
JiR R E i P MR SR 11 22 5, VR ORI 1) v
RRZ i fe SRR E 2 T oAt e, oh HLEAT B AE X TH)
H95% MBS FEAR TR S, SLPE 4/ T-0.0001, 2257
[ ATER
23 SEZEHRGMEEEERS DT
SEEHFRaMmERERT T KoE
AN T IET B0 PR S 174N hR & S Hods o
o SRR L A I TS JER B AT 2 B 2043 B, LA DT kA
I R AS 32 153 Sk A A A LB 1) 4 0 A R
Bl =R A T I a6 SR Re i b — 20 X i JE AR 24
£ < FR S B AR e AT AR, S5 R . 3N E
B B B A TTRR R IA B T 60.7%, b plesr 1R
32 B DT R 0 ) 25.6% F122.7% 0 3 11K
F AR RN AL T 6. T 84 25, 26127 5 HF4E
R, B Ry T RR 2 T R ) R A AR S I IR 2 Sk
Koo DIRURRAERT W I AR, B 2o M I FEAC R
/S T LY S W S S S T
B JG 1, 755 THE A MR R, 24 3 s

Bl 4 E13MRAE RO B e SRR T T A
Fig. 4 The contour of the mandibles comprised of 13 characteristic marks of the specimens

a. PR IR b, BRI o, $8 44 WA IR R AE; d. 5 4 RIS & B e, Fa 44 WA R A R i o KBRS ROR A7

FEAR P58 88, [ LR 54 6. THHRMIE R AR KA

a. S. stoliczkai bangonggensis; b. S. stoliczkai maphamyumensis; c. Xiangquan River population of S. stoliczkai stoliczkai; d. Shiquan River

population of S. stoliczkai stoliczkai; e. Karakash River population of S. stoliczkai stoliczkai. Gray lines represent the average for all

samples, and the arrow means the direction of the deformation. The percentage is the size of the deformation
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5 PR G TTR AT HM IR LR

Fig. 5 The boxplots show the measurable and numerable characters of the samples

Bl 6 i I BRIl Ao S s O i 4 B S s 2y W
Fig. 6 The scatter diagram based on the PCA for the cephalic side contour of all the schizothoracine fishes
a. M M HTHOAIEL b BN e T2
a. The scatter diagram of PCA; b. PC1; c. PC2

LTI KIS, FEAS I A A1 28 T 1) 335 AR T8
Tl A5 4 A
SERERETMEMRERS T XN
il v SRR AR LA T AU AR AR 134 R A 2 1R 2
38 R o M, PRI A T A R R
B THT7R o FE o TR e 2 KRR AR Al i
JERARAZ - K187.3% 4 T2 B oy 1 IEARL S 1) 20 A
(RTREA BLBUR f R T R T 3t 5 30 W) i i
(I, F B, Bl SRS 1) AR A BLR # i T
YA, I AR S B v P TR Rl
205 T REMIR T KT 1AL S Z A, R A S mi A
Lo TS RFAE s ™ 28 1 1) A TMTRES (9 TR IR (1 A 52,
R AE PR A Al 1 2R AT e W] St I 1

At P 9 ] A U AR ), DI AT
T2 RCR, 5 HAMFEASH L, B AH] 1 5
JERRE LA R 1 58 SERLN

24 SERAXRGSIRERENATTEDH

SR T o M UE ST TS AR A
LB ERIZESE, T 0P 90 S AR L AN [+
JRE 8] R 22 5, AR SOR T A AR A2 I S a3k A T 0
IR T SR b o A (1 8), Fhddinl 2257 5 1K
PHBAG G B RIS (R 2—5).

B PR BN FC B B A5 K S5 R AL, B
DITERE S BRI A S 15 44 A3 A 2 [R)
MBS Z R BOR, PPN e 5 AR it 17
A PR3 Ja gk 2 8] R AR R AR S /S, DL I e S R
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K7 R T B TR 2 oy 4 i

Fig. 7 The mandible morphological variations of the fishes based on PCA
a. ERIT I HTRUE L b RS e RS2
a. The scatter diagram of PCA; b. PC1; c. PC2

®2 SEREREEERAENERHRIRESLEER
Tab. 2 Shape difference of the cephalic side contour from
different geographical populations according to Mahalanobis
distance
L v [ PSS | /A
Karakash ~ Shiquan Lake Pangong

River River  Manasarovar Tso
il ST
Shiquan 3.5401%*
River
YA
Lake 5.4794%* 6.2699*
Manasarovar
JE NS
PEn bl 9.5196* 9.7817* 6.3585%*
Pangong Tso
SR
Xiangquan 4.6709* 3.387* 6.7531* 10.7854*
River

i * MP<0.05I, 225 W, & 3. 4RI5[A
Note: If P<0.05, then significant diffierent, same as Tab.
3,4and 5

®3 SERHAERERLTINELRERBEELE
Tab. 3 Comparisons of the cephalic side contour from different
geographical populations on the basis of Procrustes distance

WP ATR WSRO R

Karakash ~ Shiquan Lake Pangong
River River  Manasarovar Tso
il S 3m
Shiquan 0.0248
River
AW
Lake 0.0481%* 0.0526*
Manasarovar
8 e SR A M TR A Ay BT A N
8 IR RUAE RIS YLz if 0.0871* 0.0845* 0.0586*
Fig. 8 CVA of all the 5 geographical populations Pangong Tso
GOR]

a. JUIHTAE /R, b. Al A4 e Xiangquan ~ 0.0391%  0.0300  0.0701*  0.0939*
a. Profile contour; b. Mandible contour River
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*4 BRRRFEEERTARRHBIREELR
Tab. 4 Geometric morphometrics variations of the mandible
contour from different geographical populations based on
Mahalanobis distance

W Al PRI B HEAWM

Karakash Shiquan Lake Pangong
River River = Manasarovar Tso
PSR
Shiquan 2.8146*
River
LA
Lake 4.2137* 4.6811*
Manasarovar
JE N
L 6.6254* 5.8645* 4.5011*
Pangong Tso
SR
Xiangquan 1.8313 2.3408* 3.9961* 5.7756%*
River

®5 BRAREAAEEHTORREERESLR
Tab. 5 Comparisons of the mandible contour from different
geographical populations on the basis of Procrustes distance

MR AT PRI EEAW PEA

Karakash ~ Shiquan Lake Pangong
River River  Manasarovar Tso
Wi
Shiquan 0.0760*
River
B AR
Lake 0.1128* 0.1678*
Manasarovar
JE N
L] 0.1827%  02120%  0.1117*
Pangong Tso
P
Xiangquan 0.0261 0.0536* 0.1313* 0.1926*
River
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GEOMETRIC MORPHOMETRICS OF THE CEPHALIC CONTOUR AND ITS
MORPHOLOGICAL VARIATIONS AMONG SCHIZOPYGOPSIS
STOLICZKAI (TELEOSTEI: CYPRINIDAE)
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Abstract: Schizopygopsis stoliczkai, belongs to family Cyprinidae, distributes in the lakes and rivers in Qinghai-
Tibetan Plateau, China. The morphological differences in the species are attributed to the local environments, hence
identifying the variations helps to improve our understanding of micro-evolution theory and provide the guidance for
the ecological and biodiversity protection. To explore the morphological diversity, we quantitatively measured the
cephalic contour in Schizopygopsis stoliczkai from five different geographical populations using modern geometric
morphometrics. The principal component analysis (PCA) and canonical variate analysis (CVA) revealed that the varia-
tions among five geographical populations were mostly in the shapes of the lower part rhynchodaenm, orifice of mouth,
mandible and sharp clogs. Furthermore, PCA, CVA and cluster analysis showed that the three subspecies of S.
stoliczkai stoliczkai, S. stoliczkai maphamyumensis and the S. stoliczkai bangongensis were separated. The samples
from each subspecies were clearly grouped together based on PC1, which strongly supported the reliability of three sub-
species in S. stoliczkai. The Procrustes distance and the Mahalanobis distance suggested that five geographical popula-
tions could divide into two categories: the lacustrine type and the riverine type, which supported by cluster analysis.
Taken together, we profiled the morphological variations in the head of S. stoliczkai, and classified the fish into two
types, which might regulate by natural resources and environment of lake and river.

Key words: Schizopygopsis stoliczkai; Geometric morphometrics; Subspecies division; Rincipal component analysis
(PCA); Canonical variate analysis (CVA); Geographic variation



