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Fig. 1 Map of the head-water area of the Yellow River, Golmud River, and Qinghai Lake showing the sampling sites
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The circle represents the sampling site
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Tab. 1 Populations, numbers, river systems and sampling loca-
tions used in this study

s M KFER KEEHiSampling $ENumber

No. Species Drainage site of specimens
1 AEBERRET AR RAI] K 19
2 AEBERREE IR AR 23
3 JEBERRER MR SREORMEEEGLEGT 10
4 TEBTAREE  RRASEIROKE 10
5 AEDEARGE B FLBZ M 6
6 FEDERREE B S 13
7 AEEAREE I LA v 5
8 JERREE B Uagtl 30
9 FHiEHHREE FHIENIKR IR S 19

M1 Total 135
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tance), K€ &7 BT R REIA] TR 22 R
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Fig.2 Landmarks and semi-landmarks of G. eckloni
a. S FBM I FE BRARFAE 255 b, T S BRARFAE 2
a. Landmarks in the leftside of the head; b. Landmarks of the Mandibular contour
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Fig. 3 Principal component analysis of the head profile (a) and
mandibular profile (b) of the G. eckloni in Yellow River and
Golmud River
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Fig. 4 The scatter diagram based on the LDA for the cephalic
side contour of the G. eckloni
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Fig. 5 The mandible morphological variations of the G. eckloni
based on LDA
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Fig. 6 Canonical variable analysis of the head profile (a) and mandibular profile (b) of the G. eckloni in Yellow River and Golmud River
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®2 EREFEMELIMNER RN D REELR
Tab. 2 Comparison of Mahalanobis distance of head profile of
the G. eckloni in Yellow River and Golmud River
TEPERRGR (A% RATFT 7K TETE AR (7] 7K

#) G. eckloni in Z) G. eckloni in
Golmud River Yellow River

TEPEAR B (TE IR K

#) G. eckloni in 3.5148*

Yellow River

= o v 2L

THREEG. 5.2673* 5.1817*

przewalskii

H:*P<0.05RRAREER, K3, K4, KS5H
Note: P<0.05 indicate the significant difference, same as
Tab. 3, Tab. 4, Tab. 5

*3 EBREFEME LM ER RN T REEER

Tab. 3 Comparison of Procrustes distance of head profile of the

G. eckloni in Yellow River and Golmud River

TEFE BRBE(H ZRRTT K FEREBRBEEEI K
#) G. eckloni in #) G. eckloni in

Golmud River Yellow River
TEPERR B (ST AT 7K
#) G. eckloni in 0.0329%*
Yellow River
=RV, v’ ﬁ
I RIRG. 0.0739* 0.0852*

przewalskii

(& 3—B 6)BAT K I —F AL E RS L
FAEZE S, 1 IR B 5 0 RBE B B R R K &
FEPEAR B 5K B 40 G (148 5 AR /D o AR THELAS R
IR, 2T B # 3 DALY B LU, A AL AR B Y A
M B REAE <9 B8 5 — SCBE Al ANME AL B IX —
PEIR B E B EEZE R (A7), SVEIRLEAN 8 )R
FpRE — AN B ) S R A A AR B R B
PMEARAE S f0 Sl (9] A7 7 25 MR 22 5, (HA2E
A UME R 8 281 — D ERRHEIE F 52
HURE, TE B2 8 WA BT SER 50T .
32 ARIKZRLFERELSRUESFNSH
Pt 25 B A TR 2 AL A5 5 T2, 5l 72

AL, AT R, 75 o R K R AT
A I SR 3, G137 7K 25 o v PR
1 S5 4 0 1 00 285 T 7 A i R 4L 7K ST BRI 9 ok
RIARR R SR AR A E N KBRS BA S
BT 4 2R T . SRTI R B M RO HE B4 i 3
LR, TEK WIS T2 IR B RN, A
AN R 3 37 P B AR TS TR P, 10 4 2 1 2 2
AR, FAE20HH 40904 AR, FLIEH R 1 2
R B RRAE, S s R R DA PR B 1 22 S o
WEV R N T EAE . TENR P 0 4y 2K %
Birdsong 24" b4 5 i 57 6% 4 N\ AHE B 6] A L
B R A KRR, 2004 JB 5005 T
R EBEAT T 4 KU E

S AR SCTTT 2, A A A 79 b o T (5
R AR AT )3 T 3T NAETEAS 27 b HOF 92157 J /) —
Wi, A 43 TSP R 50 B R A A 1 R
[ S5 AL T SR (0 9 o AW 58T R 1D L AT 7

<4 EPHRER N HIBFE TR RN D REBLE
Tab. 4 Mahalanobis distance of mandibular contour between two
geographic populations of G. eckloni
TEPEAER (R AT K TEBE R (FE TR K

%) G. eckloni in %) G. eckloni in
Golmud River Yellow River

TEDTRRAR (B K

%) G. eckloni in 2.0805*

Yellow River

N

T ARG,

przewalskii 2.9728* 1.9776*

x5 HRRERHIEME TR RNE RESLR
Tab. 5 Procrustes distance comparison of mandibular contour
between two geographic populations of G. eckloni
TEPERRBE (A% /R AT K AETERR G (5 7] K

%) G. eckloni in #) G. eckloni in
Golmud River Yellow River

TETERR B (5] 7K

b J5 3 AR A T3S (AR AT L R) G. eckloni in 0.0748*
fFF, 8RO R FRSHSE N R ST Spamaing
WA B AL R B, BB przewalshi 008 boate
®6 TRIKAHMREHEIEESHEAIMLESRITR

Tab. 6 The relative position of dorsal fin bone and vertebra in different drainage of sample
TERERREE G. eckloni TEK 5 BB AT 10—11; 2 3 AT 12—13 7
TEHAREEG. eckloni KR B IEFAL T 11—12; 55 3B E AL T 13—14 13
TERERRELG. eckloni PEK 5 SR AT 1213, 3 S AT 14—15 1
TEHEREEG. eckloni F IR AT K 2 S EE AT 9—10; 8 S EEE AT 11—12 13
WIREEG. eckloni KRR KR B EEE AL T 10—11; 55 S tg& AT 12—13 9
HIFWRRERG. przewalskii FHHFHIK 2R B SCEEE AL T 10—11; 3 3B E A T 12—13 5
HHEHIHRNG, preewalskii  HEWIK R 8 B 5 S )M 8

1t Total

56
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Fig. 7 The relative position of the dorsal fin branch bone and vertebra in different drainage of sample
a. S K ATEPERRELRE B b. SEEATK RAR KA FESE ARG P ¢, T3 AR B 1]

a. The sample of G. eckloni in Yellow River; b. The sample of G. eckloni in Golmud River; c. The sample of G. przewalskii
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MORPHOLOGICAL ANALYSIS USED BY GEOMETRIC MORPHOMETRICS
COMBINED WITH MICRO CT AMONG GYMNOCYPRIS ECKLONI IN
TWO DRAINAGE (TELEOSTEI: CYPRINIDAE)

LI Xiao-Hui"’, TANG Yong-Tao’, TIAN Fei' and ZHAO Kai'

(1. Key Laboratory of Adaptation and Evolution of Plateau Biota, Qinghai Provincial Key Laboratory of Animal Ecological
Genomics, Laboratory of Plateau Fish Evolutionary and Functional Genomics, Northwest Institute of Plateau Biology,
Chinese Academy of Sciences, Xining 810008, China; 2. University of Chinese Academy of Sciences, Beijing
100049, China; 3. Henan Normal University, 453007, China)

Abstract: Gymnocypris eckloni is widely distributed in the Yellow River and Qaidam River in the northeast of the
Qinghai-Tibet Plateau, China. Inconsistence between morphology and phylogenetics was observed in two different
drainage G. eckloni. On this basis, we speculated that the first was the morphological convergence caused by the simi-
lar ecological pressure of the two water systems, and the second was the traditional measurement method, which makes
some subtle morphological features undiscovered. Hence, the combination of geometric morphometrics and Micro CT
revealed the phenotypic difference among G. eckloni of two water systems. The structure of G. eckloni’s head was al-
most identical between two drainages, demonstrating a significant difference in their bone structure. The divergence
between head morphology and molecular data were presumably attributed to one reason. It may be that the morpholo-
gical convergence caused by the similar ecological environment of the two river systems misled the taxonomic status of
Gymnocypris eckloni of two water systems. The current study has laid a morphology foundation for correctly evalua-
ting the real relationship between Gymnocypris eckloni of two water systems, and suggest that bone is an accurate stan-
dard for taxonomic classification in schizothoracin fishes. More molecular markers are required for further research to
uncover the evolutionary pattern of G. eckloni from different geographic distribution.

Key words: Gymnocypris eckloni; Geometric morphometrics; Micro computed tomography; Quantitative analysis;
Morphological identificatio
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