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Fig.1 Locations of sample sites of Gansuzokor (Eospalax cansus) and landmarks(semi-landmarks)
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Table 1 Information on sample sites of Gansu zokor
K#1(TZ1) KL 2(T72) IR (GY) PRBI(QY)
FEA B 11 21 10 21
2/ 102. 781 159 102. 781 159 106. 104 415 107. 975 473
i/ 37.190 190 37.190 190 35. 606 7620 36. 462 095
AR (Biol) /C 0.56 0.56 5.21 8.57
AEREK & (Biol2)/mm 400 400 501 478
M /m 3027 3027 2152 1400
LB U — AL f6 % 0.888 0.888 0.492 0. 608

1.2 LBHFUERRN

fii 1 %5 A1 AL (COOLPIX A1000, Nikon®) 43 4]
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Table 2 Definition of landmarks (semi—-landmarks) in this study
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4 vh 347 5 &R 5 22 53 it (one — way analysis of vari-
ance,one—way ANOVA) , 53 #r #pff ] Sk B K /h 2257
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Fig. 2 Skull centroid sizes of different populations of Gansu zokor (E. cansus)
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Table 3 Multivariate analysis of variance (MANOVA) results for skull shape of Gansu zokor (E. cansus)

AL fH F WA mE  REAME g 25k
LU 3T 2.583 3.403 120. 000 66. 000 <20.01
JK BE 0.001 5.072 120. 000 60. 834 <<0.01
I il 7
FE ML 47.059 7.320 120. 000 56. 000 <<0.01
% e KR 34. 642 19. 053¢ 40. 000 22. 000 <20.01
L3 i 2.651 3.254 126. 000 54.000 <0.01
B/R 3 Lambda 0. 000 4. 659 126. 000 48. 860 <20. 01
& THi vt
PR AL 66.763 7.771 126. 000 44.000 <<0.01
PN 56. 077 24.033¢ 42.000 18. 000 <£0.01
TE:ALP<<0. 05 WA W2 5 . o R MG TR Ak it 25 M K7 R BRI F iy R,
F4 HEMBRLABERERSHSTER
Table 4 Principal components analysis (PCA) results for the skull shape of Gansu zokor
F FRAEH T2/ % 231/ %
1 0.002 094 81 59. 121 59. 121
A 2 0.000 373 62 10. 544 69. 665
3 0. 000 262 87 7.419 77.084
1 0. 000 595 76 40. 198 40.198
AT 2 0.000 158 39 10. 687 50. 885
3 0. 000 123 90 8. 360 59. 245

2.1.2 <BM®Em Oneway ANOVAZRER, LG
T J5E o0 DK /0N A o U] G dk 25 2% 5+ (F=0. 529, P=
0.664) ([ 2-B) . MANOVA &5 %07, Fh i a3k &
1T IR 25 5 B 3 (% 3) (P<K0.01) . PCAZERFE
B, A 34~ 3 B A S A R T Sk i IR TET 59. 25 %0 B AR
B VES O ROH = O gk il fRE T 40,20 .
10.69% }¢ 8.36% MIEAE (£ 4) ., PCA Hl i K45 R W)
Sk B T 45 AL, FRE 2 AR TH W 58 4 4 I L R

SR AP AR S A REE R (E3-C)o M
TPSIEASE W] LI F  , PCL EZ Bl T 1145 T 114
FLAT I A TR AR AL s PC2 B R e T 1 T4 T 3 Kbk
AL AT IR A8 Ak B R A5 4% 1 0 B AR k. Sk B T
Sy AT AR A FRATHEAT T k- AR CVA, 45 R %
B, 3 A B AR AR T Sk B R 100 %6 I TE AR,
B VB R = MR i gy O i R T 69,3204 .
23.43% K 7.25% WIBAE (£ 5) . BOS KA LLE
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Fig.3 Principal components analysis (PCA) and canonical variate analysis (CVA) of the shape of the dorsal
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Table 5 Canonical variate analysis (CVA) results for the skull shape of Gansu zokor

SRR, FEAE fE Jr%/ % it/ %

1 47.895 532 09 79.812 79.812

G 2 9.710 958 55 16.182 95.995
3 2.403 692 37 4.005 100. 000

1 26.627 432 26 69.316 69. 316

i 2 9.000 150 52 23.429 92.745

3 2.787 163 87 7.255 100. 000
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Figure 4 Multivariate regression analysis (MRA) of skull dorsal shape and ecological factors. TPS visualizes

the variation trends of skull shape with the change of environmental variables.
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Figure 4 Multivariate regression analysis (MRA) of skull ventral shape and ecological factors. TPS visualizes the
variation trends of skull shape with the change of environmental variables.
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Table 6 The measure of geographical distance (km) (above diagonal) among four populations of Gansu zokor

(E. cansus) and Procrustes distances (below diagonal) for the shape of dorsal skull

KH1(TZ1) KA 2(TZ2) EJFE(GY) RIH(QY)

RKALL(TZ1) 19. 3500 361. 3600 495. 4900

KA 2(TZ2) 0.017 3 342. 0400 476. 6600

E R (GY) 0.046 9 0.047 4 185. 4100
EBH(QY) 0.0553 0.0605 0.0354

7 HREMR4THFEAMEES(L=A)5LBHEEERES(T=/)
Table 7 The measure of geographical distance (km) (above diagonal) among four populations of Gansu zokor

(E. cansus) and Procrustes distances (below diagonal) for the shape of ventral skull

KA I(TZ1) K#L2(TZ2) [ (GY) PRIA(QY)

KHL1(TZ1) 19. 3500 361. 3600 495.4900
KHL2(TZ2) 0.0128 342. 0400 476. 6600
B (GY) 0.028 8 0.0218 185. 4100

RIH(QY) 0.029 3 0.0237 0.026 8
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Geographical differentiation of geometric morphol-
ogy in Gansu zokor and influencing factors

KANG Yu-kun"*,PU Qiang-sheng'?, WANG Zhi-cheng"?, YAO Bao-hui"?, YANG

Yan-dong*,ZHANG De-gang"**,SU Jun-hu"?*
(1. College of Grassland Science ,Key Laboratory of Grassland Ecosystem (Ministry of Education) , Gansu Agricul-

tural University, Lanzhou 730070, China;2. Gansu Agricultural University-Massey University Research Centre

for Grassland Biodiversity, Gansu Agricultural University,Lanzhou 730070, China; 3. Gansu Qilianshan

Grassland Ecosystem Observation and Research Station, Tianzhu 733200, China ;4. Grassland

Stationof Luqu county, Luqu 747200, China)

Abstract: [ Objective] This study aimed to reveal the adaptive evolution process of a typical subterranean ro-

dent, Gansuzokor( Eospalax cansus) , from the morphological perspective. [ Method] Four populations of Gansu zokor
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from different altitudes were selected to analyze intraspecific variation in skull morphology using geometric morpho-
metrics. Elevation, annual mean temperature, annual precipitation, and Normalized Difference Vegetation Index
(NVDI) were selected as ecological factors to explore the association between skull morphology variations and envi-
ronment using two— blockpartialleast squares analysis. [ Result] While there was no significant difference in skull
size, asignificant difference in skull shape was observed among the populations of Gansu zokor at different altitudes,
and the four populations can be accurately distinguished based on skull shape data. The shape of structures with essen-
tial ecological functions, such as nasal bone, temporal ridge, occipital bone, tympanic bulla, molar, and premaxillary —
maxillary suture, exhibited distincttrendsof variation in response toelevation, annual precipitation, and NVDI, reflect-
ing the role of environment factors in the formation of skull shape morphology of Gansu zokor. In addition, the skull
shape evolution of the Gansu zokor was consistent with the “isolation by distance” model. [ Conclusion] Significant
difference in skull shape were found among the populations of Gansu zokor; under the influence of ecological factors
such as altitude, precipitation, and vegetation, notable deformation rends were observed indorsal skull (nasal bone,
temporal ridge , occipital bone) and the ventral skull (tympanic bulla, molar, premaxillary — maxillary suture) , reflect-
ing the adaptive evolution of the skull of Gansu zokor under different environments.

Key words: adaptive evolution ; Gansu zokor;skull; geometric morphometrics; ecological factor
(RERE - NER)



