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Morphometrics investigation of the skulls, mandibles and molar in Tupaia

belangeri from Yunnan, Guizhou, Guangxi

ZHU Wanlong, JIA Ting, HUANG Chunmei, WANG Zhengkun
School of Life sciences of Yunnan Normal University , Kunming 650500 , China

Abstract: Tree shrews, native in south-east Asia, are diurnal mammals that share morphological features with insectivores
and primates. This led to the assumption that tree shrews derived from a basal stock of Mesozoic insectivore Eutheria close
to the origin of primates. Nowdays tree shrews are positioned as a separate order Scandentia with the extant species
integrated into the families Tupaiidae and Ptilocercidae. Tupaia belangeri belongs to Scandebtia, Tupaiidae. They are small
mammals of Palaearctic realm and Primarily inhabit in Southern China, India, and Southeast Asia. T. belangeri had the
widest of distribution and occupies the highest of latitude in their family; and they were always inhabited in terrestrial ,
arboreal, mountainous forest and shrub areas. The analysis of shape is a fundamental part of many biological researches.
Along with the development of statitics, so it had the sophistication of the analysis of these types of data. In the 1980s, a
fundamental change began in the nature of the data gathered and analyzed, which focused on the coordinates of landmarks
and the geometric information about their relative positions. This new approach, called“ geometric morphometrics” , which
had benefits that lead Rohlf and Marcus (1993) to proclaim a*“revolution” in morphometrics. Morphological divergence
among taxa was estimated quantitatively by analysing the outline of the mandible. This method treats the mandible shape
globally and provides continuous data which can be used to compute of phenotypic distances. In the present study, the
morphological characteristics of the skulls, mandibles and molars ( lower second molar and lower third molar) of T.

belangeri distributed in Yunna, Guizhou and Guangxi were measured by geometric morphometric techniques, principal
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components analysis, discriminate analysis, thin plate spline and multidimensional scaling analysis. Principal components
analysis showed the morphological characteristics of the lateral cranium were more valuable to be considered as
morphological index, this could be the result of sense organs including the nasal cavity, orbit and the ear vesicle of lateral
cranium in T. belangeri. In addition, significant morphological differentiations were observed in both nose bone and molars
by using thin plate spline analysis, which may reflect its adaptation to geographical differences in climate and environment
morphological changes of nasal cavity can alleviate the cold air from the outside to the lungs effectively, but also reflects the
rate of water loss, and water loss was related to the environment temperature, so the different ambient temperature may
result in changes of nasal cavity morphology in T. belangeri. In addition, the size of nasal cavity may also reflect humidity
conditions of its habitat indirectly. Therefore, the dual role of the temperature and the humidity may lead to difference of
nasal cavity in T. belangeri which were distributed in Yunna, Guizhou and Guangxi. With multidimensional scaling
analysis, it was showed that the morphological characteristics of skulls and molars were significant differentiate from three
areas. Using multidimensional scaling analysis of molars, differences in molar may reflect different feeding habits, which
may be related to longitude or latitude of their habitations. It showed that the second lower molar of the score (0.443,
0.433) and three lower molars of the score (0.448,0.412) had the larger contribution on the first dimension from the
diagram of dimension weights, combined with the results by multidimensional scaling analysis, changes of molar may be
influenced by the longitude, in other word, it may be influenced by the condition of water. In conclusion, the
morphological characteristics of the skulls and mandibles of T. belangeri distributed in Yunna, Guizhou and Guangxi can be

distinguished at population level, which may indicated the geographical adaptation to the environment.

Key Words: Tupaia belangeri ; geometric morphometric techniques ; skull ; molar
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Fig.1 Landmark configurations on the dorsal cranium (a), ventral cranium (b), lateral cranium (c) and lateral mandible (d) of

Tupaia belangeri
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Fig.2 Landmark configurations on the crown of the lower second molar (left) and the lower third molar (right) of T. belangeri
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Table 1 Eigenvalues, percentage of total variance explained and cumulative variance explained of first three principal components for the

principal component analysis

o . ot i RS 5 %
Principal component(PC) Eigenvalue Variance explained .
explained
H—FEHS(PCL) 0.003257 52.1 52.1
F RSN (PC2) 0.001127 18.0 70.1
HEFEMG(PC3) 0. 000489 7.8 77.9

http ; //www. ecologica. cn



6 1

RO A5 P AR Sk B BT A LR S SRR I E R

FROEME R 0. 003257 , 55 — WA FFIE(E 4 0. 001127 , %
S A RO ERI (K 3) |, Bs 45 R A HL Y
FEAYA AR N ES, Hd 5040 T = B e
AR T, KBRS YT 4 XA Hb 46 B B RE AR 543 A T
St VG b DX AR D 4 43 T 5 B W b DX 4
PRLT- 5T X E S, TPS FExs (K 4), %&b
DX r 2 B S 000 T ) i S IR 22 (R R AR s K, B
RAEHAR] AN
2.2 LEEmAT

DA 5 R 32 o o B, A5 SRR (3R 2) L AT =
A E R BRI 5 SRR 1) 87. 5% . B — E s
FRIEE R 0. 008723, 55 — WA FFAE(E 4 0. 000418, %
S RS Z FERHERI (K 5) | SR 25 R A HL Y
PRV A AR R E S, Hod, 4040 T 5N P
DX ) R 2 AR i 5 443 T 5 B T e X g v 2 A B L 5

1725

0.1000 |-

[+]

L)
& B
0.0500 |- o © # K
o "%, c’o #* [H{L
~ %o .%'A ‘ ; - 2 R
o o omu s BT
& o o 0 O Ifiie
= 0+ oo I OBR
| . O o O R4
11 L o8 "% ° B
&® & 3:» . o B
s ’oogﬁ 0'9 OEJ?'&
-0.0500 |- ¥o £° O 4L
s O %
° O b

-0.1000 -

~0.3000 -0.2000 -0.1000 0
SH—F s PCL

0.1000 0.2000

B3 HAmMkENEE-—ERBNE_TRHERE

Fig.3 Plots of principal component factors 1 and 2 for lateral

cranium of 7. belangeri
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Fig.4 Plots of TPS for lateral cranium of 7. belangeri
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Table 2 Eigenvalues, percentage of total variance explained and cumulative variance explained of first three principal components for the

principal component analysis

Esr FHE(E h B S % F3t i B AL 5 %
Principal component(PC) Eigenvalue Variance explained Cumulative variance explained
F—E WA (PCL) 0.008723 80.3 80.3
B EMS(PC2) 0.000418 3.9 84.2
HB=EW(PC3) 0.00036 3.3 87.5
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Fig.5 Plots of principal component factors 1 and 2 for dorsal

cranium of 7. belangeri
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Fig.6 Plots of TPS for dorsal cranium of 7. belangeri
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Table 3 Eigenvalues, percentage of total variance explained and cumulative variance explained of first three principal components for the

principal component analysis

F Sy FHIE(E di B S % i SRR %
Principal component( PC) Eigenvalue Variance explained Cumulative variance explained
S—E I (PC) 0.008510 87.0 87.0
ST (PC2) 0.000208 2.1 89.1
B =F M5 (PC3) 0.000112 1.2 90.3
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Fig.8 Plots of TPS for ventral cranium of 7. belangeri
MZEZ A, BT RYCH TV B R AT M b T I JESE MR SRR R AL Bk Y S

2 AR s 7R S e T Ia) b AR KRB AN S AP AR X7 S 2 R ] DA B X £
HEZ — 2, Bk T 4 /b DX A R 0 14 22 5 0] RE 32 B 26 AR AL I s AN PARRCER 2 [R) 0 AR R (L 13) \f
PIE 5 N EWRITES (0.443,0. 433) K58 = NG ITEST (0. 448 ,0. 412) FAI0 55— 4k B 1Y BTk K,

R4 EHASTAAERNSHFEE BERLMERERERIHE

Table 4 Eigenvalues, percentage of total variance explained and cumulative variance explained of first three principal components for the

principal component analysis

E%y FHIE(E i SR 5 % Bt SR %
Principal component Eigenvalue Variance explained Cumulative variance explained
H—E WA (PC1) 0.009540 85.3 85.3
BT EMS(PC2) 0.000396 3.5 88.8
MO (PC3) 0.000259 2.3 91.1
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