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2L R 5 S ZFALI B R S o o3 AR R LA
RS ST A RO

Ba, A R, ke, TEE T B

(mF A0, =/ B 650224)

WE: HAXNTFLRRAEENGY 6, HEEER BT 5 SR R RS RS M. %305 35
SO g AR 119 R 5 LU R R R B S AR KT T BB oo 4 R, JTOME 2 1L R v [ 2 1
PR Y B AR T S K BLAT B o ) SR A KT 38 (P=0.005) : JTUE 2 Ly YA B A T AR T3k Ak K A IE =
A KR (=3.725, P=0.001), T B 28 (B B 5 B ARG T S A )2 S AR K (=3.105, P=0.054). X T HE
A2 A 2 b X2 3 6 TORE: 25 L PR 8 v 20 R b DX A 958 1 o B 2 1L B2 38 T SR O & R 0. thF 28
HH o — Rl B R g i J50RL, ARSCEVE S B 0k, HAGE EOK . A HEST 2 WL 1 AR, U0
PRI L BT B S AN B b v g o [ 2 (L 573.47 g, JRIEEZE 1L 360.51 g, (B 4P 27 1L H KR H
FIRGHE R, BICRH BRI SR, B 466.99 g, LU 2 1l R R B7 5 A (0 ) 8 5 LA R 7
T T R R T B AR

EHR: FIF; W DhReEE; Ak mvEse
FESES: Q959.835; Q958.11; DFS XHEFRERD: A XERS: 0254-5853-(2012)03-0271-05

Allometry of scales in Chinese pangolins (Manis pentadactyla)
and Malayan pangolins (Manis javanica) and
application in judicial expertise

ZHOU Zhao-Min*, ZHAO Hong, ZHANG Zhong-Xu, WANG Ze-Hui, WANG Han

(Yunnan Yunlin Forensic Center, Kunming 650224, China)

Abstract: Pangolins are unique mammals in that they possess scales that serve a protective biological function. As
an important raw material of traditional medicine, illegal trades of these scales are frequent and difficult to investigate or
prosecute. We used allometric models of dry weight of scales to compare 35 Chinese pangolins (Manis pentadactyla) and
119 Malayan pangolins (Manis javanica). Our results showed that the dry weight of scales increases significantly faster
with the length of head and body in Malayan pangolins (P=0.005), while dry weight of scales is positive (slope=3.725) in
Malayan pangolins but isometric (slope=3.105) in Chinese pangolins. The differences in morphology between these
species may reflect an evolutionary adaptation to different environments; Malayan pangolins in tropical regions appear to
suffer from greater predation pressure than Chinese pangolins in temperate regions. We advise the conversion standards
between dry weight of scales and number of individuals as 573.47 g in Chinese pangolins and 360.51 g in Malayan
pangolins respectively, and when two are mixed together, average above two parameters of the median at 466.99 g. We
propose these measurements be used as judicial evidences in forensic identification of related cases.

Key words: Pangolin; Scale; Functional morphology; Allometry; Judicial evidence
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H A I NG G, A9 Tl 6 P ) ) s 59 AR
XF 877 0 2% B ) T R Y A8 B H 2 52 W (Phillips &
Shine, 2005; Domenici et al, 2008),

VEZAE N Rh, JOESAER I B th A
W A A 53 DA B AEC B 4 £ XU (Leonard et al, 1999;
Nakaoka, 2000; Relyea, 2001). 1T [7] e 44 £ XU
ita AT AT, VR PR A A £ 1 e ) 2 B
A At B XU P i 55 2 1T A N A 7 25028 (Harvell,
1986; Katz & Dill, 1998; Tollrian & Harvell, 1999),
PR, FEBC il B 0P AR RS A A B
8 5% 1) B 41 T B (Bolser & Hay, 1996; Menge &
Lubchenco, 1981; Pennings et al, 2001; Vermeij,
1978).

HE Hs g SR B W S 1 AR At A AR, I
25 BE 4 S AR £ 5 ) # B 5i (Bertness et al, 1981;
Bolser & Hay, 1996; Fawcett, 1984; Gaines &
Lubchenco, 1982; Heck & Wilson, 1987; Jeanne,
1979; Menge & Lubchenco, 1981; Pennings et al,
2001; Vermeij, 1978). 5582 2501 (1 [7) Jeg 2 [+
FRAMAFA L, BARE B 70 AT B A B 232 4 S ik
s, Bk, FCRA BT RE R B ASAEE Y
PEREAL T RE A4 S 15 LA 5 (Bertness et al, 1981;
Vermeij, 1978). %% 1L F [ FE v HAT S5 22 (1) 95 10 1)
RE, — EORA Bk b i PR il & %, i 29
s ffy, A AR R B S DABH ik & 2 1) Bt (Nowak,
1999).

At SR L 3T 8 AMFl(Schlitter, 2005).
Hrr, W E %L H (Manis pentadactyla) FTUHE % 1]
(M. javanica)# 2 73 A A6 B L Dy R HBIX, {H 2 rh
] 2 L Y PR 4 A e R TOR: 2 L R B T v
JEH X o 2 Ll R 0 A B BRAE AT — 2 (~
N30°), F PR AE 2 [H b 340 4 4] (~ S20°); M JIUH: %5
L FF R A7 DU A G BRAE 25 e (~N25°), 1 BR A 2%
BN (~S10°) (Nowak, 1999; Wu et al, 2005).
B 25 FROMTURE 2 1 B R AT XA A0 B, (EAFAE] R
PR 43 JEE 2 e T O3 A X 2 AR IR A s 1T e 1R 90 AT
DX 2 BT o ASSCADS 2 1 ORI TR 2 1
R T AT SRl AT, DS R BN TEANR
TS ) R N A o

2 L R 20 O T 2 o s DR o A B A )
YA CITES [ff%- 1L (CITES, 2010), HH
R Ty A SO . e N R B oG T
PR B A B W e YR S S A BAR N RTE A T

i) S ARERE ) (IR [2000137 5 30) 5% T AR A4l
AL Ol B, ULURHER T Ba RS
TR A g 1 P R ™ S i R A e
brdtE, B T LA R E A A B TN E AR 2
by e SRR o I LB T E AR HE A 2
T 1 AN A 0 0 3 LIAH S 4 ol 192 e o 905 3
o, Bk, W RS RECE A A e TR =T
LA AE R — R EE LG D 2 RORL, 5L
HHE AR E 0k, BEEE K. DiamA K
WA LR “PY—7N7 A« o — 7 BRI
R ER S AHI, XA TILEIRZA 1.09t H .
SR, E T = R IR e b v, ME DLE I By A 5k
2 1L R (R B AR SR AR, 3
A EAr e, B, EREEKairERe b,
AR SCH R R R A G vl e [ 5 1 FE RO 2
R I S AR PR AN R bRk, g AH A
S AGNERERZSITE 2 e

1 #MR57%

1.1 K a14)

2009 4, 2P E AR 2R 7E TP BEGE A rh A 3R
T 154 HFIHGEER), VKGR T A B A5
Wb o izt 1 ARG 35 HAR [E 5 1L (158 A1 209)
119 KUz (L (583 A1 619).
1.2 #igkE

F A& RO & %% AN AN ) Sk A8 K (length of head
and body, LHB). J&¥:(tail length). Ji /& (length of
hind feet, LHF)% 3 M85, FFxF it st kA oK
A FHb. . I TREMCHE R SKE, W&
AR IEEL S AR H AV REAS, &ERE—K
W—k, HEFFATESTRE, 2, FHE
RIS [a) L0t 45 do P FECERE 2 000 g, 435
{H 0.01 g)I5E &M 3
1.3 HEE

A KT AR Y=aX?, b x A%
&, Y NRARRE, a R KRS, b N R KR
H(Peters, 1983). kihK. RBEAE LK M E
XoyHARE X, BRrTEIERERE, BEEN
— e, MNAR R g, R, Y 5=3.00
B, Y 5 X WO EEAK; 1 6>3.00 5% 5<3.00 K,
Y O X 43N IE B ) S AR AR A i
XTEE S, N RMA K {F(Bohonak, 2004)iE1T
JE A1) 53 4T (reduced major axis regression), 4
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[l Y3 73 #r EE e /Iy — 3¢ ] U5 43 A7 (least  squares
regressions) 8 1& & I H T PP H AT W] 3% 22 B k)
PRZLAR B[R 457 9% 3R (Rayner, 1985). ARG8T M
M1 SPSS17.0 BAFIEAT 0 M1 o BN, et T [ 7
L FRORTCRE 2 1 FE AR T TR R 1y
i WA A7 %

2 &4 R

21 FERAEK
AR R 1. 2, PEZLFR
AT 85 B AR S e AR K48 500 82 1 i

ERCMEK: P=0.101; BK: P=0454; LK.
P=0.937); i JIVHE 28 (L I H R 5 S AR K IR AR
A AT I 2 (1 1l 22 e (P=0.088), {H 5 K
(P=0.034)F1 Ji7 /2 K (P=0.001) 1) 73 A= K Fq 30 B
FENZE SR IR, PR W HE T E Sk
R BHR SRR, TR IRA B A KA
ARRMTE R /NME R PR o JTOHE 28 1) 5 v [ 2 1 Y
FRhRTEMNREREKERATEEEE R
(P=0.005). 7L P S SR 25
A=K (b=3.105, P=0.054); T N5 11 B O+
B SR B IE I S 2B K (b=3.725, P=0.001).

#1 FEFURRRTEMNEBEEASIRER

Tab.1 Summary of reduced major axis regression statistics for dry weight of scales in Chinese pangolins

At 1 Male (n=15) It Female(n=20) If+#E Male and female (n=35)
Variables )& 12 Slope (SE) R? 412 Slope (SE) R? 212 Slope (SE)
#ﬁ:];& 0.807 3.364 (0.410) 0.342 3.005 (0.342) 0.547 3.105 (0.364)
)?,I[j\ 0.738 3.173 (0.450) 0.600 2.896 (0.432) 0.667 3.004 (0.302)
)EL}I%]:& 0.712 3.997 (0.595) 0.309 6.605 (1.294) 0.524 4.772 (0.573)

F2 MEFLURRRTENEMEIEASTER

Tab.2 Summary of reduced major axis regression statistics for dry weight of scales in Malayan pangolins

£ i Male( n=58) M Female (n=61) T+ Male and female (n=119)

Variables R* RH Slope (SE) R* #1# Slope (SE) R? 1% Slope (SE)
Jiﬁ];& 0918 3.884 (0.148) 0.763 3.697 (0.234) 0.861 3.725(0.128)
}_%Ji/t 0.883 3.067 (0.140) 0.599 2.981 (0.246) 0.794 2.986 (0.125)
}iﬁf 0.545 5.546 (0.500) 0.112 4.426 (0.543) 0.349 4.577 (0.341)

22 MEAEHEER

154 Hg i WFryH K+ ®EN
(423.47£197.19) g (27.19~1121.07 g). 35 H R [E 77 1l
H 55 119 FURIE 28 11 AR S ANA B R T B A7 AE
FEZE S (P<0.001), JF H Bl it A Ko b &5 Al
FW, RIS L8 SIAMARARIE K/ Noas B T EE (1520,
PRI TEAMRAAAE B M 5, PR, A7
B3 v EPRN L I S H bR . 35 S E 21
HE % H R T EA (592.99+217.63) ¢
(129.47~1121.07 g), "%k 573.47 go 119 I
7 B X (373.614160.43) g
(27.19~824.54 g), T AIECH 360.51 g.

3 % i

Fer SR 7 6 XUIS: (1) SR A2 2 M 2 A1), 491
W AR T RE 2 & (Leonard et al, 1999; Nakaoka, 2000;

Vermeij, 1978). f&mtb 7P /K-¥*(Bolser & Hay,
1996; Pennings et al, 2001)LA A7 4 77 X AL BT 1%
eI #6245 (Bertness et al, 1981; Fawcett, 1984; Martin,
2000; Turner & Mittlebach, 1990). A SCiFEsE T
28 1L FFORTTORE: 25 Ly B P A 3 e ) i A B B B 25
I ZES e P E gL R R EAR TS AR KR AR
A, IO 2 Ly HE D 5 0 R e AR K

il XU (R R 99 A2 5 20 R IR DG IR o e 2
DX A s A A 2 Iz IR I, A B2
(1 S840 £ WCRS gk B A5 26 B B FE B T R AR
(McKinnon, 2010), [FIH, BAGE BE 534 i TCEE 28 1L
P LR 82 tey 203 55 4 A 1R v TR 2% 1L PR 2 52 5 T o R 4l
Ty FMMNHE, 4 73 smB T ae, Tzl
AR T H 0 IE ) e AR e, LS LA
e s ) IS AR

o 2 L RS TORE 2 Ll AR AR
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R b 22 e et 7 g XA SR AR YR )
AP AL FARIAEE A S o PP L 28 Ll HR ) o0 A X 2 2
FER A X, HAMA R 73 5 TE R/ 45 L4
Hahn, WP AT R R A AR AL T B
AP AR T LRI A 82 DX A 3% 1R TR 2 1
A 7 IR S s Pl B KU, MR T S A
TER/NEIELEI R m, B R R A T
A s — AR YR ST D R T A
0 38 B oA T 3 OB ) ZE 3 B4 5 (Phillips &
Shine, 2005), Pk, %1l A] GEC J5 T X,
TR 2 1L YRR AL A6 22 Ja RN BT B il B s
DI ARG X, [T TORE 2 Ly R A4 AR
o ZE A Ay AT I8 1) 3R RF AR A T AH N R 3 Y R
Ak, A E AP H e & ALY
0o R I T A [ 27 JE R 4K A7 13t hE (Messel  fossil
deposit) KU Tt 3 Eomanis A2 H AT E 505
w2 15011 F A AT (Franzen, 2005; Meredith et al,
2009), EWAEUE T RATR T I X RN
2 DX ) A2 St DX 4 7 (R4

AR E IR T I % 1 B — L8 42 B (Chen et al,
199 1) A1 #(Ke et al, 1999) 7 i HIAFSY, {HHFTA
IR HAA PR 2 AR A B . 764 50 28 1 BT T
b, AW R AT R AT
FURE G 43 B AN [R) 26 5 43 A 16 4 2 1L ) e A 52
MR ) 25 ZRREHREZ KM N5
M, Besa et 5 8 Frgg il .

eSSk W Z P B EE R,

B K-
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AR, A om ) R, )
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