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Measurement and analysis of hematology and blood chemistry
parameters in northern pig-tailed macaques (Macaca leonina)
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Abstract: The pig-tailed macaque is an important non-human primate experimental animal model that has been widely used in the
research of AIDS and other diseases. Pig-tailed macaques include Mentawai macaques (Macaca pagensis), Sunda pig-tailed macaques
(M. nemestrina) and northern pig-tailed macaques (M. leonina). Northern pig-tailed macaques inhabit China and surrounding
Southeast Asia countries. To our knowledge, no reports have been published regarding the hematology and blood chemistry
parameters of northern pig-tailed macaques, which are important for the objective evaluation of experimental results. We measured
and analyzed 18 hematology parameters and 13 blood chemistry parameters in juvenile (aged 2—4 years) and adult (aged 5—10 years)
northern pig-tailed macaques. We found that red blood cells, hemoglobin and alkaline phosphatase values were lower in female
macaques than male macaques in both juvenile and adult groups. White blood cells, lymphocyte, monocytes, platelet distribution
width, cholesterol, aspartate aminotransferase and alkaline phosphatase values were higher in juvenile macaques than adult macaques,
while creatinine and triglycerides values were lower in juvenile macaques. Mean corpuscular hemoglobin and creatinine values were
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positively correlated with weight in juvenile groups. In adult groups, mean corpuscular hemoglobin, percentage of granulocyte,
hemoglobin and creatinine were also positively correlated with weight, and lymphocyte, percentage of lymphocyte, red cell
distribution width, aspartate aminotransferase and cholesterol values were negatively correlated with weight. The results suggest that
age, gender and weight of northern pig-tailed macaques affected their hematology and blood chemistry parameters. This
hematological and blood chemistry study has great significance in biomedical research and animal models using northern pig-tailed

macaque as an experimental animal.
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Parameters

“FTiifE (pig-tailed macaque, Macaca nemestrina
group), SRR A RAE . RSk TP A
—EhE, RUERBUERMAG4. 1992 4F, 5HEEHK
K 27 [ KR KR FEH L Agy et al (1992) KR
PTG T IR HIV-1 W85, 20 8 1 S0 A 3))
Y. Hur, PV S FERE (rhesus macaques,
Macaca mulatta). EEA% (cynomolgus macaques,
Macaca fascicularis) —i, KR HCE HAEN
R0 LI 5h ) (Hatziioannou & Evans,
2012), FEIH KR, SIamRA e B,
To A BP0 55 76 T e Pk By HIV-1 HoX) B 2
SIV/SHIV ¥ 5 & (Lei et al, 2013). 1fi H., ~FIiif4
T TE LR EE1 Je A 2 35 NARFAALL, v %
B, AE G B A A AL R R AR AL S IR (Patton
etal, 2009). UtAk, fEAHZ: (Hukkanen et al, 2006)-
NI (Macellini et al, 2010) FIZ5H)fRiH (Weed et
al, 2008) ZEWFFTAUE, “FIUGR B 1S3 TR Z 1)
I .

B T AE A R A e 2 N,
R BAF B A . 2001 4F, HL 0 EE b 2 1 A
IR 73 185 ROBAS D, 73 2R 50T (M.
nemestrina group) JFKH) 3 ANNERHER T A B JE 1
34N BT (Mentawai macaques, M. pagensis)«
S P T00 5 p P 10 (Sunda pig-tailed macaque
or Southern pig-tailed macaque, M. nemestrina) Flit
“FTiif%  (northern pig-tailed macaque, M. leonina)
(Gippoliti et al, 2001; Groves et al, 2001). BHFT Jgifx
GXAT T ENJE LA K IR TIA i B v A AT e i, b
ST AR R Y THUAE £ R P IV 1R 5K R e I R 5K
g3, BAN830 R 7, BAAE A Ab-~FTide, LLrg A
FI0E, HHIE A AT E & (Malaivijitnond et al,
2012), i 4 A P T 4 A6 P Thf .

FLHT, ko HIV-1 25 B s R 98 72 1l
LN HIV/AIDS (K3 2007 4, Fdl]
SIS 5 ORGP TOAN R IA BRI HIV-1 51

TRIMSa 25 4, M TRIMSa 555 5 5 4 A (cyclophilin
A ) JEHL TRIMS5-CypA RG], HaZfa Bl
PIASBRE HIV-1 (56, [l B 1P T HIV-1 %)
sl /N | AT R i ) N S R AT A |
T 2 L BRAR ) S i T B ) (Cao et al, 2012;
Kuang et al, 2009; Liao et al, 2007). )5, Epr L%
ANSEEG RS T RATI IR A5 R, IR AL A8 T
IHOR Bl B SR A TOOE . e, B BEAE T Al
e R IAFAE TRIMCyp fili5FE R (Brennan et al,
2008; Cao et al, 2011; Newman et al, 2008; Virgen et
al, 2008; Wilson et al, 2008). [Kitt, Jb-FThiMen] g &
AL HIV IR 59

AR R A R AT >, FEME T =
T VG P M VU2 i S, R K T R AR R
Kahy. EESN 2o Tt Bk, BE. 5
Sk B8 BN S 48 A T SV P ML X o ] % i
6 3y 49 o) 7 vt TG G ST TS AR A, 5 ] 5 ol
T, AT 2y T A6~ T A b S 56 3 P i AL
2012 4F, o ERREB RS0 EET oh ERL B
E ] RACRHIT 5T O B R 5 | 1F T —AbIb~ P T .
FH T 32 A 1 TG A6 T IO I3 27 R0 2B AL 38 s 5
FAHMARIE, P, fEANTTT, AT ATk
MV AR AE A TR AR BEAT I 5E [ I 70 A A LA
TAEAN A A 8 B B RAN [R]4 ) T b~ T I v
SRR A AR AR 22 7, IR LE Rt s b
THUAe i 56 ) ) AR TR 2 (3t I 9“7 FR AR 1 IE 5 2 5
FENEE

1 RS

1.1 K4

AHIE T HT H AGF T 5 |k B B R H A5 B T
¢GPS P | o T S N P < 1 b s Sl 5
5, TERFEAICIIAR OSSR, 280 0 )5
A Je B A UG AT 45 d S5, s e E
R bt B R AR PO B R SRS N A 1A H .
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SEHEF TR S . SYXK(IE)2008—0001, [ HE
RSB AP FR EIE VI S R YIE 92
—29 T MEAFRR AR TS, B UK. $%
SCHRARIE (M BEAE R 70 220715 (Dai et al, 2000;
Haberthur et al, 2010), BREE> N5 44 (2~4 a)
AR (5~10a). SR ILIERM 73 K Get
1.2 MAFREFMFERE

TEALFTIREH RS TS, 16 R G IR kR
4% R — 41 (EDTA-K2) ikt 1 mL, 4t
il 2~3 mL. 42 1MLEESS 5 2500 r/mim 0 20 min
MG o Brsk i TR M 2 dehs,
TR A AR b . RIS, FH 9 S ] e A4
FREARE.

1.3 MAZFRIREN %

I FH I35 BC-2800vet 4 H 534 ML 41 1 53
PG 2 40 05 (white blood cell, WBC)- ik . 41
L % LUV 4
(monocytes, Mon). R4 fi%k (granulocyte, Gran).
R A0 BT 43 B (Lymph%) < 58 40 B 1 43 b
(Mon%) FL4iMa 1143t (Gran%). £ B3 (red
blood cell, RBC). M ZL &1 (hemoglobin, HGB). 4L
Y g 5 B (hematocrit, HCT) . ¥4 £ 41 i 44 FR
(mean corpuscular volume, MCV). V¥4I £L & 7
# (mean corpuscular hemoglobin, MCH). ~F-34JIfl.£L.
H M W B (mean corpuscular hemoglobin
concentration, MCHC). £ 41 fg 73 A 95 A% 7 RN
(red cell distribution width, RDW) . il /v R %%
(Platelet, PLT). P31 /MR AR (mean platelet
volume, MPV) . Ifi /M & 7 47 9% &  (platelet
distribution width, PDW) F1 IfiL /) #x J& F (platelet
hematocrit, PCT).

1.4 Mi&E IEwRIam 75 %

K%K COMBAS INTEGAR 400 plus 4=
ANEALCNE ME P E & E (albumin) Bl E
IR (alkaline phosphatase). N2 FR¥; Z i (alanine
aminotransferase) « K %4 % & ¥ 2 [y (aspartate
aminotransferase). JJLF (creatinine). &5 (calcium).
JH[E EE (cholesterol)s JIERIEG (creatine kinase).
HIZIHE (glucose) RIHZLE (total bilirubin). 412
1 (total protein). H M —M§ (triglycerides) FIJK#E
% (urea nitrogen) ¥ & o
15 FJUHEDHR

i SPSS19.0 Gt AR IFREATSEiH 2400 T

(lymphocyte, Lymph) .

B, KA A SSRGS IEAS A, IEAS A
SEIGE R DL mean+SD KR, SKHMAZFEA t-test Lh
BREMEMNZESR, RHPAEA rtest LU RTFRE
B0 5 1 A i g e 25 Wil s 4 1) 22 o LA
SRR R ) g AR B, DA TR RN RS 1ot H A5 A
A b, SR A DG 3 AT % A 2L A FOGE £ ASn i 1 H
TR o A IE A7 A 5L 50 £ s DA rh A7 B DY 4347
HER R, RHAESEAR T Mann-Whitney
56 P B A T 2 43 A1 (1) S 56 5040 1) 4% 00 5 4 1)

ZE5.
2 &4 R

21 BHEILFETBRLBFEFRSEERNEE

S

2~4 a TIP3 24 FR bR S 2 (L
LK 1. EFYFEICTTES, BRMEMEA AL
Il B B T HEPEAN RSN (P=0.027), HARKS I i
Wi B ZE R AR . LBRAEE R B ),
A E 0 T S A A0 TOUE 098 27 H8 0 1) 52 A 2
#, P Ea S ESREMREAT SR PR
X (R=0.39; P=0.0040).
22 BEHFEILFERBLRENERSEGBRNE

Hoth

2~4 a FEFEACF ORI R A e bs 2 2% (E
MAGHIWNE 2. FEFYFEICPIRS, g ER
PrdE HE ) 22 B MEPE A A A 1 TR S R A 2
(P=0.013) AR HA % (P=0.018)/ T-HETEANMA, 1
BRI (P=0.00036). JH[EEE (P=0.031). LK
(P=0.024). 55 (P=0.016)F1 14 (P=0.050)%% MK
THEMEANA, Forh O M A e 1) 2 Al
W, HABKMFEPRZ AW . ZLEREEFIVE )
(R J AR EEO T AR A6 P T v AR A AR I
WA, DU S5 B IEASC (R=0.31;
P=0.038).
2.3 BFEILFERGRLEFERSEERNEED R

5~10 a BAFILT IO 1) L 2 Fa b K 3 il AL
X 3o AERUFEACFTOE T, ME A4 1) 20 40 i £
(P=0.0054). IML£LE [ (P=0.00068)F1Z 4 fd H X
(P=0.0046)75 W] WAL T EEVEA A . Z2BRAERE AP )
s e, FMmaEE &R (R=0.36; P=0.010).
40 M T 43 EL(R=0.31; P=0.026)FI1If.£T 75 1(R=0.31;
P=0.027) 5K IEAHSG, 10k EL 40 i E (R=—0.32;
P=0.022). 401 43 Lh(R=—0.28; P=0.043)F11
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Table 1 Normal hematology values in female and male juvenile northern pig-tailed macaques aged 2—4 years
HHIEH(2~4 a) WA T ISYAN PR 2 5 PR R
Juveniles (2—4 years) Females (n=15)  Males (n=38) Total (n=53) Gender effect Age effect
i TG TR TR Pl JIREH gy
Items Mean+SD Mean+SD Mean+SD Range P Values correlation(R) P Values
140 i % WBC (10°/L) 17.57£3.53 16.73£5.28 16.97+4.83 6.00-31.40 0.58 0.047 0.75
WRELH UL Lymph (10°/L) 7.14£2.09 7.50+1.86 7.40+1.91 3.70-12.90 0.54 -0.17 0.22
A% A K Mon (10°/1) 1.71+0.61 1.73+0.59 1.72+0.59 0.70-3.60 0.93 0.036 0.81
B4 u %L Gran (10°/1) 8.71£3.16 7.50+4.23 7.85+3.97 1.60-20.10 0.32 0.14 0.34
R ELAI AL E 43 L Lymph (%) 41.27+11.49 46.98+10.44 45.36+10.95 21.10-64.10 0.087 -0.20 0.16
A2 I T 43 LE Mon (%) 9.08+3.02 10.61+2.56 10.18+2.76 1.10-18.10 0.068 —0.082 0.57
LA M 5 43 LE Gran (%) 48.98+12.49 42.41£11.12 4427+11.78 26.50-73.60 0.067 0.19 0.17
LT 41 1%k RBC (10™/1) 5.97+0.48 6.330.53 6.23+0.54 5.00-7.21 0.027 —0.13 0.37
IfiL£T 5 1 HGB (g/L) 128.4749.88  134.42+10.73 132.74£10.75  100.00-153.00 0.069 0.10 0.47
2140 i AR HCT (%) 42474323 43.98+3.21 43.55+3.26 34.60-49.10 0.13 0.0059 0.97
SEELT 4 HLAARL MCV (fL) 71.35+2.80 69.68+3.17 70.15+3.14 64.00-77.80 0.081 0.23 0.098
SEYILAT A & i MCH (pg) 21.51£0.93 21.21£0.99 21.30+0.98 19.30-23.10 0.33 0.39 0.00401
S AT 4 B MCHC (g/L) 307.53£24.19  306.11£10.42 306.51+15.34  289.00-390.00 0.76 0.096 0.51
LLAN A A S AR 7 R AL RDW (%) 14.67+0.78 14.67+1.13 14.67+1.04 11.80-17.30 0.98 -0.11 0.43
ifi. M %L PLT (10°/L) 429.47+203.37  375.00£170.06  390.42£179.80  48.00-774.00 0.33 —0.042 0.77
SERI I NMRAAAR MPV (L) 8.73£0.83 8.35+0.65 8.46+0.72 7.10-10.10 0.084 0.062 0.67
MLy AT i 5 PDW 16.81+0.58 16.85+0.75 16.84+0.70 15.60-19.20 0.85 0.049 0.74
M/ EF PCT (%) 0.37+0.17 0.31+0.14 0.33+0.15 0.04-0.61 0.23 —0.042 0.77
F2 BFHEQ~4 )t ETRAR MR B MREHIEREEESELE
Table 2 Normal blood chemistry parameter values in juvenile northern pig-tailed macaques aged 2—4 years
H A A e YN PRI ZE 57 AT YR
Juveniles Females (n=15) Males (n=32) Total (n=47) Gender effect Age effect
5 H TR TR TR 3 Pl R g
Items MeantSD MeantSD Mean£SD Range P Values correlation(R) P Values
F#E H Albumin (g/L) 42.52+3.11 4439+2.92 43.79+3.07 34.26-49.81 0.050 -0.09 0.58
K&lﬁﬁ Eﬁisphatm (UL 676.40+626.30% 1341.58+433.40  1167.19£516.48  291.10-2448.70 0.00036 0.017 0.91
Eiﬁ%ﬁmns ferase (IU/L) 37.49416.35 25.2547.71 29.16+12.44 1.70-71.10 0.013 0.060 0.69
iii?fiiﬁim ferase (IU/L) 43.51+14.84 41.55+8.49 42.18+10.79 18.30-75.50 0.639 0.081 0.60
JULEF Creatinine (umol/L) 45.00%6.50 50.88+8.68 49.00+8.44 34.00-69.00 0.024 0.31 0.038 1
5 Calcium (mmol/L) 2.06%0.12 2.16%0.13 2.13£0.13 1.84-2.49 0.016 -0.10 0.53
JIE[ B% Cholesterol (mmol/L) 3.2040.39 3.5140.47 3.414£0.47 2.29-4.69 0.031 0.090 0.56
JULBR A Creatine kinase (IU/L) ~ 400.331247.46  361.50%314.00°  367.00+299.00*  117.00-1114.00 0.51 0.26 0.079
H%ii Glucose (mmol/L) 5.20+1.09 5.63+1.51 5.49+1.39 2.73-8.75 0.33 -0.21 0.17
A JIE4T 2 Total bilirubin (umol/L) 2.6740.98 2.0240.77 22340.88 0.90-5.00 0.018 0.18 0.25
2 Total protein (g/L) 79.09+4.33 78.94+4.44 78.99+4.36 65.20-88.30 0.91 0.00014 1.00
Hih =8 Triglycerides (mmol/L) 0.551+0.15 0.621+0.16 0.6040.16 0.31-1.01 0.15 0.067 0.66
JK# % Urea nitrogen (mmol/L) 720%1.19 7.7241.45 7.56+1.38 5.34-12.43 0.23 0.0015 0.99

& KON IEES A, LA AU A SR iR 7R . @ The data are not distributed in a normal fashion; presented as medianinterquartile range.
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Table 3 Normal hematology values in female and male adult northern pig-tailed macaques aged 5—10 years.

- N N N ) 2 5 _—
HAEAL(5~10 ) g e Bk '%%J ZE_’* R
Adults (5-10 years) Females (n=32) Males (n=21) Total (n=53) ;Fe:tr Age effect

5iH TR TR TR s Pl MXRE gy

Items MeantSD MeantSD MeantSD Range P Values correlation (R) P Values
140 ffu % WBC (10°/L) 13.90+3.64 14.54+3.82 14.15+3.69 6.50-25.80 0.54 0.069 0.63
R ELH %L Lymph(10°/L) 5.75+1.56 6.76+2.15 6.15+1.86 2.00-10.80 0.053 -0.32 0.022]
1%L Mon (10°/L) 1.23+0.42 1.41£0.50 1.30+0.46 0.50-2.50 0.15 -0.12 0.41
B0 fu % Gran (10°/L) 6.92+£3.22 6.37+3.95 6.70+3.50 1.80-20.70 0.58 0.25 0.072
AREAN 7 H 42.59+11.44 48.23+13.69 44.83+12.56 14.80-63.00 0.11 -0.28 0.043
Lymph (%)
PRI 5 43 Mon (%) 9.18+3.01 10.08+3.39 9.54+3.16 4.50-18.00 0.32 -0.14 0.32
B4 43 L Gran (%) 48.22+11.61 41.69+14.22 45.63+12.98 25.20-80.10 0.073 0.31 0.0267
2140 % RBC (10'%/L) 6.10£0.54 6.55+0.55 6.28+0.58 5.39-7.75 0.0054 0.028 0.85
415 F1 HGB (g/L) 128.00+8.83 137.67£10.50 131.83£10.57  109.00-155.00 0.00068 0.31 0.0271
LTANH AL HCT (%) 42.60+3.47 45.45+3.36 43.73+3.67 37.20-53.70 0.0046 0.14 0.31
SN AR AR _
MCV (L) 69.96+2.13 69.65+2.83 69.83+2.41 61.30-75.50 0.65 0.25 0.075
MZAA P =N
VA9 B 20.98+0.98 21.03+1.27 21.00+1.10 17.20-23.20 0.85 0.36 0.0101
MCH (pg)
S IfLAT B IR

.03£20. S57+10. 85+17. .00— . . B .
MCHC (¢/L) 303.03+20.88 302.57£10.38 302.85+£17.36  253.00-390.00 0.93 0.17 0.25
ZLA1 0 53 A i [ A e R KL _ _
RDW (%) 14.88+1.41 15.46+1.85 15.11£1.61 12.10-21.50 0.21 0.34 0.015}
iR $L PLT (10°/1) 449.47+172.01 444.14+218.82 44736+189.90  61.00-848.00 0.92 -0.23 0.11
UL MR AT MPV (L) 8.70+0.85 8.37+0.84 8.57+0.85 6.00-10.80 0.17 -0.038 0.79
ML /NBR 53 AT 55 i PDW 16.4120.50 16.54+0.73 16.4620.60 15.60—18.40 0.42 0.16 0.27
i /MREFR PCT (%) 0.39+0.15 0.37+0.17 0.38+0.16 0.04-0.67 0.61 -0.22 0.13
e < ¥ _ . 2 == A

Mo AT S8 TE AR 7 R B (R=—0.34; P=0.015)51AF  FH(ETHLFN.

A
2.4 HEIRFTRLZENIBIRSZERNRE
D
5~10 a BAFAF T (1 38 A AL Fads Wk 4.
TERGEAC TR, EPEAN A PR 22 U0 e T 1
AR (P=0.036) , M OB K T HE PR A A
(P=0.016), WLERFLEE (P=0.000088) 155 L i ik if
(P=0.0000062) B AL T HEPE AN A, 2 BRAEUSFIE 1)
W% G, WUEF S 7k T 82O A 0% (R=0.43;
P=0.0017), M RAR M2 (R=—0.37; P=0.0069)
FIHH [ EE (R=—0.41; P=0.0026)5 1A F k%
2.5 BHESHREFRRMLIEFIEFRE ELE
PO T )4 5 A b TOUE & A 1) I F A
AT UL, AER AP TOUE L33 27 i b (1) 5% ) = AR
NG A ) ZE o BCAE G ST TR ¥ 1 40 e 2K
(P=0.0011). W#REL41 % (P=0.00094). FLk% 2 i %1
(P=0.000068)FIIfIL /N 73 AT 58 L (P=0.0036)32) 1 {2

2.6 BHESHEILTIRMBRELIETRA LR
LU 5 4l 4F 5 A A6 P IO 1 90 26 Ak 45 b ]
DL, A AT T B B 1 B R (P=0.000000039)+
RAZIRFE W (P=0.00010)F1JH & ¥ (P=0.00051)
SR FEAR T Y AL (P=0.0024)F1H
=G (P=0.040)0) 5 T H 40N 145 AUl B A
U4 ) FE S S b P OB I A AL i s ) T B 22

3 W it

A A= A E I R R, R S5 B P IR SR
W INTHE o LI BRI AR AL R 1 507 T Ak
FEMAN T 22 A5 ANk R A LRI S 85 P . H
W, SPTO 2cA)i2 YH AE N RIS SR 5)
Yo B, REFOCTFIUGR M FTHE X H AR
FIARYFIY TCHGIE (Moss et al, 2012; Balagopal et al,
2012), HHESEW T 5SS RIBRHEA FE L o 1
H, RPTR00 A5 A R AR I 9T i Ak Tk 20
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Table 4 Normal blood chemistry parameter values in adult northern pig-tailed macaques aged 5-10 years.

AR WA TR P} PR 2 AT R0
Adults Females (n=35) Males (n=19) Total (n=54) Gender effect Age effect
5 TR PR OPEEREE  u pin JIERE C pg
Items Mean+SD MeantSD Mean+SD Range P Values correlation(R) P Values
{4 4 Albumin (g/L) 42.4343.75 44.99+3.35 43334379  34.76-51.00 0.016 -0.11 0.44
[ R0 . o 114.10-1789.2
40+195. 824491, 85+494, 0.0000062 -0.10 0.47
Alkaline phosphatase (IU/L) 281.40+195.20° 992.82+491.15  372.85+494.88 0
SRR EEA .
PR F AN Alanine 30.51+11.77 27.61+15.88 294941329  14.00-85.40 0.45 -0.18 0.20
aminotransferase (IU/L)
SN Al
RARRIEN Aspartate 30.52+8.51 36.834+16.97 32.74+12.39  18.50-101.40 0.074 -0.37 0.0069 |
aminotransferase (IU/L)
WUKT Creatinine (umol/L) 53.57+8.41 56.84+11.91 547249.80  38.00-88.00 0.25 0.43 0.0017 1
5 Calcium (mmol/L) 2.13+0.14 2.16+0.16 2.1440.15 1.95-2.59 0.47 -0.26 0.067
JIEL# % Cholesterol (mmol/L) 3.1240.46 3.0040.51 3.0740.48 2.06-4.05 0.38 -0.41 0.0026 |
WL Creatine kinase (IU/L)  157.004+106.00°  354.00+266.00*  198.50+208.25* 64.00-2582.00 0.000088 -0.078 0.66
%50 Glucose (mmol/L) 5344130 5354138 5344131 3.49-8.21 0.97 -0.062 0.40
ISYIEEAS
+ + + —
Total bilirubin (umol/L) 233+£1.20 2.434+1.08 236%1.15 0.80-5.80 0.76 0.12 0.48
M2 [ Total protein (g/L) 80.521+4.63 79.05+4.09 80.00+4.47  70.60-87.90 0.25 -0.10 0.46
wih = i
Hrih =i 0.7040.22 0.65+0.28 0.68+0.24 0.31-1.58 0.49 0.11 0.95
Triglycerides (mmol/L)
JR A Urea nitrogen (mmol/L) 7.69+1.31 6.9341.10 7.424+1.28 4.63-10.69 0.036 ~0.0095 0.44

& KON IEES A, LA AU 447 2R R 7R . @ Data are not distributed in a normal fashion; presented as median + interquartile range.

BrBL (Reeves & Fultz, 2008), XfJ V2 /34 175 g Wb
FE] 5% 0 b DX P G TOUAE 1) 56 it A2 40 27 R AT S )
)8 25 1 (Malaivijitnond et al, 2012).

& RN R 320 8 5 AT 1R~ TOOEARE Ol A6 T T,
TENG LR BN S B I, A Db B0 I asi Ah Je A
PR AR FR AR EAT I RO . B LA ) 2
PSP A e R g0, BAEFA N IR R e
MITRE, IR T A2 SR L ) B 2 bR &
I AR B AR A (B R AE — AR R W P IR AR
A LRSI LRI AR S o ASHIFSE 1 2 T b
ST IR 18 TR 24 Fahn Al 13 WMLy AE A 3R br 2
AL G, HRX LSRR IEAT T ZEvh22 5007

PR ARG, AEWE . PERIRIA T S5 #0A v] 6E
M A TR L9 2 A M A2 A FR A% (Schuurman &
Smith 2005; Smucny et al, 2004) . FeAI PEFALF-T50HE 2>
H2~4 a T YR 5~10 a FIEERE, KIAE
FAER B AT b, P 0 Tl (1 982 H b 22 S
B AN MR 2T B 1 22 5 MEPE T AT TR
(LT 20 BB AT e, 2T 2 1 20 40 i e
AR T HEPE, H2ERAW S 1 MEPE B AT TOUE 1)
CUAMMS . LT AR 2040 R RRURI G 1l R T 5
BIM R AR T o X v R R L

HEIA] 2 55— 3 (Liu & Xie, 2012). 5 fRIEFK 4 [F
AN £ R B) PRI UK 2 40 BRAPAE 22 57 (Lee
et al, 2012; Liu & Xie, 2012), {EAL T H1 K &
WARZE e o M AR AR PR ) 2 e A B 4t
SPIURETRROR, TR AL IO e/ . IX 0] R
FTE %)~ T AS [P 00 o) AR R BIRES A A
Ko ABFEARIFAERE L, MEPE AL TOURE (10 Bk
PRI BT HEME . a4
ARG 2E e, T HLME. e S R [R) R A IR 2
MR AWM WA S E 2R (Liu & Xie,
2012), FEAC IO IN AR SR 2% 2= 5 o E e
] AT A6% () B 1k B PR G 22 5 (Chen et al, 2009;
Lee et al, 2012).

AR AR WAL IR EE A IR 2 AR PR R W], T 44F
S THUME 1V #5285 11 40 B %5 B R /NS 43 A 58 5 380
TR, X5 NS LE RN IR I A 2
—&, 1M Dai et al (2000)HiE 7EAS [F)4F 58 21 i [
TS, TS SRR W22 5, AL/
BR A3 A B AR T A M I AT BERIRE 1Rl sk
U7V AR ZE A G . A, BRI Ak R
PN, ARGV T R Ik W Rl . R A2 R e
S M B [ P S B T g AR P e, e b I E



234 Pe 5 LIk (Macaca leonina) MRS AR EA IR bR 225 (E I0IE 55 23 B 95

TP A7/ 1Z LS (Dai et al, 2000). {H H il — g
LR I A v ] e D v i) 2 R A 5 P Tk
R, HBEERAIC T H Y. TR EHRIFL)
5 R B B R 2 AN I A AL P b i K, A
WA R L H 2 5.

DAAE (AR TE ) R o S PR e A VR A, Rt
BRA M3 2= R AE SR AR B, AR, TE754)
AR, AR R S ar i e A A
LB IEARDC, EAEREIL P T, fATE S 240
WA A AE AL SRR A 56 o 1% 45 AR AEA ST
W, REN R IE R .

Ubah, HFAEMERIRRAFER AP, JErT
A0 %) ML 98 27 R AL 9 A A i b 5 b R T A A £
W ZE AN o DR, JRATTHE— P PRI A HfaE 1)
[ A4 B EE B (Chen et al, 2009)Fl1£r 81
(Liu & Xie, 2012) 56Tk LA . KINAE 3~5 a
AW BN, A6 To0 55 o e ey Bl B e 1 o
WML AE A SR BR IR WA 22 5 BOR, i o ey
M F0 £ B A 2 ) F8 XL 948 AR 9 A A 48 s 2 e A
SN (B ARSH). Ab P Tk S A e A L
B, AN A T R R . R R R
AMGFE A TC I W e, i AR L, AR
I NBR SRR TG B S 25 5 o LY i B AT 2 B R ) 2
PR AN ORI R A A L, 6P TR (T 3
T E AR 4 6%, TR e . MR
A FRBRAH 2 B R DR E BRI, A6 P TOUAE (R ik ) ok
PR 1408 v 1 B T R B A 2 A%, T A%
P i S MR T 1.6 . A LAt sd Y
et R AR DNA BEAL 2347, RIF IO £ ~
500 J7 AT S-S R R A AR T A,
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