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E T 4R ERSD S AKX IT %R % &8 A8 W
TAA  THRE R = papt”

(1 B KA Z RS SR, N 450001) (2 KAT LBRME 5 9 B AR 4 X B IR B3R, TF IR 454650)
WE. 20124FE4 ~8 A, FEKRTFIEEE RS ARG XFEE R RIZILEP X (JLd 35°05" ~ 35°15", %
28 112°12" ~ 112°22"), X RATINFRBEER 1 #E (WW - 1) W3 DR HIT (matrilineal unit) R T (55
T) 3 HIEA 26 RAREEAT B IA M, RBCL RS A, A e F 481 (modular principal com—
ponent analysis, MPCA) 75, XAMRBEAT EFRBUN 4347, BAEGIT AU ) 1o A0 AE U S5oR 400 R MUAE G, 45 2R
T (1) RAT WBRAGEA A ) 0 T AR RS SR 28R ¢, 2R 5K T 3 2 T AR 09 1E FEAUE N 0.93 =
0.00, BEETEHICHN (0.89+0.00) FMEATTIA] (0.84 £0.01) AYEFRAHMRLE ; (2) KAT BRI AR i T 3 45
TEREAE SR AL, 4 % (&4 %) 8L EARS BERN] 091w F8 A B #508 (0.88 ~ 0.95), MKUL{E nf
R BEF O R AT R F A0 7 06 0 R N R 284N A ) 1o 8 R BLBE R AT 40 BT, R BOR AT LLOBR A A 4% 1] A Ted
FAHRLEE 5546 RBVIM S BT g Rl I A RSB3RO B F Be R T i .

KW . KAT ARG THARAHARLE s A E R AT SRR
RESES: Q958 XERFRIREG . A XEHES . 1000 - 1050 (2013) 03 -0232 -06

Facial similarity in Taihangshan macaques ( Macaca mulatta tcheliensis )

based on modular principal components analysis

. . 1 1 2 R
WANG Baishi , WANG Zhenlong , LU He , LI Li , LU Jiqi
(1 Institute of Biodiversity and Ecology, Zhengzhou University , Zhengzhou 450001 , China)
(2 Jiyuan Administration of Taihangshan Macaque National Nature Reserve, Jiyuan 454650, China)

Abstract: From April to August in 2012, a target troop (named as WW —1) of Taihangshan macaques (Macaca mulatta
icheliensis) was investigated for facial similarity in the Tiantanshan area (35°05' —35°15’ N, 112°12" -=112°22" E) of the
Taihangshan Macaque National Nature Reserve (TMNNR) in Jiyuan, China. Facial close-up photos of 26 individuals over
3-years-old belonging to 3 matrilineal units within troop Wangwu-d ( WW —1) were photographed and facial similarity val-
ues between every two different individuals were analyzed using modular principal component analysis ( MPCA) method.
We aimed to find the correlation between facial similarity and individual kinship. The results showed that: (1) facial simi-
larity was significantly associated with kinship between individuals; the facial similarity between mothers and offspring
(0.93 £0.00) was significantly higher than those of the intra-unit group (0. 89 +0. 00) and the inter-unit group (0.84 +
0.01) ; the similarity value of the intra-unit group is significantly higher than the inter-unit group; and (2) individual face
features varied with increasing age in Taihangshan macaques; higher facial similarity was found between =4 year old indi-
viduals and their mothers (0.88 —=0.95), and mother-offspring relationship could be assuredly recognized via this value.
The results from this study may provide reasonable and effective methods for individual identification in nonhuman primates.
Key words: Facial similarity; Individual identification; Modular principal components analysis ( MPCA) ; Taihangshan

macaques ( Macaca mulatta tcheliensis)

s ial A~ R R 51 (individual identification) IR T AW i S B 3 =il S L)
e H I ARAAERE 12—, i i R ) D) R A AR R ) (Niedenthal et al. , 2000) ., VAFE B9 WF ST IEHH , A
() E L R Ay, R NSRBI 2 1 e 3 ) KAgW ok A A E RS A A ER
TREMTFERZ —, BZIWHNHZEARKES MELRI DK (Maloney and Dal Martello, 2006 ;

HEE&WMB . ERARRHELSRBTHE (30970378, 31170503)
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Alvergne et al. , 2007) , M REKEFHYEA5 A3k
AR RL A A58 2R g8 FNRE IR Y T AR TR ) Ak B R 42
(Tootell et al. , 2003), Fang % (2010) B X AH
N AN A S5 T [] 1 T A ALY, X 150 X5 5% 0
AP NKE R 47 E T BEXT, FF R H K-Nearest-
Neighbors (KNN) % #47T RAE 400, 45 R Wik
P A~ A ) 79 T8 A AR X 2 —F O X 9 o B 23 ] 5K
70. 67% , Vokey % (2004) K & 3 A Al DL
It TR R P B R - 0GR R R R
(Pan troglodytes) &, It K Alvergne 5% (2009)
PWFFERTIESS . S 4h, MRPESR I WLEE IRt B g
PUI Y [ Py Foh HBE 7 O R 9 A (Parr and de
Waal, 1999) , XSEHFFER M, i A U 2 1
MK RGO R TR TR bR 2 —, XA B T
e N R AR ter 7 AL B b AT R G R X — 2
WR

A A ] £ TIPS AR B T A R N R AR AR
1T7E % H) € 19 Z /K #i (Tsao and Livingstone,
2008) . HETAFAESR ORI A; K AT, BESEHE 4R
T — 2 AR G 3% (Chellappa et al. , 1995)
TERFE SR IO TH , 32 B AT 56 T LA R AE AN S8 TR AE
WiFfJ53% (Hong, 1991; Roeder and Li, 1996; 7=
WIME, 2009) . JUfTHRRE SRR 28 1 T T 55 )
BRI, H BT 4R HAY R AR 2 R TN S S R E
A8k, A F 434 Hr (Principal component analy—
sis, PCA) Frf@ U GETHR-IE BOORTE A 2 25 ) 3R
TSR T RS E , (AR REZE T E 45 & 4y
fE (Lu et al. , 2003; ) 2% %5, 2005; Z= 0 #%,

2009) ., PCA i HZ M EGRB L RE R,
B R AR, 2 TR 2 RSNy, R0 A i

iR IX (Rajkiran and Vijayan, 2004) . SZPr I,
O A o AR IR, R S G 40 IX e AR
(AT TS R 1195 o A S N B o S
o, BRAR =% (2006) R 4> B EE R 4 B
(modular PCA, MPCA) X AR 15 A N £
G IRAR AL 5 KA 4% 11 5k BR k47 7 31591 5 #r
I 5158 PCA 43 i1k . Fisher faces 0 #i%, F - S
ST DL B A Tk S5 R AT T A, R
MPCA N ERA 268 T I AAT fo] —Fp o7 7%, 10
P B R AE T 98.9% , i Al ik 100% . A
I, MPCA 707 LAA R0/ £8 28 7 bR AR £ 1 56
FEZAS A %o T S TR0 45 R A B2 R, MPCA 35 1 JE 20
JE 2 1) TS PG B 43 R/ IN A A5 1 - IS, X T
DA 11 3 % 15 A BE (4 e 38 A8 ALY 52 i B 22 7 R

i, BRI LE KRN SRS K I B AR e 4 il
T, R X S o ) i 2H R I 2R R AR T PCA
HEATHRRAE SR, PR32 B0 09 B — A EHR B FRAE
o] & R, HN— B WRHIE & (AN,
2005; BRIRIEAE, 2006) o

WtE (Macaca mulatta) F&=— 4345 7z a0 dE
NRKZEY, KATIWERME (M. m. icheliensis) J&
BRAEAE B — AR A WA (e A, 1991
Fooden, 2000; Lu e al., 2007, Wu e al. ,
2013), CHSINER R E KRB ES Y, B
WAEAT 5N OB . AR ES | AR s
T ERA T EE R EME MR R L (T4
B, 2013) o AWFFEACRI 4 P F 4 & o B (MP-
CA) THFHRBIEA , BT (1) AMARE 2R
GERES S EAHME M CR; (2) DEERZE
T 235 ] ThD BB A BLRE . ASBIFST & TE b 58 R0 58 35 B
HY SPGB AR AR S BE N MA R BEAL S
BERIAESRBE TSR e bR, IR 2 B A S AR AN R
KEM SR BB .

1 MR 7 &

1.1 RS s

AW FEAE RAT IR G B AR DR AP X B R A
PR T RE A KA 1A P X (dB4 35°057 ~ 35°157,
FRZ 1120127 ~ 112°22") #EAT, ZHAL T M4
PV PEIL I AR AT I X, HAHZY 310 hm' |, HFIK
800 ~ 1711 m, AF B2 AU Jhy 02 Ik 47 v% M I i Ak
BRI X A B AR M FE A AT 2 LA 6 R 18
(Lu et al., 2007; S®AHPRSE, 2011; H %7K 4%,
2011) .

1.2 HAnMRE

AT 5T LA S8, T F 53 1 X A — AN K AT L BRI R
—ERE 1 (WW -1 8f) X%, BRI
B, BB, HERE . B0 E R R,
FPRENMRBUN | w44 IR AT AR — PR R 4y
(HZERS, 2011),

WS IE, WW -1 B3 60 R4k, Horp
RAEMERE 4 2, BAEMEE 15 B, R EAEME 40 H
BAETE B MEME 1 H . WW -1 BE 4L Aot (HL
Unit) . KFBEHIT (CM Unit) FMEBESEIC (BD U-
nit) —NEEZRIC (Matrilineal Unit) 2% (K1)
(HZEARLE, 2011), KHE 24 09 B0 & X AT H
BAE (Tian et al. , 2013), X} H FREE P A4 B 19 2
R RE I RFATR 45, AKX WW -1 BBy 3R 25
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A ARG B PSS R 0 D0 SR G A, T

Z: B FAHOR A (2011) HZEAR S (2011) IIBFSE
. L3 MTHRE L& MPCA S Hr
- AT R A% . T 2012 4F 4 ~8 A, %Y
© ML WW - 1 B S AR RO NAEIR = 3 Bk
1926 H AR — A8 T H R IR X e R4
3 FEAERSs H,3 ZIBL AR 21 H(E 1),
R ARAG B A AT AR, FO B AE AT T A B
KA T EATBE(14:00 ~ 15:00) & H I (1
~ 5 m) RUFTHE T, FA RN R A g A AR OE
PRBE 3 | S350 00 15 T 35 I ALY

HEOF A S804 3. 1) D P A0 A 60 4 4 BB K T
TR R, Sy ¥EE N 320 x 480 ppi, A Matlab
7.9.0 XF & AT K BE A A BRI B R 3 s Ak, DL
VBl /D S B R 6 4 SR G R

Gy PCA RAE B I K R A0 A 1 1 5 8
Py AR . AR, AT ART . ABA
g6 MRS T (FHE. 160 x 160

ppi) o REEEAS AN B A B R rhOR TR 6 B Y 5 R
¥ oty BT A s PR IT ZZ MR, ] Matlab FfF 3R
WOR FERFEAE, 5 45AE ) B S o BT =S [0, 545
) B R A 5 0T RO 8 AR AR 1) 5 5 P HE S O
Friedeab B (CRPR(E PR B E N 90% ), # BEAFAE
ERALIE

AHADLRE U . R A B R B By A ) 07
5 BBk 2 72 [ AR R — A —dEm X
XA 1) d AT R, AR S e S
e £ 2 00, ABUE N 15 A AR 58 4 A W) 45
Je St 90°, MU N 0, RLIETT ik 00 % B A 11 6
ANFHBEAT IR, F ZARAT 6 AT BRI R L
PR i BURR Ik 1 08 B2 A1) 22 S5 K3 0 45 2R AS [ ) AR
{6, BOTARE & FHRBEIMHME, &im, Ko

Y = Z a:b, TR B M E] R f 2T R A LA

o a AN T H AR, b, o 45 9 A~ Bk ] 1
FHAUE

HLQ 24 CMQ 26
" [
4 b {‘ F g F1
JLO 12 GBQS8 ZLS6 XXMJS5 XBDQ 1l HIG9 MM@P6 ssg4 CLY3
R F2 HL 355 CM 80
4 HL Unit CM Unit
n XYQs5 IM@5 JSQ3 XCQ@4 XXCQ3
pu
[
P1 E &
BDQ 27
. BY*Q 13 HTQ 10 AZQ@7 WK®Q6 BTI5 TTQR3
BD %
F2 BD Unit
BLQ6 FYQ@4 LMQ3

B ORATIORRAE WW -1 B3 DR R T BRI RG KR . PL: MEMER K, FI. 7—MR; F2. 72/ BATI®T
S BT R A AR MR RIRAE S xR T 2009 AEEIT WW - L BE, OR 6 HCE AT AR SE AT

Fig. 1 Individual relationship within each of 3 matrilineal units of troop WW -1 of Taithangshan macaques. P1: Female parent; F1: First
filial generation; F2: Second filial generation; Letter, symbol and number below each photo represent individual ID, gender and age; * :

Facial recognition for BY was not done because she left WW -1 in 2009
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1.4 i ab PS5 Seit 4 i

s WW -1 BEN B RER Hocah i, fhEsR S
HF A SO RE 2RI 5 B AR S 5C R Y[R
— B RPITNARE O HITN R R AT
ARl BE 28 BT Y AR 2R G e O BT ] 2R R4
K 1 3R 73 A TR AH BUE AR S A Excel, 57
Bom sc:, R SPSS for Windows ( Version 19. 0)
X EE 21T gt e ., H One-way ANOVA 43 #r 4%
FRG AUy 2 Ta] ) TP AR AL B M 2R S PR
PEARBYAE W 53 2, FH Pearson Test 7 #1 H Fx -4
AR 5 1 AR A LB B9 AR S s I SEREAR TR IR
(Independent-samples T Test) 434 3 2 i A& ik
T (BT 4 B RS AL R B T A B2 Y 2
HEER, SRUANERRE (CV) "

ﬁCVzinm%ﬁ%ﬁm,ﬁ¢Sﬁﬁ$%ﬁ

2, x NEERWESME, I B 4E L Mean + SE
Fon, IR B EHAKFEEN « =0.05,

BD HLIC 1Y WA MEVE MK BY T 2009 4 25 HF,
SHZAER S HEEE (BD) . HHFE (BL #lFY)
P TR AR ARUPE TE ik AT 40 B (B 1) o AR i 58 3L
OHT T 21 S BRAEA AR 3 - ) 0 TR AR LU, 79 X
BE 2R 550 AR B] 1% TR AR AL S 27 X R R T
(AR A TR ARARLEE o PR T 3 2 0 A 44 1) T 48 v o
KB4, SHYENTHAHMUMER, FHik, |
WK T (%T) 4 2RI 75 4268 5
FAEALLEE S HT

2 #X

2.1 AR SRS 2R AL 5 A AE DL BE (Y 6 &

RAT LLBRAGEA AR ] 119 55 25 24 70 5 1 350 4 0L S
FEME (F,, =70.77, P < 0.001) (&l 2). 7¢
BE - FIa] BT AR KBTS ARG 3 Rl Rk
RAEAI  DLRE — 1) B4 T A L BE B (0. 93
+0.00), HR Fm THRMWMER (P <
0.001), #H [A] & & 550 W AN 4K 09 15 A8 LR
(0.89 +0.00) W2 & T A E B &R BT [ A4~k
(0.84 +0.01) (P < 0.001), MASIF EZk 2 AIA
PRI AL RE e SRR, B - FRRBAY AR
SRBN1.64% , TN EA AT RECH
3.72% , Honm AN RANERRE N 4.80%
AL, RS 5 AR ) AR R Y 3R S R AT, i
N [F) B 5 ] A A 1 T 08 R0 ) 5% B R 55
2.2 AR S AS AR ] A AR YOG R

WFoR S5 SR, M IR K, RAT LBk
TR B 2 0 1A LR W E R (r = 0.91,
F,., =57.29, P < 0.001), 3 /K5 HEEE
F14) TS50 AR DL B eI, AHAUME M 0.77 ~ 0.85; 3 %
4 DL AN A 5 R 2 0 SF- 2 TR AH LR (0,93
0.00) BERKT 3 LK (0.82£0.02) (1=
-10.58, df=19, P < 0.001), KT (%7T) 4
2 s A 5 LR S 108 T S R I o 4T 0 1 K T 32
B, MIIEN 0.88 ~ 0.95 (K 3).,

1.00 = *k
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ST AR
Mean of facial similarity
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ossd [l Bamee
1
0.80 — 4
B -7 LS L ST
Mother-offsprings Intra—units Inter—uniis

B2 RAT AR WW — 1 3 AN [ 3 Zx 28 A0 41 (] /Y 17 708 AR 0L 2
ke #%
Fig. 2 Comparison on facial similarity among different paired groups

within troop WW —1 of Taihangshan macaques
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Fig. 3 Variation in facial similarity between mother and offspring

with age increasing in Taihangshan macaques

3 i

AHIEGE e AT LR AR 18] 1) 2 2% 56 &R 5 T
PRAFARL I B UIAR OG5 R4 R AY | AARAE IS 2 52
T FS A ABLBE I OCBRE R 2R, AR ] 236 2% G 22 B3 WU T
PRI B s I, AER—RERBIT, R
DA I AT 1 185 4 5 S B 23 100 T 3595 R 1L RE 28 9 45 o

G K FIE R KNP RAT A I R
8 (Chapais and Berman, 2004) , KLk, dEA
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FRA U 6 G AR FEAT IR — B AT 2[5 1
fil 2%, FENEAE AL SR O 2 Z 8 (multi-male
multifemale) RIFFA, — HMitERT g5 2 HifEdE:
SETE, 0 P ) 25 T s ACAAS B a8 1 ) A, — S
FEUEWY, AE N RA A AT DL i 18 358 1) AR AL X6
) ) ol LS 2% 1 A AR 3R AT HE AR 19 3R 51 (Rendall et
al. , 1996; Parr and de Waal, 1999), {H A W5
UNCESIRRIE S SO NN I P URuR NINIEIPUE =S5 74
KATKW 45 R (Pokorny and de Waal, 2009), iT
IR R, TE— oAt oK R o 22 i 22 M 9 AR A
REUNMAE ( Presbytis entellus) . 85 ( Papio
cynocephalus) FEPESE (Pan troglodytes) FHHEH,
IR HEEAS A X B C R A B B BE T ( Borries
et al. ,1999; Buchan et al. ,2003; Lehman et al. ,
2006) ;1 5 /04 11 ( Mandrillus sphinx) ( Charpenti—
er et al. ;2007 ) F1 % J5 B 55 ( Papio cynocephalus)
(Buchan et al. ,2003) W B8 HERGHE IR H & L %,
73 — TR 5 ik — 20 e B R ] DL 5 [ b B R
N J A A T S AR AR SR TR ) B - ¢ & (Parr and
de Waal, 1999) . XLEHFFE R A AR K I AT
FE 2 T o LA R 0 2 K 1 3 B 3 TR B X
i 2 AL C 6 9 07 ORI A 2 B SR %A K (Widdig,
2007 ) ;3 AT LI F 1 #0 Y AR R B 0 5 1]
WIEM GG R , RIS, KT IR A
TRIA Y SR 2 O R ST AU A OG, SRE KR
BT BE ] AR AR B, [ — B R EOT
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AN AR SCEE SRR B SR 5 00 FR 2 5 A (AR 18] TR AR
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