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Social network analysis of animal behavioral ecology: a cross-discipline
approach
Peng ZHANG®

Department of Anthropology, Sun Yat-sen University , Guangzhou 510275, China

Abstract: Social network analysis (SNA) is a framework used to study the structure of societies. As an umbrella term that
encompasses various tools of graph theory and mathematical models to visualize networks, SNA allows researchers to detect and
quantify patterns in social networks. Within SNA, individuals are not independent, but are symbiotic or linked with one another in a
network. Given its powerful analytical tools, SNA is capable of addressing a range of animal behaviors, and has accordingly become
increasingly popular in behavioral ecology studies examining such notions as mate choice/sexual selection, cooperation, information
flow and disease transition, behavioral strategies of individuals, fitness consequences of sociality and network stability. Nevertheless,
SNA it relatively underutilized among Chinese behavioral ecologists. This study aims at highlighting the benefits of SNA in studying
animal behaviors in order to promote greater utilization of SNA within Chinese studies. By first introducing social network theory
and demonstrating how social networks can influence individual and collective behaviors, this paper provide a prospective overview
of SNA’s general utilization for the study of animal behavioral ecology as well as promising directions in the overall use of SNA.

Keywords: Social network analysis; Graph theory; Behavior ecology; Primate; Cross-discipline application
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ek, Hhad g NER 6 A, Mt i,
Wi 6 N AR RE N VUEAT—ABAZE N (Watts &
Strogatz, 1998). T4k, S8 ] Ay fE 2 R4 (17 R
A PEE I, SNA ) Z ] T et A3K
AT N 5. AW, LR, Ak
A AFERREE RS AR R S 2 R
I (reviewed by Knoke & Yang, 2008), Ffiflig M A
SCARISA e BRI AW o« B ) B A S R
(reviewed by Newman, 2003; Watts, 2003). SNA fiff
FUORZN MM T AN DA AME R AL R R
NIH.

HEARE W) 27 5 AN ARAT A W 2 AT N AR
RIMZOLNE L —. KREMFREPESMEY (B
TN BIAAEAT A BN IR, T S 74
RIEREEA TLREm ) 45 58, IF Bt DEBHA KT 1)
Ak [e.g. =& (Apis mellifera), Naug, 2008; fL42
11 (Poecilia reticulate), Morrell et al, 2008; & f,
(Spermophilus colombianus), Manno, 2008; %
(Loxodonta africana), Wittemyer et al, 2005; %)
JK (Tursiops truncates), Lusseau, 2003; H A%
( Macaca fuscata ), Koyama, 2003; I 4 22 ff%
(Rhinopiticus roxellana) , Zhang et al, 2003]. A4,
ARSI EE 2 A S A AT 2 IR AR A R
WAERE G BALTRAIARAT Ay S S5 DR 2R (1) 5 2
iR X L ) 1 S T RN TR SR R A2
HPRK R SR, ARG WAL 2RI
FEOR RSO . BN B R AMA
AT G, I IR L ARk S R A A2 0K
% (Reviewed by Sih etal, 2009).

20 el 60 AL, A7 W AR BRI
2 W2 BB AE S AT I AR E I B . Sade
(1965) F sl Tttt Bk, ik T
BRI EAT A AL R R BEJG, HAbS ks
KAt o W28 B TS0 sh st AT, Blin s
174 (Seyfarth, 1976; Mitani, 1986). %47 N
(Fairbanks, 1980; Hanby, 1980; Seyfarth, 1980). i
AT (Mitani, 1986; Nakagawa, 1992). 474
(Cheney, 1978a). X i17 4 (Pearl & Schulman, 1983;
Keverne, 1992) F135 %2474 (Cheney, 1978b; Pearl &
Schulman, 19830, AMAJ #1258 RAMN 2 ZATTERX
JTHISENR, 02352 A N BEAACR 25 W 2% 1R S5 o 4512
BRAGEAE N i vyt PR (R SR T B 2R 2 2 BUH A
AMARAIEL R A A2 R RINALS) (Sueur et al,

201000 BRI, DAL T2 07 A DO BT B o Tl 4
SR RBAT = HE I EAL ST

SNA i £ iz H B8 BUa BRI A
EEAE ARSI Abt g, DR — AN+
M TS Ms 2 R (Borgatti et al,
2009 AT LUK ) B A0 R BLAL 2 M 45, T
HAT B S HE S AR TR S5 AN [R] )25 1R
TIREhAT AR S OCR, B AT N B AE S
BE A BAE A v 52 1 S AR, AR D)
TAT N2 R (Krause et al, 2007; Sih et al,
2009). I 10 ok, Bl fE 2 B4 BLIG 1) 58 35 A
THEHLEOR I3 &, BB 2 1177 K SNA N
TRE. MK BRAMARENTTH (K D.
Horp 32 EE 507 I A FEIR ST A A R B AR 42
ZER B NMAAT A R2m Ce.g. Croft et al, 2006),
W AR I 8 ) SR B BF 98 Ce.g. Lusseau, 2003;
Lusseau & Newman, 2004) FIREAR, AMEEFAE K
H W H R AMBEY (e.g. Madden et al, 2009,
20110 XFAE N R AL BAH B SN SR AN, ¥
SOBARREE . Wb E . DR E . A EEE . R
el . PR E . R R RS WU E S (R D, W
KA EAH B AR F B R RAEREAR I 20 A o rpoo
FEAE DA SR AR G AR AR 4, A0 JON) 90 B 27 AR
QAL Rk DL Skt 252 ) 55 5 T o AT [E ARSI
PRIE R FE, SNA 1EEH A 3h 428l 7T o i N AT+
AW, AR T 61424 (Zhang et al, 2012)
EAM R KRBT ik, ARIEEEAEFE X
SRR, AT SNA HELE TS 5t i
o MR TR A, S AEHETT SNA HORAE
PEAT A AP S 22 RN

1 42 SNA

A2 466 A PR AL BB 4 (Y50 S i)
PRESS ARG . AT PA, — MM gt 24
TSRS M R R R A A A . T A
KAME IRy, WHARAER TR (vertex)
R (point) BATEN#H (actor). E4E (edge) &M
25N PN EER 7 Z TR I — NG R (tied o 1EBNW)
LR RMZE N, — D AT R — MR, M
HREREAA S AR REASE B . SRR E TP
ORI LA RS . Ve AT B W il
THF PR EHE AR, B, B 1o I
T[] P B 7 I P RO o 15 R TR AT BEERF—Fh ok
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Table 1 Examples of SNA studies in animal behavior ecology

PrFf Species

{E% Authors

W9 7711 Research area

i R K ZE 54 Non-primate animals

FiJE¥ (Egernia stokesii)
fL# 1 (Poecilia reculata)

—jilf (Gasterosteus aculeatus)
KBRS (Chiroxiphia linearis)
#FK (Tursiops truncatus)

4R H (Social insects)
=g (Apis mellifera)
#¢ i, (Spermophilus colombianus)

RS (Trichosurus vulpecula)
JEMIK 4 (Syncerus caffer)
By (Equus grevyi)

Y% (Loxodonta africana)

= (domestic sheep)

12 (Capra hircus)
¥ (domestic pig)

Hikih (Suricata suricatta)
KM (Lontra canadensis)
REKZ (Primates)
#ITA% (Eulemur fulvus)
B (Macaca mulatta)

B (M. mulatta)
Fz3BAE (M. tonkeana)
B (M. mulatta)
Fz3BAE (M. tonkeana)
HEME (M. arctoides)

KM (M. nemestrina)

HAME (M. fuscata)
FEE (Papio cynocephalus)

JIl4:#2)% (Rhinopithecus roxellana)
magikgh (Atteles geoffroyi)

i (Pithecia monachus)

FokA B (Saimiri sciureus)
2R (Pan troglodytes)

A (Homo sapiens)

4 FPRKZ

30 R K2k
30 R K2k
LZRRKAK

Godfrey etal (2009)

Croft et al (2006)
Edenbrow et al (2011)
Croft etal (2005)
McDonald (2007)

Lusseau (2003) ,

Lusseau & Newman (2004)
Lusseau & Conradt (2009)
Fewell (2003)

Naug (2008)

Bhadra et al (2009)
Manno (2008)

Corner et al, 2003

Cross (2004)

Sundaresan et al (2007)
Fischhoff et al (2009)
Wittemyer et al (2005)
Webb (2005)

Stanley & Dunbar (2013)
(Durrell et al (2004)
Madden et al (2009, 2011)
Hansen et al (2009)

Jacobs & Petit (2011)
Chepko-Sade & Sade (1979)
Chepko-Sade et al (1989)
Sade (1989)

McCowan et al (2008)
Voelkl & Noé (2008)

Ciani etal (2012)
Maclntosh et al (2012)
Sueur & Petit (2008)

Sueur et al (2010)

Dow & de Waal (1989)
Flack etal (2006)

Franz & Nunn (2009)

Henzi et al (2009)

Lehmann & Ross (2011)
King & Sueur (2011)

Silk et al (2009)

Zhang etal (2012)
Ramos-Fernandez et al (2009)
Dufour et al (2011)

Watts (2003)

Clark (2011)
Kanngiesser et al (2011)
Schel et al (2013)
Potterat et al (2002)
Klovdahl (1985)
Newman (2003)

Matsuda et al (2012)
Voelkl & Kasper (2009)

Kasper & Voelkl (2009)
Kudo & Dunbar (2001)

iAM%%%iEE%
A2 ATAE AR LA,
tAM%%itﬂ%%%%
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F2x I 26 55 e £ 7
LR Y AP R
ARt o AR

Y ER R A

E YAt |
FEAAS T S A
o EAERREXR
FEATH

TR S5 1 5 AR
NTIRE &k AR

AMEXRHEIZ SIS 5
TR 7 2R

TR ALET IS R 2%
RN USSR NS AN
TREAR S5 A6 (KRS s
HhafE BALHR

DU Gk ox 4

PRI AR A 2 P 44
ERAT P IS E

I3 41 P AR AR X

AR 41 2 9044 1) 5
BRIP4 5 I i
AP 1 RS
LK RN IR
KT Iy 2 2 Hel
FEL KRR
HAXRGMEEAE
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& Bz
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AR L5 100 2% A 1k
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RAIESS (PIHMBCAEICR), Wl RedEREZ MR
MIESS CURCE ¢ R SR R RS ELMA N
K CLMTRh OGRS, 7 (e ) Al
SRPE (SHIELEIRIELE) 3 AL, F9IELS R IRLE
TEZ RBAKAINE BASR B W4, lanEsR &A™
RN REOC R, MIESS AR . ShPIRI A2 06
R ULRI A Z M, B TAMER G R UIMNER
ANFHEZ TR AR BB THOC R . AT OC R4 . SNA A
ST BN AL 2 M 2 AT R 2 TR DG R AT R
IR 2 A2 W 28 23 B I SR 2 B 2 —, #h
P B A W A % 1 B S 1 -l 3 I
(sociomatrix) M FE2x K HRE (sociogram). FL4x K
R P O SRR B T I R . i, 3R 2
R PR IR — AN 2R N1 G 22 MERE N 57 N A A )
M EAT R R il B 276 ik, M1
596 NITA AT REIELE N 17.3%, RN LT
A TEBENL AT, A7 AE FE S A0 B AH T 5T,
T Al AN AR AR DA FL ST L B8 A A [P 3kE FR 7 450
Fr R IR B, v DU OC AR B M M R s X S A 25
KHFR. /] Ucinet 6.0 Hl &8 AF, wTLLKEE 2 1IfF
AR R R E B 1 RS2 R E th 9 A — 1
% ME ) B TG B, BEAS B0 R SRR S — A

BEPERT 2~7 ASMEME o X2 — AN AL G R K
(weighted network), k4% IR 41 2 W AH B 583 11
BRI o IR 56 2 B — M T b AT ok R A e
AT I e s (], v BUA P AR 2 Chalf
weight index) 1ENELE (affiliation) EALIITREFR,
R T s 0 R . fEMFUI R B S
AERTRRMEAT iy, — g WU A B B, FFLLIE
SORAEL K R 7R R 7 P o 7225 B, ml i
SKERIRIEL Ty ), F 26 4% FH 40 28 7= 3 45 TR TR i B2
WL IIASURE B R A AR U 52 2%, T AT It 5 )
AR, N T WA RS IR,
XA BLCRH R B R R ( unweighted
network) o RIAREPANANMEZ [0 LA AT K RELA %
ARR. HHKRR, WHELWMEN 1, HLEKR,

MESEMRAE R 00 Jb I A7 7135 S5 AR B AN 5 AT
ZIAATHRAR, AUl BHIE S 0 ) AR . X R 3k
Tl 19X 288 3 BT 1) 5 V20 T W0F 503 &5 (R A7 A P LU % 45
(1) 56 5 S LI Y 2 ke U, R T A, il
internet W 255 (L AAZ I Z5A Newman, 2003).

AN, YR SR LR 2 g, B S
ARAFAH A%, T ME DL E A BT OC R G5, e
KR PES T T »

M HD(DB)

Bl 1 R0 1B 22 M A A AR ] 230 O 2R PR A2 I 5% 1]
Sociogram illustrating the weighted proximity network of all adult males (open square) and adult and sub-adult females
(filled circles) in a band of Rhinopithecus roxellana inhabiting the Qinling Mountains, China
KM Ucinet 6.0 (Borgatti etal, 2002)l K&l Pl th o SO AEREVE s R vk s *bRicmli LA . 4ol 2om Al AR IE A% . bl b LR
ANREAR ST B P XSGR, TR Zhang et al (2012),

The sociogram is created with Netdraw 6 (Borgatti et al, 2002). For clarity, only the association indices of dyads that we observed inproximity on more than two

Figure 1

occasions are presented (Zhang et al, 2012).
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M M iR~ E, mieshmir
AT BUEH] SOCPROG (Whitehead,
2009 ) Chttp://myweb.dal.ca/hwhitehe/social.htm ) .
Ucinet (Borgatti et al, 2002) Chttp://www.analytic
tech.com/ucinet) X Pajek (De Nooy et al, 2005)
( http://vlado.fmf.uni-lj.si/pub/networks/pajek ) 55 &
fFo IXEEHRAE SO VFAL 2 0 R M I G S 1 A
KAWL AL RIE, i BT AR 2% 91X F hie
A CEZEDRES A Z A KD o A K
FrifilfE =2 H T Ucinet 6.0 £ SOCPROG 2.4 iX i
BAE, P Ucinet 6.0 HEAT 4% B HIE, H
SOCPROG 2.4 *f M % K 347 2% 4i [ (multidimensio
nal scaling) #3457 4k . #4t, SOCPROG
FOVFAEINBLIR) 5G 8 W4 28 AR AL I 56 38 90 2% 2 1)
AL, 2 ] LAEARZY 1000 M. fEAT N
FRBE I3 M7 1, JC T S FEAAN )RR B AN ] 5%
RN, @BCKRH] Matman 2 (de Vries
et al, 1993; Zhang et al, 2008) (www.noldus.com/
animal-behavior-research/products/matman) .

2 FSNA E#ESHEEsXFHR

2.1 DN ERERHAR

AMRTERE N A O AT N ARSI i)
FR e WA Moo il s AR AR B B P i
MBS, KA T WRLEAT S, DA RS TRAT AR
9 JEAE RS o XLEIRIRAE SNA B HR A 1 fiFR
(node degree) I JjJE C(strength). 9 i FE & & fR
AN R AR I T R B AT A B R
TE—AXFROR R M, A DUAS T 508 45 AL TR,
B R A WE 584 [ Ucinet 6.0 7]
DATHEEF 2 0P FRH B v i A AR RORE B A5 4R b
(R 3o MAE—DARFRGRM A, Bk E X
3 KONEE (in-degree) FIALHE Cout-degree). A
ANBESRFR— A ME CF 50D A 352 5 45 1% 45
ECE, RN SR IRE M V2 AT Ak
FHHEE . fUH SR — IR I S5 5
T, R WIZAT B A AE W 45 fuh S Al AN A BE )
MU o flan, SRR — R 2 A
WRBEE GRS, 1A HA AR REE D (i
JEARD o AEMNESE BRI O T, 49 F AT L
PN, WE—AME R A IEST
BCE M. AE— MBS R M ZE N, AT LA
WRAREEAEL A MERN . WA E Bk

5 R S AT ) B AT T DA — N AMAALE G R
W 258 ORI JIA AR G 2R, BL R MARAE I 25 )
SRRy

HUL B Ceentrality) J& 55—/ 70 BT IMARTE I 4%
TR OFEDR, AT DA AN AR A AT R 2% )
OALE o IRAF O E I AAE M 48 AT B 22 1)
Egh. Hor, ikt B2 (betweenness centrality
coefficient) J& M4k B AR RAMASM I BT A7 oAt 5 A4~
A2 TR R e R AT, 202 A B4 R ) 0
J5£ o 0k v ) 4 v ) i P B 2 g A & A
(R R AR R B 2 F, AR AR

Cagi=2, 2 by (i)
7K

Horp jk#L, H j<ko AR ] v EA
WSE

2C psi

CRBi_n2—3»n+2

H ) P Crey IVEUEYERY 0 F1 1 2
o 7 — A R e O B 0, EME %A
X ABAABAT T ), AT ML H—1
AR A A 1, TR 2% s o0 oAl A
WA SEAMEM S, T ML %S HU
TAMETE M 2 R sg AL 4 g, TR —A
AMRTEAS BB A% FE i F b i AR A
Wy B o ltan, L SR B A 2 ()
TR, BN AN R A A A A A ik
b T HER N L5 I 0y, XA AT R T EOR I PO AL
P, B UR KFUBL I 1 A s T G SR 7y 2 () o
[ et BEAIR T 2 92 9 A 9k ekt PS5 T 1 AN A /N
FI AL BEAk, FE—ANrh i)k b BE A AT s BEAS
Bk 2 Mg, e L BEAMA R A8 T B
N B B AR T R 3 SO % 7 N 2% 43 4 8 HLANER
AL, ft, Thierry etal (2004) H#EIS7ERIE
(Macaca mulatta) Y H AWK 550 R L Ak
IR ML, SR S S AR L, 1%
MMERERE BRSO, IRWTRET R B2 e AR
1% (M. assamensis). JE/RBFME (M. maura) X255
PRZRTEPRM KR M, ARG B A
B153, WA G IR B B — AN BN T 3 B0 B
% . Lusseau & Newman (2004) 9% HLAE T8 Wi
& (Tursiops truncatus) JE 7 & 5 & L& HE,
FE P R Ry g ot 8 2 S B A, o B s (A
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Table 3 Individual measures of a Sichuan snub-nosed monkey group
Name Age Sex Degree Strength Betweenness centrality Eigenvector centrality Clustering coefficient
HT Adult Male 8 52 1.2 16.4 0.64
HD Adult Male 6 61 0.1 12.8 0.21
CM Adult Male 6 58 0.1 10 0.39
TT Adult Male 8 33 2 13 0.32
JZT Adult Male 9 74 0.9 13.4 0.13
Dz Adult Male 9 77 0.4 19.6 0.21
BZT Adult Male 7 53 0.1 11.7 0.28
77 Adult Male 4 31 0 6.1 0.45
LP Adult Male 6 38 0.1 10 0.33
Y1* Adult Female 12 121 2.5 20.2 0.24
Xk* Adult Female 9 73 14 159 0.57
Bd Adult Female 7 70 0.7 11.2 0.62
Fq* Adult Female 15 67 7 31 0.21
Bb* Adult Female 13 64 4 253 0.24
Ax* Adult Female 10 58 1.7 224 0.27
Bynx Adult Female 12 59 2 254 0.26
Wm* Adult Female 6 27 0.1 13.8 0.28
Hw* Adult Female 12 79 4.1 19.6 0.34
Tm Adult Female 12 102 2.4 20.5 0.23
Bx* Adult Female 12 74 53 21.7 0.38
Pf* Adult Female 13 81 5.6 21 0.21
Sh* Adult Female 12 71 3.8 19.7 0.24
Hxa Adult Female 7 60 0.4 12.2 0.28
Bhx* Adult Female 12 66 2.7 20.7 0.21
Dw Adult Female 8 63 0.2 12 0.27
Kbh* Adult Female 17 79 7.6 28.7 0.18
Hxm Adult Female 13 36 4.5 20.4 0.13
Zbh* Adult Female 9 81 0.7 13.8 0.21
L1 Adult Female 7 55 0.4 11.1 0.26
Hd* Adult Female 17 99 9.2 36.3 0.2
Zm* Adult Female 15 76 3 31.5 0.23
Ggt* Adult Female 15 68 5 30.5 0.22
Hx Adult Female 10 61 0.6 22.6 0.25
Dig Adult Female 7 59 0 9.8 0.29
Htp Adult Female 9 103 1.5 14.5 0.21
Xc* Adult Female 16 81 7.9 26.2 0.22
Zmr Adult Female 11 33 2.8 22.4 0.17
Bt* Adult Female 13 75 4.8 24.4 0.24
Jg Adult Female 10 63 2.6 16.6 0.34
Ctt Adult Female 10 64 2.9 16.3 0.18
Bx Adult Female 8 45 1.6 15.2 0.33
Sl Adult Female 10 83 0.9 15.7 0.17
Hb Adult Female 9 57 1.2 16.2 0.26
Wmr Adult Female 11 67 2.7 20.8 0.2
Yzm Sub-adult Female 8 47 1.6 14.3 0.49
Qq Sub-adult Female 7 42 0.4 11.1 0.42
Sx Sub-adult Female 7 43 0.8 11.5 0.41
Hg Sub-adult Female 9 58 1.6 15.6 0.3
Jg Sub-adult Female 10 34 2.5 15.6 0.27
Xhw Sub-adult Female 6 39 0 8.8 0.27
Lw Sub-adult Female 6 54 0.7 17.9 0.24
Tc Sub-adult Female 8 54 0.7 17.9 0.24
Ex Sub-adult Female 6 59 0 9.8 0.29
Nz Sub-adult Female 7 74 0.2 11.7 0.29
Xhs Sub-adult Female 8 43 1.2 13.3 0.33
Sk Sub-adult Female 7 31 0.1 11.6 0.2
Sb Sub-adult Female 11 64 3 21.2 0.17
MEAN 9.7 62.0 2.13 17.6 0.28
SD 3.1 19.5 22 6.3 0.11
Minimum 4 27 0 6.1 0.13
Maximum 17 121 9.3 36 0.64

R FLMETE o Individuals with asterisk are those lactating females.
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R AT RERE M 7 BRGNS . £ 3 BIRERY], &
L2 FAE DA R 1 P S L RS e e Y O R R
UL T2 Mty LM P 1R v ) 0 PSP (B R (Zhang
et al, 2012). HEAT ASELR,  TX Sy L MEdE J5 Bl
S Hh AL R FRUBHr A g A SR AT R, Rl A
A REHE N AT A H A A 3 R XU
KR AE 17 &8 H 0 B ( eigenvector  centrality
coefficient) /&5 —/NEZ W PO N E TV, fidk
—MTBENHE A2 KA Ea T AL AT 3 # 2
B, SE—FrutEsEhiae et HalE Ay
1
CF&;NFV
Ci i W AERErRAMAR O, o8 W R
| FHICIRIANA,  j=1,-N, c; [FAFAE ) = 0 A -

FEAE ) S BE R HUETE R 0 AT 1 2 0h),
TERFR ML, AR — N AMAFI A A A = LI R
B 5 IR BE S MRS, A AT
FEAE ) P FE R S . TR, BRI 4
HAAFHEM A CFREE—, (M5
TR RANTA T I AT A2 v FE S e 1) “ B A
A, T LI O AR P IR M,
A FH LA A2 W R )2 AN Tm], BRI
I A IR AN o %7 O AN T 53 45 1)
PS5 240, AR IAMALE I 28 4R b 1) 52
35 R BRARANARLE W 2 /R R L.
Sueur & Petit (2008) A ] b ZHF SRR A
FRRE (M. tonkeana) FIRFAARS Zh A, A ELAENE
FR R 0T 1) 8 P JE v o vk BEAA RS B 0 T S
Wy J7#% K . Ramose-Fernandez et al (2009) & Ik
W% (Ateles geoffroyi) #f AR MEME O E IS = T
HABAERS VR L, 0 5 e R Rk A 2 2 R %
oo FALLRY, W1 FEER 3 LR ], S2ERN
ZHH PTG R B D, (HE A LeEE vT fE A
A ITOCAMAZ A IS, (EBERA R EAE .t
[ E M RAE ], HAT A A s 1 0 B2 (Zhang et
al, 2012). HE AT LAEIR,  IX U £ S0 T )
(AE B3 . P 3 7 In) &5 7 1G4 T 2 IAE
s XX AN PRR AN T, AT T 2
Mot B T IA) R A 20 B AR E B

B RSO EEZ A, — BRI
Mg SR L E (closeness centrality) Al
JaE O (local centrality ). 573 %8 0y Ji& 55 v ]
PEHL AR, FE AR 2 KR E AT S A
S HABAT BN AR o T JR s b O P R
RATEE RO R 8, F Tl M 2 vh 147 3)
T H S A H R
22 SR SBEARR

i T IR AS A 0 BT I 4% () 52 LA, )
WIS R SRR OC AR AR S MR B K M 52 e
AR H B Ak T R — 20 A4 18] 1. 3
ALy B A, ML B EUR R . AT &
FEN HE /N E ML Ccliquishness) ) 7 iEFR Ay b
()3 g 925, AT Ry 3 2 7 VR O (1) A2 R A A
AN R R

RIZZH (clustering coefficient) JH I £ A
PRBHIE AR IR OC R B Y RS, D =y 3k o
ZRINRAEREE . R RERMN 0, VLA AMA
AR WAE 1, U AR s A4
MEER 7R BENAL BRI N, B
PR LA E AR, FEA RBEAMA I R BPE T W] fig
SERAR R 2R R S REA ST
AR A T R AR R . 491 4, Lehmann &
Boesch (2009) {5 > B REFN R L RE T T
104 [1] A2 S8 ME P 41 25 O R AL 4K . Flack et al
(2006 ) A H] b 90 2 FOwk 9T K 2 BE R (M.
nemestrina) MIRMEER T PE, SEEKG HA RERER
AR NEN T ER, 45 R EBUEAARNAMEE T 2
ITAMZ, BBAT AN, U X AL P
SE MM AL R R E M7 A EEAEH
Wittemyer et al (2005) iz HiAZSHUR IS HEH B
ZAZIRIWRE, 25 IR0 B 552 B ) 5530
SR 1 o AT e FRBOR I 6 22 M4 9 A
PRZE AR, U B EE N B B 2 0 AT AR
(Zhang et al, 2012); B—BRHZIFELED T
(hierarchical cluster analysis )1 SOCPROG 2.4%44,
AT DA MR R IRIRIE (E2) . B R 422
W A 2 A 2SS, Aok o SARERAA
—IEZMEEIE TG, AL/ AR I T
WA RIS R R AR, BoR% N ReE R,
KRB SO R . BBl Lusseau & Newman (2004)
AT Wolf et al (2007) 73 7liz HIELHGZE (modularity
methods) 7 HTHEN IR &R, AT LR IRAFERE 4. 1)
H KBRS IRRHAT Z a1
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Figure 2 Dendrogram of proximity associations between individuals in a band of Rhinopithecus roxellana

inhabiting the Qinling Mountains, China
KH SCOPROG 2.4 . AM: JAFMEYE: AF: BUAFMEPE: SAF: EpfAtfEvk . BEtRIE 207116 W Whitehead (2009,
The dendrogram was created in SCOPROG 2.4. Labels on the right axis represent adult males (AM), adult females (AF), and subadult females (SAF). See

Whitehead (2009) , for details concerning the generation of this figure.

T3 FH B G 2 W 4% 7 7 1 TR ) 23 A e o
M AR 18] 1) B3 2 X R (symmetrical) 8 2 3E
KR Casymmetrical ) o X R PRI & 5 vk A& —Ff
SRR R, RN T B A J7 PR oG

ZM2% o Sl IR RR BT IRATT AT AR 1 i R K
AR AH BB R AT SR B A ), 4
Thierry et al (2004) HfF5T T HRMF J& A [ Fol A 3
BATHHAENME, RI—ALHME O H oA
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WD 1A B AR T A5 08 FR AN A R
(BT B= oA . R .
2.3 DATEEIRMLE

FEAAR I 07 VR OGO EAA, JCHIE T
AR AR [ 05 JE AT 388 R A R ST 90 . B4R
(group density) 755 28 W A ML 4 31 (138 45 Bx LL T
AREMIESS . e B, BmEEE AN
Density=2n/[Nx (N=1) J. n ZE52priEg%, N N
W2 Th T AT B AR . e B, 2]
REELEHN Nx (N=1), TRl [ B i T A
34 Density=n/[Nx (N—1) . %5 5= T RI2% ()
AHEESE RS , BEAARSEE BOBOR, WNZIEAR AR E
A B ). B2 (diameter) )& I & A B SR
EFJ5ik, fRBHA N RIS KR . HARER,
T P LS B, AHRVIR, P9 T BBk
WAL . (AR RIS, TR A
Gl R I N 1 S B S KL 4 G A D W
SOCPROG #f#1 Ucinet H11f] netDraw K IAL 4
e O AR BB 5 PR IEAT U RD . A, BERAS
SEP I e KR/ IME S Ge T Bt th o] LA
DRI R, 1 n~F 1) 22K 28 (mean clustering
coefficient) FI-F-J477 sif2 % (mean node degree)
A DA B — N B R A e MEANEESR ) . 11 Naug
(2008) K HLERIEIE N ISR REGEAR, BWHE T
WRRIGE, RS B o
2.4 ¥ SNA SEHI LI

O 43 AT AT AR 25 2 3 LR IR 7 ik
SNA SR I F Ak Bl JE 1 A R T B AT AN R 4 B2 1)
EEAL, Budli: (1) WA — R R AR Z 4L
il 4N King et al(2008) LU 5O (Papio ursinus)
M) 3 ANKRAML (RE. HEAMZ, RUNE
W2 5 R AR O, TS 2 N AN OGS, mTRE
RUR BEBAT A m] AS s MR TR A 28 (20 HREAS
[A] s 1E) B PR &5H , 49101 Hansen et al (2009) 5 % 4%
LK (Lontra canadensis) 2 [ ({42 1. 5h it
T T 4R 10 AN AR, KIEqZmpdha
BN D) PR ARES s (3) LR R — R AN [ B A,
#1140 Kasper & Voelki (2009) Lb#: T 30 Fp R K2
70 NEEP AT S 4, GESE T RS R I
EEZER

BRI, SNA PERMER et R
HIFRE 20 R B2, LR PR EZ N %R
SEMAL SRR, BB shRE ). iR

PTG PSS AT TG LS o K I TA]AE ST EL A [ 1) 34
#1548 A ) T/ 3X 5 T Ak 2= (Hansen et
al, 2009; Wittemyer et al, 2005). Jt4b, 1740k %
Al e HIAMA L BB BN R 3% S BB k.
SNA % ZHOM XM EAE AL I S AR FEAN ], o
T SRR R IR A R S S AR R D AR ALK
AR REIE, T R R SRR L B R AT
LESHUZ MR L o

3 SNA BN FHRI=

3.1 MITASMRE

PEAT R SRR R RAT WA H B N A
P 1100 B 1l B e T A 1) B RO A PR AT
TZEWTRENE o a0 AR e B b e AR 5 L A
PR, 2 3G DIURS 1 5 S R FEE R 1S e A A B
[FILLH (Wilson, 1975) . 7EZHHAT by ¥ W9 44 K B
TSP E SR Y ST R R A OGR4 2R
MEVERI AT PRI, MEPERREE: (1) SUEHIAZ L (1Y
INAZECAT NI S RO . BlnsiEd, 2L
WE D S Ll — e 22 s Pl 28 A T 000 S 1) A AT b R
KAKAZBCITA] (Thierry et al, 2004), (2) BHiEHAR
MEPESELT CHY IR AR KAV I Soh BEEO, 14028
WG A O RE S (BN SRR I SEIE BEEO . ik
b e O R W LTk 211 B U I DS Y.
PERFEM PR 58 (Yamagiwa, 2011). SNA A LL
T 3ok 43 B T P — e e T e DR 8 e A D 8¢
FINSHL, B0 UE SR B T R g . i,
McDonald (2007) i&f] SNA 2> T KRG H Y
(Chiroxiphia linearis) [IAZHCAT Ny, A HMENE 208
JRINE S L H BT S oA R AR, S LA
FTHEPE AR RS P9 265 1 bt B B SR AH DG, ol A i
SR INAEANFSRAR I A B4 1E, B BT s
Jei B e A2 MU RN FR A B T o

B T HEMEEAT I DAAh, JEAERIEIUER A P
6 PRIV IO ) AR [R] (Morris et al, 2003). H R 5
SRATY I Z S EPE AT W ORI 9T, AN I nT DL
o, W SRMEVE IR R R (B S AN R
fid) B A OBV AN () D0 24 J2 U )
fil>, LA AT REAE B S TR R, T UK S
PES B INBRAIERERCAE . LE IR/ NI AN B,
HE A LA A AN S P31 s =D,
B X P A B 5 o SN HT DAy IX AN BE R 11t i
R .
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32 EE5&1E

il SNA 1 &AL S 4O B b L o) PEAG 56
(test of reciprocity/unidirectionlity, Hemelrijk, 1990), 1]
DAG UEAAAT A BRI A DA B . %F AZE (Louis
etal, 2007) FIBRH% (Berman et al, 1997) HJ4H L AH)
TR ], BEAE B A R L B, NS AR
255 Y AR A i, BHLE T A LR Al AT 4 1 &
e, 3 EUM B ARABAT K> . Watts & Strogatz
(1998) iz HI/NFEAr B 3ie, FiX— RO E 5
KINEA 2, Bk R WA B REER N B
SRR E /NI BE S5 Ce.g. IR RRERL, 2R
KRB, AL 73 8 1 02 2 8] 525 5 B3 1A
HAEE WK INAT A, AR T 4ERe A B ARl AT R . X
— BB E S T AL AR RARAT A 4% (Croft et
al, 2006).
33 ERAMEHEFEE

SNA 0f N AL S 7T (1) — A 32 E okt o0 #r
VR 55 W AL 75 1216 (Gould & Fernandez,
1989). SNA H[LL: (1) FEALfESs L8 45 H 05 5
BN (20 BALAMAAE R 2% b A7 B A
BRI FEm s (3) SRS HRN I 28 2 1A
Kk, LASGX AN ZEOE BB . 1 SNA
TEB) A ST RN 22, g ) B 20
M2 2] ik FE (Beecher et al, 2007); S2RIHHAT
A (Valone, 2007). Hifr Af4L3% (Ottoni et al,
2005) FEFAEZPRifEHE (reviewed by Krause et
al, 2007; Wey etal, 2008) %, FIRALHE 1) W 4% 53
WA SRS J7 1A LN S IBAh,
TERAFERE T, AR R A R T 2 BN AR E) .
SNA A BT 73 A el F2 3l e A IR AL 23 K R AR A A
FaE . #1W McCowan et al (2008) ¥ SNA H T
PR (Pan troglodytes) [F1A 7% 2 ; Leonardi et al
(2010) ¥ SNA H T4 A% (Cebus apella) F
Fa R (Saimiri sciureus) [¥)7FE P AL O 2R g
Y5 A& R R AL
3.4 EX—NMHSBLGH

o dt— R (group). W24 — A5
T, MERAEE., WA E R
TEE SCR— N EAR, TN B 03 38 88 A — % | 1
WwE AR I FEIN P (synchrony). 1X—3€ X
g T HARE RRWASEMIE CaBifess),
ERRT TS AR R, 5 e A 0 v 3 h Je A
s AR RIS B S AR D IR A4, Bt

IR e XAt 202 BE (Zhang etal, 2012). fEXE
AR, R A AMER D SR M
LA TR, AL AMAROR 2 N2 5 T 00 R W 2%
()5 AN Ak o BIVSE B ] B A JLAN TG SR AR BICHE
(Lusseau, 2006). {EAT A4 A&, ] BUKCARAMA
(A B LS A, s R ITE, A ANE]
()R ZR G, HE T 23 AT — L8 52 i A A4 A B P AL 2%
P ASTERE.

Fh2e RN S ARG N, 3 A ) 25 ) A
B2 MAWM . NIttt MEPTA 2
X 25 2> 52 W L Af R 45 3&E NP (Friedman & Aral,
20010 FESIYIREN, O EEIAME S
AT D, RS AR S BRI R, H AT
R I I B 22 A% Qe 23 A2 U XU . SNA AT LA
ST MR N S H S IE N CET RIS 3R1%
PR ATREMESE) BIRR, BubAhasAT 0 I ad B 1t =
o WAL, AMEAMEAT N FEMI R R LS, KR ML
S KA W] LM AMRAT Ay EEan Silk et al (2009)
W R IR 502 ¢ R IHEPE L (b 82D EUAA
AR R RMETE TR 57 2 15K
3.5 SHrHLAME

AMELEREAR A A F VR and] ) e #E 45 08
R AME . fL58 L, B E SO b i
AR A B B O PR AN, R X A AT
Bt A VRS L BhAT iy s e B B (Flack et
al, 2005; Lusseau & Newman, 2004), SR IXFhE 7%
HIZmE T — SO AR e P AT S5 H A A
MHEZE. HlaE 1, S 2 RS |
OB PR ICIRFFIE R, AR ICZ (R R i 2
WA o X RAMAI T AR AR R =y, HALE
Him IR BR RS R 3). HILEH, Fua L
MPIANTT T PEARE . — SN dEd e iA Bt
TR R BRSBTS A
o BANMMEERNSAARPSME, BAA
[A] /9 A o0y BE HE %) (Flack et al, 2006; Lusseau
&Newman, 2004). SNA 1] LAFEAESH7 Ak 2 5 46
ZRIN AR, H 2 T30 B o0 FE AR v T B
YT BT H 1
3.6 HESXEMENREEAR

FEAR K B R AR A A E s AR A A v O 1 32
B, AEABR) R B A A TR T, A A
AR LGS AR RS T . ARG AR
FR TR R s TR E A . i,
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Wittemyer et al (2005) 7347 T 4 4F P IEPH G TR] 1)
FEA R AR, RIARRR]) ¢ ZR W] 32 B g 45 AR A R 3R 1Y)
oM. AL, FRATTAT LI ISR P A AR R
SRIET Ji R 3 W 238 () AR AT SR AA P 30 2 )5
AT U I B E RO BRI MA, R R IR
TEEAA T (van Horn et al, 2007). £ H AR50
REFHFIRI A3 T A R RV BT, ] DLER
FEAN [FEARNE FO ARSI R B . 48R,
IR REASEE: L HUEIF A AR HME AR SRS A AR
F£, DRI AR SR IE AR ST AL 25 50 R M 4 A E IR R A
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