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Comparisons on Reproductive and Aggressive Behaviors in Male
Tibetan Macaques (Macaca thibetana) of Two Different Operational
Sex Ratio Troops at Huangshan, China
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Abstract: Operational sex ratio (OSR) is the ratio of the number of sexually mature males to the estrous females, which
is used to predict the intensity of sexual selection. During the mating season (August—December 2007), we studied
reproductive and aggressive behaviors in sexually mature male Tibetan macaques (Macaca thibitana) in two troops (YA,
and YA,) at Huangshan, China. The behavioral data were collected by focal animal sampling, ad /ibitum sampling and
continuous recording. The purpose is to discuss the impact of OSR on mating competition of male Tibetan macaques. The
OSR of YA, was 0.4:1, and the OSR of YA, was 0.9:1. The male-biased in OSR of YA, was higher than YA . The sexually
mature males of high rank in YA; troop showed higher rates of reproductive behaviors than the males in YAj:
genital-inspecting, grimace, sexual chase and mating, respectively (P<<0.01). The sexually mature males of middle rank in
YA, troop showed higher rates of reproductive behaviors than the males in YA,: genital-inspecting, grimace, sexual chase
(P<<0.01). The sexually mature males of middle rank in YA, troop also showed higher rate of mating behavior than the
males in YA, (P<<0.05). However, there was no significant difference in reproductive behaviors between sexually mature
males of low rank in two troops. The sexually mature males of high rank in YA, troop showed higher rate of aggressive
behavior than the males in YA, (P<<0.01). The sexually mature males of middle rank in YA, troop showed higher rate of
aggressive behavior than the males in YA (P<<0.05). The sexually mature males of low rank in YA troop didn’t show any
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aggressive behavior. These results suggested that the intensification of male-biased in OSR can lead to the decrease of

reproductive behaviors and the increase of aggressive behavior of male Tibetan macaques. The intensity of mating

competition of sexually mature males in YA, troop was stronger than the males in YA. Our results support the prediction of

the impact of OSR on mating competition by sexual selection theory.

Key words: Tibetan macaques (Macaca thibetana); Operational sex ratio; Reproductive behavior; Aggressive

behavior; Sexual selection theory

HRMELE (operational sex ratio, OSR) f&Fa1E

AR R 5 R MEPE B I LU . PRI R BER

(sexual selection theory) T RME: LN, =
AT HEME B TR Tl 2, ek, AZHCHL
o3l HEPE 2 18] ) AS 0 36 B 24 (Mitani & John,
19900« A7 2501 Lb A2 5 i B 1) A2 L 55 4 560 5 11—
NEE R E (Gwynne, 1991; Clutton-Brock & Parker,
1992), Al VERE B 9 4R AR (Emlen &
Oring, 1977),

PR R L vp O T RhovE Lok A2 e 58 4+ H
HITIIEE 5, B4 IR 5 S AE 4628 (Quinn
et al, 1996; Grant et al, 1995). J&€472& (Patrick &
Jean-Francois, 2008) Il %35 (Mark & Lewis, 1988).
TERR N4 (Rhodeus sericeus) (Martin et al, 2004)
Fyb F8UR P (Pomatoschistus minutes) (Kvarnemo
etal, 1995) 1, HEVERZCEAT A R AR AR It A T
ARG R T o A7 A8 LB ) 1 — 7
B, AW UM AL, BRIy e B ( Homarus
gammarus) (Valerie et al, 1999) FIRFM (Paguma
larvata) (Jia et al, 2000) HIHEME 2 82 BAHTPCNT
TIHAZEL, S RCAT R AR A, Al Lt

(Poecilia reticulata) 1, 4733 ME BRI, AMY
AF AP E AT FCAR oD, Ty HAR 23 50 oy bl £ B AT
M7, RUHEVEECRE G 2 I, MR b A e
FEMEVETTRT A <S™ B 7R (Jirotkul, 1999).

A W 9036 B A 00 Leoer 3R N R KR RS e
S S (Bulger, 1993; Paul, 1997), i1,
Tof A A0 B P 398 DR 2 A — AR A7 e P T A

(Macaca fuscata fuscata) MEIR MRS B AZEEHLZS
AL TE S NJE (Takahashi, 2001; 2004); M
FEHME (Papio cynocephalus) MAASEEHL 2 Bl
7 I E AT R0 B rh e 8 AT 150 ME 11 25 1) T I 1T Uk
/b (Fred, 1995); M, fEILAR R (Macaca
sylvanus) 1, RAGHEVERCE S N, BISAG 20k L
NI, ATAS AR TE S Hs oy, PR AT RO KO
% (Michael et al, 2007).

SR, BHEAT W ABEAT N2 2 2 MR R
Wi A2, JEE e B A AP B R 2= e o 9 T,
HEVE S5O (Papio cynocephalus) S FEASHE AL
SEAMPEE I (Fred, 1995); EREMELL )2 il
(Jordanella floridae) ', %0V L ) AR A 0T HE
AN BHAT A8 3 50 (Klug et al, 2008);
A0 FERHE A 1 A1 [ B (Microtus brandti)
(PIAEEAT WA KA M (Zhang & Shi, 2006) . [
I, AR L T B AT R AT IR e A A
TSI, WAk, SEFE ST Nk B )
(Sun, 2001), HeVEA 2 T SURTHELE R 25D,
A8 52 Wi T 7 (1%) A2 1 55 mes A B0 B o) (Jirotkl,
19990 PR TE 65 AN [l 2k bE R A2 T 5 4 A
(RIBIF FE B R L5 Ik P 128 5 BE 18 vh A7 241k B A2 G
FEAE BTN, AT LA A7 A8 e 5 ) T REE AL
TiC S I L B 1 B S HEAT D R 5 0
WLk M (Macaca thibetana) 2% 1t 22 ME )
FARAESBER (Li et al, 2007), ZCHCHEN 7 2 12
Ho F R A 5e 4 F R AR XA (L,
1999 ). W fa 85 5T YA IR YALBE 1A 2Pk L
(OSR) A, YABFOSRAT YA #, HMAHEN
OSRIEHFFUIHIAIA A AR, IX A B UF A A5 L AL
B0 5 A H I T (L 1 MEAS I 2. AT A
BebAT M 2 A BOFE Fr AT A ARER, AR PRI Fe ik
AT RPE EE AT BESE S T, ASBIF 7T
YA BERTYAHE B8 AT A B AT R e AR A7 AT
ZErts YA AT HEVEAS O 55 iR 5 R T-YAL #F o

1 #RFITTE

1.1 RS EHRITR

AFF T R WG S 3 1L XU X PG g L )
HOYA BERIYALRE, 12X IREEHEIA S LI (1999),
AL 1986 4 LUK YA BESHATEESE 20 4R 11
M IT, YALBET 1996 4E YA HE/BEHIK (Li et
al, 1996), PIHEIRILA—4/ MBI, A& H 8L,
TEMEE A W B (A AT . W IEAT 4
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N8 N s R, RERAEMR B S 4
WK, AR 2 AR 2 AR I B A A
Yy, WANERERR TAEMS R R, G A I R AR AR
L GRNETI

AWFTCH L MEEYA B 3 A A HEEAE, YA,
BE 10 DA HEMEA R W I Bk BRAT A e ds
18 A — BEAR A AN R AR 2 O R (Li, 1999;
Chen et al, 2008) . 7 EEHA N I BEHLICRE % (4d lib
sampling) 73K YAHE 3 NS - ilkIE] 5

35 K, YARE 10 ARSIk lA 201 K
(Altmann, 1974). 4 T F-75 P REMR R n) LA
Vi) S5 2 AT I AT R 25 5, BRAT AR B — i
AT R R T (e B AR 1 O, A E 00 Skl o
3 AL WAL, AL AR, (%
1 FIZR 2D,

AWFFTAEACHCIA AT 13 HHbRAMEMEE 153
R (2007 4 8—12 HD, HARSIWHAFER Y 241h

* 1 BHLUXNEXAEREUBYA MR NN SEREN

Tab.1 Dominance hierarchy among the study individuals of YA, troop in southwest of Huangshan scenic spot

%A47# Subordinates
A7 High Rank A&7 Middle Rank  fik/lifiz Low Rank

FE ZL mlll GS Wi HG
P # T ZL 9 16
Dominants 51l GS 10

i HG

% 2 HALUXSXAEAMUBYABFMR MO SEREN

Tab.2 Dominance hierarchy among the study individuals of YA, troop in southwest of Huangshan scenic spot

“%4i# Subordinates

e A High Rank FRAE A7 Middle Rank fIRIFif7 Low Rank
Dominants EIDAN:S I T KA LR PR e 5 PN peaEly
CBG BL GBZ CT JT DD SX YG YT HL
T\ CBG 5 7 10 3 8 12 5 3
A BL 3 6 1 4 7 5 2
T GBZ 7 3 1 9 2 5
K& CT 5 1 3 6 3 1
JUK IT 1 5 12 4 7
Jli#E DD 2 1 6 1
= SX 3 1 5
i YG 8 3
K YT 6
TEHE HL

* 3 MREEFLNEXAERDLEYAEFYA,E B IR EALRT 5]

Tab.3 Duration for focal animal sampling of YA;/YA, troop during studying period in southwest of Huangshan scenic spot

YA # YA, troop

YA B YA, troop

Pt Male KRS [R] Duration for sampling (min) Pt Male XFERS[A] Duration for sampling (min)

. HI\BE (CBG) 1120
ZL 1120
e (2L Al (BL) 1100
T (GBZ) 1100
. K D 1100
il (GS) 120 E D 1120
M (DD) 1100
= (SXD) 1120
. 5 (YG) 1100
2

i (HG) 1120 HE (YT) 1120
AEEE (HL) 1120

05 N TN B 42 FR AR5 o Letters in parentheses are the abbreviation for the study individuals’ names.
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(Mean+SD=18.54+0.17h, »n=13) (& 3).
1.2 BHEEE

AT R (OSR) 2 AEFEAN AT LYY
SRR B N A R MEE B I LA, BEAR N
7 J8 U RREYE R AR IEYE (Li et al, 1995),
TP B L R R AR ) TR B L HEDE, [
Z WA R ERAT —— N, HEVERERS DX I8
BHHFNASETE MENE, (EABR XS [R]— i 1 A= R
AMHERG W (Li et al, 2005), Ui AR
FCIIN 2 5 RSO RE PRI 0 SHE PR 1 Rz PR e
PEASC 14252 1 LA R MEYEAE = A1 S = A I O, ok
FAWTHENE (VB E A IR DL (Takahashi, 2002).
1.3 MRAERITAEX

KH HbrsHCRE 1% (focal animal sampling)
FIESLC %% (continuous recording) HEAT WL %A
i3 (Altmann, 1974). fEWEEHT, Hbrsh¥rm
SR 38 i 2 (1) b AT BEA L 88, HORE IS ) 20
min. RIEITHE L, HFEEEHM LK HIR3Y)
AMELERCRER TR N R AR PR AL AT, S3A 2
HARAMA B B ARAMALE LG I (1] 3 FEIR VY 2RI, f%
MELMT X T —> B AR T MEE, 5EHTTH 2%
() H AR AR, 4REEXT WS (Li et al, 2005;
Zhu etal, 2008). cEMAT R WK 4.

1.4 HIEEFS

ML F P AT O B kIR T H bR s
FEVE, S AT 4 AR QRSB 8t R SPSS
13.0 for Windows 411 % F 4t 4T 53 Hr (Norusis,
2005), BRIl B E, HER My’ Test2y B 04T
VRBRE D) R[] 55 0 1 A e 1 AT R 72 St~ B 1Y) 2 e
BEM. BFEMEKERNa=0.05.

2 4 R

2.1 Bk

TEASHCII . AR AR (OSR) #
G, YA FEIOSRA 0.4:1 (3:8), YA EIOSR
J50.9:1 (10:11), YA FFOSRATYA BE,
22 HHEITH

(1) PERIEAT A YA S U F T 1 1
R EEAT R AR AR S8 35 v T Y AR s AT Bl A T
(=9.921, df=1, P<<0.01); YA RFrhZifs s
T P (P A AT A A AT S 35 v T Y A AR v 55
BERAERETE (7=17.065, df=1, P<<0.01); {EJFif:
JSCAE I PR A AT A R AR ARKCAE R R I G B 3
Z5 (K 1a).

(2) MRIAT A YA S U Fl o B 1 1R A
PLIREAT Ry B HEATK 35 51 Y AR e AT Js e

x4 THEX

Tab.4 Behavioral definitions

17 0 H 3% Catalog

472052 X Definition

AT N Reproductive behavior

RJETREN G B, SR IR, SRS —AMA RS i

PR —HREAEA A TR Al 75 — A 41 B

Genital-inspecting One male individual touches, licks or sniffs the genital of female
R — A AT 228 Ak AU A A il W 1 — AT Ay

Grimacing One male individual grimaces in pain to a female in the distance
PRI HEPEAS I S — MV, S I I s BB A g

Sexual chasing

AL
Mating

One male individual chases a female, the female run away with sometimes stopping and without screaming
AN AT B, XUBSTEMEE R R B, A S R \TEREME R B, BRI 2R b3
BTN

One male individual mounts a female with intromission and thrusting, but not necessarily ejaculation

W47l Aggressive behavior

e
Staring

fiHh Hitting on the
ground

JB#EE Chase

% Bite

HEPEA RN R, IO REIT 5 AN A, IR SR R AT R, RS 355
One male individual turns over its eyelids, open its eyes largely, and gazes at the other male individual, drives up
and pitchs body last out 3-5s.
AR — T, S — AT, RN RN 5 — AR, ARG E
One male individual supports with one hand on the ground, the other flaps the ground, and stares to the other male
individual, then it looks down
—HEPEAS KN S — HEVEAS PRI P RIS 2, 5 B SRR
One male individual stares to the other male individual, and rushs to it, the latter one flees
A A 5 I T B R ) — AN A OGRS, [RII F Een) s

One male individual seizes the other male individual and bites it

B M7 A58 U B Li (1999)0 ABFFUIL KA BCTAT A AR A TE AR HEE 2 18]

Behavior definition were referred to Li (1999). In this study, aggressive behavior only occurs in adult male individuals.
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(=9.323, df=1, P<<0.01); YA BFrhZiifs s
T PO A SR AT Ry R A ALK ik 25 v T Y A A I
P AEHEYE ("= 9.000, df=1, P<<0.01); I&JfY.
JG A T T AR TR AT Sy R A AU A R R ) I
7= (K 1b).

(3) VEIBEAT R YA R WU 8 T 1 1

B AT R R A AR S 35 1 T Y A TR v ANl o e

(=11.571, df=1, P<<0.01); YA B¥FthZifs s
T PO T JEREAT Ry R A ALK Sk 25 v T Y A 2 I
PEFAETENE (7=8.333, df=1, P<<0.01): AL

mYA)

1.6 YA

04 F

4 %/ h ) Frequency (Times/h)

i AN M ¥
High rank Middle rank Low rank
K1
Fig. 1

a: MERE; b: ORI o PRIBEE; di ZCEATH

L.
i--h.,._

S 1AM B REAT R R AR AR R IR G
5 (E 1),

(4) AZHCAT A YA T AT A e 1 A8 i
7 R PR AR 3 T T YA R v A A e
(4=7.538, df=1, P<<0.01); YA RFrhZsifs s
MV RS RCAT A9 R AR A I 25 1 Y AT rh S5 437
WAEHEEE (=4.455, df=1, P<<0.05); KA AE
HEVE RS TCAT A R AEATAE PR RE IR G (3 22 7 (I
1d).
23 WEITH

o AR
High rank

P
Middle rank

TN F

Low rank

YA FEATYA T BEIHAT Ay IR 2% 5
The reproductive behavior frequency between YA and YA, troops

a: Genital-inspecting; b: Grimace frequency; c: Sexual chase frequency; d: Mating.

" P<<0.05, " P<<0.01(y’ Test).

. EYA
HYA:

02F

Mg (/ h)y  Frequency (Times/h)

op gL
Middle rank

i M fir
Low rank

oL b
High rank

2 YA RS YABEUEEAT WPk =
Fig. 2 The aggressive behavior frequency
between YA, and YA, troops
" P<<0.05, " P<<0.01(}’ Test).

YA R R U B A M A B AT b e A AT K
FE T YA B AL AR HERE (=10.800, df=1, P
<0.01)5 YA H SN Jle A B ¥ Mo AT ok R A=
WK T YA R A AR N (= 6.231,
df=1, P<<0.05) ([& 2): YA BHCIGART e AE 1 1

3 i i

AHFTTEE BRI, YALHE A R KT YA,
s YA T e MG T o S5 MR 4 T 1 AT A 1)
R AR A T YA T R WU eV, YA,
THE G AE B P 2 55 SRS B B AR K B B D T YA,
s YA T e MRAE T o S5 A7 4 T 1k e AT A 1)
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R 25 T YA AT AT Je A HEVE , YA,
T HEVE ) (T e 4 S BN Rk R RE B v
TYA B IXBegh JER A RUPE LUK, HEAA P ik
SEMEYEN AR Z , HEVE RS T 4 RE R T
AR A R SO AT A BRI N, AT A R AR
PR B, AT ML k2D o 3X 500 H A Rk
(Takahashi, 2004) 25504 B —3. AR L
FIGUE T FRATTIC T P8 B A4 )l A7 M P A2 T o 4
7 SR R, SRR T PRI RR R AT R LT
A 5 AR R FI0 o

YA FEFVY A A T PE 5 AT S B AT
AR 22 5 10 s R AT R 2 Hh 1 s R R Bk 2 S
W RGOSR —F R, XMHUAT AR —Tr L
55— AT R AR g sy, INmi ] RESRAS SE %
FIEIR . IR X TG 2 FHEAMAR
B ML, B0 H BiE A% (Newsome, 1969; Baker,
1981, ey HR0F U A 7 A2 M LR E S e Dy 1) —
FhAZEL KNS o DRI, Y 80k L v e i v 3 22 1)
HCHLE D, M A T 49 3 m B Ry, R
PG, Buhitkbiz BTt

AN TR A 230 T 5 S0 AN A P s A e 1 e B
HASRIREEE (AT R O, R 1)z P A A A M B
HiAT R R AR I, BIYA T R e () Pty
PEACE YA, BUh P B TE A 2 0d o
[ OC FR BN ok, AR E M, X AT RE R
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