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females are not confined to the female's fertile period, it is believed that sexual behaviors are most active
during the fertile period. For primate species in which females conceal their estrus, the relationship between
sexual behaviors of male and female individuals and the female menstrual cycle is unclear. In this study,
Tibetan Macaques (Macaca thibetana) were used to investigate the relationship between sexual behaviors and
menstrual cycle stages in female primates with concealed estrus. During the breeding season of Tibetan
Macaques, 490 fecal samples were collected from 6 adult female macaques at the Tongling Zoo in Anhui
Province from October 2, 2019 to January 14, 2020 (Fig. 1). The concentration of estradiol hormone in feces
was determined by radioimmunoassay. The sexual behavior data of target individuals (4 females and 4 males)
were collected by focus animal sampling method and behavior sampling method. The Spearman correlation
coefficient was used to test the correlation between estrogen and sexual behavior. The independent sample
t-test was used to analyze the distribution differences of preceptive indicators (female presentation), attractive
indicators (male sexual-inspection) and copulations in female Tibetan Macaques during three stages of the
menstrual cycle (pre-fertile phase: 5 days before fertile phase; fertile phase: 2 days when ovulation is most
likely plus 3 preceding days to account for sperm life span; post-fertile phase: 5 days after fertile phase). The
results showed that the estradiol concentration of female Tibetan macaques fluctuated periodically during the
breeding season, with a cycle length of 31.1 + 1.8 d (n = 7, range: 23 - 37 d); During the menstrual cycle,
estradiol concentration was negatively correlated with female presentation (r = - 0.616, n = 15, P = 0.015),
but had no significant correlation with copulation and male sexual-inspection. The average frequency of
female presentation was mainly concentrated in the pre-fertile phase (T = - 1.215, df = 12, P = 0.044). There
was no significant difference between copulation and male sexual-inspection in the three stages of the
menstrual cycle. The sexual behavior of Tibetan macaques was not concentrated in the fertile period of female,
suggesting that estrogen has no strict control over the sexual behavior of Tibetan macaques and that male
Tibetan macaques can not accurately identify the fertile period of female.
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DAL AT 3R 1) 52 BINLAR P 20 W 3R G 1) T 45
(Goldstein et al. 2010, Roney et al. 2013). P
SR G VE S AU R, e rp v R
IR 3 G K 2 BRI AT . i
TUREAE el S A T R T s M R s T
e EEA/ER (Zehr et al. 1998). K AR
LN M 1R TR SR PR 4 A 1 82 2
W, BRIV M =& (Dubuc et al. 2012).
EANRKEYE — AR, MM
DASE M KT RN O S R A T B A B IRE
FFHEATACHAC (Rigaill et al. 2015). 40, 7EXk
S RKEHY, M A 2R BRI K,
I H A ST B RE, T PR AIC T e

YR 5 AZACAT AMIFZEPE (van Schaik 2000,
Hestermann et al. 2001),

N RA TSI 1 A5 AT AR AR B FE R
£ (proceptivity ) W 5| E Cattractivity) F14%
Z M (receptivity) —ANJ7TH (Beach 1976).
TRTC 1 A2 i 1A — S A EL AR R JF R I HH 35
BCAT s MR 5] A i M P o A A P P R U
M T MEVEAT BB R BRI szt
i 1 R R S M I RS AS L, FEAEAS LN
fEdEiIE A GRS (Dixson 2012). #EM:T] LLE
T 3 T P AT 51 P A S R S bR 1 1 R
A5 AT AT 52 2 A 1) Ml A 189 m LSS E 4 5
Horp— 28 5 HEREOM SIS S 30N T DL
MEPERZ 22 HA{E B (Heistermann et al. 2008) . 15
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WIEMEAT A 55 (HER KD 2SRy 75
MIMLHEAE T CHREER D) S5 AR Mt E ) 52 22
HE R

FE T B2 i B S ) RA SR e, e
2 e G P A P A A 12 5 S BT 12 A R IR 1
HENRME. B, HRIEBH (Papio anubis,
Higham et al. 2009) F1824% (Macaca sylvanus,
Brauch et al. 2007) 75242 BAYE B I K72 P A
K, BIUEHEME AT S e td . th4h, 1E
I B A B B K B b, H AR ERE (M.
fuscata, O'neill et al. 2004) FI 2 [ £ 4% ( Colobus
guereza, Harris et al. 2006), HfEVEAM AT 5 H
SR IR IR AS R PEAT AR B 5245 5 SRR )
2R, DR HE TR DRV A 52 2B R 14T
AR T S AR o SR 7 — L M 2 s e 1 1)
Yfpeb, dngRENE (M. assamensis, Fiirtbauer et al.
2011) AR M (Presbytis entellus, Hestermann
etal. 2001) &, HEPETCIE UM MEN: 152 22 1,
SEHANAT N G2 R E K. BT
AR M BB I 0 Bt e X, (1) TR
LMK Z (paternity confusion), MBI 5%
ANHEYERS L, AEEE VRN B AR EA, 18
B A 2 H I (Hrdy 1979, Soltis et al.
2000); (2) MM REKL (paternal care), M
PETCVEAER I TENE 2 2200, b H BT R
DNRE, e UL A 1 2 2 A Iy R PR B e 2, R
PO 1 S S H AR BRI, I 0T SCRIAC
% (Turke 1984, Parish 1994).

f5 M (Macaca thibetana) & £ 1% ME 1)
BEEATE, BB, LRATAEE
HA KA ABLE 7 A 2 284FE 1 R AR,
PN L HE 4 . BUEMEENSBE &
TR T FR P R, A R P DR /N AR 0 B A i A
FEZTEIAR L, AN B ME P AN A A B R A AR AL
(Bt 1999). HREPERT R AGEAEVEAK i FE AN
T sE A TR . Eshpts, HART
K2 B 28 AT A0 I IS A Ok R (TR
2009) . SR A R R e 75 AEE AR R A EE 1) 52
ZAAFFLE ML IR G INAZ BC B 0%, H AT AN TE 4E

P G R R A T R AR ) 1) 52 2,
B MM R DAl i e HE ORI ), JF LS
TR RIS € G . BT B A
FEAEFT A S b3 T e 2, TAE N A
DATERT Ah B ARFRES N REEL AR, £
3 (2009) RIEEFMEPIIEEH 3 MEARR
HH O R TE BT A A AT O 5 FE M —
KPP Z I 2 IR R R, AT EREET N
1EH & A 1 5 A 1 Dl AN 2

AR AR IR, R
PSP R R B (A A ol A ) 2 e
BRI FE LIRS M4 R R R H S (S B
SE FIARIPEAT LSS, CRRE PR 1 g e
PEAT RfEbs (HEPE 2 BAT IO I EI1EAT R
Febr CHEMEERS B A FIASEAT IR S 75
EHTE A SR Z 58, VPR EVE R R
M 2R 5 AT O AR DA R R 75 Rl
PERISZ 2

1 BAFE

11 HAMSAEFHFTATR

AW T BT R R i s, %
YRS A 28 R R, b e
PE 10 H BREEREM: 7 HL HEMR 3 HL Dk
6 RBE 2 Ko BT R = 4R K PEANRE
HEICSE, FEAHEFC AR 78 MR AR RS BL 5 A
PR AFRIIRIE AR TR /NG B AR AT I 23 AN
4 (ZEktE 1999). 28 R4 IR HIFRAE 7
(AR ARS8 B, S8 & 70 R 2 N R AR B B o (7
HaETKESAN 10 m x 5m x 32 m =
160 m*) . Ayl G i 2 1) R AR B A5 T
AR IS 1 HREREEANE, A
T E MEMEA AR 38 TR B AR BRSO R AL (R
Do HFZEPRS], T 2019 4 11 H 24 Hit4T
—IREHFIE, ¥ 3 TEMMEEEHE 4 5%
o, HEES IR 5 B2, TN SN 10 K
MEMERE R 6 R, A 4 HMErERE R
AREZNELLNSAEREAR, —TTZFN 1Y
A IPD 2 ZFAME, Hugbhigitt:, H—Jrm
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Tablel Individual composition of Tibetan
macaques in Tongling Zoo

i BURMENE O REEAMENE AR AR B
Cage Adult female Adultmale Adolescent Juvenile Infant
JAG
3 1PD Yl \ \ \
4 JGz YW \ \ \
5#1
5#2
5 JJ?\)’( YD \ 5#3 \
S#4
S#5
6 JWM YB \ \ \
JMZ
7 1FZ YG ™Z T#1 \
TWM
8 IzY YY TFQ \ \
177
9 JF YJ \ \
Q 1QQ

TS RRER TR, IO AN 5, \ &
NTEAME

The letters in the table represent individual Tibetan macaques,
those in bold font are study subjects, \ indicates no individual was

studied.

12 TR%uEE

AWFFALE 2019 4 10 H 2 HZ 2020 4 1
H 14 HIARDEL A 10 S s N4 7
R IEE MR IEAT N, Kb 2 547 0 i
AT H 2 ) 4 Rt Ma i 5 2
AYEAT BRI 4 R AR . BRI RS
KA B FREN I (focal animal sampling)
W B AR MEAT A EdE, Bl by e H
BRI SN, AR CHCREIR ] 9 10 min,
Z 550 M AT REAE N 33.3 he Y HFRMELE
MEIRE P HNEN, WIREREE T — HA53)
Y, M HEBEMERER B B TR T, B
PRI MG W = 52 . tedh, SRAAT NEL
F£7% (behavioral sampling) 0 3 8L VE 48 bx CE

PEREAT D WGIPERERR (HEMEIEREAT )
AIEZHCAT N H AN (] 38 DL S 32
SRR ACHC . AR H bR MR R 21947
HURERE R, WL T AR [a] [ %2 4 6:00 ~ 11:00
AT 14:00 ~ 17:00 i, HAER AT 7 D IER
ERIJT 5 ~ 8 mAL, wTDUEALEF ) WA A
8 AT RSHGE AT (S 2005, Garcia
etal. 2009).

2 (presentation): —MAE F| 7 — Mk
iR R

HEPEPEARLZE (male sexual-inspection):
PEF T F8 42 At 7 F0) S0 BH 8, B W
S WL E P (1) AR B
13 FEMEREARERBERRN

FEWFFUIIE], X6 WX HbRMENE MR EEAT
SRR, KRG AT 3 d, g 490
W ISEREAR, FARRERESMILE 1. FEA
REERTEONEH 6 2 9 i, 4R H brshHE
i), g — kT W T BN L i S fE
BN 50 ml FEASHAH S BRic H AL AT~
PRI HUKES BN ORAF, fE2h W2 -20°C
UKFEHIRAE . FEAR AW R TR, B2
HTREA, SRIGH 16 x 16 H I MIWFBE G 5 A
THACHIZR BT, RIS AEATION 10 ml &0
HORAE o MR B R H 2 n#hik (Wasser
etal. 1994) Ak 0.1 g FEASIIA 5 ml LEF7E %
10 min, 70 ‘C7/K¥ 20 min, 1500 r/min -4 C
B0 15 mine BOEE3 ml BiER. ERIX
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Fig. 1 Timedistribution of feces collection
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MRS IR EIER, 60 CKIBZAK TG
N 2 ml B, JRIREE 5 min, WIRIRTELE
=20 CUOKFEFFFI . FE(EME —FF (Estradiol,
Ey) HTBUN %% 53 #rik (radioimmunoassay ,
RIA) W&, FEAEAMEMI L R B R
2w FE T AR P R TSR 1 A 3 k) o ] A
VERUAEREAT o B EARELZNE 2 Ik, HUEA
ZERORIIMNEE 3 Ik, B2 MAHIT IR W B 11
BIES AT
14 RAHSHE X

HH T HESPIE 3 Rk ARG S B 2 )5
FIZEHRZ T T2 AT, DS R RN 4 B AT
W kR R KK A & MK E
(Engelhardt et al. 2004, Heistermann et al.
2008, Hidayatik et al. 2018). ASHF 7T ] #&
WE T ISR R AR A i 2k TR s e R AR 1 H 42
W52 4], ME U 2 1) ) R B R EO H
2K . B (M. mulatta) I35 ME — 1% =5
VeSS e 1 diEE AHHPH (Monfort et al.
1987, Harris et al. 2006), FH-TF&(F 2 75 H
WRAR 5 — € I 18] A4 R & b e, T —
PR AW 2 4E1R 1 % 2 d (Shideler et al.
1993). LA ATREHEOP 2 d & I —
B IR = R BT — R, 2 AE SO
FIREFFORI 2 d 0 bKS 7 REAEMENE A T A7
i 3 d (Wilcox et al. 1995, HIRHZE 1996).
AR 20 S o I R RS2 A AT 5 d
Mz Z 5 5 do
15 HEEHIHET

P HE R Excel AT REEE, @
i SPSS 22.0 it o Hrd AT SE i o b, A
B Origin Pro 8.0 4. ¥ Kolmogorov-
Smirnov test £ 50 IEZ& /3 A E 0L, & IEA A0
s K HAESH gt R e T SRR T A
5, A2 000 254
WG =B B394 PR MEYEAN AR 385
e AT 1) 22 5 14K Friedman 5 22 3B BRE
T2 H 2 I =B Borb B R AT A
WMERS IR E R Spearman AHR REIAT A

PR T, KIS TEAT N S M R KR 2 (Al
KFR. GIFE R RS, SBEMEAKFK
BN a=0.05 EirE2HIEHLFIE + i
% (Mean = SE) 7R,

2 #3

21 RAZARIE

fE 6 RMEMEARRZEE T, TR
JHX M RE BRI T 4ERFE AR, M
SRR E AL (1158.4+113.3) pg/g (N=56),
IGZ M —BER FE U Sh IR FE R, 2019 4F 10
H 2 HZE 11 A 17 BP0 BERE R

(23465.4 £ 1 677.4) pg/lg (n=138), 2019 4

11 A 17 HE MR E T RERIET,
TR (8 771.7+854.8) pg/g (n=25). FHiAl
4 HMErEE B (JFQ. IMZ. TWM Al JAG)
WHEA 1S 2 AMAZEAN (B 2). AL
SE T 7T HEE 11 ANE AR L JFQ
FEAER N 93 AN, W15 H & A 73l 31 d
23 d; IMZ FEAEN 85 S, WS H &
KEER 30d; JWM FEAE N 954, MIFHE
JARIKFE /302 35 d 127 d; JAG FEARE N
93 />, WMIFFH & AR 4 & 34 d A1 37 d.
G LIRSS AR YRR R3S H & R K
EHN (31.1+1.8) d (n=7, Juf 23~37d).

ME AR FEAE IR BB T (5.0 £0.7)d (n=
11, 6l 1~9d) 212 EA, HAER 1 dd#H
BT CE 3D BRIEE M BRI N

(16 960.7 +722.9) pg/g (n= 11, 75 122402 ~

20532.2 pg/g). WEH G5 (2.5+0.4)d (n=11,
Va1 ~5d) ORI, bES AR
K, JHE (6.5+06) d (n=11, 0
4~10d) HI—A/NElg,
22 WM ERITANEEMEREITASHAZ
RG]z

AW T AT 7 A H G O8I AT A B
REZFINK R S H5F BT N
P OMEVE SR 22 . W SIHEAT AR R (M
PEREEE) 63 o HEMEMERS B AT NATIKTE 2 22 1
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Fig.2 Changesin estradiol concentration in adult females during the study period
C. AZ K E. C. Length of menstrual cycle.
20000 - S S T = A s
g Al ~ X‘F‘/ﬁ%nl_}‘/ﬁ)ﬁ: IZ“&%ﬂ-K%%EO
BE 15000 FEXS T 32 23], WEPEAE 32 230080 AT B & 8w
- () AT MK (T =- 1215, df = 12, P =
S 10000 — un .o = N
5z 0.044), FAS[FRIMEEA A 2 7)) 2R AT K
o
Wgﬂ_g 5000 - TREER (¥=5308, df=3, P=0.151).
3]

-10-8-6-4-20 2 4 6 8 10
55— BRI (BRI I R
Days relative to estradiol peak

B3 #EtEE R A SR R
Fig. 3 Mean estradiol concentration in the

menstrual cycle of female macaques

EA A = BN, BRI R
WRE 5 MEYE BIEAT MR R B2 G (r =
-0.616, n=15, P=0.015, & 4a), MaERK
HEPE PR A AT A 5 e — WK T T Y0 3 AH K
£ (r=-0.145, n=15, P=0.607, & 4b).
WP AT R RTI4TN S5 7 5% A



* 564 ¢ =24 Chinese Journal of Zoology 56 4%

—e— JifE YR A Estradiol concentration
—s— i P 5L % Female presentations

250001 o jgeptpERo#E Male sexual-inspections | 1.8
ZZE T Prefertile phase 16
= 20 000 2414y Fertile phase . 5
e %Xl J5 Postfertile phase 114 3
: 2
W5
& E 15000} :
51
5 — 10000+
&2
!
%3 50000

ol BV /N, o
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55— BB AE X R AL

Days relative to estradiol peak

B4 etk BB AR AR 2 04T 9K
#RERB =AW B2
Fig. 4 Thefrequency distribution of female
presentation and male sexual-inspection at

three phases of the menstrual cycle

IR ARAE, 32 22 A AT AR 3B B M1
23 XBATAERAZRASMBRIRR

Z 50 S BCAT NI 87 4, Horbfit:
A 41 41, MEMEESHA 11 5], HAR 35
BB WS BAT AR R IR . 75 S50 Rz
EAHRE 21 d HIE LT IRE (B 5. &
LECAT RIIRAE = AP Be 2 (A e 3 2 7, (3
T 2R A2 220, B 251 5 d
BRI A B . HEME B EAT N
E=Ar B e EEZER . BTl
IS ICAT AR, ToiEge it 7 b H i Bt
ZESt .

ERA G =ABr BN, RIS
1T TR AE FRAT AN 32 3 1 S e AT N
AR 8 5 ME IR FESE TG R A (RS
fic: r=-0.122, n=15, P=0.664; KEMEE5):
r=0.062, n=15, P=0.827; Wt¥zh: r=
- 0.260, n=15, P=0.350),

3 ik
31 HRKEAZRANSH
ASHIT FUR P AR5 1 A M I R A RS

—8— AT Sum copulations
—o— Mk 5)3HL Copulations solicited by males

A— WEp: 2 53EHE Copulations solicited by females
25r 2 2R Prefertile phase
2744l Fertile phase
< 20+ %235 Postfertile phase
£
v
g 15r
E
g Lof
E
X o5l

0
-10-8-6-4-20 2 4 6 8 10
55— (B AR YT Y KL Days relative to estradiol peak

B 5 BEMEANMRRIZECHIRE A ZRAH=AH B a6
Fig.5 Thedistribution of copulation frequencies
in male and femaleindividuals at three
phases of the menstrual cycle

REAQE, DA S0 2= 10 T R M1 A R e 1) 3%
e — FEDR SVE N 271 ~ 47 405 pg/g, M
BEIR FEIEME T8 (16 960.7 + 722.9) pg/e,

e T AR ME PR R R ) 2 B T S (5 e — B 3
Y (0~ 5000 pg/g, ZEFFT 20200, {HEHE
M E% (M. fascicularis, Matsumuro et al.
1999) H 22 18] (1 208 M — B sh VGl (0 ~ 15
000 pg/g) FHHENE H AR M (Yoshida et al. 2001)
FEEME R SVE L (0~ 53 100 pg/g) HHAL.
BB R R i i 2 0 38— 5 VR A R |
PEAMARI SRR AL CT IS 1999). THX KM
TREEERIR IR AR AR, BRIt AT
FUHEN JTHX Jo H 2 ] ] R A2 o i ot
VB, TERENER) A 2T, SEHME R
SR TR AT I R A, e A & R IR
J9 (311 + 1.8) d, SHTHASSRE R e BT
W HE SR 1 30 d M FF A (R 2020),
FEOS T 8 [ A A M, 6 R e 1 H 2
BTHEKE (£2). TEEZIEARKER
Ui, AFEIZETHH SR RRAAE R B2
S, Bl )4 224% (Rhinopithecus roxellana)

RN IR ETEAHEEKIH A
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Table2 Menstrual cyclelength in different species

Yyfh ERCEIE LR/ PIRPS R&RH (D SR

Species Living environment Detection methods Menstrual cycle References
Wi e JEFT Captive JRIGMER 4549 Urinary estrone conjugates 31+0.63 Shideler et al.
Macaca silenus 1983
H AR A 3% Captive FEAMERR 455 W A0 22 -3 A & R IR 27.2+6.6 Garcia et al. 2009
M. fuscata Fecal estrone conjugates and JiFE Range 17 ~ 42

pregnanediol-3-glucuronide
DI 5 HRGR SRUGUMERR 25 & )0 22 — BEATRE IR P35 Mean 37 ~ 41 Thierry et al. 1996
M. tonkeana Semifree-ranging Urinary estrone conjugates and Jii [ Range 21 ~ 62
pregnanediol glucuronide

B JEF% Captive L7 77 A e 28.04£3.0 Yu et al. 2015
M. cyclopis Serum progesterone and estradiol JiH Range 22 ~ 34
bt/ JEFR Captive L ZmE e R 52 28.6+5.4 TR 1988
M. mulatta Serum progesterone, estradiol and testosterone JiF Range 24 ~ 43
PR 7% Captive H%Z: Menses 37.3+1.1 Thomson et al.
M. nigra 1992
s JE3% Captive H% Menses 30.8+4.6 Jewett etal. 1972
M. fascicularis JEH Range 24 ~ 42
FANTTE R B HGR H% Menses 29.0 +0.37 Steklis et al. 1988
M. arctoides Semifree-ranging JiE Range 25 ~ 34
MR JEF= Captive FAFME B Fecal estradiol 31.1+1.8 NS
M. thibetana Ju[E Range 23 ~37 This sdudy

JAM (EEF 2004); TBE R AL T A
HHERM, TEHADR BG4 T IS
IRZS (Higham et al. 2011). BT AHF S
RETHRMEEARE (B4 H M R
17 AN, HRBTE T BT 3N H,
DRI R 4 4 H 68 ) A8 A 9 R A 5 9 =5 22
FEAR R TE A 78 7835
32 MATAEMBRMRR

WS R, 50 R AR A FLAT o A
PERSEEAT N5 A & =N B M R ik
FETCA SN, HAEH &I = A BN i 2
BAT NS MR K Z AR EE AR R, X
Al g T MEBE N T BRI AT N A%
BT RIER . BlanfELent o R
MEPE AT R, VAT N IR AR IR R
BRI R AR, RIS R A
5] 71 FF% (Dixson 2012). A, i B MEE
FI AT P A o] DD s e A A ) () # 2
KR . 40, 3 (Callithrix jacchus) 7E4E%
B Z5 7 B RS TE T AR st Aol A R BF 7K AR
fiik & (Dixson 2012). )4 22 RfEAE & EZ

AR AT 9, BN AT RE IS A
1T NS FIRE EHE & (Yan et al. 2006).
FEFRROATIAEE T B, AR B 1 m
WHEAT N, TTREA BT e R 5 1 2 TR
R IR R EEE (Wallen 2001).
A FARIGIUE TIX— 5, BEFRAME JGZ I —
B S CERT R FERY Bt IR =K,
Z T HAMEE SR ME BT, XAR
FRHATREAE RV O 222, fEIL )G SR gRIY
Bt, JGZ MIASTCAT R I AR B AT R st
i A 10 H MR HMEBERIRIZ 218 T 1%, &
I{E N 9402 pg/g, HTMEEER KLY
GEUR I HERF RS 2O E B A RER, K
IMEBL IR B TCVE4EFF AT R (Albrecht et al.
20000, PEEAHE FUHEN JGZ AT R, BEJS
JGZ WIAZECAT N5 I AS B AT AT A
/Do JGZ HEFFRAKTE M — B BRI MEAT
IR EZ 2020 4F 1 H 11 HAET:. AXEERE
T3 (2009) X HF A RAEIEAT NS MR T
TR RA—5, X AT RE AR M R AR B A N e
FREM NI 2 R R AT Re AT
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FURG L PR 72 S5 HEON AR OGS, AR oy
T -
33 AT ANERZAMT RS

KEF AR, AT N KA A 4
JEIARIAS RIM BB A BRI 22 e, e spe
(Zehr et al. 1998). ¥ H HIBIF K7 3 BR A
(Aujard et al. 1998) FI & & 4% (Engelhardt et al.
2005) MIRRFE R R B, MM IR ECAT NTE 24
R R AR B R T2 22T 5 2 22 S
ARFFUH, MEE R RN AT AIIRAE 24
MR s T Az A, ZRIRE
H AR i 70 45 R — 3 (Garcia et al. 2009)
PATN N, XFLE S22 AT MEYE R R & A8
AT RABTEP), —J7 T ] RE AR 5| 5 2 iRk
17T, LAIRIG B S M BT S — 7
R VRIECHBOR &R, TR R B IR1F B 2 1
RIS £ (Dixson 2012). {HAF T A& FLAENE:
FEFHILECAT R MEE B A ECAT AL A
BCAT ATE H & B0 =N pr B 35 B 1
Z25, HAEAZAM =AM B R K
AEEECAT N, AT REAE T AN E B S B A ] 25
Wi FEOR S5 1EAT N Z A OG22, ) an it 76— M
—MEREIRRAT, MM SRR SR A
HEAT N fE—HEZ MERI 2500, YEAT ADURAEAE
MEVER)BZZ2 1 (Wallen 20015 75 2 i 2 (1)
FREE, VAT AR R R AR AR 52 223 T (Wilson
1982). AHFFEHMEIENMA THX SRAE &4
TREEAH, BaE I THX B EAT AR
AR =A B B Rl G 2 me i, &G I
Ja H AR IR0 H A S BAT AR A T 5t 5
BT 160 573 A0 = AN WE P AR 38 R — M — R ZE TR R
A, XA EATGEERINA A &) 57 IS R R
ma, R T R T i TV I B v ST
D2 ARG SCBR R H o

gE IR, MEME 323 A BLAT AR
T E B AR ECAT AR, X R A
Bt & = SIS G — . Sk R
SN MEVE I 32 223, R 2 f KA b 23 TiC
LR o AHSATHC S HEYE B A FC A A

Pk B AT NAE H & I =N B i o B 3
PEZE 5T, 1t DTHEYE AT BE OV R A EE 1R 52 22
TE—EREE AR 1 BT AR A R R 1 K A R
I I BC AR G RN o TARA T 52 22 i A0 52
Zal, AT HENE 3B A ARV A
A7 NI ISAE 2 A R s, XM R
FEH AR A B, a0 B A H AR A
e MR BCAT A — B R KA
J& (Huffman 1992), W] g 52 1M PEAR 15200
(Heistermann et al. 2008),

KW FHIE 53 BT FER W T 4 R H &
(IRFE . AyidE— 0 50 B A J R A A A v o 12k
FIAAT AR ) R AL T A PR [R)IS AS I AT
IS 7 A MEPE 2 2 S AT ORI AE ORI, 2R
TR A PEAT D9 i 517 SRR 1 7 A 4 AR
M. MitAT REA SRS —BE8A K4, A
TP 2, AN R R e TC VR HE
BUNMEPE 3222 541, BB BT R
A2 S B AMANE], AT RE R R AT
NHEEAE R, AREEIRANR) TR R A
BN, TR EKI I AN AT
B AWFRAR R TR T B 1)K ) 3
FeAFEEh, WIURERE] T 2B R KHEAT
NAEDZFH A2 . 5T . Rose
Amrhein 420383 57 .
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