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Abstract: A group of Frangois’ langurs ( Trachypithecus francoisi) was studied in the Nonggang National Nature Reserve,
southwest Guangxi, China, from September 2005 to August 2006. An instantaneous scan sampling method was used to
collect data on patterns of habitat utilization. The aim of this study was to explore habitat selection by langurs living in a
limestone forest. The results indicated that the langurs did not exploit their habitat uniformly and preferentially used

particular microhabitats (X*=43.063, df=4, P < 0.001). For example, the langurs were observed most frequently on cliffs
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(36.67% + 9.44% of the total record) , followed by hill slopes (32.30% + 9.57% ), hill bottoms (14.15% + 5.01%) ,
flat zones (11.24% + 8.42% ) , and hill-tops (5.63% + 2.92% ). We found no evidence of seasonal variation in patterns of
habitat use (Hill-top: Z=-0.160, P =0.837; Cliff; Z=-0.320, P=0.749; Hill slope: Z=-0.480, P =0.631; Hill
bottom: Z=-1.601, P=0.109; Flat zone: Z=0, P=1). However, individual microhabitats were used by the monkeys for
different activities. The cliffs were frequently used as resting sites, and the hill slopes and the hill bottoms were used as both
moving and feeding sites. Langur habitat use also was influenced by food availability, dietary composition, and climate.
When the availability of flowers decreased, the langurs increased the time spent exploring the hill bottom. As flower
consumption and mature leaf consumption increased, there was a correlated increase in the use of hilltops. In contrast, when
exploiting fruits and seeds, langurs increased the time spent on hill bottoms and hill slopes. Similarly, the frequency of
moving on cliffs increased in response to a decrease in the availability of young leaves. The frequency of feeding in the flat
zone increased with the availability of fruits. In addition, there was a negative relationship between the average low
temperature recorded during the day and the frequency that langurs fed in the flat zone. Our results indicate that the pattern
of distribution and quantity of food resources acts as an important determinant of habitat use in Francois’ langurs inhabiting
limestone forests in southwest Guangxi. Patterns of habitat use in this primate species may reflect a trade —off between

foraging benefits and predation risks.
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54"E,22°13'56"—22°33'9"N) , A< (B Ll ) (P (5 (PH (BERF) 3 2k, BV FRZY 100 km®, PR47 DX Y H 5
AR AT, LAV AT b R A2 MoK 2 | 0 NIBEIR 2 300—700 m, IR Z BRI BE /3 i 5 B 45 ¢
AT RS TR S BN A A L M TR, 2250 A s T iR ) R K TR A R AR AR A BT X
FZ) 100 hm® , 47 LG HK 190—470 m, BRERER A A, K IASEAF AT B /D BUL A FBERESL | JLF- 4 ki ol 7
o, AR 2 A E] 969% L 11 BFFEIIIE] (2005 4F 9 A 2 2006 4F 8 H ), A5 B EE TR 13 WS 4 K Y
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B HIEYal S8 50( Food Availability Index, FAL) ZRFREE R BEE WY 2 5 B2 A AN FAL=
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- ZPilnPi ,S A PTREAEYI I EHL, PR SS R HE B, B AL A AR AR AR TR B AL A PR R

A EYA R B, BT IR AR R R 4 B O O AL B R UL SOk ST ]
LERERERE 149d , BF WA 7—22d A4, 2RI LT 600 FF 5 MR AT ok AR i b, 3F 42 K WS
LA BRI 4R, B B P B D L 30min 5 &0 HE AR M, JLIEE T 840 h AT M , 15 2
1680 A5 LLAAFHIC %

PR BURENE A — SRR, DA A AR B AS ] LL AR ASE A1) P A U B o A i s A B A A% A Xt
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TXFUARR R . R Kruskal—Wallis A5 22 7 AEAS 8] 19 22 53 ; R FH Mann-Whitney U SRAG 56 95~ 37
FEA 1] E@%ﬁ,%ﬂ%ﬁi@”ﬂ%*ﬁ%ﬁ/f( Stepwise regression ) , DI AR X6 AN [R5 2 35857 4 A1) B 45 Ay PR A
it AR A S T R AL A R F AR A me S I AT S MR T B SC IR, T AT R Y 3 MK
SEEE R 0.05, BRI BRI ST HITE Microsoft Excel 2010 1 SPSS 23.0 Sii 44 I 52 1.

2 #HR

2.1 PR AS R LA A7 () R

SRR AN ] LA A (4 ] PR 28 5 35 (X2 = 43.063 ,df =4, P < 0.001) , Horpr JGEEXS B2 BE (47 14
FI AR e e, 7 BE SRR 36.67% + 9.44% ; HUOZ I, 4 32.30% + 9.57% ; LA TR 4350 A7 14.15% =+
5.01% F111.24% + 8.42% ; X V- A e A0 5.63% + 2.92%,

B RAEAS AT R R AR AR R A 25 (F 1) (IRE X* =44.196,df =4,P < 0.001; 3 .X° =
33.292,df =4,P < 0.001; T X*=25.383 ,df =4,P < 0.001) , MeREpR e if Xof 2 i ) FH A% 5% 25 (43.56% +
15.17%) MG 1L3% (32.39% + 10.31%) (1T (14.06% + 9.94%) ILIHI(8.11% + 8.11% ) FI°F-H1(1.88% =+
1.64%) . WERERS SR 1L 35k 8 ) JFF A0 % A 25 (38.65% + 17.02% ) , MUK 2 R B (32.05% + 12.47%) . 1L i)
(18.03% = 9.05%) 11 T5 (8.3% + 13.53%) FISF-H1(2.97% = 3.72%) o MhE 580 ik X 1L B0 %) 700 JFH 00 % i g
(30.33% + 11.29%) MK (27.48% + 10.98% ) F-H1(19.07% + 9.74%) JERE(18% + 9.23% ) Fl1l1 Ti
(5.12% + 7.92%)
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Fig.1 Limestone hill parts used by Francois’ langur during various activities
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Yy dme e, MU L3 | LR L TRl SR A AR A AT BT 6 LU AL A8 R 2 T 2 2 e AR Ak (3R
1) o PSS R B %) ) PR A0 23R e ey, AR L3 R L T, 6 L 0 A1 s ) ) P e/ A% sk o L3 ) 01 A3
gy , FLUE BERE R LI, X 1L TURE- M R R e b . SRR 22 2R L, LR Ll 2= 2 R L
JED, FLUR R LU 5 76 - b 2 R R T00 00 6 19 LU ) 359 20
2.3 AP LA ER A R ) 5

BT BRAFE RN ML PR AT B A R 2, 385 R 5B 22 B, A6 0 T 3R AR X 1L B 1)
VEBRAT F B, FRIA A A AT ARAG M B A, SRR o (LA R (r=-0.662,P=0.019) . HERFABRIR
S AR S PR LA R AT B3 52, RS B O 0 T ARAS T R ) e R AR, SRR X
A SRS AR AT | BRI B4 T %o B BE B R P (r==0.606, P=0.037) , SoET M, S S2A% ] FRAT: AP 44 Fc AR I
TR b ] FH ) SRR A AR IR 5 X SR S AT AR AR R L T S X SRR BT, FR A S o) P i vy R FH A
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R (I FARE . r=1.103, P=0.003 ; B HAR IR . r=-0.705,P=0.029) ,

F1 BMHBRERARSFVHLEBLMFA( %) REFKITHH(n=12)
Table 1 Limestone hill parts used by Francois’ langurs in different season ( %) and its statistical analysis (n=12)

IR Hill part

1L T5 BERE 11F)7 1L - b
Hill-top CIliff Hill slope Hill bottom Flat zone
JA Overall MiZ= Rainy season 11.51 = 9.13 36.97 + 7.56 34.36 + 10.73 11.64 + 5.67 5.51 + 2.46
5.2 Dry season 10.96 + 7.63 36.37 = 11 30.24 + 7.72 16.67 + 2.33 5.76 + 3.3
Mann-Whitney U Z=-0.160 Z=-0.320 Z=-0.480 Z=-1.601 Z=0
P=0.837 P=0.749 P=0.631 P=0.109 P=1
KL Resting MiZ= Rainy Season 13.09 = 9.76 42.64 = 8.55 35.52 + 10.53  7.27 + 5.15 1.48 + 1.23
5.7 Dry Season 15.04 + 10.02  44.48 + 19.63 29.25 + 9.05 8.95 + 4.39 2.28 + 1.88
Mann-Whitney U 7Z=-0.160 7=-0.480 7=-0.801 Z=-0.480 Z=-0.327
P=0.873 P=0.631 P=0.423 P=0.631 P=0.744
3l Moving MZ Rainy Season 11.81 = 17.71 20.88 + 12,99  36.44 = 19.91 17.65 + 8.49 4.23 + 4.63
52 Dry Season 4.79 = 17.17 34.23 + 11.03 40.87 + 20.13 18.4 + 9.1 1.71 + 1.46
Mann-Whitney U 7Z=-0.166 7=-0.801 Z=-0.161 Z=-0.489 Z=-0.769
P=0.868 P=0.423 P=0.872 P=0.625 P=0.442
BT Feeding MZ Rainy Season 5.16 + 7.33 19.19 = 11.44  28.17 + 12.02  24.9 = 9.02 21.82 + 8.22
FLZ Dry Season 5.08 + 9.06 16.05 = 6.17 26.79 + 9.96 35.75 + 11.44 16.32 + 9.77
Mann-Whitney U 7=-0.357 7=-0.641 7Z=-0.480 Z=-1.441 7=-0.561
P=0.721 P=0.522 P=0.631 P=0.150 P=0.575

2.4 OR[ELLAAERA AR -5 B B Ar 4R 56 &

SR AN ) LA R A7 B R T S5 B A A B FR . R BNR S5 A e XA [ LR i R T S
PrEBAL 2 S B ) A DG R T R, A6 252 0] LU TR FH %) DGR R, @ A S A AR L T P A 3 B ey
KAL) LB EE B (r=0.697 ,P=0.012) 5 FE S +F0 2 52 0 L AR A DG S8 DR -, SRIA S R R FH L I 1)
WIRSE R, 2R B M R SRR 145 5 BT B (r=0.648,P=0.023) . AT AR, B maA [m] L4441
B AR R AR, RELET A 2 5 il 1L TR FH ) S S PR | RIA A0 A 7 LU TR S %) A 3R 388 o
XF A8 ARG () T B F B N (A€ :r=0.879, P =0.006 ; i{Z I . r=0.559, P=0.050) ; 552 +Ff 7S5 i L A
FFH SRR R, YA B v 7 LU BAVR 2 A 3R i) | 2588 s R B R S+ 1 LU A9 (= 10.608 , P=0.036) . #43))
X LU A A S5 B B 6 2 OB 3 A DG OC &R, BT A, SRS+ J2 52 i LU 3R ) SC B IR 7,
I B AE LU B0 AR | SRR SR S+ A A B8 & LU Bl (r=-0.664 , P=0.018) ; B2 5 1 L)
DRI FH ) S SR PR | R A A B ) P L D 1 3 it v ot 1 B 2 L BT A1 (r = —0.614, P=10.034)

3 it

3.1 R IR B RS A

SR AR BE L )R BT g, DR ERBEA R O 2R BT, LA Ll R B8 s AR 4 7,
XFINTS S A A D, B RE MBS AT T, A 0] T DA ST R I 2 S A B 5 T L 38 0 L B
P AR , AVER T 5 B AT M SR (R A XSS Zhou ! 45X [R]— TE S A 4 L (A B
FAETAFAEZE S (KR 2) o Zhou' "™ ST BRI S L1 T3 R BE 4 R T 88 35 55 T Ll L B, ELAR DR 3107 b 3
B, AT RER P I 0 00 B ) SR AR AT A 22 5. AR R OR T, A BIF S I AR BT A O 1372, 8mm, 5 T
Zhou' " AEWFSTI AN 97 Tmm . FEFT 41 T SRS YRR B BIEARDCOC R X U B AC
FERT IR BB IR AR TTREZ T Zhou ™ SFAOBEFE IR, ANET 2 I L7 AR BIF T TR AR £ 19 SRS b
A S E X LR S G, 22 R TE T BRI A AR SR AR IR 4 s v e | SR i3
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PRI IR AR ol RV AT S RE B G 3] L AT b R R B IV A ( Pithecellobium clypearia ) WSS RN,
VAR 5 24040 1 L T b, BRI i S SRR R R R A R R R KBk 4
A Joy (o SR A AN T AR 3% K 22 i (R R R R B B A SN Bl DRt [l 1) e R U, AT ahb S A A A v SR 52
(1R SR N, AL X b ) R PR A0 AT (5 8 5 . Zhou' ™ SRR HE H | BRI A 1) 2 426 1Ly 100 2 15 T S
DARTAETEA A IR B 3 I 5 BRAR I R AR IR LTl (E AR 1L T 8 BE (%) ST PR B8 T F ok, iACHiE 5%
TR T Zhou' ™) I BB H X LA R OB 8, T BE S B YR IRA A X, 5 Zhou' ' B A1
Eb , A7 S I SR AR o R AR B i B N A LR R TR R A E LR B R R K
TR B AT RS IG IGEFET LA R A R AR A TG A K 23 1) SR A o SR 0 A 1) R FH LU TR B 52, (R
JER Y Zhou W SIS 255, FEFE R L T0AY & 8 B W% B2 0 2w T I il i A o 2%
B S A ZE AR TR A 25 S AT O i) 396 45 L 4 A v 57 8 T AS 0 O O T 1457 B, Tl D R e U
i AT LR TR AR, R B 25 SR 0 R AR A R A L, 81 20 A= 5 7E 2= P 3 I U 4 22 6% ( Rhinopithecus
bieti ) Al [ BEHF 1L A4 () H R, X6 b TR B Y [R5k, 2R T R A R AR W R BT SR, SR LRI
B2e 40 ARSI ] — 28 AR 55 oP 5 Sk A ( Trachypitheucs leucocephalus ) 13 R H X6 L4 s F1) FH A 22 1 B0
G 8 L TOURNSF- b B R TR TP 2 A RE AR A LR AR ) 2 A e | (Rl s LA e vk o ) T e i

Featt

F2 AEMRESUMFES BIHBRNESEE
Table 2 Habitat characteristics in different regions and hill zone used by Francois’ langurs

i B 4FAE Habitat characteristics

M it . — — FEAMHILEIAL 230k
s ore TR AR AR Hill zone used References

Average temperature/°C Annual rainfall/mm Elevation/m
IiEas| 21.6 1372.8 300—700 Yerp A ARMFFE This study
| 22 977 300—700 AR Zhou ZEIB3); Zhou &5 [18)
IR 22 1022 400—600 B A7 T st v iz (41
P4l 12.5 1395 600—1800 Yerp ek
Bou N ERT] 18.3 1139 280—1441 Wb A7 Zeng Z514]

3.2 AP RE LLAAFI FH Y52 e

SRR S 7 R P AEAR AR B B el DR R R g D 35 HC Al R A A S b R ) BIF 9 45 SR A
R B AR Sy £, B O s (EUR AR S W e B R S R B AR A I AR SR AR A A
PR SRREAC IO S B A S e R RE AR R A IS R] IR L U B SR A RE R L S T 3R AS
PETR R, A2 e 3 L L 22 bk SERE I PSS T 6 n M 7 DA, U R Y R S A e B U, R
WA 2% 0 2 A R X P R AR o Ok LLHAR 5 B W 2E 80 DG ZR AT 70 A i o 2 B, PRI A X 1L 0 ) ) 1)
R R R B R SRSEARE  RHR SR SRR 1 2R T FRIEAR kPR K ( Canthium dicoccum) |
MR (C. anisum ) 5550 T3 SEAE A 2253 A F L DA S7- i 7 AR T R 33 4 A ) ) SR SR o -0 5 |
FERLR TR, [FIREAY B Gt R I0AE [R50 A i RE A L, BB 1Y) = ZE W h 25 /54T (Indocalamus calcicolus ) ,iX
FAE Y FEZL oA e B RE R T M sT s et R e 2 R E AT, Yamada & Muroyama“ﬂ BT
SRR TR TE B SR I 2T = DR A H ASBRME (Macaca fuscata) WA SRR, NPT HATAR K22 5%
AIETE )L = DXy H AR S S 3 N TR 5 A AR X R AR A £, AR 16 7 B ) se i XAy H
KB I LT A BNZAB A FHREY) .

it 1 XU 0 7T A 5 W) PR A (. b A P ) Ei 2 PR R 2 — , O ELAF T B ) i R £ XU 22 ] 8 AR
LAV e A SR A SERI S oA B30 4T TR 4 T SR AT T SR A S X LU
FUFH, ELOF L TR A ) P Bt 2 RS 9 R 1 L B A8 H g 35 0 3 e B S A R A LL Tk 22 s B g ik
EATEA A AR RS A LT B8, A AR LSRN E SR A (AR 2 B AR SR i 2 S i
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