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Abstract: Assamese Macaques (Macaca assamensis) inhabit various habitats; however, few studies have been
conducted to document the selection of limestone forests by this monkey. Limestone forest is a unique habitat
for primates, due to the patchy vegetation, and a large area of bare rock as well as hourly fluctuations in
temperature, likely forcing monkeys to adopt unique adaptation strategy. In this study, we studied habitat use
pattern of one group of Assamese macaques living in Guangxi Nonggang National Nature Reserve, Southwest
Guangxi, China, to explore how these macaques use and adapt to the limestone forests. We conducted our
surveys from September 2012 until August 2013. The instantaneous scan sampling method was used to collect
the behavioral data, as well as to record the locations of Assamese Macaque individuals. In addition, the food
availability was assessed by monitoring food trees’ phenology. We expressed the monthly utilization
proportion of vertical zones as the records’ number of specific locations divided by the total records in each
month. Annual and seasonal percentages were obtained by averaging relative monthly values. The differences
were estimated using independent samples t-tests in normal distribution data and Mann-Whitney U-test in
abnormal distribution data. In fact, for the multiple sample analysis, a Kruskal-Wallis test was used. The
stepwise regression was performed to test the effects of the ecological factor on habitat use. Results showed
that there were significant differences between different vertical zones in limestone forests (y* = 35.738, df =3,
P < 0.001). CIiff had the highest use frequency among the hill zones (41.0% = 8.8%), followed by the hill
slopes (32.7% = 6.4%), hilltops (25.3% = 7.1%), and flat land (1.0% + 2.4%) (Table 2 and Fig. 2). There was
no significant seasonal difference in the overall use pattern of the vertical zone by the Assamese Macaques.
Different vertical zones were noticed to be used by Assamese Macaques for specific activities (Resting: y* =
58.075, df =3, P < 0.001; Moving: y*= 36.709, df = 3, P < 0.001; Feeding: * = 40.786, df = 3, P < 0.001).
Specifically, the cliffs were frequently used as resting and moving sites, and the hill slopes were used as
feeding sites. The utilization frequency of the cliffs in the fruit-rich season was lower than that in the fruit-lean
season, which was contrary to cases recorded in the hill slopes (Table 2 and Fig. 2). As for the slope
orientation, the utilization frequency of the north slope was the highest (25.3% + 10.9%), followed by the east
slope (25.1% =+ 12.0%), the west slope (20.3% = 9.9%), then the none orientation slope (18.0% =+ 6.2%), and
the south slope (11.3% =+ 4.7%) (Table 3 and Figure 3). The utilization frequency of the south slope in the
fruit-lean season was higher than that in the fruit-rich season. There were significant seasonal differences

across different slope directions during the resting actively (¢ = 13.292, df = 4, P < 0.05), showing that the
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utilization frequency of the south slope was higher in the fruit-lean season than that in the fruit-rich season

(Table 3 and Fig. 3). Assamese Macaques’ habitat use was mainly influenced by fruits availability and

environmental temperature. The fruits availability was negatively correlated with resting activity documented
on the cliffs (r =- 0.740, t = - 3.481, df = 11, P < 0.01) and positively correlated with the resting behavior
observed in the hill slope area (» = 0.808, ¢ = 4.329, df = 11, P < 0.01). The utilization frequency of overall

activities on cliffs (r=- 0.617, t = - 2.477, df = 11, P < 0.05) as well as the utilization frequency of the north

slope in feeding (r = - 0.764, t = - 3.748, df = 11, P < 0.01) both was negatively and significantly correlated

with the average temperature. Our results indicated that Assamese Macaques used the cliffs as a sleeping site

and chose high-quality patch nearby for foraging to maximize the feeding benefits, which could be the

trade-off strategy between foraging benefits and predation risks. Moreover, temperature also acted as a vital

factor in shaping habitats’ use pattern in Assamese Macaques, suggesting behavioral thermoregulation was of

great importance for Assamese Macaques to adapt on the limestone forests habitat.
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) R B ) 0 E A A RUR: AR Y X 3
(Albani et al. 20200, X L&F] F 50 3= 2257 5|
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Fig.1 Monthly mean maximum and minimum temperatures and rainfall in the Guangxi Nonggang
National Nature Reserve (from September 2012 to August 2013)
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(0.47)« 5+ (Diospyros eriantha) (0.44). #
FI# (Pterospermum heterophyllum) (0.41).
Wb (Maclura tricuspidata) (0.40). PHAEAR
( Cleistanthus saichikii ) (0.40) F JE 4= #
(Cleistanthus petelotii) (0.39) (Huang et al. 2015).
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2012 4 9 H £ 2013 4 8 H, XfEfedter
PREFMEE . e BEMER, WIHRAIIEREIT
f, —HEREBER R B NIE. RS BT
H, WG T RIERF RSN %), —HR
BRI 28 K R B L BB DAL BT Hh vl ki
30 min. BFFCHAME], SOMLEMERE 124 d, H5g
BIFEH 66d, AF5EBEHUEH 58d (R 1D,

KB A EUREVE (instantaneous scan
sampling) (Altmann 1974) XPBEREHEAT AT AEL
e, BRFIEFFSE S min, BUFEEIRE 10 min.
FARE, G AR B AT IR, RS

R 1 BB HF AT A ER
Tablel Assamese Macaques observation
information of habitat usein the limestone forest

SEAEIURE R SE AR
At K (D K@D Bl Ak
CGFE-FD Number Number € WL
Month of full-day  of partial-day Number Number of
(Year-month) observation observation ofscans locations

days days
2012-09 3 5 176 184
2012-10 4 5 220 218
2012-11 7 5 336 335
2012-12 5 6 327 327
2013-01 9 5 427 416
2013-02 5 1 210 209
2013-03 9 4 412 408
2013-04 5 9 385 383
2013-05 4 4 234 231
2013-06 5 4 301 300
2013-07 5 7 313 312
2013-08 5 3 275 278
&t Total 66 58 3616 3601
“F¥1H Mean 55 4.8 301.3 300.1
FrifE % SD 1.9 2.0 81.4 78.5
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17 R BARFREFEE W Huang 55 (2015)
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ANLAE 225°) PHIA] (225° ~ 315°, ANHE 315°),
Jerr (3150 ~45°, AELFE 45°) FITCHEM.
43 M BT AT R P St A R A U2 b i % £
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2013, Huang et al. 2015). ZEHT IS5 A0
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2020b, ¢, H4E F S n] R TR HEE O T
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IR RE 2 H e R E b, BAkk
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B3 (T S8 R R A FE AT A Ee ). A
FER TR A RAT 2B R AR R 1L A4
R H Y m R . 45 BOLCFRIME £ ArvE
# (Mean = SD) IR,

K H one-sample Kolmogorov-Smirnov test
X FT A F s AT IERS T (normality) K. 45
REW, PEBIEARIESS M. N TAZIE
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Kruskal-Wallis S48 2 AN AEAR ][ 22 5
KHZ DT (stepwise regression) Z3ATA S
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A [l AR . BT s o A A B 7E. SPSS 22.0
Gt R, BEMAKFRA a=0.05,

3 WMRER

31 REBXTILAREALFI R EFNHESR

MACRTE,  BRAR A L AN R (A FE AT
REA RN (F =35.738, df=3, P<0.001),
TEEREXT FREE AR AR e, FLUOR L3R
T, A5 R AR K. RFEERE, 1L
WAL R AR AT R E R (R
2, B2,

AR AT A A= 1 LAy B S (1
X5 (RE: 4*=58.075, df=3, P<0.001;
Ba: =36.709, df=3, P<0.001; Jf: 4
=40.786, df=3, P<0.001). MR EBEME
NEERERESISHT, FUOE LT LY,
BeJa b, EREMRIARBAT AR, REEE R
SR RGN R RE IR FH R T SR sk = 2
1, T Ll R B WG AR B % L TR
FHL R R A BE T E R BRI
B AT ALEAS RN AL 1) 43 A A T 2
P ER (K2, B2,

32 REMEX LR IR R EETHER

ARG, RN AN IR I R VA B
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Table2 Seasonal variationsin vertical zone use by Assamese Macaquesin the
limestone forest of southwest Guangxi (n = 12)
4AE A7 Hill zone
LT3 Hill top JEEBE CIiff 14 Hill slope SEHL Flat zone™
sk el Percentage (%) 253+7.1 41.0+88 32.7+6.4 1.0+24
Overall VZ 1.024 - 1.714 0.734 - 0.676
P 0.330 0.117 0.480 0.499
e FEf5] Percentage (%) 23.8+10.3 53.8+13.0 223+69 0.2+0.6
Resting 14 1.304 -2.612 2.385 - 0.845
p 0.222 0.026 0.038 0.398
%3 Etil Percentage (%) 30.1+93 41.8+9.2 27.6+8.4 0.5+12
Moving vz 0.795 - 0.125 - 0.902 - 1.248
P 0.445 0.903 0.388 0.212
WA Lt Percentage (%) 25.8+6.8 25.4+10.8 47.0+10.0 1.8+42
Feeding vz - 0.036 - 1.010 0.799 -0.676
P 0.972 0.336 0.433 0.499
* PR EHE R /7704 Mann-Whitney U'test, GiitHN Zo
* The data of “Flat zone” was tested by Mann-Whitney U test, and the statistic value was Z.
[ F5zFp%ZETY Fruit-rich season 1 JRALHELZ 275 Fruit-lean season
_60r o 80r ¢ —~
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LT EEE [11}>;7 Rl L5 REE 13k i
Hill top CIiff Hill slope  Flat zone Hill top CIiff Hill slope  Flat zone
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Fig.2 Seasonal variationsin vertical zone use by Assamese M acaquesin the

limestone forest of southwest Guangxi

c. ¥3h; d B, * ZREF (P<0.05),

a. Overall; b. Resting; c¢. Moving; d. Feeding. An asterisk shows significant difference (P < 0.05).
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J" VGV R R AR A L AR AR A

D3 e

i #=5913, df=4, P>0.05; Tf: ¥*=6.533,
df=4, P>0.05 , HEAHEMFENERL.
3.3 AEBHETFXIREEFH L&A

AE A A 1L Ll A S A ) R 32 AR A TR
HRIFENR o A2 o] A 25 BRI, A 0l 2R BE 11 s
PR AR 5 IR B A R R R (r = -

0.617, t=-2.477, df=11, P<0.05), 4% 5
AR R 3G I, R AR AT R AE R EE M K
SRR EAL (r=- 0.740, t=-3.481, df=11,
P<0.01), TEIE R AESZFET & (r=0.808,
t=4329, df=11, P<0.01). BT EIT
NZHEERFRIHHARE,

R3 B LAEEAFMEOETERZR (n=12)

Table3 Seasonal variationsin slope orientation use by Assamese Macaquesin the

limestone forest of southwest Guangxi

Y[\ Slope orientation

7RI East 7] South T4 ] West 4L11 North JCHi 1\ None
Jfk Overall Hufil Percentage (%) 25.1+12.0 113+47 203+9.9 253+ 10.9 18.0+ 6.2
t 0.763 -2.804 0.802 -0.953 0.882
P 0.463 0.019 0.441 0.387 0.402
kB Resting Ll Percentage (%) 252+11.7 10.0£7.5 18.8+14.0 30.7+18.7 152+82
t 0.220 -2.649 1.138 -0.552 1.011
P 0.831 0.024 0.282 0.593 0.336
3 Moving Ll Percentage (%) 17.2+9.6 13.2+9.0 192+83 27.7+10.9 22.5+8.8
t 0.508 -0.710 -0.101 -0.579 1.009
P 0.622 0.494 0.921 0.575 0.337
WA Feeding Hufl Percentage (%) 278+ 14.8 122+ 6.0 224+84 18.9+93 18.6+£7.9
t 1.464 -1.038 0.509 -2.199 -0.163
P 0.174 0.324 0.622 0.053 0.874
O s %Z Fruit-rich season [ Bapk= 235 Fruit-lean season
= 50, a 70 b
S 60+
o 40t
a0 50k
£ 30
§ r . 40+
E 20L — 30r =,
x 20F
& 107 10}
o
0 1 1 1 1 ) 0 1 1 1 1 J
~50r ¢ rd
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Fig. 3 Seasonal variationsin slope orientation use by Assamese Macaquesin the

limestone forest of southwest Guangxi

a. GME: b RE; o B3 d B * ZREF (P<0.05),

a. Overall; b. Resting; c¢. Moving; d. Feeding. An asterisk shows significant difference (P < 0.05).
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