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Abstract

Information on spatial distribution and population estimation of Taiwanese macaques
(Macaca cyclopis) is critical to effective resource management. In recent years, citizen science
projects that reveal the status of biodiversity in a broader spatial-temporal scale have increased
rapidly. The nationwide citizen-science monitoring project of Taiwan Breeding Bird Survey
(BBS Taiwan) initiated in 2009 has also recorded sightings of macaque troops since 2015. From
2015 to 2019, two surveys were conducted between March and June each year using the point-
count method with an effective survey radius of 100 meters and a 6-minute stop time at each
sampling point. On average, 2,738.1 (range 2,554-2,913) sampling points were surveyed each

time to cover every habitat type across Taiwan Island. Among those sampling points, 1,415.0
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(range 1,302-1,537) were in forests with an elevation of above 50 meters. We investigated
whether year, Julian day, forest type, geographical region and elevation were related to the
distribution of macaque troops. Only the geographical region showed a significant effect.
Meanwhile, the encounter rate of macaque troops in Hualien and Taitung was significantly
higher than that in Northern and Central Taiwan. The encounter rate of macaque troops in
Southern Taiwan was significantly higher than that in Northern Taiwan. There was no significant
change in the population trend of macaque troops in the period of 2015-2019. The density of
macaque troops was estimated to be 0.499 troops/km” (95% confidence interval: 0.434-0.567
troops/km’) in the forest habitat of Taiwan, and the estimated population size was 10,500 troops
(95% confidence interval: 9,130-11,921 troops). This project will continue to be conducted to

monitor the population trend of Taiwanese macaque.
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Fig. 1. The number of sampling sites and

surveyors from 2015 to 2019.
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Fig. 2. Distribution of sampling points and Taiwanese macaque (Macaca cyclopis) troops in

forests with an elevation of above 50 meters from 2015 to 2019 in Taiwan. (@) Sampling

points with macaque troop; (@) Sampling points without macaque troop.
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Table 1. Number of sampling points, number of Taiwanese macaque (Macaca cyclopis) troops, and

the encounter rate of macaque troops in each habitat type from 2015 to 2019 (n=10)

Number of Number of Encounter rate

Habitat type sampling points macaque troops (troop/point)

(mean + se) (mean + se) (mean = se)

Forest (EL"> 50 m) 1415.0£24.2 222+1.7 0.016 £0.001
Broadleaved forest 9642 +17.1 152+£13 0.016 £ 0.001
Conifer forest 133.1+4.3 1.0+£0.2 0.007 £0.001
Bamboo forest 156.9+2.9 3.1+0.8 0.020 + 0.006
Mixed forest 160.8 £3.3 29+0.6 0.018 £0.003
Forest (EL < 50 m) 1722 +6.1 0.3+0.1 0.002 £0.001

Non-forest 11509+ 13.6 0.7+0.2 0.001+0

Total 2738.1+ 34.8 232+ 1.9 0.008 £0.001

"EL: Elevation
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Table 2. Number of sampling points, the arca of forest, number of Taiwanese macaque (Macaca

cyclopis) troops, and the encounter rate of macaque troops in forests with an elevation of

above 50 meters in each geographical region from 2015 to 2019 (n=10)

Number of Area of forest Number of Encounter rate

Region” sampling points (EL™ > 50 m) macaque troops (troop/point)
(mean = se) (km?) (mean = se) (mean = se)

Northern 480.4+21.9 5987.29 1.3+04 0.003 £0.001

Central 4557+ 8.9 4150.36 4.0+0.6 0.009 £ 0.001

Southwestern 150.1+ 54 1298.40 4.6+0.6 0.032 +0.005

Southern 116.4+ 3.1 3122.50 30+£04 0.027 £0.004

Hualien 1489+ 3.2 3647.53 6.3+0.7 0.043 £0.005

Taitung 635+ 3.2 2822.05 30+1.0 0.042 £0.013

Total 1415.0+24.2 21028.14 222+1.7 0.016 £0.001

" The Northern region includes the greater Taipei area, Keelung, Taoyuan, Hsinchu, Miaoli, and
Yilan. The Central region includes Taichung, Changhua, and Nantou. The Southwestern region
includes Yunlin, Chiayi, and Tainan. The Southern region includes Kaohsiung and Pingtung.

" EL: Elevation
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Fig. 3. Boxplot of encounter rate of Taiwanese macaque (Macaca cyclopis) troops at different

elevational zones from 2015 to 2019. In each box, the central mark indicates the median,

and the bottom and top edges indicate the 25" and 75" percentiles, respectively. Whiskers

represent the lowest and highest values and the outliers are plotted individually using the

symbol "e". The numbers above each box indicate the mean of sampling points in each

elevational zone.
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3. DGNEHE T 78 A ZAICCH R B2 B f#(Macaca cyclopis) iy AN T #ETTIA U1 2 45
F 5 AICEAAAIC)ZE S AAYAICH B A R RAICCEL ST 2 B{E F1919.6)fE
MIZE(E » wifsAkaike weightsfY8({H R & 2HMEAAICe = 20V EAERE

Table 3. Ranking of models of the variables elevation, Julian day, geographical region, forest

type and year for the distribution of Taiwanese macaque (Macaca cyclopis) troops.
AAICc is the difference of AICc between a given model and the model with the lowest
AICc (in the case, 1919.6), and wi refers to the Akaike weights. Only the top four
models of 30 tested models are presented; the 26 missing models had 4AICc > 2

Geogra-
Julian Forest Log-
Intercept ~ Elevation phical Year o AICc  AAICc wi
day ) type likelihood
region
-6.404 0.342 + 0.0995  -950.791  1919.6 0.00  0.239
-6.402 0.310 0.076 + 0.0988  -950.351  1920.7 1.12 0.136
-6.073 0.331 + -952.644 19213 .70 0.102
-6.169 + 0.0963  -952.775  1921.6 1.96  0.090

T4 B 2B (Macaca cyclopis)syAfi 2 GLMMAE 2 iy fm e &5 4
Table 4. Results of generalized linear mixed-effects model (GLMM) analysis for the distribution

of Taiwanese macaque (Macaca cyclopis) troops

Variables Chi-square daf. p
Elevation 3.122 1 0.077
Julian Day 0.881 1 0.348
Year 3.644 1 0.056
Geographical region 42.962 5 <0.001

2 5 1 A {8 N 30 % HH 3R A AR B S HR IR E (R S) »

EW BN R 4) o SEEHIE S & S (EE ] = FHERFEEE(LES

S T Tukey? B LLIE 2 R BR > 63K fRIZ2015-201 9 HYFHAE LGSR - (08
FIEZRAVREEE R R S R AL A AEEBR BN RREREEN S (R
B e ALY R O R AR B S R IR 4) o DITRIMSH 2 i 52015-20 1 94E 5 >~

TR EFAE 7Y R D (SR AV AR EE 2 PR AR~ BRI WEBEE B LB R S M 4L
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DIARM S BN S et

%S5, DlTukey? B PRI 25 03 07 8 2B Fi i (Macaca cyclopis) i3 A Z kg 2 45 R

Table 5. Comparisons of the distribution of Taiwanese macaque (Macaca cyclopis) troops among

geographical regions by Tukey HSD Test

Compared Regions” estimate se z value P

SWvs. C 0.740 0.567 1.304 0.779
Hvs. C 1.915 0.510 3.757 0.002
Tvs. C 2.719 0.682 3.988 <0.001
Nvs.C -0.894 0.508 -1.761 0.485
Svs.C 0.992 0.609 1.629 0.573
Hvs. SW 1.175 0.596 1.971 0.353
T vs. SW 1.979 0.751 2.634 0.087
N vs. SW -1.634 0.595 -2.748 0.064
S vs. SW 0.252 0.678 0.371 0.999
Tvs. H 0.804 0.683 1.178 0.844
Nvs. H -2.809 0.533 -5.269 <0.001
Svs.H -0.923 0.623 -1.483 0.670
Nvs. T -3.613 0.702 -5.150 <0.001
Svs. T -1.727 0.769 -2.246 0.212
Svs.N 1.885 0.624 3.023 0.029

"N: Northern; C: Central; SW: Southwestern; S: Southern; H: Hualien; T: Taitung

FEFRHES (42 = 498.74, p = 0.721) » o1
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20174F (Wald testf E{E = 20.056, d.f. = 6, p
= 0.003) FI20184F (Wald testffEfH =
13.883, d.f. = 6, p = 0.031) R IBAAVET
Bl o ZJA2015-20194F [ HY B 8 R BE AL R
FEEZNES (MS = 1.484 £ 0411, p =
0.250)
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