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ABSTRACT: Understanding microhabitat use and selection by terrestrial animals and their driving
factors is one of the major tasks in ecology and conservation biology. Many habitat selection
studies do not differentiate habitat characteristics between core (the key protection area of a
national nature reserve) and non-core (the buffer zone and experimental zone of the reserve) areas,
relying instead on presence/absence data. In this study, we compared microhabitat characteristics
between core and non-core areas of Francois' langur Trachypithecus francoisi in the Mayanghe
National Nature Reserve, southwestern China. Using a resource selection function (RSF), we sys-
tematically surveyed 20 transects, establishing 228 tree quadrats (162 in the core area and 66 in the
non-core area). The collected data included topographic, anthropogenic, and vegetation-related
variables. The results indicate that quadrats in core areas had higher elevations and greater dis-
tances from roads, rivers, settlements, and agricultural land compared to those in non-core areas.
Moreover, we found that elevation, distance to rivers, distance to roads, tree quantity, and tree
diameter at breast height are key factors driving microhabitat selection by Francois' langur. The
findings highlight the importance of prioritizing high-elevation areas that are far from roads to
improve habitat management and restoration for this species. This study enhances our understand-
ing of habitat selection and contributes to current population conservation efforts.

KEY WORDS: Microhabitat use and selection - Francois' langur - RSF - Resource selection
function - Mayanghe National Nature Reserve

1. INTRODUCTION

Understanding microhabitat use and selection by
terrestrial animals and their driving factors is one of
the major tasks in ecology and conservation biology
(Loe et al. 2006). Habitat structure, such as vegetation
type, is perhaps the most prominent factor in deter-
mining habitat selection by terrestrial animals be-
cause it is often closely linked to factors that affect
survival and reproduction (Grinnell 1917, Lack 1933,
Enstam & Isbell 2004). At the same time, other envi-
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ronmental factors, such as topographic and anthropo-
genic factors, can drive microhabitat selection and
use (Hanski 2011, Luan et al. 2022). In particular, re-
cent studies have suggested that human-induced
land use change, such as urbanization and road con-
struction, may have a negative effect on microhabitat
selection by animal groups (Han et al. 2023). Owing
to increasingly intense land use changes, such effects
will become more intense in the coming decades
(Zhao et al. 2017). Evaluating and comparing species-
specific habitat selection preferences across a gra-
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dient of anthropogenic impacts is crucial. This ap-
proach is essential for understanding how animal
populations respond to these drivers. Furthermore, it
provides critical insights for effective habitat man-
agement and restoration (Kopp et al. 1998, Mayor et
al. 2009, Stabach et al. 2016).

Resource selection functions (RSFs) are robust tools
in ecological research, offering a quantitative frame-
work to understand wildlife habitat selection (Boyce
et al. 2002, Gillies et al. 2006, Johnson et al. 2006, Sta-
bach et al. 2016). These models provide a nuanced in-
sight into environmental variables influencing fauna
habitat utilization, identifying key factors shaping
distribution (Wei et al. 2015, Stabach et al. 2016, Bai et
al. 2020). Unlike alternatives like MaxEnt models,
RSFs directly estimate resource utilization probabil-
ity, providing a more mechanistic understanding
(Phillips et al. 2006, Wei et al. 2015, Bai et al. 2020).
Their advantages extend to diverse conservation
contexts, aiding informed decision-making in preser-
vation and restoration. While RSFs have been pivotal
for large, wide-ranging species, there is a growing re-
cognition of the need to broaden their application to
diverse taxa (Wei et al. 2015, Bai et al. 2020). This en-
sures a comprehensive, inclusive approach to conser-
vation research, aligning with evolving scholarly
inquiry.

Francois' langur Trachypithecus francoisi, a pri-
mate listed as Endangered on the International
Union for Conservation of Nature (IUCN) Red List
(Nadler et al. 2020), is considered a first-grade pro-
tected species of wildlife in China. This species
mainly inhabits karst mountain areas in China and
Vietnam (Ma et al. 1989). Historically, Francois'
langurs were widely distributed in China, including
Guizhou, Guangxi, Chongqing, Guangdong, and
Hainan provinces (Niu et al. 2016). In the past 30
yr, due to the continuous expansion of human
activities, such as hunting, deforestation, and other
production and living activities, the distribution
range of this species has been drastically reduced
and its numbers have also declined; the population
of langurs has decreased by approximately 2100
individuals, and the number of isolated distribution
areas has decreased from 41 to 22 (Huang et al.
2002, Hu et al. 2004, Niu et al. 2022). Recent
studies have suggested that Francois' langurs cur-
rently comprise about 1700~1800 individuals, of
which about 150~190 individuals are distributed in
Vietnam and about 1500 individuals are distributed
in China (Zhou et al. 2018, Deng et al. 2019, Niu et
al. 2022). Currently, this species is found in Guiz-
hou, Guangxi, and Chongqing in China (Huang et

al. 2002, Hu et al. 2004, Zhou et al. 2007, Hu 2011),
and within the provinces of Ha Giang, Cao Bang,
Tuyen Quang, Bac Can, Thai Nguyen, and other
areas along the Red River in northern Vietnam
(Nadler et al. 2007). Francois' langurs are mixed
feeders, foraging on leaves, young shoots, flowers,
and fruit in summer—autumn months (Zhou et al.
2006, 2018, Hu 2011). In addition, they rely on rock
caves, crevices, platforms, and pits for shelter
(Zhou et al. 2010, 2013, Wang et al. 2011). The lan-
gurs exhibit a distinct habitat preference, showing
a propensity for lower elevations, steep slopes, and
broadleaf forests; additionally, they demonstrate a
pronounced aversion to anthropogenic disturbances
(Han et al. 2023).

Mayanghe National Nature Reserve, China, is in
the northeastern part of the distribution range of
Francois' langurs and holds the largest subpopulation
of this species (Hu 2011, Zeng et al. 2013). Recent
studies suggest that there are about 72 subpopula-
tions with about 554 individuals in and around the
reserve (Niu et al. 2016). However, despite substantial
descriptive evidence suggesting that a narrower
range of habitats are used by Francois' langur popula-
tions, to date no quantitative studies have explicitly
quantified and compared microhabitat selection be-
tween the core and non-core areas (i.e. disturbed
areas), nor has any study compared the factors that
determine microhabitat selection in the core and non-
core areas in the Mayanghe National Nature Reserve.
Core areas are expected to have better habitat qual-
ity, greater tree diameter at breast height (DBH),
higher tree quantity, and lower shrub quantity than
non-core areas. Therefore, understanding habitat se-
lection by Francois' langurs has become a major pri-
ority for prioritizing habitat restoration.

In this study, we explored differences in microhab-
itat selection by Francois' langurs between core and
non-core areas in the Mayanghe National Nature
Reserve. Our specific objectives were as follows: (1)
identify key environmental factors that determine
Francois' langur microhabitat selection between core
and non-core areas; (2) improve our understanding of
and approaches towards studying habitat selection by
Francois' langurs; and (3) identify significant factors
that enhance the conservation and management of
the progressively fragmented Francois' langur hab-
itat through a more targeted investigation into spe-
cific aspects or goals. To our knowledge, this study is
the first attempt to investigate the differences in hab-
itat selection by Francois' langurs in different parts of
their distribution areas and could have important
implications for future conservation of this species.
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2. MATERIALS AND METHODS
2.1. Study area

This study was conducted in the Mayanghe National
Nature Reserve (28°37' 30" —28° 54" 20" N, 108°3' 58"
—108°19'45"E) in northeast Guizhou Province in
southwestern China. The reserve spans an area of
311.13 km?: the core area covers 105.43 km?, while the
non-core area covers 160.70 km? (Fig. 1). As one of the
national nature reserves established for conserving
Francois' langur and other rare wildlife (e.g. Elliot's
pheasant Syrmaticus ellioti and Indian civet Viverra
zibetha, among others), the study area harbors one of
the world's largest wild Francois' langur populations,
with a population size of 500~600, which makes this re-
gion suitable for investigating microhabitat selection
by this species (Han et al. 2023). The study area is
characterized by a warm, humid, and rainy climate,
with an average annual temperature of 17°C and aver-
age annual precipitation of 1158 mm. Its elevation
ranges from 280 to 1441 m, and the main vegetation

type is humid evergreen broad-leaved forest, which
covers 65% of the reserve (Hu 2011). Other vegetation
types, including coniferous forest, coniferous—broad-
leaved mixed forest, broad-leaved forest, bamboo for-
est, and shrubland, can provide sufficient food for
Francois' langurs (Hu 2011).

2.2. Field survey and data collection

The core area is the key protection area of the
national nature reserve, and ecosystems within the
core area are distinguished by their intrinsic primor-
dial state and minimal human-induced disruptions,
boasting abundant vegetation and serving as primary
habitats for endemic species. Economic activities are
greatly restricted and constrained; this requires tak-
ing strict protection measures to reduce or eliminate
human interference with the natural environment,
thereby maintaining the integrity and stability of the
ecosystem and protecting wild species and their hab-
itats to the greatest extent possible.
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Fig. 1. Mayanghe National Nature Reserve in Guizhou, southern China
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The non-core area of the reserve, a relatively wide
area designated around the core area to alleviate
conflicts between human activities and wild species.
Within the non-core area, human activities are
usually restricted and managed, such as limiting
industrial development, land reclamation, mining,
etc., to reduce human interference with the natural
ecosystem. In non-core areas, implementing specific
organizational management models and selecting
appropriate technologies can help explore and opti-
mize local conservation measures and management
systems. This approach can also attract more scien-
tific and technological expertise and social capital
investment to stimulate the development of the
local conservation economy and enhance ecological
benefits.

Field surveys took place between October 2017
and August 2018 in the reserve. In this study, tran-
sects were surveyed to obtain (1) information on the
presence of Francois' langurs and (2) environmental
data in the habitat where the langurs were detected.
The transect configuration was primarily based on
the distribution areas of Francois' langurs (Niu et al.
2016), encompassing all of these regions within the
reserve. In total, 20 transects, each with a length of
about 500 m, were selected pseudo-randomly across
the whole study area (including 12 transects in the
core area and 8 in the non-core area), except in
inaccessible areas (e.g. steep cliff faces). These tran-
sects covered all vegetation types and elevation
ranges that are suitable for Francois' langurs. On
each transect, the presence of Francois' langurs was
determined through direct observations, presence

of sleeping sites, foraging traces, fecal traces, and
manager reports. If the actual points of the
direct/indirect observations were off-transect, we
estimated them from a position on the transect line.
When Francois' langurs were detected, we estab-
lished a tree quadrat (10 x 20 m) centered around
the presence records and further established 5
shrub quadrats (5 x 5 m) within each tree quadrat.
Owing to the limitations imposed by the karst
topography, the establishment of square plots mea-
suring 20 x 20 m proved to be exceedingly difficult.
In total, 228 tree quadrats were established along
the 20 transects, including 162 quadrats in the core
area and 66 quadrats in the non-core area. For each
tree quadrat, macro-aspect, micro-aspect, and sub-
strate type were recorded (Table 1). Elevation and
slope were measured using a handheld Garmin
eTrex 30x GPS device (%5 m). The distances to
water, roads, settlements, and cultivated land were
calculated using ArcGIS 10.3. Canopy density of
forest (%), vegetation type (coniferous forest: dom-
inated by coniferous trees; mixed coniferous: mix of
coniferous and broadleaf [deciduous] trees; broad-
leaf forest: primarily composed of broadleaf trees;
shrubland: dominated by shrubs and small woody
plants), number of trees, tree height (m), tree diame-
ter (DBH, cm), shrub coverage (%), number of
shrubs, height of shrubs (m), and diameter of shrubs
(cm) were recorded in a quadrat survey. The deter-
mination of percentages relied on estimations, while
the identification of ‘vegetation types' was con-
ducted through direct visual inspection in the field.
Specifically, visual categorization of vegetation was

Table 1. Habitat characteristics measured in the vegetation quadrats set up in Mayanghe National Nature Reserve, China

Habitat characteristic Unit Definition (measuring method)

Elevation m Elevation at center of the tree plot (handheld GPS)

Slope ° Slope at center of the tree plot (handheld GPS)

Slope orientation ° Aspect of the slope at the locations ranging from 0 to 360°

Distance to water m Distance between center of the tree plot and a flowing stream

Distance to road m Distance between center of the tree plot and the nearest road

Distance to settlement m Distance between center of the tree plot and the nearest settlement

Distance to cultivated land m Distance between center of the tree plot and the nearest cultivated land
Canopy density of forest % Proportion of the ground covered by the projection of the tree canopy
Vegetation type Coniferous forest, broadleaf forest, or mixed forest

Number of trees Number of trees with height >5 m in the tree plot

Height of trees m Average height of all counted trees in the tree plot

Diameter of the tree cm Average diameter at breast height (~1.5 m) of all counted trees in the tree plot
Shrub coverage % Average estimation of the shrub coverage in the 5 shrub sub-plots

Number of shrubs Average number of shrubs and trees <5 m tall in the 5 shrub sub-plots

Height of shrubs m Average height of all counted shrubs in the 5 shrub sub-plots

Diameter of shrubs cm Average diameter of the main stem of all counted shrubs in the 5 shrub sub-plots
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carried out by direct observation, utilizing unaided
eyesight to classify and recognize distinct vegeta-
tion types. In the study, surveyable Francois' langur
habitat use points were selected based on a system-
atic pseudo-random approach to ensure represen-
tative sampling across the non-core area. Specifi-
cally, we divided the non-core area into equal-sized
grid cells and selected random points within each
cell, taking care to avoid bias in selection. We
employed a rigorous approach where availability
points were systematically generated across the
non-core area and were matched with observed
‘used’ points from direct and indirect observations
along transects. This ensured a robust comparison
between microhabitat characteristics in core (used)
and non-core (available) areas.

2.3. Statistical analysis

To compare the microhabitat characteristics be-
tween the core and non-core areas, we performed sta-
tistical tests in R v3.4.0. We assessed normality and
homogeneity of variances required for parametric
tests. Normality and homogeneity of variances were
tested using Shapiro-Wilk and Levene's tests, respec-
tively. If data did not meet these assumptions, we
applied appropriate transformations (logarithmic) to
satisfy the assumptions of the tests. Chi-squared and
Student's ¢-tests were used to evaluate whether there
were significant differences in categorical variables
(e.g. vegetation type and slope orientation) and
numerical variables (e.g. slope, average DBH and
height of trees, canopy density, average height of
shrubs, shrub coverage, distance to road, distance to
water source, distance to residential and distance to
cultivated land). In the analyses, we used a signifi-
cance level (alpha) of 0.05 to determine the statistical
significance of results.

To determine microhabitat selection by Francois'
langurs, RSFs were used to explore the relationship
between habitat variables and species occurrence
(Gillies et al. 2006, Johnson et al. 2006, Stabach et al.
2016, Bai et al. 2020). Specifically, we modeled re-
source selection differences between the core areas
(1) and non-core areas (0) using generalized linear
mixed-effects logistic regression with the following
formula:

w(x;) = exp(B + Bixy; T ... T BnXp)) (1)

where w(x;) is the RSF, and B; (j = 1, 2, ..., n) is the coef-
ficient for the predictive variable x; (Gillies et al. 2006,
Bai et al. 2020).

Before model processing, to minimize multicollin-
earity between variables, Pearson's correlation coef-
ficients were used for variable selection (|r] < 0.7)
(Bai et al. 2020). When faced with collinearity
between 2 variables, we only retained variables that
have importance and clear biological meaning for
Francois' langurs: 3 topographic variables (eleva-
tion, slope orientation, distance to river), 1 anthro-
pogenic variable (distance to road) and 3 vegeta-
tion-related variables (vegetation coverage, tree
DBH, number of trees). Furthermore, all continuous
selected variables were normalized. We then built a
series of models based on all possible combinations
of the above selected environmental variables and
obtained the optimal model based on Akaike's
information criterion (AIC) using the 'dredge’ func-
tion in the R package 'MuMIn' (Bartén 2013). The
relative probability of each environmental factor in
the optimal model was also plotted to represent the
preference of langurs for the microhabitat charac-
teristics of their habitat in the Mayanghe National
Nature Reserve (Bai et al. 2020). Variable impor-
tance was used to evaluate the contribution of each
factor to the model, and the importance values of
each variable in the model were averaged (AAIC < 2,
where AAIC is the difference in the AIC value rel-
ative to the top performing model). We employed k-
fold cross-validation to assess the accuracy of the
models before predicting the probability of use across
the landscape. This method involves dividing the
data set into k subsets, training the model on k — 1
subsets, and evaluating its performance on the re-
maining subset. We repeated the process k times,
with each subset used as the validation set exactly
once. By averaging the performance metrics across
the k iterations, we obtained a robust estimate of
the model's accuracy and generalization ability.
Additionally, we conducted other checks and valida-
tion procedures to ensure the reliability and validity
of our models. We employed a mixed-effects model
to consider random effects among locations. All sta-
tistical analyses were conducted in R v3.4.0.

3. RESULTS

3.1. Microhabitat differences between core
and non-core areas

Our analyses indicated significant microhabitat dif-
ferences between core and non-core areas (Tables 2
& 3). Specifically, core areas were found to have
higher elevations and be farther from roads, rivers,
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Table 2. Comparison of categorical variables between core and non-core areas of Francois' langur in Mayanghe National
Nature Reserve, Guizhou, China: comprehensive data analysis beyond chi-squared tests

Habitat variable Frequency (proportion, %) Results of chi-squared test
Core area quadrats Non-core area quadrats (df =3)

Slope orientation

North 40 24.69 19 28.79 ¥ = 2.6275

East 43 26.54 14 21.21 p = 0.4527

South 39 24.07 20 30.31

West 40 24.69 13 19.69

Vegetation type

Conifer forest 10 6.17 4 6.06 x?=11.816

Conifer—broadleaved mixed forest 32 19.75 7 10.61 p = 0.008

Broadleaved forest 99 61.11 35 53.03

Shrubland 21 12.96 20 30.30

Table 3. Comparison of habitat characteristics between core area and non-core area quadrats: summary statistics and ¢-test
results. *p < 0.05; **p < 0.01; ***p < 0.001

Habitat variables Core-area quadrats Non-core area quadrats t df P
Mean SD Mean SD
Elevation (m) 647.91 149.2 451.62 107.86 10.92 155.758 0.003**
Slope 32.89 14.51 30.59 12.71 1.10 226 0.277
Distance to river (m) 256.2 220.79 193.34 183.21 2.01 226 0.046*
Distance to road (m) 1026.13 463.4 320.61 265.98 11.37 191.861  <0.001***
Distance to settlement (m) 872.38 406.85 468.03 313.87 7.59 145.889  <0.001***
Distance to cultivated land (m) 624.13 332.68 340.99 192.36 6.35 190.791  <0.001***
Vegetation coverage (%) 55.59 15.3 52.14 17.75 1.45 226 0.149
Tree diameter (cm) 10.07 4.34 8.19 3.55 3.06 226 <0.01**
Height of trees (m) 9.15 2.71 8.41 2.45 1.87 226 0.063
Number of trees 31.96 10.31 24.57 9.26 4.96 226 <0.001***
Shrub coverage (%) 34.39 22.11 51.95 22.86 -5.29 226 <0.001***
Shrub diameter (cm) 1.7 0.45 2.84 0.65 -1.19 226 0.235
Shrub height (m) 2.77 0.62 2.84 0.65 -0.71 226 0.478
Number of shrubs 18.31 9.85 23.92 10.86 -3.72 226 <0.001***

settlements, and agricultural land than non-core
areas. Student's t-test was used to examine numeri-
cal variables; core areas had higher tree height (¢ =
1.87, df = 226, p > 0.05), higher tree DBH (¢ =1.87,
df = 226, p < 0.01), higher tree quantity (¢ = 4.96,
df = 226, p < 0.001), and lower shrub quantity ({ =
—3.72, p < 0.001) than non-core areas (Table 2). A
chi-squared test was used to examine categorical
variables. We found significant difference in vege-
tation types utilized by Francois' langur between
core and non-core areas (Xz = 11.816, df = 3, p <
0.008; Table 3). In the core areas, 61.11% of
quadrats were located in the broadleaved forest and
12.96% of quadrats were located in shrubland,
while the respective percentages of quadrats in the
non-core areas were 53.03 and 30.30 %, respectively.
There was no obvious selectivity for slope orienta-
tion (x% = 2.6275, df = 3, p > 0.05).

3.2. Habitat selection in the study area

Our RSF analysis showed that the best model pre-
dicting differences between core and non-core areas
included 5 variables: elevation, distance to river, dis-
tance to road, tree quantity, and tree DBH (Tables 4 &
5), Random effects in the model captured latent varia-
tion not observed in the data, providing additional
insights into model fit and interpretation. However,
only 2 variables of the above 5 variables (i.e. elevation
and distance to road) were significant (p < 0.09,
Table 4). Accordingly, elevation (relative importance
value = 1.00) and distance to road (relative impor-
tance value = 1.00) were the 2 most important predic-
tors of habitat selection by Francois' langur between
core area and non-core areas, followed by tree quan-
tity (relative importance value = 0.89) and distance to
river (relative importance value = 0.64) (Table 5).
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Table 4. Top 9 generalized linear models for the effect of variable characteristics on habitat selection by Francois' langurs be-

tween core area and non-core areas. DBH: diameter at breast height; AIC: Akaike's information criterion; AAIC: difference in

AIC rank relative to the top model; logLik: log-likelihood; Akaike weight: probability that a model is best given the particular
set of models considered

Model df logLik AIC AAIC Akaike
weight
Elevation + Distance to river + Distance to road + Tree DBH + Number of trees 6 —48.02 108.05 0.00 0.12
Elevation + Slope orientation + Distance to river + Distance to road + Tree DBH 7 —47.26 108.51 0.46 0.10
+ Number of trees
Elevation + Slope orientation + Distance to river + Distance to road 6 —48.35 108.69 0.64 0.09
+ Number of trees
Elevation + Distance to river + Distance to road + Number of trees 5 —49.4 108.81 0.76 0.09
Elevation + Distance to road + Tree DBH + Number of trees 5 —49.61 109.23 1.18 0.07
Elevation+ Slope orientation + Distance to road + Tree DBH + Number of trees 6 —48.77 109.53 1.48 0.06
Elevation + Slope orientation + Distance to road + Number of trees 5 —49.83 109.65 1.60 0.06
Elevation + Distance to river + Vegetation coverage + Tree DBH 7 —4791 109.82 1.77 0.05
+ Number of trees
Elevation + Distance to road + Number of trees 4 =51.01 110.01 1.97 0.05

Table 5. Parameter estimates of the optimal model ordered by importance
value; asterisks denote significant contributions to the model (***p < 0.001).
Wi relative probability of selection for a given resource unit

sity of intra- and interspecific competi-
tion and affect the sustainable survival
and reproduction of species (Go 2010,

Grueter et al. 2012, Apolloni et al.

Habitat variables Wi Estimate  SE z p 2018). Biological characteristics are
Elevation 1.00 —0.001 0.003 3.373 <0.001*** comprehensive indicators of forest
Slope 0.47  —0.000 0.002 0.331  0.741 quality, which can not only provide
Distance to river (m) 0.64 0.001 0.002 0.718 0.472 adequate food but can also provide
Distance to road (m) 1.00 —0.005 0.002  5.117 <0.001*** hidi 1 £ imals. Hab-
Vegetation coverage 028 —0.002 0000 0.168  0.866 good hiding places for animals. Hab
Tree diameter at breast ~ 0.56  —0.041  0.070  0.584  0.559 itats with high plant density and can-
height (cm) opy density not only provide rich food
Number of trees 0.89 —0.034 0.039 0.863 0.388 resources for Francois' langur, but also

4. DISCUSSION

The study identified significant microhabitat dis-
tinctions between core and non-core areas, under-
scoring the imperative to assess microhabitat selec-
tion by threatened species like Francois' langur. Core
areas, characterized by higher elevations and greater
distances from road, river, settlement, and agricul-
tural land, exhibited superior habitat quality com-
pared to non-core areas. Our RSF analysis high-
lighted elevation and distance to road as the most
influential predictors of habitat selection between
core and non-core areas. These findings emphasize
the intricate interplay between microhabitat features
and habitat selection by Francois' langur, which is
crucial for holistic conservation management. Hab-
itat quality determines the availability of resources,
which can directly or indirectly determine the inten-

provide good hiding conditions (Zhou
et al. 2006, 2013, Wang et al. 2011).

Generally, compared to non-core areas, the core
areas had higher elevation, less human disturbance,
and more abundant food resources, which is more
suitable for Francois' langur. As this species is a semi-
arboreal primate, it is more likely to scan the sur-
roundings to find food and identify potential dangers.
While moving, Frangois' langurs rely on shrubs to
build bridges. In order to support their weight, the
animals select trees with larger DBH and shrubs with
a larger base diameter.

With economic development, human disturbance
to wildlife becomes more and more frequent.
Human activities (such as deforestation, reclamation
of agricultural land, construction of roads and
housing for people in villages, etc.) can cause hab-
itat loss and fragmentation and accordingly lead to
a decline in habitat quality (Wassie et al. 2009,
Zhao et al. 2017, 2019). Therefore, human activities



90 Endang Species Res 55: 83—92, 2024

can affect the home range, feeding habits, activity
pattern, reproductive rate, mortality, and survival
of non-human primates living in the habitat (Wang
et al. 2011, Zeng et al. 2013, Deng et al. 2019). Our
results showed that Francois' langurs preferred
low-disturbance areas (i.e. core areas) in the
Mayanghe National Nature Reserve. In the high-
disturbance areas (i.e. non-core areas), the langurs
were restricted to narrow strips along the rivers,
due to the extensive distribution of roads, settle-
ments, and agricultural land. However, Francois'
langurs have gradually become accustomed to the
impact of human interferences (Han et al. 2023);
langurs in the non-core areas often feed on trees
along roads, cross the roads, and have negative
interactions with tourists, which increases their
risks, such as the potential for vehicle collisions, in-
creased exposure to road traffic, and disturbances
caused by human activities. Vehicle collisions can
result in injury or mortality among langurs, while
increased road traffic can disrupt their natural
behaviors and habitats, leading to stress and de-
creased reproductive success. Negative interactions
with tourists, such as disturbance and harassment,
can also cause stress and disrupt social structures
within langur populations. These risks collectively
threaten the survival and well-being of Francois'
langurs in the non-core area. Addressing these
risks through effective management and conserva-
tion strategies is essential to ensure the long-term
viability of langur populations in the region. Settle-
ments compressing langur habitat will not change
significantly in a short time, posing obstacles to the
movement of Francois' langurs, hindering their mi-
gration, and reducing the connectivity of the habi-
tat within the landscape (Han et al. 2023). Further-
more, activities of local communities in the area
increase the frequency of direct human—monkey
conflict. During the study period, langurs were fre-
quently found surrounding settlements, leading to
potential exposure to cross-infection, e.g. with par-
asites or diseases, from humans.

Based on the AIC values derived from different
models, our results further suggest that Francois' lan-
gurs exhibit a preference for habitats characterized
by lower elevation, steeper slopes, shorter distance to
rivers, and considerable distance from human dis-
turbances. According to the model results, elevation,
distance to river, distance to road, tree quantity, and
tree DBH composed the best model, indicating that
geographical and anthropogenic variables were the
most important variables, whereas vegetation-related
variables were relatively important, in influencing

habitat selection by Francois' langurs. Thus, our re-
sults demonstrate that topographic and anthropo-
genic variables are more important than vegetation-
related variables in microhabitat selection by this
species. The study highlights the importance of dis-
tinguishing among variables that may be acting at dif-
ferent spatial scales. Variables such as distance to
road, forest type, slope, and tree DBH have been
shown to be useful for identifying suitable habitat of
Francois' langurs in past research (Zhou et al. 2018),
but finer-scale variables, such as access to shrubs,
shrub density, or distance to cultivated land may be
more important for managers to consider at the local
scale when they are prioritizing areas to conserve
because they support more frequent use by individual
langurs.

As the largest remaining wild population of Fran-
¢ois' langurs in the world, strict prohibitions on con-
struction and deforestation in the core areas of the
reserve are imperative for the purpose of habitat man-
agement and restoration. Building of new roads and
houses and the development and utilization of farms
should be effectively controlled in the non-core areas
where Francois' langurs are distributed on both sides
of the river. To reduce habitat fragmentation and min-
imize the impact of human disturbance on wildlife, we
recommend the following. (1) Community outreach:
the reserve's management bureau could coordinate
public relations activities, inviting professionals to
educate local residents about the ecology and behav-
ior of the langurs. This approach aims to enhance
public understanding of the significance of Francois'
langurs and the importance of ecological protection.
Additionally, relevant promotional materials could be
distributed to reinforce this awareness. (2) Collabo-
ration with community media: acknowledge the
importance of working with local newspapers, televi-
sion stations, and other media outlets. Various for-
mats, such as special reports and promotional fea-
tures, can effectively convey knowledge about
protection measures to underscore the significance of
Francois' langur conservation within the reserve. (3)
Organizing youth activities: organize youth to volun-
teer and participate in wildlife-protection activities in
schools, communities, and other places. Introducing
them to protected areas would allow them to per-
sonally experience the beauty and fragility of wildlife
and its environment, to cultivate a sense of protection
and responsibility, increase awareness of wild animals
in the reserve, and further enhance their awareness of
the need for protection, so that more people can take
action to protect Francois' langurs. (4) Enhancement
of protected areas: advocating for the protection and
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potential expansion of existing protected areas would
ensure a secure habitat for Francois' langurs. (5) Road
infrastructure: establish of road bridges to facilitate
safe wildlife crossings, thereby minimizing the risks
associated with road-related hazards. (6) Creation of
forest corridors: to connect fragmented populations,
fostering genetic diversity, and promoting ecological
connectivity. In conclusion, to ensure the long-term
survival of the Francois' langurs in the Mayanghe
National Nature Reserve, it is essential to implement
these recommendations through collaborative efforts,
effective monitoring, and community engagement.

Data availability. The data sets generated and/or analyzed
during the current study are available from the correspond-
ing author on reasonable request.

Acknowledgements. We thank the Mayanghe National Nature
Reserve Bureau for their assistance with data collection.

LITERATURE CITED

]\(Apolloni N, Griiebler MU, Arlettaz R, Gottschalk TK, Naef-
Daenzer B (2018) Habitat selection and range use of little
owls in relation to habitat patterns at three spatial scales.

. Anim Conserv 21:65—75

A Bai W, Huang Q, Zhang J, Stabach J and others (2020)

Microhabitat selection by giant pandas. Biol Conserv
. 247:108615

A Barton K (2013) MuMIn: multi-modal inference. https://cran.
r-project.org/web/packages/MuMIn/MuMIn.pdf

] Boyce MS, Vernier PR, Nielsen SE, Schmiegelow FKA (2002)
Evaluating resource selection functions. Ecol Model 157:
281-300

Deng H, Cui H, Zhao Q, Pan R, Zhou J, Lan A (2019) Con-
strained Francois' langur (Trachypithecus francoisi) in
Yezhong Nature Reserve, Guizhou, China. Glob Ecol

., Conserv 19:e00672

N Enstam KL, Isbell LA (2004) Microhabitat preference and
vertical use of space by patas monkeys (Erythrocebus
patas) in relation to predation risk and habitat structure.

., Folia Primatol 75:70—84

]“ Gillies CS, Hebblewhite M, Nielsen SE, Krawchuk MA and

others (2006) Application of random effects to the study
., ofresource selection by animals. J Anim Ecol 75:887—898

A Go M (2010) Seasonal changes in food resource distribution
and feeding sites selected by Japanese macaques on
Koshima Islet, Japan. Primates 51:149—158

] Grinnell J (1917) Field tests of theories concerning distribu-
tional control. Am Nat 51:115—128

Grueter CC, Li D, Ren B, Xiang Z, Li M (2012) Food abun-
dance is the main determinant of high-altitude range use
in snub-nosed monkeys. Int J Zool 2012:739419

] Han J, Williams GM, Zou Q, Dong B (2023) The range and
habitat suitability of Francois' langur (Trachypithecus
francoisi) in Mayanghe Nature Reserve, China. Environ

. Sci Pollut Res Int 30:40952—40960

A Hanski I (2011) Habitat loss, the dynamics of biodiversity,

and a perspective on conservation. Ambio 40:248—255

’\'g Hu G (2011) Dietary breadth and resource use of Francois'
langur in a seasonal and disturbed habitat. Am J Primatol
. 13:1176—1187
]" Hu G, Dong X, Wei Y, Zhu Y, Duan X (2004) Evidence for a
decline of Francois' langur (Trachypithecus francoisi) in
Fusui Nature Reserve, south-west Guangxi, China. Oryx
. 38:48-54
A Huang C, Wei F, Li M, Quan G, Li H (2002) Current status
and conservation of white-headed langur (Trachypithe-
cus leucocephalus) in China. Biol Conserv 104:221—-225
#‘Johnson CJ, Nielsen SE, Merrill EH, McDonald TL, Boyce
MS (2006) Resource selection functions based on use—
availability data: theoretical motivation and evaluation
methods. J Wildl Manag 70:347—357
] Kopp SD, Guthery FS, Forrester ND, Cohen WE (1998) Hab-
itat selection modeling for northern bobwhites on sub-
tropical rangeland. J Wildl Manag 62:884—895
] Lack D (1933) Habitat selection in birds. With special refer-
ence to the effects of afforestation on the Breckland avi-
., fauna.JAnim Ecol 2:239—262
A Loe LE, Irvien RJ, Bonenfant C, Stien A and others (2006)
Testing five hypotheses of sexual segregation in an arctic
ungulate. J Anim Ecol 75:485—496
] Luan Y, Huang G, Zheng G, Wang Y (2022) Correlation be-
tween spatio-temporal evolution of habitat quality and
human activity intensity in typical mountain cities: a case
study of Guiyang City, China. Int J Environ Res Public
., Health 19:14294
A Ma S, Wang Y, Poirier FE (1989) Taxonomy and distribution
of the Francois' langur (Presbytis francoisi). Primates 30:
. 233-240
]" Mayor SJ, Schneider DC, Schaefer JA, Mahoney SP (2009)
Habitat selection at multiple scales. Ecoscience 16:238—247

Nadler T, Thanh NV, Streicher U (2007) Conservation status

of Vietnamese primates. Primatology 1:7—26

ANadler T, Quyet LK, Covert H, Long Y (2020) Trachypithecus
francoisi. The IUCN Red List of Threatened Species 2020:
e.T39853A17958817. https://dx.doi.org/10.2305/IUCN.
UK.2020-3.RLTS.T39853A17958817.en (accessed 30 April
2024)

Niu K, Xiao Z, Wang B, Yang D, Tan CL, Zhang P (2016) Pop-
ulation estimates and distribution of Francois' langurs
(Trachypithecus francoisi) in Mayanghe National Nature
Reserve, China. J Zool 51:925—938 (in Chinese)

] Niu K, Ang A, Xiao Z, Gamba M (2022) Is Yuan in China's
Three Gorges a gibbon or a langur? Int J Primatol 43:
. 822-866
A Phillips SJ, Anderson RP, Schapire RE (2006) Maximum
entropy modeling of species geographic distributions.
., Ecol Modell 190:231-259
A Stabach JA, Wittemyer G, Boone RB, Reid RS, Worden JS
(2016) Variation in habitat selection by white-bearded
wildebeest across different degrees of human disturb-
ance. Ecosphere 7:€01428
]\Wang S, LuoY, Cui G (2011) Sleeping site selection of Fran-
cois's langur (Trachypithecus francoisi) in two habitats in
Mayanghe National Nature Reserve, Guizhou, China.
. Primates 52:51—60
A Wassie A, Sterck FJ, Teketay D, Bongers F (2009) Effects of
livestock exclusion on tree regeneration in church forests
of Ethiopia. For Ecol Manag 257:765—772
] Wei W, Nie Y, Zhang Z, Hu Y and others (2015) Hunting
bamboo: foraging patch selection and utilization by giant
pandas and implications for conservation. Biol Conserv
186:260—267


https://doi.org/10.1111/acv.12361
https://doi.org/10.1016/j.biocon.2020.108615
https://cran.r-project.org/web/packages/MuMIn/MuMIn.pdf
https://doi.org/10.1016/S0304-3800(02)00200-4
https://doi.org/10.1159/000076265
https://doi.org/10.1111/j.1365-2656.2006.01106.x
https://doi.org/10.1007/s10329-009-0179-5
https://doi.org/10.1086/279591
https://doi.org/10.1007/s11356-023-25170-x
https://doi.org/10.1007/s13280-011-0147-3
https://doi.org/10.1002/ajp.20985
https://doi.org/10.1017/S0030605304000080
https://doi.org/10.1016/S0006-3207(01)00168-9
https://doi.org/10.1016/j.biocon.2015.03.023
https://doi.org/10.1016/j.foreco.2008.07.032
https://doi.org/10.1007/s10329-010-0218-2
https://doi.org/10.1002/ecs2.1428
https://doi.org/10.1016/j.ecolmodel.2005.03.026
https://doi.org/10.1007/s10764-022-00302-1
https://dx.doi.org/10.2305/IUCN.UK.2020-3.RLTS.T39853A17958817.en
https://doi.org/10.2980/16-2-3238
https://doi.org/10.1007/BF02381308
https://doi.org/10.3390/ijerph192114294
https://doi.org/10.1111/j.1365-2656.2006.01069.x
https://doi.org/10.2307/961
https://doi.org/10.2307/3802539
https://doi.org/10.2193/0022-541X(2006)70%5b347%3ARSFBOU%5d2.0.CO%3B2

92

Endang Species Res 55: 83—92, 2024

ﬁ< Zeng Y, Xu J, Wang Y, Zhou C (2013) Habitat association
and conservation implications of endangered Francois'
., langur (Trachypithecus francoisi). PLOS ONE 8:e75661
A" Zhao C, Yue B, Ran J, Moermond T, Hou N, Yang X, Gu X
(2017) Relationship between human disturbance and
Endangered giant panda Ailuropoda melanoleuca
habitat use in the Daxiangling Mountains. Oryx 51:
. 146-152
A Zhao X, Ren B, Li D, Xiang Z, Garber PA, Li M (2019) Effects
of habitat fragmentation and human disturbance on the
population dynamics of the Yunnan snub-nosed monkey
. from 1994 to 2016. PeerJ 7:e6633
A Zhou Q, Wei F, Li M, Huang C, Luo B (2006) Diet and food
choice of Trachypithecus francoisi in the Nonggang
Nature Reserve, China. Int J Primatol 27:1441—1460

Editorial responsibility: Anna Nekaris,
Oxford, UK
Reviewed by: 3 anonymous referees

#‘Zhou Q, Huang C, Li Y, Cai X (2007) Ranging behavior of the
Francois' langur (Trachypithecus francoisi) in the Fusui
o Nature Reserve, China. Primates 48:320—323
A Zhou Q, Cai X, Huang C (2010) [Habitat selection and use of
Francois's langurs (Trachypithecus francoisi) in Guangxi
Province, Fusui area]. Dongwuxue Yanjiu 31:421—-427 (in
. Chinese)
A Zhou Q, Luo B, Wei F, Huang C (2013) Habitat use and loco-
motion of the Francois' langur (Trachypithecus francoisi)
in limestone habitats of Nonggang, China. Integr Zool 8:
. 346-355
A Zhou Q, Huang Z, Wei H, Huang C (2018) Variations in diet
composition of sympatric Trachypithecus francoisi and
Macaca assamensis in the limestone habitats of Nong-
gang, China. Zool Res 39:284—290

Submitted: April 1, 2024
Accepted: August 19, 2024
Proofs received from author(s): October 16, 2024


https://doi.org/10.1371/journal.pone.0075661
https://doi.org/10.1017/S0030605315000800
https://doi.org/10.7717/peerj.6633
https://doi.org/10.1007/s10764-006-9082-8
https://doi.org/10.24272/j.issn.2095-8137.2018.046
https://doi.org/10.1111/j.1749-4877.2012.00299.x
https://pubmed.ncbi.nlm.nih.gov/20740705
https://doi.org/10.1007/s10329-006-0027-9



