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Abstract: Frangois’ langur is an Endangered colobine inhabiting limestone habitats in southern China
and northern Vietnam. Its global population has been estimated to be just more than 2000 mature
individuals. Populations in Vietnam are highly fragmented with reportedly fewer than 200 adults
in total and 50 in a single location. Although the Francois’ langur in Vietnam is highly imperiled as
remnant populations persist in only three to four sites, little research has been carried out to provide a
reliable estimate of its remaining population. In this study, we conducted field surveys in Lam Binh
District, Tuyen Quang Province, northeastern Vietnam. In total, we recorded at least 16 groups of
Frangois’ langurs, with 156 individuals, raising the total number of individuals by approximately
10% compared to a previous study. The group structure, group size, activity budget, and density of
the Lam Binh population resemble those reported in Frangois” langurs in China and other limestone
langur species. The results show that the behavior ecology of limestone langurs significantly differs
from that of forest langurs probably because they occupy separate habitats with distinctly different
environmental variables. During our surveys, we detected a number of direct threats to this population,
namely illegal logging, hunting, firewood collecting, hydropower development, grazing, and mining.
It is recommended that the protection forest be elevated to the nature reserve status to better protect
the most important population of the Frangois’ langur in Vietnam.
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1. Introduction

Vietnam is home to as many as 27 primate species and subspecies, the highest number
among mainland Southeast Asian countries, with several species newly described or
resurrected in recent decades [1-5]. At least four taxa are endemic to small areas or islands
in Vietnam, namely the Cat Ba langur (Trachypithecus poliocephalus), Con Son long-tailed
macaque (Macaca fascicularis condorensis), Delacour’s langur (Trachypithecus delacouri), and
Tonkin snub-nosed monkey (Rhinopithecus avunculus) [3,4]. However, due to different direct
threats, including habitat loss and poaching, populations of many species, e.g., the Cao-vit
Gibbon (Nomascus nasutus), Cat Ba langur, Delacour’s langur, and Tonkin snub-nosed
monkey, have been severely declining to lower than a few hundred individuals [6-9]. The
existing threats coupling with the imminent impacts of climate change could bring the
species to the brink of extinction [10-13]. As a result, Vietnam'’s primate fauna is considered
the most threatened in the region with all but two species, i.e., the Assamese macaque
(Macaca assamensis, listed as Near Threatened) and the rhesus macaque (M. mulatta, listed
as Least Concern), classified as globally Vulnerable and above [14] (Figure 1).
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Figure 1. Conservation status of primates in Vietnam. The numbers of threatened and Critically Endan-
gered species account for approximately 93% and 37% of the country’s primate fauna, respectively [14].

At least seven leaf monkey species of the genus Trachypithecus are found in Vietnam [3,4],
and all of them are classified as either Endangered or Critically Endangered by the IUCN Red
List of Threatened Species [14]. The Frangois’ langur (Trachypithecus francoisi) is a limestone
langur species distributed in southern China and northern Vietnam [15,16]. While the species
was more widespread in the past, most populations of the Frangois’ langur now live in highly
fragmented limestone forest patches because of the illegal hunting and habitat destruction
occurring throughout its former range [17-19]. The global population of the Frangois’ langur
is estimated to be around 2300-2500 individuals, and the main populations of the langurs are
found in China with more than 2000 individuals in total [20].

In Vietnam, it is reported that the total population of the langur may not exceed
200 individuals [17,21]. While the Francois’ langurs occupied a broader distribution range
compared to other limestone langur species in Vietnam, surveys from the early 2010s
reported that many known populations, especially in Cao Bang, Lang Son, Vinh Phuc, Lao
Cai, and Yen Bai provinces, had been locally extirpated [21,22]. Currently, Cham Chu and
Na Hang nature reserves (Tuyen Quang Province), Ba Be National Park and Kim Hy Nature
Reserve (Bac Kan Province), Bac Me Nature Reserve (Ha Giang), and Than Sa-Phuong
Hoang Nature Reserve (Thai Nguyen) have been considered the last protected forests
where Francois’ langurs may still range [21,22]. However, if langurs still persist in Kim Hy,
Bac Me, and Cham Chu, their populations may already be too small to survive in the long
run [22].

The Francois’ langur population in Than Sa-Phuong Hoang Nature Reserve was
estimated to be about 20 individuals divided in four to five groups. The langurs in
Na Hang Nature Reserve were reported to consist of around two to five groups with
4-22 individuals in each group [21,22]. The largest population of the Frangois” langur in
Vietnam is distributed in Lam Binh Protection Forest, a watershed protection forest that
is not yet officially recognized as a protected area in Vietnam and located adjacent to Na
Hang Nature Reserve [21-23]. Together, Lam Binh, Na Hang, Bac Me, and Ba Be form a
relatively continuous forested area of approximately 97,000 hectares (Figure 2).
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Figure 2. Lam Binh Protection Forest and other sites that still have recent records of the Frangois’ langur.

The remaining population in Lam Binh Protection Forest, Tuyen Quang Province, has
been considered the most viable population of this species in Vietnam, as other popula-
tions are thought to be too small for recovery [21,22]. Field surveys in 1992 confirmed
the existence of the langurs in this area, and in the early 2000s, it was estimated that
Lam Binh might be home to five to seven Frangois” langur groups, with a total of about
35-60 individuals [15]. In 2011-2012, field surveys recorded five groups of around
28-38 langur individuals in this area, with interview records of up to 10-12 groups [21]. The
most recent survey in the Lam Binh area in 2020 revealed 13 groups of about
108-133 individuals of the Frangois” langur [23]. To fully assess the population status,
social organization, behavioral ecology of, and anthropogenic threats to the langur popu-
lation in the entire protection forest in Lam Binh with a view to better understanding its
ecology and developing cost-effective conservation measures, we conducted both interview
and field surveys throughout 2021.

2. Methods

The study site is part of the Lam Binh Protection Forest in Lam Binh District, Tuyen
Quang Province, northern Vietnam, covering approximately 39,000 hectares of protection
forest (Figure 2). It is characterized by dissected limestone karst formations and narrow
valleys with fragmented patches of mature secondary forest on ridges and upper slopes
and degraded forests with mostly scrubs on lower slopes. The area is currently managed
by the Lam Binh Protection Forest Management Authority, and it is classified as a water-
shed protection forest, a type of low-level protected forest maintained outside the official
protected area system designated by the government [22].

Interviews with 96 local community members who were knowledgeable of the site
were undertaken prior to the field survey to identify potential areas. We collected in-
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formation on locations where langurs occurred, dates of the observations, group size,
population status and trend, and direct threats to the langur population in Lam Binh. The
main methods for field surveying the Francois’ langur included transect walks and visual
observations from fixed points along the transects. Three survey teams, one stationed in
Khuon Ha, one in Sinh Long, and one in Thuong Lam Commune and each consisting of
two members, were established (Figure 2). During the surveys, each team walked along
separate transects at a speed of 1.0-1.5 km/h and observed from independent points to
maximize the detection probability [24]. Surveys were carried out every month in 2021
at all three sites with 10 days/month in Sinh Long and 12 days/month in Khuon Ha and
Thuong Lam. The surveys took place from 4:00-6:00 in the morning to 6:30-7:00 in the
evening with at least 8 h spent on each survey day. For the entire study, 17 transects were
set up with the total length of 117.69 km (mean = 6.9; SD = 5.6) (Figure 3).
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Figure 3. Survey transects and approximate locations of different groups of the Francois” langur
(Trachypithecus francoisi) in Lam Binh Protection Forest. G is the abbreviation for Group. (See Table 1
for more information).

Table 1. Details of the population structure and group sizes of Frangois” langurs in Lam Binh
Protection Forest. See Figure 3 for additional information of the group locations.

. Adult Adult Undetermined
Group Name Infants Juveniles Males Females Adults Total
Group 01 2 1 2 6 11
Group 02 2 1 2 1 6
Group 03 1 1 1 3 6
Group 04 5 1 5 1 12
Group 05 2 1 2 3 8
Group 06 4 1 4 8 17
Group 07 1 7 8
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Table 1. Cont.
. Adult Adult Undetermined
Group Name Infants Juveniles Males Females Adults Total
Group 08 3 1 3 2 9
Group 09 2 1 2 4 9
Group 10 4 1 4 5 14
Group 11 2 1 2 4 9
Group 12 1 2 1 3 6 13
Group 13-1 5 5
Group 13-2 4 4
Group 14 1 1 1 2 5
Group 15 2 1 2 9 14
Group 16 1 1 1 1 4
Single male Group 1
originated from 1 1
Group 02
Single male Group 2
originated from 1 1
Group 05
Total individuals 11 23 17 34 71 156

When langurs were spotted, we recorded the time and date, coordinates of the team,
and direction of the target and estimated the distance to the langurs, their group size, and
group structure. The age—sex classification, including adult male, adult female, juvenile,
and infant, followed descriptions in previous studies [15,16]. To avoid double counting
langur groups that travelled extensively in one day, the teams exchanged and compared
obtained data, such as time and location of the records and group size and composi-
tion, after each field day. For groups that were not easily separated, we treated them as
one single group. In case there were different counts for the same group, both estimations
were presented in the final results. Geographic coordinates were recorded using GPS units
(Garmin 64 S). Observations were assisted by binoculars (Nikon PROSTAFF 75 10X42,
Nikon, Tokyo, Japan). The home range of each group was estimated using the minimum
convex polygon method [25] as implemented in ArcMap v10.2 [26].

To estimate the time budget for the population, we selected four representative groups,
ie.,, Group 1, 2, 6, and 7, as their locations were more accessible, and the groups were
easier to observe for extended periods of time compared to the other ones. Behavioral data
were collected using methods specified in [27] by scan and focal samplings. Observations
were undertaken in March, April, August, and September, when the weather conditions
were more favorable for studying langur activities. Each day, each group was watched
eight times, from 5:15 a.m. until 6:30 p.m. in the summer and from 6:00 a.m. until 5:30 p.m.
in the winter. In total, 768 h were spent in the field to obtain activity budget data from the
four groups.

3. Results

Most interviewees reported that the population of Frangois’ langurs in Lam Binh had
decreased since the early 1990s. In particular, there was a brief period of steep decline
during the completion of the Na Hang hydroelectric dam in 2003 /2004. Before the dam’s
construction, during the dry seasons, langurs could be spotted occasionally crossing the
temporarily dry riverbed. Nevertheless, after 2004 when the dam started raising the water
level of the river, such movements were stopped. In addition to the impact of the dam
construction, other direct threats, especially poaching and habitat loss and degradation,
were considered the main driver of the population decline.

After 352 encounters, our survey recorded a total of 18 groups, including two single-male
ones, with around 156 individuals of the Frangois’ langur in the Lam Binh Protection Forest
(mean with two single-male groups = 8.21; SD with two single-male groups = 4.48; mean
without two single-male groups = 9.06; SD without two single-male groups = 3.91) (Table 1).
For Group 13, we observed two groups (13-1 and 13-2) to be quite distinctive in terms of their
home range. However, we also spotted the adults of those two groups occasionally interacting
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with each other, and we could not identify any adult male in the groups. Hence, we used a
more conservative approach and still recognized them as one group.

Overall, Group 6 had the highest number of individuals with 17 langurs, and
two single-male groups consisted of the lowest number with one individual each. Khuon
Ha Commune was home to six groups, i.e., Group 6, Group 7, Group 8, Group 9, Group 10,
and Group 16 (a total of 61 individuals), and Thuong Lam Commune was also home to
six groups, including Group 2, Group 4, Group 5, Group 11, Group 14, and Group 15 (a
total of 56 langurs, including 2 single males). The two communes shared four units, namely
Group 1, Group 3, Group 12, and Group 13 (a total of 39 individuals). The two communes
are separated by Gam River, and 14 groups, including two single-male groups (a total of
106 individuals), occupied the southwestern side of the river. The remaining four occurred
on the northeastern side (a total of 50 individuals).

Based on our field observations and the social characteristics of other Trachypithecus
species, all langur groups in Lam Binh, except for Group 13, appeared to be uni-male, even
though the number of undetermined adults in most groups was high. In total, 34 young
individuals, including 11 infants and 23 juveniles, were detected, accounting for 21.8% of
the whole population (Table 1). In addition, most of the small groups, e.g., Group 14 or
Group 16, were observed to occur nearer to human settlements, while larger groups, e.g.,
Group 04, Group 06, and all groups on the western side of the Gam River, appeared to live
further away (Figure 3).

Francois’ langurs began their activity around 5:15 a.m. and 6:00 a.m. in summer and
winter, respectively, and ended the day from about 5:30 p.m. to 6:30 p.m. depending on
the time of the year. They usually left the sleeping sites later if it rained heavily. As for the
activity budget, the langurs spent more than a half of their daily time resting, followed by
more than 20% of the time feeding and more than 10% moving. Other activities make up
less than 10% of active time (Table 2).

Table 2. Activity budget of selected Trachypitheticus species.

Activity Time Budget (%)

Species - - : Source
Moving Resting Feeding Others

Trachypithecus francoisi 12 57 22 9 This study
Trachypithecus francoisi 17 52 23 8 [28]
Trachypithecus crepusculus 6 22 49 23 [29]
Trachypithecus delacouri 42 61.3 28.2 6.3 [30]
Trachypithecus germaini 9 25 45 21 [31]
Trachypithecus leucocephalus 15 52 13 20 [32]
Trachypithecus margarita 8 26 38 28 [33]
Ttrachypithecus poliocephalus 12 55 19 14 [34]

Home ranges of different langur groups in Lam Binh varied significantly in size,
from 11.73 hectares in Group 16 to 96.61 hectares in Group 2 (mean = 46.9, SD = 26.94).
Group 13, when combining Group 13-1 and Group 13-2, covered an area of approximately
25.4 hectares. In total, there are six groups whose home ranges are around or greater than
50 hectares (Table 3). Average individual home range reaches the highest size, 16.1 hectares,
in Group 2, and the smallest range size, 1.02 hectare, belongs to Group 15 (mean = 5.48,
SD = 3.92). Density, a measure of the number of individuals in a hectare, is opposite to the
individual home range and attains the greatest value, 0.99, in Group 16 and the lowest one,
0.06, in Group 2 (mean = 0.28, SD = 0.22).
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Table 3. Home ranges of langur groups in Lam Binh Protection Forest.
Number of Individual Home Densi
Group Name Individuals Home Range (ha) Range (ha) (Individu;)lllha)

Group 1 11 24.74 2.25 0.445
Group 2 6 96.61 16.10 0.062
Group 3 6 73.14 12.19 0.082
Group 4 12 80.07 6.67 0.150
Group 5 8 33.09 414 0.242
Group 6 17 40.14 2.36 0.424
Group 7 8 38.77 4.85 0.206
Group 8 9 38.49 4.28 0.234
Group 9 9 59.63 6.63 0.151
Group 10 14 36.38 2.60 0.385
Group 11 9 61.58 6.84 0.146
Group 12 13 91.81 7.06 0.142
Group 13 9 25.39 2.82 0.354
Group 14 5 24.74 4.95 0.202
Group 15 14 14.22 1.02 0.985
Group 16 4 11.73 2.93 0.341

4. Discussion

This is the first study that documents several important parameters of any Frangois’
langur population in Vietnam, including group size, population structure, activity budget,
home range, and density. With 156 individuals observed in this study, it is clear that
the population is growing, as previous study only documented at most 133 langurs [23].
Notably, Group 15 with 14 individuals, the second largest unit only behind Group 6 and
located near Group 11, was newly discovered by this study (Figure 3, Table 1). In addition,
up to 34 individuals or nearly 22% of the total population were either juveniles or infants,
illustrating low infant and juvenile mortality. We also observed two single-male groups
of the langurs on the southwestern side of the river. For such groups, we only included
them in the total individual counts, but excluded them from the group counts. They
generally do not contribute to the reproduction function of any group. There was also one
group (Group 13) that seemed to have split into two independent groups (Group 13-1 and
Group 13-2). However, our field data did not provide enough evidence for that suggestion,
and hence we still counted them as a single group.

The mean group size, 8.21-9.06, of the Frangois” langur in Lam Binh is comparable
with those of other limestone langurs in Vietnam, e.g., 8.11 in the Hatinh langur [35] and
7.27 in the Delacour’s langur [8], but greater than the Laotian langur (Trachypithecus laotum)
with mean group size of about 3.88 [36] and the Cat Ba langur (T poliocephalus) of around
5.27 [37]. While group size in folivores is often determined by several factors, including
their behaviors, ecological resources, and predation [38-43], they have been shown to differ
between limestone and forest langurs, with forest populations usually being larger.

In relatively hunting-free sites, limestone langurs, such as the white-headed langur
(T. leucocephalus) and Frangois’ langur, often maintain a mean group size of
9-10 individuals [44,45], whereas that of forest langurs, e.g., T. germaini and
T. crepusculus, contains 15-25 individuals [31,46,47]. In the exceptional case, group size
in forest langurs can reach close to 100 individuals without exhibiting any sign of ecolog-
ical constraints [48]. However, limestone langurs living in larger groups of 15 or more
individuals show evidence of high competition for food resources, but smaller groups of
5-6 individuals do not exhibit such contention [49]. The difference in group size and the
level of competition for food between limestone and forest langurs can be explained by
the availability of resources in the ecosystems, as limestone ecosystems are well known
for their nutrient deficiency and provide fewer diet options for the folivores [50,51]. Based
on the available data, it seems that the mean group size in the Lam Binh population is
approaching the equilibrium in limestone langurs, even though poaching still takes place
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(see more information below). Nonetheless, it is most likely that the small group sizes in
other langurs from Laos and Vietnam are attributable to historical and/or current hunting
pressures [8,34-36].

Our observations reveal that the group composition of langurs in the study area is
well structured with typically one adult male and multiple females, except for Group 13
(Table 1). However, the group organization dynamics could change because a large number
of adults had an undetermined sex. Multi-male groups have been reported in other species
of langurs [47,52]. In the Lam Binh population, the dominant male serves as a group leader
and usually sits on a high point to detect any potential danger. The group leader will
scream loudly to alert the group when there is any threat. In addition, he also makes calls
to signal when to enter the cave to sleep in the evening and when to leave the cave in the
morning. The group organization in Lam Binh’s langurs fits well with the typical form
found in other species in the genus Trachypithecus [53,54]. This social structure has been
shown to be the ancestral trait for all Asian colobines [55].

The langur’s foraging activities peak twice a day, including morning and afternoon
sessions, with a break at noon. The morning session starts around 5:15 a.m. and 6:00 a.m.
in summer and winter, respectively, and extends until about 10:00 a.m., and the afternoon
session occurs from 2:00 p.m. to 4:30 p.m. In the hot season, langurs leave their sleeping
places in the early morning, return to their caves in the late hours of the afternoon, and
have a long lunch break. In the cold season, they go out looking for food later in the
morning and return to their caves earlier in the afternoon. The foraging pattern is similar
to that of Frangois’ langurs in Nonggang Nature Reserve, Guangxi Province, China, in
the dry season. However, in the rainy season, the langurs only show one peak of feeding
activities in the late afternoon [28]. Several hypotheses have been put forward to explain the
two feeding peaks and midday resting in langurs and other primates. Midday resting may
represent a thermoregulatory strategy to avoid the high temperature at noon in the summer
or to warm up by sunbathing during the winter [56-58]. On the other hand, the resting
time may be used to support fibrous food digestion after the morning meal [28].

The activity budget of Lam Binh’s langurs resembles those of the Frangois’s langurs
in Nonggang Nature Reserve and other limestone langurs, including Cat Ba, Delacour’s,
and white-headed langurs [28,30,32,52]. Limestone langurs spend most of their daily time
resting, followed by feeding, except in while-headed langurs, whose other activities come
in second place (Table 2). In forest langurs, including Trachypithecus crepusculus, T. germaini,
and T. margarita, however, feeding occupies most of their daily activities while resting takes
up a lesser amount of time. As limestone langurs live in an environment with high metal
ions, especially calcium [50], their diet contains much higher calcium content as a result of
consuming karst plants [59-61]. Although all limestone langurs have evolved a genomic
mechanism to consume the special diet [62], it might still take them more resting time to
digest the plant materials compared to other food items.

On average, the population density of langurs in Lam Binh is approximately
20 individuals/km?2, higher than that of white-headed langurs in Guangxi Province, China,
with 15 individuals/km? [45]. Several populations of langurs in Vietnam have a greater
population density with 733 individuals/km? in Trachypethicus germaini in Chua Hang Lime-
stone Outcrop in Kien Giang Province, southern Vietnam [31], or 28 individuals/km? in
T. delacouri in Van Long Nature Reserve, Ninh Binh Province, in northwestern
Vietnam [63]. Nevertheless, the suitable habitat in Lam Binh covers an area of nearly
1400 ha, which provides ample opportunities for the population to expand and grow in
the future.

The Lam Binh area is indeed home to the largest remaining and viable population
of the Frangois” langur in Vietnam with 122 adult and 34 young individuals. However,
the site has received little attention from government authorities as it is not a formally
recognized protected area, and as a result, it is unclear if the existing threats could be
eliminated or mitigated in the foreseeable future. Interviews with local people and di-
rect observations during the field survey showed that illegal logging and hunting are the
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two largest direct threats to the Frangois’ langur in Lam Binh. Other anthropogenic pres-
sures include firewood collecting, hydropower development, grazing, and mining. During
the field surveys, sporadic gun shots could be heard by the field teams, and local people
confirmed that small-scale wildlife trade still takes place at the study site [19]. Furthermore,
most of the valley areas in the western part of the Lam Binh Protection Forest have been
converted to farmlands and human settlements, including areas inside the protection forest
(Figure 3). This land conversion process not only forces the separation of langur groups but
also increases the edge effects on the remaining available habitats of T. francoisi. The Na
Hang hydroelectric dam just 15 km downstream from Lam Binh is another problem for the
Francois’ langur population in Lam Binh. The dam raises the water level of the Gam River,
creating an unpassable barrier between the langur groups on the east and west banks of
the river (Figure 3). Finally, the increasing impacts of climate change can negatively affect
the suitable habitat of the species, further threatening the survival of this highly threatened
primate [11].

According to our results and in comparison with data reported in previous studies,
there is a strong possibility that the Frangois’ langur population in Lam Binh can further
grow and expand if appropriate conservation measures are implemented immediately. As
the species has disappeared from much of its former range, the future of the primate in
Vietnam almost entirely depends on this population. Given the population size and the
habitat quality in Lam Binh, establishing a protected area at the site may be highly beneficial
for the long-term conservation of this endangered species. As a new protected area in
Lam Binh is being proposed, our findings are timely to inform the process of gazettement.
Moreover, in addition to forming the baseline for the future monitoring of the population,
the data from our study can also help design effective conservation measures, such as
translocating human settlements at the site, minimizing agriculture expansion, deterring
wildlife trade, and enhancing genetic diversity by exchanging animals between two sides
of the river.
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