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Abstract: Agricultural expansion has had a detrimental effect on tropical forests and the animal
communities that depend on them. Agroforestry systems, however, with their more complex tree
and plant communities, have been shown to be important habitats for a range of globally threatened
species, including nocturnal animals. Here, we present novel data on the encounter rates of seven
species of nocturnal mammals in relation to agroforestry systems within four national parks and
associated plantations in Bangladesh to examine if encounter rates were influenced by the human
population density, presence of plantations, and human access as represented by a Human Influence
Index of anthropogenic disturbance. We walked 70.3 km of transects with only semi-natural forest,
26.9 km of transects with semi-natural forest and gardens, and 21.7 km of transects with semi-natural

Er;)edc gtfg; forest and monocultures over 55 nights from 2017-2019. Of the seven species of nocturnal mammals
Citation: Al-Razi, H.; Campera, M.; we detected, all were present in Satachari National Park, whereas six occurred in Lawachara National
Hasan, S.; Maria, M.; Nijman, V.; Park, Rajkandi Forest Range, and Rema-Kalenga Wildlife Sanctuary. Within these national parks,
Nekaris, K.A.-I. Influence of three species (Bengal slow loris, large Indian civet, particolored flying squirrel) were more frequently
Agricultural Expansion and Human recorded in areas with human disturbance, especially agroforestry plantations. With declining forest
Disturbance on the Encounter Rates cover in Bangladesh, we highlight here the potential of agroforestry systems as emerging important
of Nocturnal Mammals in Tropical habitats for these species. We encourage long-term studies of these lesser-studied taxa to understand
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fully the capacity of agroforestry systems in order to support their long-term conservation.
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1. Introduction

Accepted: 15 March 2023 Tropical forests are among the most ancient, diverse, and ecologically complex of

Published: 22 March 2023 terrestrial habitats and support about two thirds of all known species [1]. At the same time,

around 1.2-1.5 billion people rely directly on tropical forests for food, timber, medicines,

and other ecosystem services [2]. This dependency on tropical forests is increasing anthro-
BY

pogenic disturbance and causing their destruction [3]. Deforestation is recognized as one of
the most serious environmental and economic problems for many countries in the tropical
and subtropical regions of the world [4]. In tropical areas, around 5-10 million hectares of
natural forests are disappearing every year [5,6].

Habitat shift to agriculture is the main threat for tropical forests and is predicted to be
even more impacting in the future [7,8]. Human disturbance plays an important ecological
role in natural environments and can affect species diversity, promote alterations in system
structures, reduce species competition, and change resource availability [9,10]. Agricultural
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expansion into forested areas increases the risk of diseases and pests as well as the rate
of wildlife trading of protected animals [11-13]. Nevertheless, several species have been
shown to thrive in agricultural areas, especially if they are in the form of agroforestry
systems with crops and trees [14-17].

Here, we provide baseline data on the response of a nocturnal mammal community
(squirrels, primates, carnivores) to agricultural expansion and human disturbance in trop-
ical hill forests in eastern Bangladesh. Bangladesh is one of the most densely human
populated countries in the world, and only 14.5% of its natural forests remain [18]. While
the mangrove littoral forest of the Sundarbans especially has gained significant attention
from the conservation community [19-22], in terms of land cover the hill forests that are
mostly found in the eastern and northern part of Bangladesh are equally important [18].
Ecologically, these hill forests, comprising of moist tropical evergreen and semi-evergreen
forests, constitute a transition between the Indian subcontinent floristic region and the
Indo-China floristic region [23]. The forests are generally uneven-aged and multi-storied.
The majority of smaller understory trees are evergreen and most of the larger trees are
deciduous. In terms of light pollution, only 5.3% of Bangladesh is not affected, but this
percentage is higher in eastern Bangladesh where large areas remain relatively unaffected
by artificial lighting [24].

We here aim to estimate the encounter rates of nocturnal mammals and determine
the influence of anthropogenic disturbance and presence of plantations on their encounter
rates. The tolerance of species to anthropogenic disturbance varies [25], and several animals
are able to adapt to human-modified habitats [26]. We discuss the potential of agroforestry
systems as emerging and important habitats for these species to conserve small-to-medium-
sized nocturnal mammals.

2. Materials and Methods
2.1. Study Area

We conducted the survey in the Satchari and Lawachara National Parks, Rema-Kalenga
Wildlife Sanctuary, and Rajkandhi Reserved Forest. These are four of the few natural forest
areas remaining in the northeastern region of Bangladesh, situated in the Moulovibazar
and Habigonj Districts (Figure 1).

Satchari is a National Park with an area of 242.91 ha that lies within the Raghunandan
Hill Reserve Forest (24°12'713” N 91°44/436” E). The area occupies the higher ridges of the
northernmost extension of Dupitila, Tipam, and Surma sedimentary rocks extending from
the Chittagong Hill Tracts through the Tripura State of India. Although this forest classically
belongs to the evergreen type, the large-scale conversion of the indigenous forest cover
to plantations has changed its forest type [27]. Currently, among 1760 ha of total reserve
area, old-growth forest comprises 120.3 ha (6.84%), whereas secondary forest comprises
89.9 ha (5.11%), followed by old plantation 63.9 ha (3.63%) and oil palm plantation 24.7 ha
(1.40%) [28]. The climate is mainly tropical, with high rainfall concentrated during the
monsoon from June to September and generally having a 4-to-5-month dry period. The
total annual average rainfall is 4162 mm. A number of small, sandy-bedded streams drain
the forest during the rainy season. The maximum and minimum temperature of the area is
32 °Cand 12 °C, respectively. The relative humidity fluctuates between 74% to 90%. Eighty
percent of the local people around this forest are largely illiterate and are dependent on the
forest for their livelihoods [28].
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Figure 1. Map of Bangladesh; (A,B) The red square shows the area of the study sites in Bangladesh,
whilst the small green patches show the position of the study sites in Bangladesh, and the size of
the study sights is represented in (C) Satchari, (D) Lawachara National Park, (E) Rema-kalenga,
and (F) Rajkandi.

Lawachara National Park is a 1250 ha mixed evergreen forest characterized by an
undulating landscape, with slopes and hillocks at an elevational range of 10-80 m above
sea level. Several streams and small water bodies are distributed evenly throughout the
park. The region has a tropical monsoon climate, with an average annual rainfall of
approximately 4000 mm. The annual mean temperature ranges from 32.9 °C (April) to
9.5 °C (January) [29]. About 30 villages are situated in and around the LNP, where villagers
are involved in different forest practices, labor intensive works, small businesses, eco-tour
guides and other services. Khasia and Garo indigenous communities utilize betel leaf,
pineapple, and lemon-based agroforestry systems [30].

Rema-Kalenga Wildlife Sanctuary is a tropical evergreen and semi-evergreen forest
with an area of 1795.54 hectares, lying between 24°06'-24°14' N latitude and 91°34'-91°41' E
longitude [31]. Bio-ecologically, it falls under the Sylhet Hills zones as part of the Tarap Hill
Reserve Forest. Annual average rainfall is approximately 4000 mm [32]. The temperature
varies from a minimum of 27 °C in February to 37 °C in June on average. The humidity is
high in the Wildlife Sanctuary throughout the year, with the monthly average humidity
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varying from 74% in March to 89% in July. A total of 36 villages are situated inside and on
the periphery of the forest; all households are dependent on the forest resources [32].

Rajkandi Forest Range is situated (24°24/392” N 91°90'582” E) in the southeast of the
Lawachara NP. It is in Kamalganj thana of the Maulvibazar district. A stream is running
through the forest and some plantations occur within its boundaries. This tropical forest
comprises an area of 5293 hectares, with the Dhalai River flowing through it. Numerous
hillocks with water streams form part of the topography of Rajkandi. The average rainfall is
about 275 cm a year, and the average humidity is 82%. The average maximum temperature
is 30.7 °C during May to July, whereas the average minimum temperature is 30.7 °C
during November to March. Rajkandi Forest Range is rich in floristic diversity and besides
angiosperms, it is an ideal habitat for bryophytes and pteridophytes flora [30]. Fifty-two
families belonging to the Khasi tribe live inside the forest, and they are entirely dependent
on betel leaf cultivation inside the forest for their livelihoods.

All the four study areas are continuous with forest areas generally to the north in
Bangladesh. Importantly, they are also continuous with forest in the neighboring state of
Tripura in India, thus greatly reducing the level of isolation.

2.2. Survey Methods

The study covered 55 nights between April 2017 and May 2019. We used pre-
established trails to record every visible nocturnal mammal from 18:00 to 23.30, only
surveying during dry periods. We walked each trail once and took note of the presence
of crop plantations in the transects, categorizing them into monocultures and gardens
(i.e., polycultures including trees). The length of each trail varied from 1.00 km to 4.73 km,
and a total of 118.9 km was covered (70.3 km of transects with only semi-natural forest,
26.9 km of transects with gardens and semi-natural forest, and 21.7 km of transects with
monocultures and semi-natural forest) (Table 1). We used the reconnaissance (recce) survey
method [33] in conjunction with the line transect method [34] for field surveys. A group
of two to four observers walked on the trails at a speed of ~0.5-1.5 km/hour each night
and searched for nocturnal mammals in the forest canopy as well as the lower forest levels
and on the ground. Each observer used a 300-lumen headlamp covered with a red filter to
minimize disturbance to animals [35-37]. Upon encountering a mammal, we recorded the
GPS coordinates and time of detection. All detections were of single individuals.

Table 1. Total length of transects, total representation of the three habitats, and mean Human
Influence Index in the four sites.

. Total Transect Mon'oculture with Semi-Natural Gar(%ens with Human Influence
Site Length (km) Semi-Natural Forest (km) Semi-Natural Index
8 Forest (km) Forest (km)
Satchari 21.54 7.92 4.92 8.70 18.0
Lawachara 36.05 10.10 14.32 11.63 22.0
Rajkandi 36.86 3.64 28.74 4.48 10.2
Rema-Kalenga 24.46 0.00 22.35 2.11 14.6

Using the geographic coordinates of the transects, we extracted the Human Influence
Index (HII; proxy of anthropogenic disturbance; [38]). We extracted a value from the HII for
each transect considering the middlemost coordinate of the transect. The HII is a composite
variable with a resolution of 30 arc seconds (~1 km) that integrates human population
density, human land use and infrastructure, and human access [39].
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2.3. Analysis

We ran generalized linear models to determine whether the encounter rates of noctur-
nal mammals were different between sites. We then ran generalized linear mixed models
via the glmmTMB function to determine whether the encounter rates were dependent
on the HII and the presence of plantations in the transect (dividing between gardens and
monocultures). For all models, we used animal counts as a response variable (fitted to
a Poisson, nbinom1, nbinom2, genpois, or compois distribution), site as a random effect,
and transect length as an offset [39]. We selected the fit family and included/excluded a
zero-inflated term based on model residual diagnostics using the DHARMa package. We
performed the tests via R v 4.1.0 considering p < 0.05 as level of significance.

3. Results

We encountered seven nocturnal mammals in the four sites, i.e., Bengal slow loris
(Primates: Nycticebus bengalensis) (n = 75), particolored flying squirrel (Rodentia: Hylopetes
alboniger) (n = 27), common palm civet (Carnivora: Paradoxurus hermaphroditus) (n = 21),
masked palm civet (Carnivora: Paguma larvata) (n = 15), large Indian civet (Carnivora:
Viverra zibetha) (n = 12), jungle cat (Carnivora: Felis chaus) (n = 4), and leopard cat (Carnivora:
Prionailurus bengalensis) (n = 2). Two of the smaller species (particolored flying squirrel
and Bengal slow loris) had the highest number of encounters and two of the larger species
(large Indian civet and jungle cat) had a low number of encounters. Despite these trends,
there was no statistically significant relationship between body mass and encounter rate
(log-transformed data, Pearson Correlation Coefficient R = —0.606, n = 7, p = 0.179). Given
the low number of encounters with jungle cats and leopard cats, we excluded these species
from any further analysis.

The encounter rates with Bengal slow lorises were different between sites (Wald
x? = 74.3, p < 0.001), with higher encounter rates in Satchari than in the other sites (Sequen-
tial Bonferroni post hoc: p < 0.001 for all comparisons) and significantly higher in Lawachara
than in Rajkandi (p < 0.001) and Rema-Kalenga (p = 0.001) (Table 2). The encounter rates of
common palm civets were different between sites (Wald x? = 11.2, p = 0.011), with only a
significant difference between Satchari and Rema-Kalenga (p = 0.008). The encounter rates
of masked palm civets were different between sites (Wald x? = 11.2, p < 0.001), with Satchari
having higher encounter rates than Rajkandi (p = 0.045) and Rema-Kalenga (p = 0.045).
The encounter rates of large Indian civets were different between sites (Wald x? = 13.8,
p = 0.003), with only a significant difference between Satchari and Rema-Kalenga (p = 0.011).
The encounter rates of particolored flying squirrels were not different between sites (Wald
x> =1.8,p =0.627).

Table 2. Encounter rates (individuals km~1; mean and standard error) of nocturnal animals in four
sites in Bangladesh. The number of transects for each site is given between brackets. Superscripts
indicate significant differences following Sequential Bonferroni post hoc tests.

Species

Satchari (n = 13)

Lawachara (n = 18)

Rajkandi (n = 15)

Rema-Kalenga (n =9)

Bengal slow loris
Particolored flying
squirrel

Common palm civet
Masked palm civet
Large Indian civet
Jungle cat

Leopard cat

1.53 (0.16) @ 0.74 (0.11) ® 0.16 (0.06) 0.34(0.12)
0.46 (0.14) 0.19 (0.07) 0.23 (0.09) 0.20 (0.09)
0.38 (0.11) @ 0.19 (0.07) 0.18 (0.08) 0.07 (0.05) P
0.33(0.10) 2 0.11 (0.07) 0.06 (0.04) b 0.05 (0.05) b
0.27 (0.12) @ 0.09 (0.05) 0.10 (0.07) 0.04 (0.04) ®
0.04 (0.04) 0.00 (0.00) 0.05 (0.03) 0.05 (0.05)
0.04 (0.04) 0.03 (0.03) 0.00 (0.00) 0.00 (0.00)
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The encounter rates of Bengal slow loris were positively influenced by the Human
Influence Index, meaning they were more recorded in conditions of anthropogenic distur-
bance (Table 3). The encounter rates of large Indian civets and particolored flying squirrels
were higher in the mixed habitat category of gardens with semi-natural forests than in
semi-natural forests (Figure 2). There was also a trend towards higher encounter rates of
common palm civets in the mixed habitat category of gardens with semi-natural forests

than in semi-natural forests.

Table 3. Results of the generalized linear mixed models with the encounter rates of nocturnal species

as the response variable and habitat type and the Human Influence Index (HII) as predictors.

Response Variable Predictor ? Estimate Std. Error Z Value p Value
Bengal slow loris Intercept —2.71 1.12 —242* 0.016
Habitat: Garden —0.16 0.30 —0.53 0.599
Habitat: Monoculture —0.02 0.31 —0.07 0.944
HII 0.13 0.06 1.97 % 0.048
Common palm civet Intercept -1.93 0.77 —251* 0.012
Habitat: Garden 0.86 0.52 1.68 0.093
Habitat: Monoculture 0.41 0.64 0.63 0.527
HII —0.01 0.05 —0.18 0.861
Large Indian civet Intercept —3.24 1.35 —241*% 0.016
Habitat: Garden 2.40 0.84 2.85 ** 0.004
Habitat: Monoculture 1.23 1.05 1.17 0.241
HII —0.01 0.07 -0.19 0.850
Masked palm civet Intercept —4.45 1.84 —241* 0.016
Habitat: Garden 0.80 0.67 1.21 0.228
Habitat: Monoculture 0.10 0.81 0.12 0.901
HII 0.12 0.11 1.10 0.273
Particolored flying squirrel ~ Intercept —1.62 0.68 —2.39*% 0.017
Habitat: Garden 0.93 0.47 1.99 * 0.047
Habitat: Monoculture 0.65 0.54 1.19 0.235
HII —0.02 0.04 —0.39 0.698

2 reference category for habitat: semi-natural forest; garden indicates mixed garden and semi-natural forest;

monoculture indicates mixed monoculture and semi-natural forest. * p < 0.05; ** p < 0.01.
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Figure 2. Significant results based on generalized linear mixed models showing the difference in
encounter rates of large Indian civets (A) and particolored flying squirrels (B) between forest, gardens,
and monocultures. Garden indicates mixed garden and semi-natural forest; monoculture indicates
mixed monoculture and semi-natural forest. Data are predicted response values based on the model

outcome; crossbars indicate means and 95% confidence intervals.

4. Discussion

We provide novel data on the presence of seven species of nocturnal mammals in
Bangladesh in different habitat types. Of the seven species we encountered in our study,
three of them (Bengal slow loris, large Indian civets, particolored flying squirrels) were de-
tected more commonly in areas characterized by anthropogenic disturbance, with common
palm civets also showing a trend to occur more often in such habitats. We acknowledge
that the probability of detection differs to some degree in these habitats and for that reason
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we cannot provide a comparable estimate of abundance. Furthermore, variation between
habitats in detectability can dwarf the effects of variation in animal density on encounter
rates. Still, we felt that our search effort provided an appropriate description of the pres-
ence of the various taxa, and our subsequent research efforts in these areas has further
strengthened these initial observations. The masked palm civet showed no difference in
encounter rates, and the two wild cats were not seen frequently enough to assess their
variation in encounter rates. Several researchers have reported on the occurrence and
status of mammals in Bangladesh [40-44], but most of the focus is on the larger, often
diurnal species, and surprisingly little information is available on the country’s smaller,
nocturnal mammals. These studies also focus on the interiors of national parks, where tall
secondary growth forest might not provide a suitable habitat for these species (but need
to consider that visibility and thus the probability of detection in natural forests is lower
than in plantations and agroforestry systems [45]). For instance, Gittins and Akonda [41]
walked 450 km (the total distance walked in diurnal vs. nocturnal transects is not specified)
of transects in 21 forest areas throughout Bangladesh and did not encounter a single slow
loris, and at only one site did they record a civet (species not specified). Likewise, Aziz [44]
surveyed Lawachara National Park over a two-year period (total distance walked is not
specified) and reported direct observations of masked and common palm civets, and the
only evidence of the presence of slow lorises and large Indian civets came from interviews
with people from local communities. Nocturnal species, however, are often not the focus of
studies and interpretation of the few/no records found has been cursory.

The encounter rate for Bengal slow lorises was between 0.16 and 1.53 individuals km~?,
with an overall encounter rate of 0.63 individuals km~! (75 encounters along 119 km of
transects). This was comparable to a study on Javan slow lorises, N. javanicus (0.40 indi-
viduals km™1) and greater slow lorises, N. coucang (0.66 to 0.74 individuals km™1), but
higher than other studies on Bengal slow lorises (0.10 to 0.13 individuals km '), Philippine
slow lorises, N. menagensis (0.12 individuals km~!) and pygmy lorises, Xanthonycticebus
pygmaeus (0.05 to 0.08 individuals km~!) [46,47]. Slow lorises are threatened throughout
their habitat, used as pets and for traditional medicines, as well as subject to electrocutions,
road kills, and inappropriate translocations, and these occurrences are also carried out in
Bangladesh [48-50]. Al-Razi and Maria [36] reported on the particolored flying squirrel
from the same general area but for a shorter sampling period, where they encountered them
at a higher rate in Satchari National Park (0.60/km) but at a lower rate in Rajkandi Forest
Range (0.13/km). In India, particolored flying squirrels have been recorded as present, but
no abundance has been given [49,51,52]. Both studies report the hunting and ritual killing
of this species as threats, and report that local communities see them rarely.

The large Indian civet and the particolored flying squirrel were all at higher encounter
rates in transects with the presence of gardens than in transects with only natural forest.
These edge habitats, in fact, usually have a high abundance of insects and small pests that
are included in the diet of these animals [53,54]. Civets and the particolored flying squirrel
can be also attracted by the presence of fruits (including seeds) from trees. The Bengal
slow loris had an increase in encounter rates in areas of higher anthropogenic disturbance,
indicating the adaptation of this species to human-modified habitats [50]. Other previous
studies found slow lorises more in agroforestry areas than in natural forests (Table 4).
Jungle cats were only found in transects with natural forests at similar encounter rates to
other natural forests (Table 3), while leopard cats were found in transects with gardens in
our field site, although they were found in natural forests elsewhere [55,56]. Based on our
limited data we cannot draw conclusions on habitat preference of wild cats but hope an
understanding of their presence can influence further studies.
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Table 4. Encounter rates of the species surveyed in Bangladesh and comparison with other sites
where the species is present. This table is for general comparison only since variance at each site is

unknown or not comparable.

Species Encounter Rate  Location Habitat Type References
0.04-0.10 Meghalaya, Forest [57]
India
0.05-0.33 Assam, India Forest [58,59]
Arunachal
0.20-0.26 Pradesh, India Forest [59,60]
Bengal Slow Loris 0.04-0.65 Central Laos Forest [61,62]
0.40-0.87 South Laos Forest [62]
0.34 Thailand Forest [63]
0.45-1.02 Thailand Garden [63]
0.38-0.50 Cambodia Forest [64]
0.47 Bangladesh Forest This study
0.78 Bangladesh Garden This study
0.97 Bangladesh Monoculture This study
0.35-0.39 Cambodia Forest [55]
0.34 Java, Indonesia Forest [54]
0.18 Java, Indonesia Garden [54]
. Arunachal
Common palm civet (.20 Pradesh, India Forest [56]
0.00-0.10 Karnakata, India  Forest [65]
0.13 Bangladesh Forest This study
0.30 Bangladesh Garden This study
0.18 Bangladesh Monoculture This study
Arunachal
0.20 Pradesh, India Forest [56]
Masked Palm Civet  0.07 Bangladesh Forest This study
0.26 Bangladesh Garden This study
0.14 Bangladesh Monoculture This study
0.03 Bangladesh Forest This study
Large Indian Civet 0.30 Bangladesh Garden This study
0.09 Bangladesh Monoculture This study
0.00-0.05 Karnakata, India  Forest [65]
Jammu and
Jungle cat 0.03 Kashmir, India Forest [66]
0.06 Bangladesh Forest This study
0.00 Bangladesh Garden This study
0.00 Bangladesh Monoculture This study
0.00-0.07 Karnataka, India  Forest [65,67]
Leopard cat 0.00 Bangladesh Forest This study
0.07 Bangladesh Garden This study
0.00 Bangladesh Monoculture This study

Increasingly, data as we have shown here are recorded by camera traps, including
innovative arboreal camera trapping [65,66]. We would like to point out however that
in low-income countries such as Bangladesh, where access to funds for camera traps,
climbing equipment, and climbing safety courses are low to non-existent, line transect
surveys remain a vital field method to provide data for the conservation of little-known
species such as those reported here. Camera traps are even more commonly used for small
carnivores (e.g., [67-71]), while estimates via line transects are becoming rare. Jennings
et al. [72] confirmed via camera traps the presence of common palm civets and leopard
cats in palm oil plantations in Sumatra, Indonesia. Bali et al. [73] reported the presence of
28 mammal species in coffee plantations in India, including the common palm civet, jungle
cat, and leopard cat. Azhar et al. [74] reported the presence of 20 mammal species, including
leopard cats and civets, in palm oil plantations via interviews with farmers and kills in
palm oil plantations in Malaysia. Common palm civets have been reported in plantations
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also in other studies (e.g., [17,53]). It is thus possible that agroforestry environments may
also play an increasingly important role for small carnivores in Bangladesh as well, and
future studies should not exclude these habitats.

Gaston [75] noted that far from being a minor component of biodiversity, a high
proportion of animal species, and especially mammals, are active at night, and that funda-
mental questions about differences and connections between the ecology of the daytime
and the nighttime remain largely unanswered. He noted that already some 70 years ago
the importance of studying nighttime ecology was recognized [76], but that it had failed to
materialize. Gaston [75] listed several possible reasons for this, including (1) the fact that
humans themselves are diurnal and therefore found it easier to focus on this part of the
day; (2) it is a misunderstanding that in most ecosystems diurnal species are ecologically
more important; and (3) the technological challenges of studying animals and plants during
the night, including the possible adverse effect of using artificial light at night. We note
that these misconceptions and challenges are even greater in tropical forest environments
as problems of access, stable electricity (to charge batteries for instance), safety (large
mammals, dangerous terrain), and lack of baseline knowledge of the animals are even
more prevalent at night compared to during the day. As indicated by Gaston [75], now
is a perfect time to revisit the nocturnal components of biodiversity. Recent research has
shown that rather than nocturnality being the exception in many animal taxa, it is either
the norm or is at least as common as diurnality. Holker et al. [77] estimated that ~30% of all
vertebrates are nocturnal, but this is significantly higher in mammals (~60%).

5. Conclusions

Bangladesh is currently facing one of the highest levels of deforestation in Asia [78].
With its rich biodiversity and importance as a country connecting the Indo-Himalayan
and Indo-Chinese subregions, finding approaches that can reduce biodiversity loss whilst
promoting the survival of a growing population are vital [26,78]. Currently in Bangladesh,
large-bodied species remain the most studied and are typically at the heart of decision
making regarding protected area management, with agroforestry systems less subject to
any kind of conservation management [79]. With the decline of these species, considering
the habitat needs, including the capacity for agroforestry systems as a viable habitat, for
smaller but ecologically important species is becoming vital [80]. Furthermore, with a
growing human population, understanding the importance of agroforestry systems as an
integral part or as a buffer to protected areas, which can serve a vital function to both
humans and animal communities, is more urgent than ever before [26]. Our short study
shows the potential importance of such systems for seven small but charismatic species
of seven mammalian orders that are largely data-deficient. When surveys are conducted
in areas that are small relative to the range requirements of the species that are surveyed,
context on the surrounding matrix habitat is important in understanding what is there, why
it might be there, and what might be needed for it to persist. By providing these baseline
data, we encourage further detailed studies, including abundance studies using detection
probabilities, of nocturnal mammals. We also encourage longitudinal studies of the species
currently relying on agroforestry systems to understand the role such habitats might play
in the future of Bangladesh’s threatened wildlife.

Author Contributions: Conceptualization, H.A.-R. and M.M.; methodology, H.A.-R., M.C. and K.A.-
LN.; software, M.C. and H.A.-R ; validation, M.C. and H.A.-R.; formal analysis, M.C.; investigation,
H.A-R,; resources, H.A.-R,; data curation, H.A.-R., M.M. and S.H.; writing—original draft prepara-
tion, H.A.-R., M.C. and M.M.; writing—review and editing, K.A.-I.N. and V.N.; visualization, M.C.
and H.A.-R.; supervision, K.A.-LN. and V.N.; project administration, H.A.-R. and M.M.; funding
acquisition, H.A.-R. All authors have read and agreed to the published version of the manuscript.



Ecologies 2023, 4 205

Funding: This research was funded by The Rufford Foundation Small Grant, London, United Kingdom.
Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: By request from the authors.

Acknowledgments: We thank the Forest Department of Bangladesh for providing the necessary
approvals and permits (Permission number: 22.01.0000.004.004.21.1.17). We thank Sabir Bin Muzaffar
for his valuable advice during field work. The authors are grateful to Abdul Alim, Department of
Zoology, Jagannath University, for his support. We are also thankful to M. Anisur Rahman and
Mahmud Hussain of Satchari National Park and to Shimul Nath, Tanvir Ahmed, and Mahia Tasnim
for their support in fieldwork. We thank the two reviewers for very useful comments.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Pillay, R.; Venter, M.; Aragon-Osejo, J.; Gonzalez-del-Pliego, P.; Hansen, A.]J.; Watson, ].E.; Venter, O. Tropical forests are home to
over half of the world’s vertebrate species. Front. Ecol. Environ. 2022, 20, 10-15. [CrossRef]

2. Vira, B.; Wildburger, C.; Mansourian, M. Forests, Trees and Landscapes for Food Security and Nutrition. In A Global Assessment
Report; IUFRO: Vienna, Austria, 2015.

3. Scholes, R].; Walters, M.; Turak, E.; Saarenmaa, H.; Heip, C.H.; Tuama, E.O.; Faith, D.P; Mooney, H.A_; Ferrier, S.; Jongman, R.H.
Building a global observing system for biodiversity. Curr. Opin. Environ. Sustain. 2012, 4, 139-146. [CrossRef]

4. Velastegui-Montoya, A.; Montalvan-Burbano, N.; Pefia-Villacreses, G.; de Lima, A.; Herrera-Franco, G. Land use and land cover
in tropical forest: Global research. Forests 2022, 13, 1709. [CrossRef]

5. Hansen, M.C.; Potapov, P.V.,; Moore, R.; Hancher, M.; Turubanova, S.A.; Tyukavina, A.; Thau, D.; Stehman, S.V.; Goetz, S.J.;
Loveland, T.R; et al. High-resolution global maps of 21st-century forest cover change. Science 2013, 342, 850-853. [CrossRef]
[PubMed]

6. Curtis, P.G.; Slay, C.M.; Harris, N.L.; Tyukavina, A.; Hansen, M.C. Classifying drivers of global forest loss. Science 2018, 361,
1108-1111. [CrossRef] [PubMed]

7. Laurance, W.E; Sayer, J.; Cassman, K.G. Agricultural expansion and its impacts on tropical nature. Trends Ecol. Evol. 2014, 29,
107-116. [CrossRef]

8.  Knoke, T,; Gosling, E.; Reith, E.; Gerique, A.; Pohle, P; Valle Carrién, L.; Ochoa Moreno, W.S.; Castro, L.M.; Calvas, B.; Hildebrandt,
P; et al. Confronting sustainable intensification with uncertainty and extreme values on smallholder tropical farms. Sustain. Sci.
2022, 17,1977-1994. [CrossRef]

9.  Sher, A.A.; Marshall, D.L.; Gilbert, S.A. Competition between native Populus deltoides and invasive Tamarix ramosissima and the
implications for reestablishing flooding disturbance. Conserv. Biol. 2000, 14, 1744-1754. [CrossRef]

10. Sousa, W.P. The role of disturbance in natural communities. An. Rev. Ecol. Syst. 1984, 15, 353-391. [CrossRef]

11. Ni, Q.; Yu, G.; Nijman, V.; Nekaris, K.A.L; Xu, H.; Zhang, M.; Yao, Y.; Xie, M. Spatial heterogeneity and socioeconomic
transformation challenge the prevention of illegal wildlife consumption in China. Biol. Cons. 2022, 275, 109751. [CrossRef]

12.  Chaves, L.S.M.; Fry, J.; Malik, A.; Geschke, A.; Sallum, M.A.M.; Lenzen, M. Global consumption and international trade in
deforestation-associated commodities could influence malaria risk. Nat. Commun. 2020, 11, 1-10. [CrossRef] [PubMed]

13. Franquesa-Soler, M.; Aristizabal, ]J.F.; Andresen, E.; del Burgo, I.V.; Shedden-Gonzélez, A.; Rodriguez-Luna, E. Long-term
assessment of the translocation of an endangered primate into an agroforestry system. Endanger. Species Res. 2022, 48, 235-246.
[CrossRef]

14. Estrada, A.; Raboy, B.E.; Oliveira, L.C. Agroecosystems and primate conservation in the tropics: A review. Am. J. Primatol. 2012,
74,696-711. [CrossRef] [PubMed]

15. Oliveira, A.T.M.; Bernardo, C.S.S.; De Melo, ER.; Santos-Filho, M.D.; Peres, C.A.; Canale, G.R. Primate and ungulate responses to
teak agroforestry in a southern Amazonian landscape. Mammal. Biol. 2019, 96, 45-52. [CrossRef]

16. Imron, M.A.; Campera, M.; Al Bihad, D.; Rachmawati, E.D.; Nugroho, FE.; Budiadi, B.; Wianti, K.E; Suprapto, E.; Nijman, V,;
Nekaris, K.A L Bird assemblages in coffee agroforestry systems and other human modified habitats in Indonesia. Biology 2022,
11, 310. [CrossRef]

17. Campera, M.; Hedger, K.; Birot, H.; Manson, S.; Balestri, M.; Budiadi, B.; Imron, M.A.; Nijman, V.; Nekaris, K.A.I. Does
the presence of shade trees and distance to the forest affect detection rates of terrestrial vertebrates in coffee home gardens?
Sustainability 2021, 13, 8540. [CrossRef]

18.  The Food and Agriculture Organization of the United Nations. Forest Resources of Bangladesh Country Report; Food and Agricultural
Organisation: Rome, Italy, 2020.

19. Iftekhar, M.S.; Saenger, P. Vegetation dynamics in the Bangladesh Sundarbans mangroves: A review of forest inventories. Wetlands

Ecol. Manag. 2008, 16, 291-312. [CrossRef]


http://doi.org/10.1002/fee.2420
http://doi.org/10.1016/j.cosust.2011.12.005
http://doi.org/10.3390/f13101709
http://doi.org/10.1126/science.1244693
http://www.ncbi.nlm.nih.gov/pubmed/24233722
http://doi.org/10.1126/science.aau3445
http://www.ncbi.nlm.nih.gov/pubmed/30213911
http://doi.org/10.1016/j.tree.2013.12.001
http://doi.org/10.1007/s11625-022-01133-y
http://doi.org/10.1111/j.1523-1739.2000.99306.x
http://doi.org/10.1146/annurev.es.15.110184.002033
http://doi.org/10.1016/j.biocon.2022.109751
http://doi.org/10.1038/s41467-020-14954-1
http://www.ncbi.nlm.nih.gov/pubmed/32152272
http://doi.org/10.3354/esr01195
http://doi.org/10.1002/ajp.22033
http://www.ncbi.nlm.nih.gov/pubmed/22605526
http://doi.org/10.1016/j.mambio.2019.03.015
http://doi.org/10.3390/biology11020310
http://doi.org/10.3390/su13158540
http://doi.org/10.1007/s11273-007-9063-5

Ecologies 2023, 4 206

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.

35.

36.

37.

38.

39.

40.
41.
42.
43.
44.
45.
46.

47.

48.

49.

Loucks, C.; Barber-Meyer, S.; Hossain, M.A.A.; Barlow, A.; Chowdhury, R.M. Sea level rise and tigers: Predicted impacts to
Bangladesh’s Sundarbans mangroves. Clim. Chang. 2010, 98, 291. [CrossRef]

Barlow, A.C.; Ahmed, M.I.U.; Rahman, M.M.; Howlader, A.; Smith, A.C.; Smith, J.L. Linking monitoring and intervention for
improved management of tigers in the Sundarbans of Bangladesh. Biol. Conserv. 2008, 141, 2032-2040. [CrossRef]

Gopal, B.; Chauhan, M. Biodiversity and its conservation in the Sundarban mangrove ecosystem. Aquat. Sci. 2006, 68, 338-354.
[CrossRef]

Champion, S.H.; Seth, S.K.; Khattak, G.M. Forest Types of Pakistan; Pakistan Forest Institute: Peshawar, Pakistan, 1965.

Falchi, F.; Cinzano, P; Duriscoe, D.; Kyba, C.C.; Elvidge, C.D.; Baugh, K.; Portnov, B.A.; Rybnikova, N.A.; Furgoni, R. The new
world atlas of artificial night sky brightness. Sci. Adv. 2016, 2, e1600377. [CrossRef] [PubMed]

Ewers, R.M.,; Didham, R K. Confounding factors in the detection of species responses to habitat fragmentation. Biol. Rev. 2006, 81,
117-142. [CrossRef] [PubMed]

Bhagwat, S.A.; Willis, K.J.; Birks, H.].B.; Whittaker, R.]. Agroforestry: A refuge for tropical biodiversity? Trends Ecol. Evol. 2008, 23,
261-267. [CrossRef] [PubMed]

Choudhury, J.K.; Biswas, S.R.; Islam, S.M.; Rahman, O.; Uddin, S.N. Biodiversity of Satchari Reserved Forest, Habiganj; ITUCN
Bangladesh Country Office: Dhaka, Bangladesh, 2004.

Mukul, S.A.; Rashid, A.Z.M.M.; Quazi, S.A.; Uddin, M.B.; Fox, J. Local peoples’ responses to co-management regime in protected
areas: A case study from Satchari National Park, Bangladesh. For. Trees Livelihoods 2012, 21, 16-29. [CrossRef]

Quazi, S.A.; Ticktin, T. Understanding drivers of forest diversity and structure in managed landscapes: Secondary forests,
plantations, and agroforests in Bangladesh. For. Ecol. Manag. 2016, 366, 118-134. [CrossRef]

Rahman, H.; Khurshed, A. Forest dependent indigenous communities” perception and adaptation to climate change through
local knowledge in the Protected Area—A Bangladesh case study. Climate 2016, 4, 12. [CrossRef]

Uddin, M.Z.; Roy, S. Collection and Management of Selected Medicinal Plants in Rema-Kalenga Wildlife Sanctuary. In Making
Conservation Work: Linking Rural Livelihoods and Protected Area Management in Bangladesh; Fox, J., Bushley, B.R., Dutt, S., Quazi,
S.A., Eds.; East-West Center and Nishorgo Program, Bangladesh Forest Department: Dhaka, Bangladesh, 2007; pp. 66-83.
Rahman, M.H.; Miah, M.D. Are protected forests of Bangladesh prepared for the implementation of REDD+? A forest governance
analysis from Rema-Kalenga Wildlife Sanctuary. Environments 2017, 4, 43. [CrossRef]

Walsh, P.D.; White, L.J.T. What will it take to monitor forest elephants? Conserv. Biol. 1999, 13, 1194-1202. [CrossRef]

Burnham, K.P.; Anderson, D.R.; Laake, J.L. Estimation of density from line transect sampling of biological populations. Wildl.
Monogr. 1980, 72, 3-202.

Das, N.; Nekaris, K.A I; Bhattacharjee, P.C. Medicinal plant exudativory by the Bengal slow loris Nycticebus bengalensis. Endanger.
Species Res. 2014, 23, 149-157. [CrossRef]

Al-Razi, H.; Maria, M. Population status of particolored flying squirrel (Hylopetes alboniger) in four forest patches of northeast
Bangladesh. NeBIO 2019, 10, 77-79.

Nekaris, K.A.IL; Jayewardene, J. Pilot study and conservation status of the slender loris (Loris tardigradus and L. lydekkerianus) in
Sri Lanka. Prim. Cons. 2003, 19, 83-90.

Venter, O.; Sanderson, E.W.; Magrach, A.; Allan, J.R.; Beher, J.; Jones, K.R.; Possingham, H.P,; Laurence, W.E;; Wood, P; Fekete,
B.M.; et al. Sixteen years of change in the global terrestrial human footprint and implications for biodiversity conservation. Nat.
Comm. 2016, 7, 12558. [CrossRef] [PubMed]

Wildlife Conservation Society-WCS, and Center for International Earth Science Information Network-CIESIN-Columbia Univer-
sity. Last of the Wild Project, Version 2, 2005 (LWP-2): Global Human Influence Index (HII) Dataset (Geographic); NASA Socioeconomic
Data and Applications Center (SEDAC): Palisades, NY, USA, 2005. [CrossRef]

Benitez-Lopez, A.; Alkemade, R.; Schipper, A.M.; Ingram, D.J.; Verweij, P.A.; Eikelboom, ].A J.; Huijbregts, M.A.]. The impact of
hunting on tropical mammal and bird populations. Science 2017, 356, 180-183. [CrossRef] [PubMed]

Gittins, S.P.; Akonda, A.W. What survives in Bangladesh? Oryx 1982, 16, 275-282. [CrossRef]

Khan, M.A.R. Endangered mammals of Bangladesh. Oryx 1984, 18, 152-156. [CrossRef]

Sarker, S.U.; Sarker, N.J. Mammals of Bangladesh—Their status, distribution and habitat. Tigerpaper 1984, 11, 8-12.

Aziz, M.A. Notes on the status of mammalian fauna of the Lawachara National Park, Bangladesh. Ecoprint Int. ]. Ecol. 2011, 18,
45-53. [CrossRef]

Nekaris, K.A.L; Nijman, V. CITES proposal highlights rarity of Asian nocturnal primates (Lorisidae: Nycticebus). Folia Primatol.
2007, 78, 211. [CrossRef]

Nekaris, K.AI; Blackham, G.V.; Nijman, V. Conservation implications of low encounter rates of five nocturnal primate species
(Nycticebus spp.) in Asia. Biodiv. Conserv. 2008, 17, 733-747. [CrossRef]

Nekaris, K.A.I; Pambudi, J].A.A.; Susanto, D.; Ahmad, R.D.; Nijman, V. Densities, distribution and detectability of a small
nocturnal primate (Javan slow loris Nycticebus javanicus) in a montane rainforest. Endanger. Species. Res. 2014, 24, 95-103.
[CrossRef]

Thorn, J.S.; Nijman, V.; Smith, D.; Nekaris, K.A.I. Ecological niche modelling as a technique for assessing threats and setting
conservation priorities for Asian slow lorises (Primates: Nycticebus). Diver. Distr. 2009, 1, 289-298. [CrossRef]

Al-Razi, H.; Maria, M.; Muzaffar, S.B. Mortality of primates due to roads and power lines in two forest patches in Bangladesh.
Zoologia 2019, 36, 1-6. [CrossRef]


http://doi.org/10.1007/s10584-009-9761-5
http://doi.org/10.1016/j.biocon.2008.05.018
http://doi.org/10.1007/s00027-006-0868-8
http://doi.org/10.1126/sciadv.1600377
http://www.ncbi.nlm.nih.gov/pubmed/27386582
http://doi.org/10.1017/S1464793105006949
http://www.ncbi.nlm.nih.gov/pubmed/16318651
http://doi.org/10.1016/j.tree.2008.01.005
http://www.ncbi.nlm.nih.gov/pubmed/18359125
http://doi.org/10.1080/14728028.2012.669132
http://doi.org/10.1016/j.foreco.2016.01.024
http://doi.org/10.3390/cli4010012
http://doi.org/10.3390/environments4020043
http://doi.org/10.1046/j.1523-1739.1999.98148.x
http://doi.org/10.3354/esr00560
http://doi.org/10.1038/ncomms12558
http://www.ncbi.nlm.nih.gov/pubmed/27552116
http://doi.org/10.7927/H4BP00QC
http://doi.org/10.1126/science.aaj1891
http://www.ncbi.nlm.nih.gov/pubmed/28408600
http://doi.org/10.1017/S003060530001752X
http://doi.org/10.1017/S0030605300019001
http://doi.org/10.3126/eco.v18i0.9398
http://doi.org/10.1159/000102316
http://doi.org/10.1007/s10531-007-9308-x
http://doi.org/10.3354/esr00585
http://doi.org/10.1111/j.1472-4642.2008.00535.x
http://doi.org/10.3897/zoologia.36.e33540

Ecologies 2023, 4 207

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.
62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.
74.
75.
76.
77.

78.

Nekaris, K.A.I; Starr, C.R. Conservation and ecology of the neglected slow loris: Priorities and prospects. Endanger. Species Res.
2015, 28, 87-95. [CrossRef]

Murali Krishna, C.; Ray, P.C.; Sarma, K.; Kumar, A. Observations on particoloured flying squirrel Hylopetes aloniger in Northeast
India. Zoos Print 2013, 18, 18-20.

Adhikarimayum, A.S.; Hazra, P.; Mikhu, J. Conservation status and threats of lesser known Sciuridae species in Dibang Valley
District of Arunachal Pradesh, India. Int. Res. J. Biol. Sci. 2021, 10, 25-31.

Moore, J.H.; Sittimongkol, S.; Campos-Arceiz, A.; Sumpah, T.; Eichhorn, M.P. Fruit gardens enhance mammal diversity and
biomass in a southeast Asian rainforest. Biol. Conserv. 2016, 194, 132-138. [CrossRef]

Rode-Margono, E.J.; Voskamp, A.; Spaan, D.; Lehtinen, ] K.; Roberts, P.D.; Nijman, V.; Nekaris, K.A.I. Records of small carnivores
and of medium-sized nocturnal mammals on Java, Indonesia. Small Carniv. Conserv. 2014, 50, 1-11.

Iseborn, T.; Rogers, L.D.; Rawson, B.; Nekaris, K.A.L Sightings of Common Palm Civets Paradoxurus hermaphroditus and of other
civet species at Phnom Samkos Wildlife Sanctuary and Veun Sai-Siem Pang Conservation Area, Cambodia. Small Carniv. Conserv.
2012, 46, 26-29.

Krishna, C.M.; Kumar, A.; Ray, P.C.; Sarma, K.; Deka, J. Investigating the Foraging Patterns and Distribution of Nocturnal Frugivores
with Special Focus on Conservation Threats in Namdapha National Park, Arunachal Pradesh, India; Rufford Small Grants Program:
London, UK, 2015.

Radhakrishna, S.; Datta-Roy, A.; Swapna, N.; Sinha, A. Population survey of the Bengal slow loris, Nycticebus bengalensis, in
Meghalaya, Northeast India. Primate Conserv. 2010, 25, 105-111. [CrossRef]

Radhakrishna, S.; Sinha, A. Population Survey and Conservation of the Bengal Slow Loris in Assam and Meghalaya, North-Eastern India;
National Institute of Advanced Studies: Bangalore, Indian, 2004.

Das, N.; Nekaris, K.A.L; Biswas, J.; Das, J.; Bhattacharjee, P.C. Persistence and protection of the Vulnerable Bengal Slow Loris
Nycticebus bengalensis in Assam and Arunachal Pradesh, north-east India. Oryx 2015, 49, 127-132. [CrossRef]

Das, N.; Biswas, J.; Bhatacharya, K.; Nekaris, K.A.I. Observatons on the Bengal Slow Loris Nyctcebus bengalensis in Pakke Tiger
Reserve, Arunachal Pradesh, India. Asian Primates J. 2016, 6, 27-32.

Duckworth, J.W. Field sightings of the pygmy Loris, Nycticebus pygmaeus in Laos. Folia Primatol. 1994, 63, 99-101. [CrossRef]
Evans, T.D.; Piseth, H.; Phaktra, P.; Mary, H. A Study of Resin-Tapping and Livelihoods in Southern Mondulkiri, Cambodia, with Implica-
tions for Conservation and Forest Management; Wildlife Conservation Society—Cambodia Program: Phnom Penh, Cambodia, 2003.
Pliosungnoen, M.; Gale, G.; Savini, T. Density and microhabitat use of Bengal slow loris in primary forest and non-native
plantation forest. Am. J. Primatol. 2010, 72, 1108-1117. [CrossRef]

Coudrat, C.; Rogers, L.; Nekaris, K. Abundance of primates reveals Samkos Wildlife Sanctuary, Cardamom Mountains, Cambodia
as a priority area for conservation. Oryx 2011, 45, 427-434. [CrossRef]

Gregory, T.; Carrasco Rueda, F.; Deichmann, J.; Kolowski, J.; Alonso, A. Arboreal camera trapping: Taking a proven method to
new heights. Methods Ecol. Evol. 2014, 5, 443—451. [CrossRef]

Yihao, E; Guopeng, R.; Ying, G.; Shuxia, Z.; Haohan, W.; Yanpeng, L.; Zhipang, H.; Liangwei, C.; Wen, X. Impact of ground and
canopy camera-trapping installation on wildlife monitoring. Biodivers. Sci. 2018, 26, 717.

Kumara, H.N.; Singh, M. Small carnivores of Karnataka: Distribution and sight records. J. Bombay Nat. Hist. Soc. 2007, 104,
155-162.

Noor, A.; Ahmed, K.; Mir, Z.R. Saleem-ul-Haq Estimating abundance of some wild faunal elements of Jasrota Wildlife Sanctuary,
India. J. King Saud. Univ. Sci. 2016, 28, 232-238. [CrossRef]

Srivathsa, A.; Parameshwaran, R.; Sharma, S.; Karanth, K.U. Estimating population sizes of leopard cats in the Western Ghats
using camera surveys. J. Mamm. 2015, 96, 742-750. [CrossRef]

Kalle, R.; Ramesh, T.; Qureshi, Q.; Sankar, K. Estimating seasonal abundance and habitat use of small carnivores in the Western
Ghats using an occupancy approach. J. Tropic. Ecol. 2014, 30, 469-480. [CrossRef]

Sathyakumar, S.; Bashir, T.; Bhattacharya, T.; Poudyal, K. Assessing mammal distribution and abundance in intricate eastern
Himalayan habitats of Khangchendzonga, Sikkim, India. Mammalia 2011, 75, 257-268. [CrossRef]

Jennings, A.P.; Naim, M.; Advento, A.D.; Aryawan, A.AK,; Ps, S.; Caliman, J.P.; Verwilghen, A.; Veron, G. Diversity and
occupancy of small carnivores within oil palm plantations in central Sumatra, Indonesia. Mammal Res. 2015, 60, 181-188.
[CrossRef]

Bali, A.; Kumar, A.; Krishnaswamy, J. The mammalian communities in coffee plantations around a protected area in the Western
Ghats, India. Biol. Conserv. 2007, 139, 93-102. [CrossRef]

Azhar, B.; Lindenmayer, D.B.; Wood, J.; Fischer, J.; Zakaria, M. Ecological impacts of oil palm agriculture on forest mammals in
plantation estates and smallholdings. Biodivers. Conserv. 2014, 23, 1175-1191. [CrossRef]

Gaston, K.J. Nighttime Ecology: The “Nocturnal Problem” Revisited. Am. Naturalist 2019, 193, 481-502. [CrossRef] [PubMed]
Park, O. Nocturnalism—The development of a problem. Ecol. Monographs 1940, 10, 485-536. [CrossRef]

Holker, E; Wolter, C.; Perkin, E.K.; Tockner, K. Light pollution as a biodiversity threat. Trends Ecol. Evol. 2010, 25, 681-682.
[CrossRef]

Reza, A.A.; Hasan, M.K. Forest biodiversity and deforestation in Bangladesh: The latest update. In Forest Degradation around the
World; Intech Open: London, UK, 2020; pp. 1-19.


http://doi.org/10.3354/esr00674
http://doi.org/10.1016/j.biocon.2015.12.015
http://doi.org/10.1896/052.025.0102
http://doi.org/10.1017/S0030605312001287
http://doi.org/10.1159/000156800
http://doi.org/10.1002/ajp.20875
http://doi.org/10.1017/S0030605310001080
http://doi.org/10.1111/2041-210X.12177
http://doi.org/10.1016/j.jksus.2016.01.001
http://doi.org/10.1093/jmammal/gyv079
http://doi.org/10.1017/S0266467414000340
http://doi.org/10.1515/mamm.2011.023
http://doi.org/10.1007/s13364-015-0217-1
http://doi.org/10.1016/j.biocon.2007.06.017
http://doi.org/10.1007/s10531-014-0656-z
http://doi.org/10.1086/702250
http://www.ncbi.nlm.nih.gov/pubmed/30912975
http://doi.org/10.2307/1948514
http://doi.org/10.1016/j.tree.2010.09.007

Ecologies 2023, 4 208

79. Aziz, A,; Barlow, A.C.; Greenwood, C.C.; Islam, A. Prioritizing threats to improve conservation strategy for the tiger Panthera
tigris in the Sundarbans Reserve Forest of Bangladesh. Oryx 2013, 47, 510-518. [CrossRef]

80. Harvey, C.A.; Gonzalez Villalobos, J.A. Agroforestry systems conserve species-rich but modified assemblages of tropical birds
and bats. Biodivers. Conserv. 2007, 16, 2257-2292. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1017/S0030605311001682
http://doi.org/10.1007/s10531-007-9194-2

	Introduction 
	Materials and Methods 
	Study Area 
	Survey Methods 
	Analysis 

	Results 
	Discussion 
	Conclusions 
	References

