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ABSTRACT

Diel activity of mammals reflects inter and intraspecific behavior with implications for spatial planning towards
conservation management. The assemblage of mammalian species in an Eastern Himalayan landscape unit was
studied from 2018 to 2020 using camera traps. We used timestamp photographs to understand the circadian
rhythms of the species through activity patterns, temporal overlap with respect to sunrise - sunset and spatial
co-occurrence using R core. Among the recorded predators, Dhole was observed to be cathemeral. Most primate
species show activity close to sunrise; however, the Arunachal Macaque was active during midday. The Wild Pig,
which is nocturnal, also shows an activity peak before sunset. Temporal overlap among primates shows higher
paired coefficients between stump-tailed macaque and capped langur with A = 0.76. The Marbled Cat exhibits a
higher intergroup overlap with Serow, Red Muntjac, and Sambar, with coefficients of 0.84, 0.82, and 0.72,
respectively. Dhole has activity overlap with all the prey species (higher with Takin (A = 0.59) and goral (A =
0.62)). Within the Artiodactyl guild, temporal overlap was higher between the Serow and Red Muntjac (A = 0.81).
The probabilistic model of species co-occurrence shows species interactions among 16 out of 24 species. The
black bear and sun bear show different diurnal activity peaks but no overlap or co-occurrence. The ethological
information about Takin and few other small mammals are one of the prominent findings of the present study.
Long term studies in the region, will further elucidate the spatiotemporal relationships among the species and aid

management and conservation strategies
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INTRODUCTION

Understanding the distribution and dynamics of verte-
brate communities across a mosaic of landscapes in
changing times is vital for conservation management
(Thomas et al., 2001). Such community dynamics can
be influenced by myriad forms of interspecific interac-
tions amongst the species involved (Shameer ef al.,
2022). Looking at how different species interact can
give us important information about population chang-
es. Conversely, it is possible to predict the composition
and distribution of species involved by studying interac-
tions. These interactions can provide insights on preda-
tion, parasitism, support, and cooperation. Despite its
utility, assessing species interactions among free-
ranging vertebrates is often challenging, particularly in
forest environments (Caro, 2007). In such forested habi-
tats, direct observations are difficult to make, and ad
libitum observations often do not meet sample size re-
quirements to carry out statistical analyses. To circum-
vent these challenges, in recent years, camera trapping
has gained popularity as a reliable method of digital
sampling in ecology (Wearn & Glover-Kapfer, 2019).
Camera traps have revolutionised the unravelling of
rare aspects of wildlife over the last few decades (Di
Bitetti et al., 2009; Foster ef al., 2013; Tambling et al.,
2015; Cusack et al., 2017; Mori et al., 2020; and Swan
et al., 2004). To illustrate, for instance, we can charac-
terise the activity pattern of a species in the wild using
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the time-stamped photo captures generated from camera
traps. Despite the challenges, it is now possible to quan-
tify species interactions involving rare and cryptic wild-
life even in remote and rugged terrains.

In the twentieth century, methods for analysing
data to understand the timing of species interactions
improved due to progress in studying biological clocks
(Sollberger, 1965). Animal activity in nature usually
depends on their internal body processes and outside
factors during the 24-hour daily cycle (Aschoff, 1963).
The activity rhythms analysis provides an insight into
community structure and co-existence in a forest ecosys-
tem (Zhou et al., 2014; Liu et al., 2013). One important
part of niche selection for any species is how active it is
at different times of the day (Norris ef al., 2010; Pianka,
1973). We broadly classify the species' activity pattern
as diurnal and nocturnal. Further information gleaned
from activity patterns can be useful in elucidating
whether a species is crepuscular or cathemeral in activi-
ty (Tattersall, 1988; Jacobs, 1993).

The Indo-Burma region is among the 25 global
biodiversity hotspots with a high level of endemism and
thus requires continuous focus for advancing conserva-
tion (Myers, 2000). Within the Indo-Burma region,
northeast India (NE region henceforth) harbours dispro-
portionately high biodiversity (Jain & Das, 2022). The
NE region comprises mountain ranges of the Himalaya
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extending into Upper Burma, the Daphabum termination
of the Patkoi range. Brooks et al. (2006) identified the
Eastern Himalayas as "crisis ecoregions," "biodiversity
hotspots," "endemic bird areas," "megadiversity coun-
tries," and "global 200 ecoregions." This landscape is
identified as a biodiversity hotspot that possesses a high-
er human population than all the other biodiversity
hotspots (Mittermeier et al., 2004). The Eastern Himala-
yas possess a unique biodiversity assemblage due to
various factors such as geological history, adaptive radi-
ation, etc. (Guangwei, 2002). The Eastern Himalayas
have one of the largest remaining intact evergreen for-
ests in the whole of Asia (Ashton & Zhu, 2020). These
evergreen forests act as habitats for diverse biodiversity.
This NE region has identified more than 65% of mam-
mals reported in the Indian subcontinent (Choudhury,
2013; Sharma, 2015). In the Eastern Himalayan land-
scape, there exists a gap in ecological knowledge and a
need for enhancing research areas to create efficient
biodiversity and conservation for the future (Kandel,
2016). IUCN states the region is composed of approxi-
mately 20% of species, which fall under the Vulnerable,
Endangered, and Critically Endangered categories
(Shrestha, 2022).

Ecological studies and expeditions in the recent
past have discovered new mammalian species from the
region (Talukdar, 2021; Gogoi, 2020). The variety of
taxa in the area is influenced by the Indo-Malayan re-
gion of Southeast Asia, the Palearctic region, and the
area's complicated climate and landscape. The biodiver-
sity of such remote, inaccessible tropical forests is still
in the stage of exploration. There are still gaps in re-
search about how species interact in the junction of Chi-
na, India, and Myanmar.

In recent years, camera trapping has gained
popularity as a reliable method of digital sampling in
ecology (Wearn & Glover-Kapfer, 2019). The camera
trapping was identified as one of the feasible ways to
characterise a species activity pattern in the wild. Time
stamping on camera trap images records the temporal
availability of any species in space (Frey et al., 2017;
Sollmann, 2018). Also, improvements in circular data
analysis methods (Ridout & Linkie, 2009; Rowcliffe et
al., 2014) make it easier to learn about the activities of
many species that are hard to sight (Frey et al., 2017).
The present study focuses on mammalian species activi-
ty pattern and interaction within the species community
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in the study area. In this study, we have used temporal
activity overlap and spatial co-occurrence as measure to
understand species interaction within the species com-
munity.

STUDY AREA

The extreme northeast land mass of India lies in the
state of Arunachal Pradesh with an area of greater than
83740 sq.km. The mountainous state possesses the
north-south-running Himalayan Mountains and forms
five major valleys of the state: (1) the Lohit, (2) the
Kameng, (3) the Subansiri, (4) the Siang, and (5) the
Tirap. The Tsangpo River of Tibet, when it reaches the
region of Arunachal Pradesh, joins the river Dibang and
the river Lohit and runs as the Brahmaputra in the As-
sam Plains. (Jain & Das, 2022). The state has more than
70 % of the area under forest cover. The major forest
types fall under very dense forest, moist deciduous for-
est, and open forest (FSI 2021). These comprise even
more types of forests, including subtropical broad-
leaved forests,

subtropical pine forests, long stretches of temperate
forest, and subalpine and alpine forests, which make up
the forest floors (Kaul & Haridasan, 1987). The protect-
ed area network of the state includes 13 Wildlife Sanc-
tuaries, 2 National Parks, and 9 Community Reserves.
Also three Tiger Reserves and two Elephant Reserves
were declared in the state. The selected landscape unit
falls in a region that is a continuous stretch of tropical
forest landscape from the Hkawang Wildlife Sanctuary
of Myanmar to the Dibang Wildlife Sanctuary of Aru-
nachal Pradesh.

We conducted the study within this highly
ecological network of forests. The unit includes regions
of Kamlang Wildlife Sanctuary, which is also a Tiger
Reserve; Anjaw Forest Division; Lohith Forest Divi-
sion; and Dibang Forest Division. The area is surround-
ed by three protected areas: Dibang Wildlife Sanctuary,
Namdapha National Park, and Tiger Reserve in the lon-
gitudinal ends, and Namai Forest Division and Nam-
pong Forest Division in the latitudinal end in the Indian
border. It shares the other end with the international
boundaries of the Republic of China. Though the area
falls under different administrative blocks, it is a contin-
uous stretch of forest along the crisscrossed river val-
leys of the tributaries of the Dibang and Lohit Rivers

(Fig. ).
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Figure 1. Map showing the study area and Camera trap monitoring stations
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METHODOLOGY

Camera trap surveys

A reconnaissance survey was carried out along
the identified and accessible locations in the landscape
based on available literature information and secondary
information. We also obtained information from the
indigenous peoples of the region about possible loca-
tions to deploy camera traps,which is one of the cost-
effective method of monitoring programs (Micaela ef al,
2020; Daniel & Oliver, 2021). For monitoring we de-
marcated the area into blocks based on logistic feasibil-
ity. We deployed camera traps at the designated loca-
tions within the blocks. Cuddeback C1 Day and Night
Colour 20 MP Xchange Trail Game Cameras were used
and the camera traps were deployed along trails, which
were frequently used by wild animals based on prior
reconnaissance surveys (Rovero et al., 2010). We se-
lected the sites with high capture probabilities for poten-
tial species presence in the area. Camera traps were
deployed as single cameras per location in most loca-
tions, and in a few locations, a pair of cameras were
deployed to maximise the probability of animal cap-
tures. A total of 92 camera traps were deployed at dif-
ferent locations during the years 2018-2020 (Fig. 1).

Analysis of Activity Pattern and Overlap

A total of 2548 independent captures of various species
were recorded and the targeted species in 1110 inde-
pendent events. We looked at the time overlap of the

mammal species caught on camera traps that be-
longed to the orders Primates, Carnivora, Artiodacty-
la, and Rodentia (Table 1; Fig. 2 and Fig. 3). Using
the overlap package in R (Version 4.4.1) (Meredith &
Ridout, 2020), the activity patterns and temporal
overlap were calculated based on the time when the
different species were active. Diurnal periods were
considered as the time duration between an hour after
sunrise and an hour before sunset, whereas the noc-
turnal is the time period between an hour after sunset
and an hour before sunrise and crepuscular is the pe-
riod of an hour before and after sunrise and sunset
(Theuerkauf et al., 2003; Ross et al., 2013). We used
species with approximately 15 photo captures to ana-
lyse the activity patterns (Nakabayashi, 2021).

Activity patterns among the species may
overlap during interactions, including those with
predators and prey, and during resource competition
as well. We used the coefficient of overlap, a natural
measure that facilitates geometrical interpretation to
determine temporal overlap. We chose these estima-
tors based on the sample size, following the advice of
Ridout and Linkie (2009). If the smaller sample size
is less than 50, we used Dhat,. If the sample size is
greater than 75, we used Dhat,. The Dhat A value is
in unit intervals ranging between 0 (no overlap) to 1
(complete overlap) (Ridout & Linkie, 2009). We cal-
culated the overlap patterns between the carnivores,
each with their own prey species, and between the
two carnivore species.

Table 1. The Mammalian species identified in the camera trap and analysed for activity pattern.

Classical

S.no Order Family Common Name Scientific Name

1 Primates Cercopithecidae Capped Langur Trachypithecus pileatus

2 Primates Cercopithecidae ~ Stump-tailed Macaque Macaca arctoides

3 Primates Cercopithecidae ~ Assamese Macaque Macaca assamensis

4 Primates Cercopithecidae Arunachal Macaque Macaca munzala

5 Primates Cercopithecidae Northern Pig-tailed macaque Macaca leonina

6 Carnivora Canidae Dhole Cuon alpinus

7 Carnivora Felidae Mainland Leopard cat Prionailurus bengalensis

8 Carnivora Felidae Marbled Cat Pardofelis marmorata
Carnivora Felidae Clouded leopard Neofelis nebulosa

10 Carnivora Felidae Asiatic golden cat Catopuma temminckii

11 Carnivora Ursidae Sun bear Helarctos malayanus

12 Carnivora Ursidae Asiatic Black Bear Ursus thibetanus

13 Carnivora Viverridae Masked Palm Civet Paguma larvata

14 Carnivora Mustelidae Yellow-throated marten Martes flavigula

15 Artiodactyla ~ Bovidae Mishmi Takin Budorcas taxicolor taxicolor

16 Artiodactyla ~ Bovidae Mainland Serow Capricornis sumatraensis thar

17 Artiodactyla  Bovidae Red Goral Naemorhedus baileyi

18 Artiodactyla  Cervidae Northern Red Muntjac Muntiacus vaginalis

19 Artiodactyla  Cervidae Sambar Rusa unicolor

20 Artiodactyla  Cervidae Gongshan muntjac Muntiacus gongshanensis
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21 Artiodactyla ~ Suidae Wild Pig Sus scrofa
22 Rodentia Hystricidae Asiatic brush-tailed porcupine Atherurus macrourus
23 Rodentia Hystricidae Indian crested porcupine Hystrix indica

.
7
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Figure 2. (From left to right horizontally) Camera Trap Images of Capped Langur, Stump-tailed Macaque, Assamese
Macaque, Arunachal Macaque, Northern Pig-tailed Macaque, Dhole, Asiatic Black Bear, Sun Bear, Asiatic Golden
Cat, Clouded Leopard, Marbled Cat, Mainland Leopard Cat recorded in the study area.

e il - .
Figure 3. (From left to right horizontally) Camera Trap Images of Masked Palm Civet, Yellow-throated Marten,
Mishmi Takin, Mainland Serow, Red Goral, Northern Red Muntjac, Gongshan Muntjac, Sambar, Wild Pig, Indian
Crested Porcupine, Asiatic Brush-tailed Porcupine recorded in the study area.

e

-
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RESULTS showed peak diurnal activity, while the Marbled Cat
The activity patterns of the species were given as a den- showed two-peak diurnal activity (Fig. 4). The
sity plot using the method suggested by Ridout and Clouded Leopard showed activity patterns that re-
Linkie (2009) (Fig. 4 & 5). The activity of the Sun Bear sembled crepuscular behaviour (Fig. 4).
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Figure 4. Temporal activity pattern of Capped Langur, Stump-tailed Macaque, Assamese Macaque, Arunachal Ma-
caque and Northern Pig-tailed Macaque, Dhole, Asiatic Black Bear, Sun bear, Asiatic Golden Cat, Clouded Leopard,
Marbled cat and Leopard cat (from top left horizontally)
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Figure 5. Masked Palm Civet, Yellow-throated Marten, Mishmi Takin, Mainland Serow, Red Goral, Northern Red
Muntjac, Gongshan Muntjac, Sambar, Wild Pig, Asiatic Brush-tailed Porcupine, and Indian Crested Porcupine
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The overlap analysis reveals different rates of temporal
activity overlap coefficients, illustrating how the spe-
cies in the community interact with one another.
Among the primate guild, Stump-tailed Macaque and
Capped Langurs showed high temporal overlap with A
=0.76 (Table 2).

Similarly, the Northern Pig-tailed Macaque and Red
Goral exhibited relatively high temporal overlap of A
= 0.72 (Table 2). Among the three carnivores, the
overlap was considerable between Dhole and Sun
Bears with A =0.72 (Table 1).

Table 2. Temporal overlaps between the species of the Primate guild pairs with overlap coefficient values given on
top of the cell and the values given in the parentheses in each cell denotes 95 % confidence intervals [estimator used
Dhatl (Al)]

Northern Pig-

Capped Lan- Stump-tailed Assamese Ma-  Arunachal tailed Ma-
gur Macaque caque Macaque caque
0.76
Stump-tailed Macaque (0.67- 0.86)
0.44 0.42
Assamese Macaque (0.27- 0.65) (0.24 - 0.63)
0.43 0.56 0.30
Arunachal Macaque (0.05 - 0.69) (0.19-0.83) (0-0.45)
Northern Pig-tailed Ma- 0.54 0.47 0.39 0.32
caque (0.36 - 0.64) (0.32-0.56) (0.19-0.52) (0.08 - 0.50)
0.54 0.58 0.47 0.45 0.57
Dhole (0.33-0.72) (0.42 - 0.80) (0.31-0.73) (0.09 - 0.67) (0.38 - 0.80)
0.23 0.13 0.39 0.18 0.49
Mainland Leopard Cat (0.09 - 0.30) (0.02-0.17) (0.16 - 0.57) (0-0.27) (0.36 - 0.62)
0.42 0.35 0.49 0.33 0.63
Marbled Cat (0.28 - 0.54) (0.21-0.43) (0.25-0.65) (0.11 - 0.45) (0.50 - 0.76)
0.30 0.35 0.31
NA NA
Clouded Leopard (0.10 - 0.68) (0.18-0.78) (0.15-0.61)
0.37 0.31 0.51 0.29 0.50
Asiatic Golden Cat (0.17 - 0.64) (0.05 - 0.56) (0.33-0.82) (0.04 - 0.56) (0.31-0.79)
0.45 0.58 0.48 NA 0.41
Sun Bear (0.25-0.67) (0.37-0.81) (0.26 - 0.69) (0.25-0.62)
0.33 0.41 0.28 0.46 0.40
Asiatic Black Bear (0.10 - 0.47) (0.19-0.61) (0-0.41) (0.15 - 0.65) (0.21 - 0.58)
0.20 0.09 0.52 NA 0.37
Masked Palm Civet (0.10-0.28) ~ (0.01-0.13)  (0.33-0.76) (0.20 - 0.45)
0.59 0.60 0.42 0.47 0.72
Yellow-throated Marten (0.43-0.67) (0.45-0.68) (0.21-0.53) (0.17 - 0.64) (0.60 - 0.86)
0.66 0.70 0.49 0.54 0.57
Mishmi Takin (0.54 - 0.78) (0.58-0.81) (0.29 - 0.65) (0.19 - 0.76) (0.40 - 0.68)
0.43 0.34 0.46 0.28 0.69
Mainland Serow (0.31-0.54) (0.23-0.39) (0.22 - 0.60) (0.07 - 0.40) (0.56 - 0.78)
0.72
NA NA NA NA
Red Goral (0.59-0.89)
0.37 0.33 0.48 0.34 0.55
Northern Red Muntjac (0.25 - 0.45) (0.23-0.36) (0.25-0.63) (0.15 - 0.46) (0.41 - 0.63)
0.50 0.47 0.47 0.38 0.67
Sambar (0.33-0.67) (0.27-0.62) (0.23 - 0.66) (0.16 - 0.62) (0.51-0.85)
0.43 0.52 0.46 0.52 0.42
Wild Pig (0.22 - 0.67) (0.31-0.79) (0.24 - 0.68) (0.23-0.78) (0.22 - 0.62)
0.22 0.30 0.29 0.39 0.38
Gongshan Muntjac (0.05-0.31) (0.11-0.37) (0.04 - 0.42) (0.14 - 0.59) (0.18 - 0.51)

The values are expressed as mean with approximate 95% bootstrap confidence intervals are given in parentheses. Bold

values indicate a high degree of temporal overlap (> 0.70).
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Regarding the prey-predator interactions, Dhole showed
significant overlap with all five selected prey species,
with a maximum overlap coefficient (A = 0.59) with
Mishmi takin. In the case of lesser carnivores, palm civ-
ets and yellow-throated martens showed a low temporal

overlap coefficient (A = 0.33) (Table 2). The Marbled
Cat had more interguild time overlap with the Mainland
Serow, the Northern Red Muntjac, and the sambar (A =
0.84, A =0.82, and A = 0.72, respectively), as shown in

Table 3.

Table 3. Temporal overlaps between the species of the Carnivora guild with its Prey species pairs with overlap coef-
ficient values given on top of the cell and the values given in the parentheses in each cell denotes 95 % confidence

Main- Cloud- Yellow-
land Mar- ed Asiatic Asiatic Masked throat-
Leop- bled Leop- Golden  Sun Black Palm ed Mar-
Dhole ard Cat Cat ard Cat Bear Bear Civet ten
0.34
Mainland (0.14 -
Leopard Cat ~ 0.52)
0.49 0.69
0.27 - (0.59 -
Marbled Cat 0.66) 0.83)
0.42 0.40 0.55
Clouded (0.16 - (0.14 - (0.33 -
Leopard 0.60) 0.53) 0.71)
0.42 0.60 0.66 0.47
Asiatic Gold-  (0.18 - 0.43 - 0.61 - (0.25 -
en Cat 0.71) 0.86) 1.02) 0.74)
0.56 0.36 0.51 0.41 0.46
0.42 - (0.14 - (0.35 - (0.19 - (0.26 -
Sun Bear 0.85) 0.53) 0.72) 0.64) 0.78)
0.39 0.45 0.54 0.44 0.44 0.56
Asiatic Black  (0.11 - (0.26 - (0.40 - (0.24 - (0.20 - (0.34 -
Bear 0.56) 0.64) 0.76) 0.68) 0.71) 0.82)
0.26 0.68 0.63 0.41 0.62 0.29 0.33
Masked Palm  (0.06 - (0.53 - (0.48 - (0.18 - (0.47 - (0.08 - 0.11 -
Civet 0.38) 0.81) 0.75) 0.61) 0.92) 0.49) 0.49)
Yellow- 0.64 0.42 0.64 0.57 0.50 0.60 0.55 0.33
throated Mar-  (0.46 - (0.25 - (0.46 - (0.36 - (0.28 - (0.42 - (0.34 - (0.16 -
ten 0.85) 0.49) 0.75) 0.71) 0.77) 0.81) 0.78) 0.38)
0.59 0.39 0.59 0.54 0.51 0.67 0.55 0.32 0.74
(0.38 - 0.22 - (0.44 - (0.36 - (0.28 - (0.49 - (0.38 - (0.16 - (0.62 -
Mishmi Takin 0-76) 0.49) 0.73) 0.68) 0.78) 0.88) 0.78) 0.41) 0.85)
0.50 0.68 0.84 0.55 0.65 0.48 0.49 0.62 0.66
Mainland (0.30 - (0.56 - (0.79 - (0.29 - (0.61 - (0.32 - (0.34 - (0.48 - (0.51 -
Serow 0.68) 0.79) 0.98) 0.72) 1.01) 0.69) 0.68) 0.71) 0.73)
0.62 0.51 0.69 0.54 0.56 0.57 0.50 0.42 0.77
0.45 - (0.30 - (0.52 - (0.24 - (0.40 - (0.40 - (0.26 - (0.23 - (0.68 -
Red Goral 0.84) 0.64) 0.84) 0.65) 0.86) 0.79) 0.70) 0.57) 0.95)
0.48 0.68 0.82 0.54 0.66 0.55 0.58 0.62 0.61
Northern Red  (0.29 - (0.52 - (0.74 - (0.38 - (0.56 - (0.37 - 0.42 - (0.47 - (0.49 -
Muntjac 0.66) 0.76) 0.94) 0.73) 0.98) 0.77) 0.77) 0.71) 0.71)
0.53 0.54 0.72 0.59 0.59 0.52 0.50 0.50 0.70
(0.31 - (0.33 - 0.61 - (0.42 - (0.49 - (0.33 - (0.35 - (0.28 - (0.60 -
Sambar 0.74) 0.68) 0.92) 0.81) 0.94) 0.76) 0.76) 0.67) 0.92)
0.52 0.43 0.55 0.41 0.49 0.67 0.60 0.35 0.58
(0.37 - (0.23 - (0.39 - (0.15 - (0.29 - (0.60 - (0.39 - (0.16 - (0.39 -
Wwild Pig 0.81) 0.65) 0.80) 0.61) 0.84) 1) 0.87) 0.56) 0.83)
0.36 041 0.50 0.48 0.42 0.48 0.55 0.39 0.48
Gongshan 0.14 - (0.14 - 0.27 - (0.29 - (0.15 - (0.26 - (0.36 - (0.12 - (0.29 -
Muntjac 0.51) 0.52) 0.63) 0.72) 0.62) 0.67) 0.79) 0.54) 0.63)
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Yellow-throated Marten had a high overlap with the Red
goral (A = 0.77) and a low overlap with the Mishmi
Takin (A = 0.74) and the sambar (A = 0.70) (Table 3).
As shown in Table 4, the Mainland Serow and the

Northern Red Muntjac had the most time-overlapping
activities (A = 0.81 vs. A =0.75 vs. 0.72 for Red Goral
and Sambar. The temporal activity overlap activity with
a value of 0.70 was observed for sambar with Northern
Red Muntjac and Red Goral (Table 4).

Table 4. Temporal overlaps between the species of the Ungulate guild pairs with overlap coefficient values given on
top of the cell and the values given in the parentheses in each cell denotes 95 % confidence intervals [estimator used
Dhatl (A1)]

Mishmi Tak- Mainland Northern
in Serow Red Goral Red Muntjac  Sambar Wild Pig
Mainland 0.58
Serow (0.44 - 0.69)
0.69 0.72
Red Goral (0.52-0.85) (0.56 - 0.84)
Northern Red  0.60 0.81 0.66
Muntjac (0.46 - 0.70) (0.72 - 0.89) (0.50 - 0.80)
0.65 0.75 0.70 0.70
Sambar (0.50 - 0.86) (0.63-0.92) (0.56 - 0.92) (0.59-0.88)
0.65 0.53 0.57 0.60 0.52
Wild Pig (0.48-0.91) (0.36- 0.73) (0.41-0.83) (0.47 - 0.83) (0.34-0.76)
Gongshan 0.45 0.48 0.44 0.56 0.47 0.47
Muntjac (0.27 - 0.56) (0.27 - 0.60) (0.19 - 0.54) (0.37-0.71) (0.27 - 0.63) (0.21 - 0.66)

The values are expressed as mean with approximate 95% bootstrap confidence intervals are given in parentheses.
Bold values indicate a high degree of temporal overlap (> 0.70).

The Gongshan Muntjac shows considerable overlap
with all the other ungulates, in which a higher coeffi-
cient was observed with its closely related species, the
Northern Red Muntjac. The two species of order Ro-
dentia, Asiatic Brush-tailed Porcupine and Indian Crest-
ed Porcupine, that show complete nocturnal and crepus-
cular activity, respectively, didn’t show any overlap in
activity (Fig. 5).

The evaluated probabilistic model of species co-
occurrence in the sampling unit for species recorded to
be distributed in the study unit is given in Figure 6. We
removed 362 pairs (77.85%) from the analysis of 465
species pairing combinations because the expected co-
occurrence was less than 1, and we subsequently ana-
lysed 103 pairs. A total of 16 species show co-
occurrence based on camera trap history, and the proba-
bility of co-occurrence is listed in Table 5.

Table 5. Pairwise spatial co-occurrence probability

Observed

No. of No. of Ob- Co- Ex-
. . served pected

.10 . ) SIte§ s1tes_ Co- occur- Co-

Species A Species B having having occur- rence occur- p_lt p_gt

ipemes ]S3pecles rence of Ptmbfaglléz rence of
A&B ;;y 0 A&B
Yellow-throated
1 Capped Langur Marten 7 36 6 0.03 2.7 0.9991 0.01
2 Mishmi Takin Mainland Serow 5 22 4 0.013 1.2 0.9995 0.01
3 Mainland Serow  Sambar 22 10 7 0.026 2.4 0.9999 0.00
4  Mainland Serow  Stmp-tailed -y, 19 9 0.049 45 0.9978 0.0l
Macaque
5 Mainland Serow Er‘“h Tailed 2 13 8 0.034 3.1 0.9998  0.00
orcupine
6 Mainland Serow  Sun Bear 22 6 4 0.016 1.4 0.9973 0.03
7 Wild Dog Marbled Cat 9 11 5 0.012 1.1 1 0.00
8 Ef”ow'thmated Marbled Cat 36 11 9 0.047 43 0.9997  0.00
arten
g  Yellowsthroated  Himalayanpalm 3¢ 17 13 0.072 6.7 0.9999  0.00
arten civet

1o  Yellow-throated  Northern Pig- 5 7 6 0.03 2.7 09991  0.01

Marten

tailed Macaque
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11 NorhemmRed - eiouded Leopard 37 4 4 0.017 16 1 0.02
untjac
12 Northern Red Indi.an Crested Por- 37 5 5 0022 2 | 0.01
Muntjac cupine
13 NorthernRed o o0 37 10 10 0.044 4 | 0.00
Muntjac
14 NorthemRed  Stump TailedMa- 5, ;5 5 0.083 76 1 0.00
Muntjac caque
15 NorthemRed  BrushTailedPor- 5, ;3 4 0.057 501 0.00
Muntjac cupine
16~ NorthenRed 0 o dpalmCivet 37 17 13 0.074 68 09999  0.00
Muntjac
17 ﬂ"“h.em Red  qn Bear 37 6 6 0.026 24 1 0.00
untjac
18 Sambar Stump Tailed Ma- 1 19 ¢ 0.022 21 09995  0.00
caque
19 Sambar Brush Tailed Por- (3 0.015 14 1 0.00
cupine
20 Sambar Marbled Cat 0 11 4 0.013 12 09983 0.2
21 f/}“mp'taﬂed Wild Pig 19 7 4 0.016 14 09963  0.03
acaque
gy Stump-tailed g oo 9 6 6 0.013 121 0.00

Macaque

Pit <0.05 and Pgt < 0.05 indicate spatial segregation and positive association, respectively. The species A & B indi-
cates the species of comparison. All the species show a positive co-occurrence as shows a Probability of co-
occurrence at a frequency greater than the observed frequency.

We found significant co-occurrence between Northern
Red Muntjac and Clouded leopard, Indian crested por-
cupine, Sambar, and Sun bear. Similarly, we identified
Sambar with Asiatic Brush-Tailed Porcupine and Sun

Species Co-occurrence Matrix

Bear with Stump-Tailed Macaque (Table 5). Other spe-
cies show random co-occurrence, and there was no neg-
ative association identified in the study (Fig. 6).

0 7 1k
af»(‘sdn,fac:g "Deer
¥z
Sloy, Sﬁ”’ba;- e
o Mag, S oy M, Ser,,,
S,
Hlirng,. "oy Mo, -:;n Eea:ten
aé_j@n i PO@UD;' f
ot Norte, M o, © negative
C‘E@Sé o Wty 8 &y ran qto m
ors,, . Boay ositive
Ca.»o,{)e f?}j ?’a = qq
Qs g, Kin
r

Figure 6. The co-occurrence Matrix created from the Camera trap Capture data using package co-occur in R core.
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DISCUSSION

Our study generated information about different mam-
mal species activity and their interactions with each oth-
er using the time stamp information obtained from cam-
era traps and animal diel activity based on sunrise and
sunset. Generally, species interactions were evaluated
for priority flagship species, like the Tiger, in Tropical
forests. Not much information is available about how
different species interact in evergreen forests compared
to what we know about tropical forests (Vargas et
al., 2022). Though population information remains un-
certain from this region (WII, 2018), the activity related
information coming from this region provides supple-
mentary information about the species.

The temporal pattern of animal activity is spe-
cies-specific; it may show only a single peak or more
than two peaks in 24 hours, but the common pattern
observed in most of the studies was two activity peaks
per day (Mrosovsky, 2003; Mrosovsky & Hattar,
2005). The circadian rhythms identified in the present
study among primates, Capped langurs, show an in-
crease in activity during the dawn as the sunrise and
another peak during the noon, which is similar to the
two peak activity patterns reported in captivity
(Monirujjaman & Khan, 2017). Peak daily activity pat-
terns of Stump-tailed Macaques and Assamese Ma-
caques were the same as those observed in studies from
both zoos and the wild (Nigam et al., 2014; Li, et al.,
2019). The Arunachal Macaque activity during the late
morning and inactivity during midday by sleeping was
observed in other studies (Kumar et al., 2007), which
differs from the present study. Our observation shows a
mid-day peak and more active capture towards dusk,
which may be due to the movement of species to roost-
ing sites away from foraging locations where more cam-
era trap captures might have occurred. Gippoliti (2001)
and Feeroz (2012), have identified Northern Pig-tailed
Macaques as primarily arboreal and diurnal. The species
shows a single peak activity in the early hours of sunrise
and does not overlap with other primates; this might be
due to its peculiar behaviour, spending most of the time
in movement and keeping niche breadth with other sym-
patric macaques, like stump-tailed macaques (Sharma &
Sinha, 2022).

Among the Carnivora, the observations of the
current study show similarity with other studies. The
dhole shows activity peaks both in the day and also dur-
ing the night, wherein the species is capable of adjusting
its diel activity depending on the habitat where it is dis-
tributed. The diurnal activity of dholes and their relation
to its prey activity were well studied in low-elevation
and mid-elevation parts from other parts of India (Palei
2016). In Southeast Asia, the diurnal activity of the
Dhole shows two peaks (Havmeller et al., 2004), while
in central India, movement mostly happens around dawn
and dusk because of other predators (Ghaskadbi et al,,
2016). The area doesn't have as many tigers and leop-
ards as other areas (Qureshi et al., 2022; Singh et al.,
2014), which could be the reason why Dholes show
cathemeral activity patterns. The species with identical
diet preferences might show contrasting time prefer-
ences, which also play a major role in the continuous
ecosystem process (Charles, 1975). Our study findings
provide more information about the species in this par-
ticular landscape.

Asiatic Black Bears, which are active through-
out the year, exhibit high bimodal activity close to dawn
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and dusk, as observed in various other studies (Sunar,
2012). In most of the distribution regions, peak activity
at night was observed. In China more diurnal activity in
regions where brown bears coexist (Ji et al., 2022) were
observed. Since there is no den behaviour by Black
Bear during winter, significant variation in activity in
different seasons and activity over time was observed in
Taiwan (Hwang et al., 2007). The sun bear studied in
the Dumpa Tiger Reserve in the hotspot region of the
Northeast shows crepuscular activity (Gouda, 2020),
which is almost similar to late evening and nocturnal
activity recorded in the study. Kawanishi (2009) ob-
served the Asiatic Golden Cat's mostly showing noctur-
nal activity, as well as some activity during the day.
Clouded leopards are most active during mid-to-late
evenings (Can, 2020), and our observations show there
is also activity during the early hours of the day. Such
an extended behaviour for cryptic species needs further
examination to understand the diel cycles. Another
study (Rufino et al., 2010) also observed that some ani-
mals are active at night and during dusk. The leopard
cat's nighttime activity (Singh, 2017) and the mixed
activity during both night and day (Can, 2020) in the
Himalayan region were found to be similar to what we
observed. The semi-arboreal Marbled Cat species
showed crepuscular and more nocturnal behaviour in
the study, differing from a few earlier reports as being
diurnal (Hendry et al., 2023; Singh, 2017).

Mishmi Takin shows activity peaks
during daytime and was found to be active in the morn-
ing and evening and reduced activity toward darkness
(Wang et al., 2024), which may be due to various envi-
ronmental and ecological factors. There are reports that
Dhole and Clouded Leopards prey on the Mishmi Takin
herd because of which Takin prefers being active during
the day, particularly to keep their calves safe (Calhim et
al., 2006; Kamler et al., 2007). Fluctuation activity was
observed in Mainland Serow throughout the day
(Paudel, 2012), and Red Goral was active close to sun-
rise and during the daytime, and also the Sambar was
recorded with cathemeral activity in the Himalayan
region (Bhattacharya et al., 2012) is evident from our
observations. The Northern Red Muntjac is active dur-
ing the day in two main periods (Singh, 2022). In con-
trast, the Gongshan Muntjac is active at different times
throughout the day and night. The lack of studies on
this species necessitates further research. The current
observations will enhance ecological knowledge about
the recently described species (Choudhury, 2009). Wild
Pigs are mostly nocturnal and more active around mid-
night as they are influenced by light (Gordigiani et al.
2022, Hazlerigg & Tyler, 2019). In our observations,
they were found to increase their activity around dusk,
which may be due to this region facing a light fall earli-
er than the actual sunset. Studies have reported that the
Masked Palm Civet is active at night, while the Yellow-
throated Marten is busy during the day with two peak
times reported, and these small carnivores did not show
much difference in activity from other regions. Asiatic
brush-tailed porcupine studies showed a single peak
activity at midnight and also found to be influenced by
the phases of the moon (Wen et al., 2016). Our study
shows two activity peaks with a crepuscular rhythm
during dawn and dusk. The nocturnal activity of Indian
crested porcupines exhibits a greater preference for
darkness (Mukherjee et al., 2018; Shameer & Ninad,
2021), which aligns with our observations.
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The species might possess varying activity pattern
lengths and states, which can keep interacting species in
different associations of stature (Cords 1987).
Pebsworth & LaFleur (2014) launched the camera trap
study on primates to investigate their 'geophagy' activi-
ty, and for other kinds of activity analysis, specific pro-
cedures have been developed in due course. We explore
the diel activity of primate species as effectively as pos-
sible; yet, from the observation, it can be noted that the
temporal and spatial interaction examination has not
reached the expected level. This is because we didn’t
adopt a specific camera trapping recommendation by
primatology research (Matsubayashi et al. 2007). There
is a need to design and employ specialised techniques in
activity monitoring to attain a holistic goal (Hanya et al.,
2018) about understanding the effects of various factors
on primate activity patterns.

The activity pattern of the dhole will be influ-
enced by a dominant predator such as the tiger and the
leopard (Vernes, 2022). There is a need to assess the
influence of both the top predators, which are estimated
to be less abundant in the region (Qureshi et al., 2023;
Qureshi et al., 2022), to identify the interaction with
other species. Sambar was considered important prey for
Dholes in the NE region (Singh, 2020), but our finding
shows random spatial co-occurrence and a low temporal
overlap coefficient. Dhole didn’t show either positive or
random in our analysis, but negative interaction with the
Asiatic Black bear in the eastern Himalayan region
(Vernes, 2022). The dholes are not considered predators
of sun bears, like tigers and leopards (Naing, 2020).
They do exhibit a moderate temporal overlap with other
prey species. This overlap is particularly high with Tak-
in, as Takin exhibits activity throughout the day, like the
dholes. Some studies found that dholes are seen more
often with smaller prey, like wild Pig and barking deer,
than with larger prey like gaur and sambar. However,
they do still share space with the larger animals
(Shameer et al., 2021). Our study did not observe the
temporal overlap between dholes and large felids, as
reported in the previous study by Singh, 2017from the
region. The moderate overlap between prey species indi-
cates there is an influence of various ecological and en-
vironmental variables. Xiang et al., (2024) reported that
the association of sympatric ungulates may or may not
be influenced by various factors like altitude and season.
Information that suggests activity overlaps between prey
and predators is crucial for understanding the ecosystem
and planning conservation strategies (Havmiller et al.,
2020). There was a random pattern of co-occurrence
between the mammal species. This could be because
sympatric prey-predator species use different spatial
scales and form different associations in the study areas
(Padie et al., 2015; Makin et al., 2017). This may re-
quire further investigation at a finer ecological scale.
The NE region possesses three of the four bear species,
of which the distribution of the sloth bear is limited to
the Indian region, and the sun bear distribution is not
found in the peninsular region (Garshelis et al., 2022).
In such a distribution range, the Asiatic black bear and
the sun bear coexist (Steinmetz et al., 2013) but don’t
show temporal overlap or spatial co-occurrence, as both
species possess a difference in resource use. The sun
bear is more of an insect-diet-preferring species, and the
Asiatic black bear depends on a frugivorous diet
(Steinmetz et al., 2021). The Marble Cat and Mainland
Leopard Cat are identified to be temporally segregated
(Mukherjee, 2019), and there is a need to create a
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specific monitoring protocol for small cats rather than
utilising data obtained from methods adopted for other
large-bodied species (Borries ef al., 2014).

The Marble Cat and Mainland Leopard Cat are
identified to be temporally segregated (Mukherjee,
2019), and there is a need to create a specific monitor-
ing protocol for small cats rather than utilising data ob-
tained from methods adopted for other large-bodied
species (Borries ef al., 2014). The yellow-throated mar-
ten, which is capable of acting as a top predator in for-
ests where there is a less abundant top predator (Appel
et al., 2014) also the reason for the species shows a
higher rate of temporal overlap, mostly with the prey
species. The diurnal yellow-throated marten shows pos-
itive spatial co-occurrence with arboreal species. The
masked palm civet is a nocturnal species (Li ef al.,
2022) that shares its habitat with the Northern Pig-tailed
Macaque. The species, such as the clouded leopard and
the Asiatic golden cat, were identified as temporally
overlapping species (Lynam et al., 2013) in the South-
east Asia distribution range. Our estimation was unable
to identify such an association, which might be an arte-
fact of site-specific activity. The Asiatic golden cat and
leopard cat's difference in temporal activity was ob-
served in other distribution ranges (Kamler, 2020). En-
vironmental factors also played a significant role in the
establishment of these elusive felids (Choki er al.,
2025).

Though the distribution of goral and serow
was reported to be in close habitats based on some of
the ecological studies. Red goral was found to prefer
open area habitats and steep slopes with greater than
30° slopes (Green, 1985; 1987). As they have escape
behaviours, they prefer cliff-occupied forests
(Johnsingh & Manjrekar, 2013). However, there isn't
much overlap between the serow and red goral. This
could be because serows like to inhabit areas with lots
of scrub (Green, 1985), while gorals stay away from
these kinds of understory habitats. Gorals inhabit lim-
ited areas in NE region, whereas serows are more com-
mon in this region. Red Goral, Northern Red Muntjac,
Sambar, and Mainland Serow show high temporal over-
lap, but the activity peak varies among the species at
various rates, which might be due to differences in feed-
ing preferences (Ribeiro, 2016). The sambar shows pos-
itive spatial co-occurrence with serow and red muntjac
but not with goral. The distinction may be due to the
feeding behaviour, as sambar and the other two species
are browsers, whereas goral are grazers (Green 1987).
Though there appears to be a considerable temporal
overlap of Takin with all the ungulate species, the spe-
cies is expected to be capable of maintaining niche sep-
aration with other large and medium-sized mammals
(Zhang et al., 2021). The activity pattern of Takin
shows a unimodal peak, differing from other species.
Additionally, there is a positive spatial co-occurrence
with Serow. Both species are browsers and engage in
seasonal movement between altitudinal gradients (Li et
al., 2022). The Gongshan Muntjac was considered to be
a syntopic with other species of muntjac (Ma et al,
1994) which was not observed in the study unit either
temporally of spatially. The existence of separation of
niche among the sister species based on elevation was
observed in the evaluated habitats (Schaller & Rab-
inowitz, 2004) which need an extended assessment.
Scientists have observed the mutually beneficial group
association among species, particularly between ungu-
lates and primates (Newton, 1989; Stensland et al.,
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2003). The Temporal association of various other com-
binations between Prey-predator and among the similar
guild did not show considerable overlap as per our anal-
ysis. For example, though the species shows bimodal
and unimodal activity peaks, the goral and Northern pig-
tailed macaque show temporal overlap but not spatial co
-occurrence. In contrast, some species, such as barking
deer, serow, and sambar, show spatial co-occurrence but
not temporal overlap. The activity variation at a finer
scale among the ungulates is influenced by the scale of
risk, which in turn also influences space uses
(Hebblewhite & Merrill, 2008; Kohl et al., 2018). To
understand the rhythms of species that are primary con-
sumers, there needs to be an extensive study, monitor-
ing, and large-scale information.

CONCLUSION

The mammalian species show various circadian rhythms
during different life stages; e.g., the activity during the
initial days following birth is not consolidated around
the clock during the postpartum period (Bloch et al.,
2013). Mammal communities are closely linked to ran-
dom population changes, the quality of their habitat, and
competition between different species in an area (Ziv,
2003). When species migrate, the availability of food
and their energy reserves affect how active they are at
night and during the day. More long-term studies that
focus on specific species and communities would give
useful insights for conserving and managing biodiversi-
ty in this area. Direct observation in the least accessible
habitats can contextually explain animal behavior. This
camera trap-based activity information helps to better
understand behavioural ecology and species interaction
in a least studied area that lies in a junction of three bio-
geographic realms viz., Indo-Malayan, the Palearctic,
and Indo-Chinese. The timing pattern also varies consid-
erably such that the extension of such monitoring can
provide insights about the influence of biogeography
and geographic gradients in determining the activity
pattern of the species of interests (Bennie et al. 2014).
The assessment activity pattern from the NE region is
being considered preliminary (Mukherjee, 2019). We
need to integrate other aspects, such as dietary prefer-
ences and spatial use patterns, to further examine this
activity information. The estimated spatial co-
occurrences show a majority of associations as random
and some of the species associations as positive; there
may be various influencing factors in the environment
(Brazeau & Schamp, 2019). The above observation in
our study of the circadian activity of species like Dhole,
Clouded Leopard, and Marbled Cat shows certain differ-
ences from other distribution areas. We need to conduct
more research on the competition between different spe-
cies within a community. This should involve ongoing
observation over a long time, along with developing
new ideas about how species coexist (Chesson, 2000).
This information about activity patterns and the spatial-
temporal use of individual species is very important for
the management and conservation of biodiversity in the
rugged terrain of this valley. The co-occurrence of the
analysed species shows a possible favourable probabil-
ity frequency. As such, spatial interaction can be influ-
enced by species space use, movement, strata, and other
factors (Pellissier et al., 2010; Garcia-Giron et al.,
2020). Currently available co-occurrence results provide
valuable information for scientific management. There
is a requirement for other species-related information,
like population, behaviour, and life history traits, such as
movement and migration, which require a detailed long-
term study (Alves, 2023).
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