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Abstract

Biological corridors with a healthy prey base support predator dispersal, yet studies that combine occu-
pancy and connectivity remain limited. This study evaluated six ungulate prey species in Biological
Corridor Seven, Bhutan. Thirty-one paired camera traps were deployed on a 3 km x 3 km grid in the
first half of 2025, yielding 5,144 trap days and 822 independent events. A hierarchical Bayesian multi-
species occupancy model was fitted in PyMC (v5) to estimate occupancy () and detection probability
(p) across winter, spring and summer. Predicted occupancy was mapped onto a 500 m x 500 m grid (N =
1,689 cells) and analysed with random-walk connectivity to identify movement routes and pinch points.
Generalists showed high and widespread occupancy (w = 0.933-0.981), with peak detectability in winter
(p = 0.185-0.320). In contrast, specialists were concentrated in narrow upper-elevation areas (y = 0.639
—0.877), peaking in spring (p = 0.085-0.164). Connectivity analysis isolated seven macro pinch points
and numerous conflict segments (< 500 m long) where linear infrastructure is likely to restrict move-
ment. Priority mitigation include vegetated overpasses on dry slopes and bridge-style underpasses or
culverts at riparian conflicts. A tiger Panthera tigris was recorded at two locations, indicating the use of
the corridor by large predators. However, further studies on predator occupancy employing telemetry or
genetics are recommended. Nonetheless, this integrated occupancy—connectivity framework may serve
as a reproducible basis for prioritising mitigation and guiding adaptive corridor management under
growing infrastructure development and climate pressure.

Keywords: Bayesian model, biological corridor, climate, connectivity, occupancy, pinch point, prey,
tiger

connectivity in otherwise fragmented land-

Introduction

Ecological connectivity refers to the capacity of
landscapes to facilitate the movement of organ-
isms and ecological processes (Hilty et al.,
2020). Corridors help maintain or restore that
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scapes (Rautela et al., 2022). When planned
and managed appropriately, corridors support
dispersal, gene flow, and climate-driven range
shifts across elevational and latitudinal gradi-
ents (Deka et al., 2023; Soanes et al., 2024).
International guidance recommends evaluating
corridor effectiveness using both habitat con-
dition (structural connectivity) and verified
animal use, which indicates functional connec-
tivity (Dickson et al., 2019; Hilty et al., 2020).

Connectivity science has advanced from
single-species analysis toward community-
oriented assessment. Studies from Himalayan
systems show that the occurrence and move-
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ment of different mammals often concentrate in
distinct habitat bands, implying that a design
tailored to one focal species may overlook oth-
er pathways important for connectivity
(Adhikari et al., 2024). Practice also shows
there is no universal corridor width. Recom-
mended widths depend on species, manage-
ment goals and landscape setting (Adhikari et
al., 2024; Ahmad & Gopi, 2024). Multi-species
frameworks should explicitly include apex
predators such as the tiger Panthera tigris. Giv-
en that tigers' use of corridors is determined by
prey availability and spatial distribution, prey
occupancy can serve as an indicator of corridor
use (Deka et al., 2023; Rautela et al., 2022).
Pairing this multi-species framework with con-
nectivity modelling can locate areas of prefer-
ential use and diagnose bottlenecks for targeted
measures (Dickson et al., 2019; Downey,
2021).

Bhutan has established a protected-area net-
work linked by biological corridors (Wildlife
Conservation Division [WCD], 2010), yet peer-
reviewed evidence for functional connectivity
remains limited. Many assessments in Bhutan
examine a single species in a single season,
leaving uncertainty about the extent of animal
movement and limiting inference for corridor
management (Dorji et al., 2019; Letro et al.,
2021). Despite legal designation of corridors,
most work relies on structural proxies rather
than verified animal use, and there is little inte-
gration of multi-species, multi-season occupan-
cy modelling with a connectivity framework in
a Bhutanese corridor context (Dorji et al.,
2019; Letro et al., 2021; Penjor, 2022; WCD,
2010). This study addresses the gap by inte-
grating community occupancy (multi-species,
multi-season) with connectivity modelling to
map movement concentration and identify pri-
ority segments for mitigation in Biological
Corridor Seven (BC7).

BC7 links Wangchuck Centennial National
Park (WCNP), Phrumsengla National Park
(PNP) and Bumdeling Wildlife Sanctuary
(BWS) (Divisional Forest Office of Mongar
[DFOM], 2023). The corridor faces increasing
pressure from transport, energy development

and land-surface warming, elevating the value
of verified functional linkages (DFOM, 2023;
Druk Green Power Corporation Limited
[DGPCL], 2025). Community occupancy is
integrated with connectivity modelling so that
occurrence, detectability and movement con-
centration are analysed within one coherent
workflow (Amir et al., 2022; Devarajan et al.,
2020; van Etten, 2017). The approach opera-
tionalises functional connectivity for manage-
ment by projecting prey occupancy across the
corridor, translating those patterns into move-
ment flow, and isolating pinch points (narrow
places where animals tend to pass through)
where linear infrastructure and rivers may con-
strain passage. This framework may serve as a
transparent and reproducible basis for deci-
sions that balance development and biodiversi-
ty in a montane context.

The study estimated multi-species, multi-
season occupancy () and detection probabili-
ties (p) for six ungulate prey species, and
mapped movement pinch points and prospec-
tive wildlife-crossing locations along roads
and rivers in BC7.

Materials and Methods

Study Area

BC7 (27.40 to 27.83° N, 90.98 to 91.31° E;
area: 419 km?) forms the east-central corridor
of Bhutan and links WCNP, PNP, and BWS
(Figure 1). The corridor spans six gewogs/
blocks in Lhuentse district (Gangzur, Khoma,
Menbi, Metsho, Minjay and Tsenkhar) and
two in Mongar district (Tsakaling and Tsa-
mang; DFOM, 2023). Elevation ranged from
797 m a.s.l. (metres above sea level) to
4,370 m, with broadleaf (74%) forming the
dominant forest type, and others include
chirpine, mixed conifer and fir forests in small
pockets (Rai, 2022). The corridor encompasses
a 15.6 km segment of the Kurichhu River,
along with approximately 44 km of streams
and 1,296 km of smaller tributaries, providing
important riparian habitats (DFOM, 2023).
Within BC7, the mean daily maximum tem-
perature is 25.4 °C, and the mean daily mini-
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mum temperature is 10.3 °C, and district-wide
precipitation for Lhuentse is 34 mm (National
Centre for Hydrology and Meteorology
[NCHM], 2025). Approximately 920 house-
holds depend on BC7’s resources (DFOM,
2023). Planned linear infrastructure expan-
sions, including the Dorjilung Hydropower
Project (DHPP) dam, feeder roads and trans-
mission lines, threaten to sever wildlife move-
ments, underscoring the need to identify
movement pinch points and inform mitigation
in BC7 (DGPCL, 2025).

Sampling Design

Thirty-one stratified camera-trap stations were
deployed between January and July 2025, on a
3 km x 3 km grid (Figure 1B), aligned with
the home ranges of prey species as described
by Wangchuk (2004). Block 1 contained 17
camera stations, Block 2 contained 14, and
Block 3 contained 7, with the number of sta-
tions proportional to the area of each block.
Each station hosted two camera traps
(Panthera, Reconyx or Cuddeback models)
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Figure 1: Study area and sampling design

mounted 30—40 cm above ground and spaced 3
—8 m apart to avoid cross-triggering (Dorji et
al., 2019). Stations were at least 1 km apart,
reducing spatial autocorrelation (Letro et al.,
2021; Penjor, 2022). Seasons were defined as
winter (January—February), spring (March—
May) and summer (June—July). Independence
of detections was defined as images of the
same species at the same station separated by
>20 minutes, following Dorji et al. (2019) to
reduce temporal autocorrelation. Independent
events (/E) within each 7-day occasion were
converted to binary detections (1/0) to build
the site X occasion histories for the multi-
species occupancy model (MSOM).

Species and Covariance Selection

Six ungulate species central to the predator-
prey system of the eastern Himalaya were ana-
lysed (Letro et al., 2021; Penjor, 2022;
Wangchuk, 2004). Prey species were classified
as generalists (barking deer Muntiacus munt-
jak, sambar deer Rusa unicolor and wild pig
Sus scrofa) and specialists (Himalayan goral
Naemorhedus goral, Himalayan serow Capri-
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cornis sumatraensis and musk deer Moschus
chrysogaster) based on their elevational pat-
tern and distribution following Wangchuk
(2004). Detection histories were arranged in a
31 x 6 x 3 x 14 array (sites X species X sea-
sons X seven-day occasions) following Deva-
rajan et al. (2020).

Eight covariates (seven numeric, one cate-
gorical) were prepared in QGIS 3.40
(Qgis.org, 2024; Table 1). “Sample Raster
Values” was used to extract canopy cover
(Hansen et al., 2013), Human Footprint Index

[HFI] (Venter et al., 2016), slope (from FAB-
DEM; Hawker et al., 2022), precipitation and
temperature (NCHM, 2025). “Join Attributes
by Nearest” was used to compute distance to
protected area (Department of Forests and
Park Services [DoFPS], 2024) and to the near-
est road (OpenStreetMap contributor, 2025).
“Join Attributes by Location” assigned classes
from land use and land cover (LULC2016; Rai
et al., 2021) and forest types (Rai, 2022) to
each station, combined as a single “LULC
covariate.” Blue Pine Forest served as the

Table 1: Site-level covariates for 31 camera stations in BC7. CS — Camera Station (e.g., CS01), Can
— canopy, Ds_PA — distance to protected areas, Ds_rd — distance to roads, Ds_set — distance to set-

tlements, HFI — Human Footprint Index, Ppt — precipitation, SI — slope, Tem — annual mean temper-
ature, LULC — landuse — landcover, BPF — Blue Pine Forest, CBF — Cool Broadleaved Forest, CPF
— Chirpine Forest, EOF — Evergreen Oak Forest, FIR — Fir Forest, HLF — Hemlock Forest, MCF —
Mixed Conifer Forest, MDW — Meadows, WTR — Waterhole

CS Can% Ds PA(m) Ds rd (m) Ds set(m) HFI Ppt(mm) S1% Tem (°C) LULC

1 86 1357 3213 217
2 58 3030 1616 957
3 0 3147 1387 701
4 87 5470 3333 981
5 87 6397 1574 801
6 94 3109 2018 370
7 0 1775 1751 350
8 89 858 2242 409
9 0 3489 2113 283
10 0 7160 1222 727
11 85 6226 3403 1643
12 0 4896 2864 823
13 0 1730 3180 2677
14 85 665 4707 3780
15 82 5402 2211 1883
16 54 7139 1419 721
17 12 68 2916 1913
18 0 1802 1550 1338
20 0 4602 3419 540
21 85 3411 2765 1101
23 85 2146 2822 1629
25 0 4317 7235 2010
26 75 3845 7669 2650
27 89 583 4785 979
29 0 4979 2628 527
31 31 2407 4045 2462
32 59 2031 4184 2643
33 0 1578 8597 2016
34 0 4113 2768 2100
35 79 1169 2830 1358
37 12 1756 9264 1875

0.003 75 17 15 CBF
0.015 70 28 21 CPF
0.003 70 50 20 CPF
0.061 129 2 14 EOF
0.021 129 16 14 EOF
0.025 121 15 12 EOF
0.004 115 22 11 MCF
0.003 121 5 12 HLF
0.003 88 34 15 EOF
0.002 92 19 15 EOF
0.002 116 6 11 EOF
0.019 110 9 11 MDW
0.002 90 24 10 MCF
0.003 91 4 7 FIR
0.003 111 23 10 BPF
0.003 116 16 12 CBF
0.002 105 2 9 FIR
0.002 114 16 13 MDW
0.008 115 10 15 CBF
0.003 115 16 14 EOF
0.002 110 14 12 HLF
0.007 115 22 13 MDW
0.002 111 1 12 CBF
0.003 114 30 17 CBF
0.002 101 11 10 MDW
0.003 94 7 10 BPF
0.002 97 40 11 CBF
0.004 85 19 11 WTR
0.035 87 6 12 EOF
0.036 86 27 14 EOF
0.004 84 33 10 MCF
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reference category for LULC, with other clas-
ses coded as dummy variables (Downey,
2021). Other classes were Chirpine Forest,
Cool Broadleaved Forest, Evergreen Oak For-
est, Fir Forest, Hemlock Forest, Meadows,
Mixed Conifer, and Waterhole.

Continuous variables were z-standardised
(mean = 0, SD = 1). Collinear variables such
as aspect, elevation and distance to drainage
with a variance inflation factor [VIF] > 5 or
correlation |r| > 0.8 were excluded (Kalnins &
Praitis Hill, 2025).

Occupancy Modelling

A hierarchical Bayesian MSOM was fitted in
PyMC version 5 (Downey, 2021). Continuous
parameters were sampled with the No-U-Turn
Sampler (NUTS); latent occupancy indicators
z were modelled as Bernoulli variables. Spe-
cies-specific occupancy probabilities (¥) were
modelled as functions of site covariates, and
detection probabilities (p) as functions of site
and occasion covariates with season-specific
intercepts. Closure was assumed for each
7-day occasion, and false positive error was
considered negligible owing to species-level
photo confirmation (Devarajan et al., 2020).
Twelve chains were run with 10,000 warm-up
iterations and 10,000 posterior draws
(target accept = 0.98; max treedepth = 18).
Convergence was assessed using trace plots,
Gelman—Rubin diagnostics (R < 1.01), and
large effective sample sizes (minimum ESS-
bk - o = 34,554; f = 40,376; & = 41,410;
Youm= 47,363; Y= 118,619). Posterior pre-
dictive checks (PPCs) and Brier scores were
used to evaluate model fit (Amir et al., 2022).

Spatial Prediction and Connectivity Modelling
Prey occupancy was projected onto a 500 x
500 m grid covering BC7 (N = 1,689) follow-
ing Dickson et al. (2019) and Downey (2021).
Prediction covariates were prepared using the
same QGIS steps as for camera stations. Nu-
meric covariates were z-standardised to train-
ing-set means (102.47, 43.03, 2661.39,
178.53, 3410.64, 1369.75, 186.92) and SDs

(16.59, 40.13, 644.96, 81.81, 2108.33, 887.23,
132.77).

Posterior mean occupancy () in each cell
was used as conductance, with values min-max
scaled to [0,1]. y already lies in [0,1], so min—
max scaling does not change the underlying
information; it preserves the spatial ranking and
relative contrasts while mapping values onto
the conductance scale. Under this mapping,
conductance magnitudes represent relative
movement potential (not abso]f.lte rates). Re-
sistance was defined asa R = 7, withe = 107
where & represents a small constant (van Etten,
2017). Core cells were defined as high-use hab-
itat (w > 70 %) and grouped using an 8-neigh-
bour rule to form core patches. Centroids were
partitioned into two terminal sets through k-
means (k = 2). Random-walk connectivity
(current density) between terminal sets was
computed with gdistance (R package) (van Et-
ten, 2017).

To create a community surface without
dominance by any single species, species-
specific current (passage) rasters were first nor-
malised to 0—1 within species and then summed
(van Etten, 2017). This harmonises dynamic
range across species (equal weighting) while
preserving within-species spatial rankings; con-
sequently, the multi-species map is a relative
index of passage intensity. Pinch points were
defined as choke areas (cells > 95th percentile
of the passage
polygonised, filtered to remove parts < 0.25
km?, and merged using a 1.5 km buffer to form

multi-species surface),

macro zones. Resulting macro zones (M1-M7)
were ranked by area (Dickson et al., 2019).

Results and Discussion

Sampling Effort and Model Performance
Thirty-one camera stations recorded 5,144 trap
days and 822 independent events (mean: 166
trap days and 26 events per station). Generalists
accounted for most detections (/E = 152-396),
while specialists registered 21-33 events.

The MSOM showed excellent convergence
(max R= 1.00; min ESSpux = 34,554; min

BJNRD (2025), 12(2): 5-18



ESS,,; = 47,799, 240,000 iterations; tar-
get accept = 0.98; max_treedepth = 18).
Overall model fit was strong (Brier score =
0.0553). Predicted detection probabilities
spanned 0.013—0.320 across 18 species—
season strata (6 species x 3 seasons). Mean
occupancy across 186 site—species cells (31

winter

sites x 6 species) was 0.548 (SD 0.303). Pos-
terior predictive checks (faceted detection-rate
PPCs) showed close agreement between pre-
dicted and observed means across species and
seasons (Figure 2). These metrics support the
use of an MSOM framework as a reliable tool
to assess corridor function from camera trap
data (Downey, 2021).

Spring Summer

Capricornis sumatraensis
Detection rate

Moschus chrysogaster
Detection rate

Muntiacus muntjak
Detection rate

Naemorhedus goral
Detection rate

Rusa unicolor
Detection rate

Sus scrofa
Detection rate

Figure 2: Posterior predictive checks (PPCs) for mean detection rates by species and season.
Shaded bands: 50% and 95% posterior intervals; points: observed means. Most cells fall within

50%, all within 95%.
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Prey Occupancy and Hotspots

Occupancy estimates across 31 camera sta-
tions differed markedly between generalists
and specialists (Table 2). Barking deer exhibit-
ed near-ubiquitous occupancy (max y = 0.99
at CS09), with wild pig slightly lower (max
v = 094 at CS11). Sambar deer reached
w = 098 at CS20 with lower occupancy at
higher elevations (¢ = 0.07 at CS14). Special-
ists were patchier. Himalayan serow peaked at
CS13 (w = 0.90 at 3,218 m), musk deer at
CS14 (w = 0.65 at 3,687 m) and Himalayan
goral at CS37 (yw = 0.87, 3,281 m). Minimum
occupancy estimates for specialists were ex-
tremely low (v = 0.01-0.14), reflecting small,
isolated pockets.

Letro et al. (2021) reported lower occupan-
cy estimates ( < 0.52) for three ungulates
(barking deer, wild pig and sambar deer),
compared to higher estimates of generalists in
BC7 (y = 0.53-0.62). These higher estimates
are likely to reflect the suitability and minimal
disturbance within BC7. However, differences
in design and covariates should be taken into
account when making comparisons across cor-
ridors.

Seasonal Detection and Behavioral Insights

Detection probabilities varied by species and
season (Figure 3). Generalists exhibited higher
detection (P= 0.2) than specialists (@ = 0.11).
Barking deer and wild pigs were most detecta-
ble in winter (p = 0.26) and least detectable in
summer (P= 0.23), consistent with seasonal

behaviours such as foraging and movement on
open trails. Specialists were nearly absent in
winter but peaked in spring (P = 0.10 for Him-
alayan goral and serow), likely due to snow-
melt and the emergence of the early herba-
ceous growth as seen in camera stations. Musk
deer was an exception among specialists, re-
maining relatively stable across seasons
(» = 0.20). The lower detection probability in
summer is likely attributable to increased hu-
man and cattle activity as seen in the camera
trap records.

Climatic and Anthropogenic Effects on Prey
Occupancy

Most covariate coefficients had credible inter-
vals overlapping zero, indicating uncertain
effects on occupancy (Figure 4). One notable
exception was the Himalayan serow, for
which occupancy declined with increasing
distance to roads (f = —1.54, logit scale, 95%
HDI —2.84 to —0.26), implying higher occu-
pancy closer to roads. This seemingly counter-
intuitive result may reflect localised attraction
to roadside grazing edges along ridgelines.
However, many studies indicate that roads
reduce wildlife abundance through mortality,
edge effects and noise (Lounsbury, 2025; Shi
et al., 2018; Soanes et al., 2024). Accordingly,
roads should not be interpreted as beneficial.
Instead, targeted mitigation near roadside de-
tections is warranted. Other covariates, such as
canopy cover, slope and HFI, had wide credi-
ble intervals (HDI —2.47-2.04), suggesting

Table 2: Prey occupancy () across 31 camera stations. CS = Camera Station

Species Category Min i Station (elevation m) Max y Station (elevation m)
Barking deer 0.23 CS14 (3,687) 0.99 CS09 (2,150)
Sambar deer Generalist .07 CS14 (3,687) 0.98 CS20 (2,132)
Wild pig 0.22 CS03 (861) 0.94 CS11 (2,885)
Himalayan goral 0.14 CS10 (2,149) 0.87 CS37 (3,281)
Himalayan serow  Specialist (.11 CS20 (2,132) 0.9 CS13 (3,218)
Musk deer 0.01 CS20 (2,132) 0.65 CS14 (3,687)
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ungulate distributions are shaped by a complex
interplay of habitat structure and human dis-
turbance (Penjor, 2022).

0.5
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; ~@- Capricornis sumalraensis
% =8 Moschus chrysogaster
© 0.320
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'% -0~ Rusa unicolor
]
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Figure 3: Seasonal detection probability (p) for prey species with 95% highest density intervals
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Figure 4: Posterior mean coefficients (points) with 95% highest density intervals (HDI bars) for

numeric and categorical (LULC) covariates influencing prey occupancy ()
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Predicted Occupancy and Movement Corri-
dors
Barking deer reached y > 0.70 in about 88 %
of cells, sambar deer and wild pig showed
similarly broad coverage, while specialists
used only 20 to 40 % of cells, mostly in
Blocks 1 and 2, with musk deer absent from
Block 3. The result accords with prior work:
barking deer and wild pig behave as edge-
tolerant generalists; sambar deer tend to de-
cline in steep, high-elevation terrain; and ser-
ow, goral and musk deer are associated with
steep slopes and conifer forests (Dorji et al.,
2019; Letro et al., 2021; Penjor, 2022). These
spatial predictions align with station-level
occupancy (Table 2) and suggest that man-
agement should prioritise high-elevation refu-
gia and mid-elevation riparian corridors.
Seven macro pinch point zones (M1 to
M7) totalling about 152 km? were identified
primarily in Blocks 1 and 2 (Figure 5). These
zones represent key movement corridors or
bottlenecks where movement is constrained
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and directed by topography, habitat quality,
and the placement of roads and rivers. Corri-
dors used by specialists may be particularly
sensitive to modelling design and imperfect
detections. Therefore, further validation is rec-
ommended before concluding. This includes
adding seasons and, where feasible, using te-
lemetry or genetic data (Dhendup et al., 2023;
Tempa, 2017).

Wildlife Conflicts Segments and Mitigation
Options

Pinch point polygons buffered by 100 m and
intersected with infrastructure produced 29
road conflict segments (total length: 29.8 km)
and 18 river conflict segments (total length:
11.6 km; Figure 6). Many segments were less
than 500 m, with 35 % of road segments and
53 % of river segments below that length,
which indicates that modest widening or em-
bankment works could sever connectivity if
not mitigated. The top ten candidates account-
ed for 12.2 km of roads and 11.5 km of rivers.

S. scrofa
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Figure 5: Predicted occupancy (> 0.7) of prey species across a 500 m* grid (N = 1689 cells)
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Mitigation options included bridge-style un-
derpasses or culverts at riparian conflicts, veg-
etated overpasses on dry slopes, continuous
exclusion fencing paired with speed reduction,
and riparian canopy buffers. As Rautela et al.
(2022) and Soanes et al. (2024) showed, com-
bining overpasses or underpasses with fencing
can restore a large share of connectivity when
designs match local terrain and target species,
which aligns with findings of Lounsbury
(2025) and Shi et al. (2018).

Planning Framework and Evidence Thresh-
olds

Bhutan’s policy and practice indicate feasibil-
ity. WCD (2010) recognises wildlife-friendly
linear infrastructure in corridor guidance, and
the Asian Development Bank's (2022) project
evaluations document the wildlife's use of new
underpasses. However, given the six-month
duration and the focus on six prey species, the
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pinch points can serve as an initial screening
layer, not as a siting plan. They can guide field
verification, multi-season surveys, and feasi-
bility assessment, but they should not be the
sole basis for locating wildlife crossings. For
each candidate segment, pair the results with
traffic counts and collision records from the
relevant transport agencies and with local ob-
servations of river crossings during peak flows
as suggested by Shi et al. (2018) and WCD
(2010). If riparian works are considered along
the Kurichhu, planning documents for the
DHP project provide a coordination context
for river segments (DGPCL, 2025). Effective
mitigation should also balance connectivity
with livelihoods through careful placement of
crossing structures and community-led moni-
toring and maintenance, which is important
because more than 190 households live within
the corridor (DFOM, 2023).

Pinch points

Pinch paints

Overlay

L1 Macro pinch-point zone (merge 1.5km; n=7; £ = 152.2 km#)

Blocks

|| Block 1

Block 2
[] Block3
Wildlife crossings

Reoad crossing (Top 10; L = 12.2 km)
River crossing (Top 10; £ = 11.5 km)

91.31°E

Figure 6: Pinch points and proposed wildlife crossings along roads and rivers in BC7
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Implications for Predators and Climate Adap-
tation

A tiger was recorded at two stations in Block 2
at elevations of 2,352 m and 2,687 m, indicat-
ing the use of BC7 by an apex predator and
likely indicating its movement between BWS
and WCNP. However, the movement of tigers
between these protected areas should be fur-
ther validated by telemetry or genetic studies
(Dhendup et al., 2023; Tempa, 2017). From
prey's perspective, the high occupancy of gen-
eralist prey suggests that BC7 currently facili-
tates tiger dispersal between protected areas.
However, the narrow, elevation-restricted
routes used by specialists may constrain preda-
tor access to high-elevation habitats. As the
rise in temperature drives species to higher
elevations and human development intensifies,
protecting elevational gradients and riparian
corridors becomes even more important (Deka
et al., 2023; Lee et al., 2021). With Bhutan’s
national tiger survey reporting 131 wild tigers
in 2021-2022 (DoFPS, 2023), maintaining
prey-rich corridors is critical for sustaining
meta-population connectivity.

Study Limitations and Future Directions

This study drew on 31 stations over six
months, focusing on prey species and using
the random walk connectivity model as a
proxy for movement. Therefore, seasonal dy-
namics, community (predator-prey relation-
ship) structure, and fine-scale behaviour may
be underrepresented. Future studies could ex-
tend sampling into late summer and autumn,
incorporate telemetry or genetic data to vali-
date connectivity models, test alternative con-
nectivity algorithms, such as least-cost path or
neural network approaches, and include preda-
tor species to evaluate community interactions,
like the study carried out by Amir et al.
(2022). Despite these limitations, the con-
sistency of the model diagnostics and the
alignment between station-level and grid-level
results increase confidence in the identified
movement hotspots. Pinch points identified
here are a model-based screening layer rather

than a siting plan; any wildlife crossing should
be prioritised only after pairing candidate seg-
ments with traffic volumes and roadkill/
conflict records. Designs should then be vali-
dated with before—and—after —monitoring
(camera traps, telemetry and incident logs).

Conclusion

Occupancy and connectivity analyses indicat-
ed that BC7 remains functionally important for
both prey and predator movement between
protected areas. Generalist ungulates showed
high, widespread occupancy, suggesting strong
baseline permeability, while specialists used
narrow, high-elevation corridors vulnerable to
fragmentation. By integrating MSOM with a
connectivity model, this study delineated sev-
en pinch point zones and prioritised road and
river segments where mitigation would most
effectively sustain ecological connectivity.
These findings provide a defensible basis for
locating wildlife crossings, fencing, and ripari-
an buffers as infrastructure expands. Proactive
investment in corridor mitigation and contin-
ued monitoring will be essential to maintain
BC7’s ecological function under increasing
climate pressure and developmental activities.
Overall, this study demonstrates how combin-
ing MSOM with a connectivity model can
translate camera-trap data into actionable cor-
ridor management. Next steps should include
predator-focused occupancy and independent
movement evidence (e.g., telemetry or genetic
assignment) to validate and refine priorities,
alongside comparable corridor-scale studies
elsewhere in Bhutan to build a consistent evi-
dence base.
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