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Abstract: We assessed habitat occupancy and distribution of principal tiger (Panthera
tigris) ungulate prey species to assess factors affecting their occurrence and their
potential contribution to low tiger presence in the core part of the Hukaung Valley
Wildlife Sanctuary, in northern Myanmar. We surveyed for signs on 1,651 km of
transects partitioned into 554 sampling units between November 2007 and May 2008.
By incorporating seven environmental and four social covariates, we predicted habitat
occupancy rates of 0.76 for gaur (Bos gaurus), 0.91 for sambar (Rusa unicolor), 0.57
for wild pigs (Sus scrofa), and 0.89 for northern red muntjac (Muntiacus vaginalis).
Overall, shorter Euclidean distances to ranger stations and trails, decreased stream
density, and broadleaved evergreen/semi-deciduous forest and relatively rare rain-fed
cropland habitat occurrence positively influenced prey habitat occupancy; conversely,
shorter Euclidean distances to villages, roads, and streams, higher elevations, and
occurrence of mixed broadleaved and needle-leaved forest habitat negatively influenced
occupancy. In addition, Euclidean distance to ranger stations, trails, and roads positively
affected species detections, whereas shorter Euclidean distance to villages and streams,
high elevations, and high precipitation negatively affected detections. Results indicated
that all four prey species were relatively well-distributed through the Sanctuary core
area, but comparisons with indices of abundance elsewhere suggest that prey density
was low and would not likely support many tigers.

Key words: Bos gaurus, distribution, gaur, muntjac, Muntiacus vaginalis, Panthera
tigris, Rusa unicolor, sambar, Sus scrofa, tiger, wild pigs.

Introduction

About 22% of mammal species worldwide are globally threatened or extinct in the wild
due to habitat loss, utilization, and invasive species, and about 15% have insufficient data to
assess their conservation status (Vié et al. 2009). Tiger populations (Panthera tigris Linnaeus,
1758), for example, have decreased dramatically from 100,000 in the last century to 3,200
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today while also suffering a contraction of their historical range by the synergetic effects of
habitat loss (about 93%; Dinerstein et al. 2006), prey depletion, and direct hunting (Karanth
et al. 2004; Walston et al. 2010; Barber-Meyer et al. 2013). Biologically, tigers cannot survive
without adequate prey, even though habitats seem well protected. Ungulate prey, the important
determining factor of tiger population density (Karanth and Stith 1999), is also decreasing
because of habitat loss and fragmentation by agricultural expansion, road construction, and
mining, and increased consumption (e.g., poaching) due to human population growth (e.g.,
Johnson et al. 2006; Steinmetz et al. 2010).

There are many ways to assess population abundance, but often they are difficult to em-
ploy. For example, mark-recapture methods are impractical to apply in some protected land-
scapes due to expense, time, and imperfect detection. Direct counting using line transect
surveys (Buckland et al. 2001) is not always applicable due to the low density of target species
and habitat composition. In the Hukaung Valley of Myanmar, for example, dense vegetation
like rattan and bamboo brakes and other logistical constraints that limit the visual sighting of
species is a problem. Therefore, useful methods are those that are reliable and cost-effective
in producing reliable data needed for conservation. In some situations, indirect counting or
sign surveys, along with occupancy modeling (Linkie et al. 2006; Hines et al. 2010; Karanth
et al. 2011), is a practical approach, particularly for large-scale assessments.

Tiger occupancy is primarily influenced by the abundance of large prey species (Barber-
Meyer et al. 2013; Duangchantrasiri et al. 2019). Therefore, we used extensive sign surveys
to estimate the distribution and habitat occupancy of principal tiger prey species (gaur Bos
gaurus (C. H. Smith, 1827), sambar Rusa unicolor (Kerr, 1792), northern red muntjac Munti-
acus vaginalis (Boddaert, 1785), and wild pig Sus scrofa Linnaeus, 1758) in the Hukaung
Valley Wildlife Sanctuary (HVWS) in northern Myanmar, an area where tiger density seemed
low, and to assess potential tiger density (Karanth et al. 2004) (Adppendix 1-4).

Study area

The Hukaung Valley, surrounded by deep jungle and steep mountain ranges to the north,
west, and east, contains Myanmar’s largest expanse of tiger habitat, covering approximately
17,373 km? in the country’s northernmost state (~25°23"-27°23'N and 95°33"-97°18 E; Figure
1). The site ranges in elevation from 94 to 3,440 m and contains the watershed for the upper
Chindwin River which joins the mighty Irrawaddy River. The plains contain a mosaic of
broadleaf forest and grassland, the hill slopes are covered with broadleaf forest, and the moun-
tains consist of temperate broadleaf forest, coniferous forest, and shrubland (Lynam et al. 2009).
The study area is in the humid subtropical climate zone, having a mean annual rainfall of ap-
proximately 2,340 mm, and mean annual minimum and maximum temperatures of 18.8°C and
30.0°C, respectively. Myanmar’s climate is greatly influenced by monsoons which help define
three distinct seasons. The summer season runs from mid-February to mid-May, the rainy season
from mid-May to mid-October, and the winter season from mid-October to mid-February.

This study was conducted in the core area (~1,800 km?) located in the middle HVWS
(Figure 1). There is now no human settlement within this area except along the southern edge
on the Ledo Road, built by the alliance during World War II and which serves as the single
major transportation route for the community. Local people also use footpaths along ridges
and rivers to commute to their remote villages. There is no other man-made road except the
Ledo. Waterways are the second major transportation option.

Historically, the local people in the Hukaung Valley were primarily Kachin, Shan, Naga,
and Lisu tribes, indigenous people who rely mainly on shifting cultivation, non-wood forest
product collection, and subsistence hunting. In establishing the HVWS, the government
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recognized the existence of indigenous people because of the value of existing biological
and cultural diversity and to avoid undesirable issues for park management. However, com-
pared to other protected areas in Myanmar, the local population growth in the HVWS is
relatively low.

Materials and methods

An occupancy survey was carried out in the management-focused area of HVWS to es-
tablish a robust biological monitoring system to inform Hukaung Valley management deci-
sions concerning tiger and prey conservation. In conducting the survey, a modified cluster
sampling design was used (Hines et al. 2010) and followed Tigers Forever protocols (Karanth
etal. 2008, 2011; cf. Vongkhamheng et al. 2013). The Hukaung Valley landscape was divided
into 92 large blocks, each ~300 km? in size, to ensure encompassing the area of the largest
home range of an adult male tiger. Among them, 6 blocks fell in the core area (~1,800 km?).
Each block included 25 smaller sub-blocks (~13 km?), and then each of these was divided
into four equal grid cells (~3.25 km?) (Figure 2). Within each grid cell, there were nine sam-
pling destination points evenly spaced 600 m apart. The guideline for the survey specified
that each team had to pass through at least five destination points, including the middle point.
This survey design used 300 m of the survey line as a spatial replicate (Figure 3). The survey
team recorded presence and absence data based on fresh tracks, pellets, and direct sightings
of target species. However, in this study, only fresh footprints were used as presence-absence
data for data consistency and data freshness.

China
‘“ﬂ,g
Laos
~y
Aoy
S g/
&
5‘&
Thailand
@ Ranger station
- \Allage \:’ Protected areas
Ledo road A Major rivers
—— Rivers Y === |nternational boundary
[/ Core study area
[ Hukaung Valley Wildlife Sanctuary Andaman sea °*'
] T T T T T T ] z
0 15 30 60 km 0 175 350 700 km "3’

Figure 1. Location of Hukaung Valley Wildlife Sanctuary and Core study area (hatched) in Northern
Myanmar.
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Figure 2. Survey routes of the occupancy survey conducted during December 2007 — May 2008 in

the Core study area of the Hukaung Valley Wildlife Sanctuary of northern Myanmar.
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Figure 3. A sample survey route through 4 ~3.25 km? sub-grid cells (comprising 1 grid cell) searched

for tiger prey species.
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Data processing

During December 2007 and May 2008, presence-absence data (binary data) were col-
lected using the occupancy survey method in the 1,800-km? of HVWS. Within the study area,
554 out of 564 grid cells (each with ten 300-m replicates) were searched, and tracks, pellets,
and direct sightings were recorded. If the species of interest was present, it was counted as
“17; if it was not present (absence), it was counted as ‘0’ in every spatial replicate.

For our modeling, we included environmental variables such as land cover types (Arino
et al. 2012), elevation, slope, stream density, Euclidean distance to streams, mean monthly
temperature, and mean monthly precipitation (Hijmans et al. 2005; Table 1), all calculated at
the grid cell size. In addition, anthropogenic variables evaluated for prey occurrence and de-
tection probabilities included Euclidean distance to roads, trails, ranger stations, and villages.

Predictor data were obtained from various sources, including the Myanmar Forest De-
partment and Wildlife Conservation Society Myanmar Program, GlobCover 2009 ESA
(300-m resolution; land cover classified as 22 types defined with the United Nations Land
Cover Classification System), WorldClim (~21-km? resolution; mean monthly temperature
and precipitation) and the Digital Elevation Model (SRTM90 data; 90-m resolution from
USGS). Additional data from sign surveys were also used. Data collected on anthropogenic
and environmental factors were compiled as spatially explicit indices using ArcGIS 10.1
(ESRI, CA, USA).

Land cover types were extracted from the GlobCover 2009 via ArcGIS online using spa-
tial analyst extension ArcGIS 10.1 (Zonal statistics as a table) and classified as 12 types in
the core study area (Table 2). We then calculated the exact proportion of each land cover type
for each grid cell to assess the influence of each type on prey species occurrence. The mean
elevation and slope for each site were extracted from the Digital Elevation Model (SRTM90
data with 90-m resolution from USGS) using spatial analyst extension of ArcGIS 10.1 (Zonal
statistics as a table). Stream density was calculated using the field calculator in ArcMap in
order to know the length of stream per square kilometer for each grid cell. Euclidean distance
to the nearest stream was also calculated using spatial analysis extension of ArcGIS 10.1
(zonal statistics as a table). Euclidean distances to the road (located on the southern edge of
the Core study area), trails (which were used by local tribes, wildlife and patrol rangers), and
villages (located along the road) were calculated from the midpoints of site and spatial repli-

Table 1. Environmental and anthropogenic variables used in modeling prey distribution in the Core
study area of the Hukaung Valley Wildlife Sanctuary of northern Myanmar.

Cover types (habA-habL) 12 types (see Table 2)

Elevation (ele) Mean altitude [203-554 m]

Slope (slp) Mean slope [0°-33°]

Stream (stmD) Stream density [0-3,600m/km?]

Stream (stm) Euclidean distance to nearest stream [0-3,500 m]
Temperature (tem) Mean monthly temperature [14.7-26.1°C]

Precipitation (pres) Mean monthly precipitation [16-243 cm]

Trail (trl) Euclidean distance to nearest trail [0-14,000 m]

Road (road) Euclidean distance to nearest road [0-41,000 m]

Ranger station (rng) Euclidean distance to nearest ranger station [0-21,000 m]

Village (vlg) Euclidean distance to nearest village [0-42,000 m]
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cates using spatial analysis extension of ArcGIS 10.1 (zonal statistics as table). The location
of current ranger stations was plotted, and Euclidian distances were plotted to estimate vari-
ation in the potential effectiveness of protection (at each ranger station, there are 6 to 10 patrol
rangers, of which 3 to 6 make regular patrols in their specified zone). Using spatial analysis
extension of ArcGIS 10.1, we extracted the mean monthly temperature (°C) and precipitation
(cm) from WorldClim (Hijmans et al. 2005) because of the high month-to-month variation
(zonal statistics as a table).

Exploring data, building statistical models, and making inferences

Exploratory data analysis was done using program R (R 2.15.2, 2013). During data
screening, all variables were then standardized (z-scores standardization) to improve in-
terpretation. Predictor variables were tested for collinearity using the Pearson (r) correlation
coefficient. Logistic regression was used to develop a single-season occupancy model
(MacKenzie et al. 2002) for prey occupancy and detection data from sign survey. Each
species (i.e, gaur, sambar deer, barking deer, and wild pig) was modeled using two logit
functions: one for the probability distribution of occurrence (¥, ‘psi’), and the other for
the probability distribution of detection (p) contingent on occurrence. Program PRESENCE
6.2 (Hines 2006) was used for occupancy data analysis, and assumptions are as in MacKen-
zie et al. (2002).

Occupancy data analysis

For occupancy data analysis, we used the program PRESENCE (Version 6.2; Hines 2006).
We applied a standard occupancy (single season) model (MacKenzie et al. 2002, Hines et al.
2010), which is based on two key parameters: ‘site occupancy probability — V¥ (site level
species occurrence probability)’ and ‘detection probability — p (spatial replicate level species
detection probability of sites)’. We used Akaike Information Criteria (AIC) to compare and
select models (Burnham and Anderson 2002). The maximum likelihood estimates of the
model parameters were derived (MacKenzie et al. 2002, Hines 2006), and the top candidate
models were used to predict habitat occupancy of gaur, sambar, muntjac, and wild pig. The
results from the individual site occupancy estimates of the top candidate model was the real

Table 2. Abundance of land cover types in the Core study area of the Hukaung Valley Wildlife
Sanctuary of northern Myanmar. Habitat ID is the letter code used in modeling.

A Rain-fed croplands 0.58
B Mosaic croplands/vegetation 0.22
C Mosaic vegetation/croplands 0.24
D Closed-open broadleaved evergreen or semi-deciduous forest 78.91
E Closed broadleaved deciduous forest 0.53
F Open broadleaved deciduous forest 0.06
G Closed needle-leaved evergreen forest 0.79
H Closed-open mixed broadleaved and needle-leaved forest 1.14
I Mosaic forest-shrub/ grassland 0.17
J Closed to open shrub land 16.94
K Closed to open grassland >0.01
L Water bodies 0.43
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parameter estimate or the relative suitability of the site given the model predictions and was
used to create a habitat occupancy map of each species using ArcGIS 10.1 software (ESRI,
Redlands, CA, USA).

Results

In total, 1,651 km were walked and surveyed, and the detections of gaur, sambar, wild
pig and muntjac were 878, 2,086, 350, and 1,953, respectively (total surveyed = 5,503 spa-
tial replicates * 300 m). For guar and wild pig, we used the model with the lowest AIC de-
spite there being other competing top models, as the only change was the inclusion or
exclusion of a covariate for probability of detection, and our variables of interest, the PSI
covariates, did not change. Thus, based on the top candidate model result, the potential co-
variates comprising the best candidate model for gaur were distance to the village, eleva-
tion, distance to the trail, habitat H (Closed-open mixed broadleaved and needle-leaved
forest), habitat A (Rain-fed croplands), and distance to stream in site occupancy probability,
and distance to the village in species detection probability (Table 3). The naive occupancy
estimate was 0.5162 (Figure 4), and the best candidate model result showed that 76%
(SE=0.196) of the core study area could be occupied by gaur (Figure 5).

For sambar, factors included in the best candidate model were distance to the ranger sta-
tion, distance to the small trail, distance to stream, stream density, distance to road, elevation,
precipitation in site occupancy, and, for detection, distance to the small trail, distance to the
ranger station, distance to stream, mean monthly precipitation, elevation, distance to road,
and distance to the village (Table 3). The naive occupancy estimate was 0.7762 (Figure 4)
and, according to the best candidate model, sambar could occupy 91% (SE=0.03) of the core
study area (Figure 5).

The covariates that most affected the distribution of wild pigs (Table 3) were distance
to the ranger station, distance to the small trail, distance to stream at the site occupancy
and distance to the ranger station, distance to road, distance to the village, and distance
to trail. The naive occupancy estimate was 0.3195 (Figure 4) and according to the
best candidate model, the wild pig could occupy 57% (SE=0.003) of the core study area
(Figure 5).

Table 3. Naive occupancy estimate, site occupancy with standard error within brackets, positively and
negatively correlated influencing factors on site occupancy and species detection of gaur, sambar, wild
pig, and muntjac in the core study area of Hukaung Valley Wildlife Sanctuary of northern Myanmar by
using standard occupancy (single season) model (MacKenzie et al. 2002, Hines et al. 2010).

Gaur 0.5162  0.76 (0.196) Village (+), elevation (-), trail (-), Village (+)
HabH (-), HabA (+), stream (+)

Sambar 0.7762 091 (0.03)  Ranger (-), trail (-), stream (+), Trail (-), ranger (-), stream (+),
stream, density (+), road (+),  precipitation (-), elevation (-),

elevation (-), precipitation (-) road (-), village (+)
Wild pig 0.3195 0.57 (0.003) Ranger (-), trail (-), stream (+) Ranger (-), road (-), village (+),
trail (-)
Muntjac  0.7996  0.89 (0.001) Trail (-), village (+), ranger (-), P()

HabD (+)
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The major influencing factors on muntjac distribution (Table 3) were distance to the
small trail, distance to the village, distance to the ranger station, and habitat D (closed-
open broadleaved evergreen or semi-deciduous forest) in site occupancy probability. The
naive occupancy estimate was 0.7996 (Figure 4), and the model result showed that munt-
jac could occupy 89% (SE=0.001) of the core study area (Figure 5).
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Figure 4. Naive occupancy estimate of ungulates based on detection non-detection approach in the
core study area of the Hukaung Valley Wildlife Sanctuary in Northern Myanmar.
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Discussion

Where poaching is not a limiting factor, prey biomass plays a critical role in tiger popu-
lation viability (Karanth and Stith 1999). Based on reviews of tiger food habits (Hayward et
al. 2012), as many as ten potential tiger prey species occur in the HVWS. In this study, three
of the four tiger prey species most likely critical to tiger sustainability appeared to have rel-
atively high occupancy rates. Still, wild pig occupancy seemed low given that the reproductive
rate of wild pigs is the highest of any ungulate (Taylor et al. 1998), and they seem quite com-
mon wherever they occur.

Overall, tiger prey species occurrence was likely higher nearer ranger stations and trails
and farther from villages (Table 4). These findings are are not surprising; areas nearest to
ranger stations and trails commonly used by rangers patrolling for poachers likely have in-
creased survival value (e.g., Jenks et al. 2012). Similarly, higher occupancy of some species
in areas farther from villages and the main Ledo Road suggests that proximity to humans, in
general, has negative influences because of easier access for hunters and poachers (e.g., Kilgo
etal. 1998). Non-anthropogenic habitat factors were not identified as primary factors affecting
distribution, though occupancy seemed to increase farther from streams; perhaps streams
were used as travel ways by tigers avoiding humans, or even by poachers who avoid trails
and thick vegetation. Since most of the core area was comprised of only 2 of the 12 cover
types (closed to open mixed forest - 79%; closed to open shrub land - 17%), vegetation-
related variables in the models should likely be viewed with caution. We note that it is also
possible that open-mixed forest is critical to occupancy, but, given the lack of non-forested
areas, it was not possibly to detect that signal.

In general, we found tiger prey occupancy increased farther from villages, at lower
elevations, closer to trails and ranger stations, farther from streams and roads. Many of
these findings parallel those in other studies. For example, Simcharoen et al. (2014) re-
ported that in western Thailand sambar abundance was negatively associated with dis-
tance to the largest river in the study area, elevation, and the amount of dry deciduous
dipterocarp forest cover and positively associated with relatively flat areas of river val-
leys. Jornburom et al. (2020) found that habitat use by both gaur and sambar was lowest
in locations closest to human settlements, while gaur preferred steeper slopes at higher

Table 4. Summary of variable effects on modeling tiger prey distribution in the Core area of the
Hukaung Valley Wildlife Sanctuary of northern Myanmar. Asterisk (*) indicates top ranked variable
in the best model for the species.

Distance to ranger station (-)* (-)* Q)

Distance to trail ) ) (-)* )
Distance to village (6] (H*
Distance to stream (+) +) )
Stream density )

Distance to road )

Elevation ) )
Precipitation )

Closed-open mixed broadleaved ()

Semi deciduous forest )

Rain-fed cropland &)
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elevations and sambar preferred lower slopes near streams. In an adjacent area of western
Thailand, Phumanee et al. (2020) found gaur habitat use was most strongly influenced
by proximity to saltlicks, sambar occupancy decreased from saltlicks and at higher ele-
vations, wild pig occupancy was lower near villages, higher near saltlicks, and higher
towards denser forest over more open habitats (from NDVI), and muntjac differed from
the other ungulates in that none of the variables measured were statistically significant
in predicting occurrence. In another adjacent area of western Thailand, Suksavate et al.
(2022) reported that occupancy by gaur was most influenced by distance to the closest
patrol path and road. Sambar was more likely occupying areas far from a reservoir, at a
lower elevation, and in more open habitats, muntjac was less likely to occupy sites where
humans were more common, and wild pigs occupied more areas away from roads and
the reservoir. In the Western Ghats, India, gaur group density increased with larger avail-
able habitat and lower occurrence of livestock, sambar group density increased with
higher mean slope and lower occurrence of livestock, and no variable could reliably ex-
plain wild pig group density (Punjabi and Rao 2017).

Tiger prey species appeared to occupy much of the study area and seem well distributed,
especially in comparison (Table 5) with a very similar study in Lao PDR, where occupancy
rates were also high (Vongkhamheng et al. 2013). However, similar to our study area, tiger
abundance was very low there, making us wonder if high prey occupancy was equivalent to
high prey abundance. In Nepal, Thapa and Kelly (2017) reported high prey occupancy and
high tiger habitat use.

For comparative indices of prey abundance among areas with high and low tiger
abundance, we examined data collected from camera-trap surveys in several areas with
similar prey assemblages (Table 6). The results suggest that prey abundances and tiger
abundance were positively related, except where tigers were known to have been elimi-
nated through hunting. This also indicated that prey abundance in our study area was
very low and likely unable to support many tigers. In fact, during the previous ten years,
it appeared that both tigers and their prey had diminished substantially in our area (Naing
et al. 2015), perhaps because of increased poaching after 2004 that seemed to correspond
with large increases in the human population related to increased mining and agricultural
developments.

Table 5. A comparison of modeled probability of site occupancy of tiger prey species from sign
surveys and camera trap surveys in Southeast Asia.

Muntjac 0.89 0.98 ns? ~0.68 0.77
Wild pig 0.57 0.93 ns* 0.59-0.80 0.29
Sambar 0.91 0.64 0.50 ~0.25 0.31
Gaur 0.76 0.07 0.28 ~0.20 0.29
Serow (Capricornis milneedwardsii) ns* 0.43 ns* ns? ns?
Banteng (Bos javanicus) ns? ns? 0.56 ns? 0.10

“Rare or not present in the area and thus not surveyed, or present but not surveyed.
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Conclusions

Management recommendations and future research

The management plan of Hukaung Valley Wildlife Sanctuary should be modified based
on the habitat occupancy and detection probabilities of the principal tiger prey species we
studied. The key positive influencing factors on species occurrence should be considered
when strengthening future monitoring programs. In the Huakang Valley, sambar deer are
eaten by local people in the area, and also sold to workers at the gold mines and in the con-
cessions. Population reductions in sambar deer have been reported by groups that discussed
their population trends (Papworth et al. 2017). Given this, ranger patrols should be increased
(cf. Jenks et al. 2012), even if the number of ranger stations cannot be increased in the short
term. The negative drivers of prey occupancy should be considered in planning strategic
patrol station expansion, which should be increased at least double in the core study area.

For the long term, habitat management plans should be implemented, and based on the
current baseline data related to biological and threat monitoring programs, future research
should include a suitability analysis for new ranger stations, the interaction/conflict between
livestock and wildlife (for example, wild pig and rain-fed cropland), the spatial quantity of
domestic grazing, and human settlement and population growth in terms of both local people
and itinerants in the Hukaung Valley. The role of the world-famous Ledo road should not be
underestimated because it will probably be a critical East-West economic corridor for southern
Asia, particularly between Myanmar’s two giant neighbors, China and India.

To respond to probable impacts of climate change, a sustainable wildlife corridor and net-
work system should be planned for. Fortunately, the Hukaung Valley Wildlife Sanctuary is
well connected with three other wildlife sanctuaries and a national park under the Northern
Forest Complex of Myanmar: Bum Hpabom Wildlife Sanctuary in the east, Hponkanrazi
Wildlife Sanctuary, and Hkakaborazi National Park in the northeast. The last two are snow-
capped mountain ranges linked to the Himalayan mountain ranges (Figure 1). In the lower
part of Hukaung Valley is Htamanthi Wildlife Sanctuary, a tiger conservation protected area.
Maintaining connectivity among these areas will assure a variety of habitats for wildlife into
the future and, with adequate protection, may ensure viable tiger populations, as well.

Table 6. A comparison of photographic rate (photos per 100 trap nights) of tigers and prey species
from camera trap surveys in Southeast Asia.

Tiger 0.5 <0.1 - 1.5 34 4.4 ---d <1.0 0.9 2.4
Muntjac 6.8 3.8 18.1 22.7 13.2 18.8 3.6 8.1 6.7 25.0
Wild pig 1.3 0.8 10.7 35 7.3 2.1 3.8 8.8 4.2 6.8
Sambar 2.6 0.9 - 10.0 9.8 15.8 0.3 4.8 <0.1 3.1
Gaur 0.3 0.8 ---b 1.2 1.8 22y 04 1.1 0.15  0.25
Serow <0.1 0.0 5.1 0.2 --d ---d -4 --d 0.1 --d

“Extirpated, "likely present but none recorded; value for banteng; ‘rare or not present.
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