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The wildlife population is an important part of the forest ecosystem and plays a crucial role in maintaining ecosystem health and
integrity. In many grassland ecosystems, wild herbivores face substantial competition for space and resource use from livestock
over grazing resources. Livestock and ungulates have shared a large portion of the Terai forest resources for decades, but little
information has been explored about the influence of livestock on the grassland ecosystems of the protected areas of the Terai
region of Nepal. We assessed the impact of livestock grazing on wild ungulate habitat in the Khata Corridor, Bardiya, Nepal. We
used direct field observation, key informant interview (n = 10), focus group discussion (n=5), and a questionnaire survey with
local households to study the seasonal occurrence of wild ungulates in multiple habitats, livestock rearing practices, stocking
density, and resource use by domestic livestock in and around the forest land of villages located in the Khata Corridor, Bardiya,
Nepal. We followed livestock herds from the early morning to their return for consecutive days in each sample village to estimate
the grazing circuits. We individually recorded a total number of grazing cattle in five different habitats while following the cattle
grazing path by direct and indirect observation. Morisita’s index was used to evaluate the habitat overlap between domestic
livestock and wild ungulates. The domestic cattle had a higher habitat overlap and effective stocking density in winter than wild
ungulates in summer in the corridor forest. Lower availability of forage around the village led to the concerted effort of grazing in
the forest, increasing the higher effective stocking density in winter, leading to the competition with wild ungulates. However, the
carrying capacity is highly unevenly observed across the region, and overgrazing is found in many areas of the forest corridor. We
recommend the development of comprehensive wildlife livestock grazing strategies for planning sustainable livestock farming and
for important wildlife areas to maintain long-term landscape connectivity to protect migrating endangered wild species.

1. Introduction

Grazing by livestock has been an emerging threat to
protected areas[1]. Forest lands are an important resource
base for the livelihood of people living around the protected
areas and wildlife corridors, as they are the sources of
revenue for the state as well. Livestock shares food re-
sources with wild ungulates in high-density forests [1-3].
Mainly, species diversity and productivity are maintained
by livestock and wildlife grazing in many highland pastures

[4-6]. Rangeland species, diversity, and richness could be
strongly influenced by grazing, but grazing impacts are
totally variable and likely to be intricated by range man-
agement practices, individual species responses, and abiotic
factors such as soil characteristics and light availability
[7, 8]. Maintenance of biodiversity is strongly influenced by
the maintenance of grasslands [9-13]. Ungulates play
a vital role in the sustenance of higher trophic levels in an
ecosystem. It was found that the quality and quantity of
food as well as foraging opportunities greatly influence
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habitat selection [11, 14-18]. Extensive livestock grazing
poses a potential threat to the conservation of sensitive
native species, which can cause their extinction and reduce
species richness in native pasturelands [19-21]. Livestock
grazing has reduced the available forage and important
habitat qualities needed by wild ungulates by altering the
structure and composition [18, 20]. Conflicts between
wildlife and domestic livestock are increasing in many areas
[18]. There has been an overlap in the dietary niche between
wild and domestic ungulates [2, 18, 19] and consequent
impact on wild ungulates [1, 3]. Species struggles occur
when the amount of resource for a species gets reduced due
to use by another [1, 18], rather than by directly averting
each other from resources access. Research and findings on
livestock grazing and the perception of livestock grazing
practices by locals in the study area will help further
conservation strategies and grassland management prac-
tices. Therefore, our study aimed to assess (a) livestock
rearing practises, (b) cattle foraging paths and stocking
densities, investigate livestock killed by wild animals, and
(c) habitat overlap among wild and domestic ungulates in
the Khata Corridor.

2. Materials and Methods

The study was carried out in three community forests
(Shiva Community Forest (CF), Gauri Maila CF, and
Ganesh Punersenia CF of the Khata Corridor) 28°18'30"N
to 28°27'30"N and 81°10'30"E to 81°18'30"E, as well as an
area 11-12 km long and 8 km wide [22, 23] is a forest of the
Terai Arc Landscape (TAL), Bardiya district, Lumbini
Province, Nepal (Figure 1). The area covered by the cor-
ridor is 9,250.32 hectares, which is almost 24.51% of the
total area of Bardiya district (2,025 km?), with an effective
forest area of 31.86 km? [23-25]. The corridor has a de-
graded buffer zone and community forest (65 km?) due to
livestock grazing, excessive tree felling [23], land clearing,
and human settlement degrading most of the forest, scrub
grassland, and wildlife [23]. Due to the large biological
diversity of the Khata Corridor forest, the growing density
of the human population, increasing anthropogenic
pressure on the natural habitats, and its relatively easy
accessibility, it is a suitable area to study these problems.
The corridor is habitat for different endangered animals
such as tigers [23, 25-27], rhinos [27], and elephants, and
provides connectivity between the Bardiya National Park
(Nepal) and Katarniaghat Wildlife Sanctuary (India), along
with many wild ungulates. The Khata Corridor forest has
been degraded and deforested for settlement and agri-
culture, to obtain materials for building construction, and
to collect firewood and fodder [28, 29]. In addition, the
forest lands of Nepal are of two types of ownership, i.e.,
national forest and private forest. Government forests are
of six types, i.e., government-managed forest, forest pro-
tection area, community forest, leasehold forest, religious
forest, and partnership forest [30]. Khata Corridor is under
the forest protection area that is managed by the local
communities, and the forests have been opened for the
grazing of livestock.
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2.1. Data Collection and Analysis. Direct field observation
and key informant interviews (n = 10) were carried out with
people related to community forest such as the president of
CF and staff of national park. A focus group discussion
(n=5) was conducted with mostly herders (female groups
herding, old-aged people, and youths), and questionnaire
surveys with local households were carried out to know the
seasonal occurrence of wild ungulates in multiple habitats,
livestock herding practices, stock density, and resource use
by domestic livestock in and around forest land situated in
the Khata Corridor. From the key informant survey, we
selected three community forests (Shiva CF, Gauri Maila CF,
and Ganesh Punersenia CF) that had high grazing areas for
this study. Secondary data were collected from articles
gathered through online portals [31, 32].

2.2. Cattle Foraging Path and Stocking Density. For the cattle
foraging path, at least one herd was randomly selected in
each selected CFUG per day to identify the foraging path of
the respective CFUG, and the herd movement was mapped
through the use of Global Positioning System (GPS) unit.
The foraging paths of cattle were extracted and overlaid on
high-resolution georectified images downloaded from
Google Earth to look over the cattle’s movements and ac-
tivities in the intensive study area. The total distance trav-
elled per day indicated the length of the foraging path. The
stocking density of cattle was calculated based on the average
foraging area and total forest-dwelling cattle. When fol-
lowing the cattle herd, their food preference was directly
observed and recorded.

2.3. Habitat Overlaps between Wild and Domestic Ungulates.
For habitat overlap assessment, the herd of cattle was traced
from morning to evening and investigated the habitat use by
cattle. Different parameters such as herd size, vegetation and
habitat characteristics, and microhabitats were also recorded
for habitat use analysis. Habitat use of wild ungulates was
shaded by searching their evidence (direct/indirect). To
confirm the presence of wild ungulates, animal sightings and
signs such as pellets, footprints, and hair were recorded. In
total, five herds were followed in five different habitats of
each selected CFUG. The Morisita index was used to find the
overlap between the different pair of species [33]. The index
values ranged from 0 to 1. Zero represents no overlap,
whereas 1 represents maximum overlap and three levels of
overlap [34, 35] such as high overlap (>0.80), moderate
overlap (0.40-0.80), and low overlap <0.40) were used.

_ 2Y7pij*Pix
37 (my = 1INy = 1) + X pa(m; = 1)/(N; - 1)

where ¢ = Morisita index of niche overlap between species j
and k, pij = proportion resource i of the total resources used
by species j, pik = proportion resource i of the total resources
used by species k, nij =number of individuals of species j
that use resource category I, nik = number of individuals of
species k that use resource category I, and N j = total number
of individuals of each species in sample.

(1)
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FiGUure 1: Map of Nepal showing the study location in Bardiya district.

3. Results

3.1. Livestock Rearing Practices in Different Seasons. Most of
the households were found grazing their livestock during
dry summer (60%) and winter (73.3%) than in monsoon
(23.3%), whereas stall feeding was mostly practiced
during monsoon (16.7%) than in dry summer (13.3%)
and winter (6.7%) due to the adequate availability of
agricultural residue, fodder, and grass from agriculture
and forest land (Figure 2). Both grazing and stall feeding
are highly practiced during the monsoon (60%). In the
study site, major livestock reared by the households are
goats (37.15%) followed by sheep (33.06%), cattle
(17.84%), and buffalo (11.94%). Among these, livestock,
goats, and sheep are mostly taken to forest land for
grazing.

According to the interview with respondents, most
people in three different seasons take their livestock to
forest land than agriculture fallow land or communal land,
since the respondent lacks private and communal land and
the forest is a common resource with the availability of
preferable food for livestock (Figure 3). In Gauri Maila CF
study site, the forest area has been restricted to livestock
grazing, so most of the people are found taking their
livestock for agriculture fallow land. However, the other
two CFs, i.e., Ganesh and Shiva, are opened, and cattle are
freely allowed to graze inside the forest. Grazing is higher in
the forest areas on the periphery of the village than inside
the core forest area because of the risk of predation by tigers
and leopards.

3.2. Response of People towards Grazing inside the Corridor
Forest. Most people, 93.33%, responded by taking their
cattle to graze in the forest, and 6.67% denied taking their
cattle to the forest (Figure 4). Of the response from the
people, most of them responded that they allowed free
grazing of the livestock inside the forest during the dry
winter and summer season (> eight months a year).

3.3. Perception of People towards Major Conservation Issues
and Livestock Grazing in Wildlife in the Corridor. About 57%
of the people interviewed mentioned grazing as the major
problem of the Khata Corridor (Figure 5(a)). People do not
have their own grazing land and depend on the forest areas
for grazing their cattle. Of the people interviewed, 50%
identified high disturbance as one of the major problems for
the wildlife in the corridor. It shows that most of the re-
spondents were aware of the effects of grazing on wildlife but
still allowed their livestock to graze directly on forest land
due to insufficient agricultural and private land. Disease
transmission (17%) has also been one of the major problems
for both wild and domestic ungulates coexisting in over-
grazing conflict in the landscape (Figure 5(b)).

3.4. Livestock Killed by Wild Animals. Most of the livestock
have been killed by wildlife while grazing in the forest area
and are also attacked inside their sheds. As per the response
of the respondent, the major number of goats (24) has been
killed, followed by sheep (15), buffalo (2), and cattle (8) since
the last two years (Figure 6).
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3.5. Cattle Foraging Path and Effective Stocking Den. A total
of (winter: n=412; summer: n=297) individual cattle were
found grazing largely in the forest land in three villages. The

maximum number of livestock entering the forest for grazing
was from village Ganesh Punersenia (172 individuals) and
the minimum was from Gauri (101 individuals) during
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winter. However, the maximum was from Shiva (125 in-
dividuals) and the minimum was from Gauri (81 individuals)
during the summer season. The number of livestock grazing
was found more in available agricultural and private land
because of the adequate availability of foraging resources
during the summer season. The effective stocking density of
cattle during winter 2019 ranges from winter: min 34.58 to
max 56.39 per ha.; summer: min 44.02 to max 54.49 per ha. in
the sampled corridor forest. The effective stocking densities
for both seasons were similar to each other, despite slight
changes in effective grazing area. On the contrary, the ef-
fective area used by cattle for grazing during summer was
significantly less than the number of cattle in the forest.
Therefore, the resulting effective stocking density is very low.
During winter, herders grazed their cattle on forest land from

early in the morning to late in the evening, leaving them there
freely for the whole day. During winter, herders used to take
their cattle for grazing on forest land from early morning to
late evening, leaving the cattle to graze freely for the whole
day. Unlike the winter season, herders take their cattle to
directly graze on the forest land early in the morning, i.e.,
around 6:00 am, and return back to their shed at 10:00 am
during the summer season. Again, take them in the evening
at 4:30 pm when the temperature relatively falls and returns
back at 7:00 pm.

An effective grazing area has been selected where the
maximum number of cattle can be found, that is, the pe-
riphery of the village, the habitat where the maximum
amount of preferable food resources for cattle is present,
around the water hole, the wetland, and the place where the



fear of predators is least. During summer, two grazing routes
were formed in Shiva CF (Figure 7), where herders grazed
their cattle in both riverine and mixed forest in the morning
and evening, respectively; however, only one route in mixed
forest was used for grazing in winter, while herders used two
grazing routes (i.e., riverine forest and woody grassland)
during both summer and winter seasons in Ganesh
Punersenia CF. The cattle were taken to both short grassland
and agricultural fallow land during winter due to the in-
sufficient availability of palatable grass species in agricultural
fallow land.

During our field visit in Gauri Maila CF, we also ob-
served a high number of wild ungulate signs in the restricted
areas of the CF. Similarly, we observed during summer that
herders in Gauri Maila CF used only one route to agri-
cultural fallow land due to the availability of adequate grass
species which was comparatively higher than that of winter
and cattle were not grazed on short grassland, since the
number of cattle grazing directly in forest land was lower
(Figure 8). Unlike in winter, herders take their cattle to graze
directly on forest land early in the morning between 6:
00-10:000 and 16:30-19:00 in the evening.

3.6. Habitat Overlap Using Morisita’s Index. The study site is
primarily a human-dominated landscape with mosaics of
agricultural fields, habitation, roads, forests, and rivers. We
observed maximum habitat usage by wild herbivores
(spotted deer, wild boar, one-horned rhinoceros, Asian el-
ephants, and other herbivores) in short grassland and riv-
erine forests, where direct/indirect evidence of wild
ungulates was recorded, following the cattle foraging path
during winter. The study showed that the wild ungulates in
short grassland and riverine forests; however, livestock was
most abundant in mixed forests. Comparison between
habitats used by cattle and wild ungulates showed that wild
ungulates were most frequently encountered in short
grassland and riverine forests (29.63%) and least in mixed
forest (7.41%). However, the habitat used by livestock was
maximum in mixed forest (27.20%) and minimum in short
grassland (8.27%) (Figure 9). Likewise, the wild ungulates
were maximum encountered in riverine forest A (36.84%)
and minimum in riverine forest B (5.26%) during the
summer season. However, the habitat used by livestock was
maximum in riverine forest B (28.62%) and minimum in
riverine forest A (11.45%).

The observation on the food habits of cattle included
varieties of grasses, herbs, shrubs, leaves, flowers, and fruits
of trees. However, due to the intense food scarcity, we
observed cattle feeding on some weeds such as Lantana
camera and Parthenium spp.

3.7. Discussion. Our study suggests that during summer,
the number of livestock grazing directly in forest land is
comparatively less than during winter, where most of them
were found to be grazing on agricultural and private land
available due to adequate availability of food resources
during summer. Firewood, fire, grass, and fodder collection
have been recognized as the major conservation problems,
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and grazing has been recognized as the highest disturbing
factor in the Khata Corridor. Overgrazing was recognized
as one of the potential threats for wild ungulates in the
corridor forest. This could be attributed to the high forest
dependency of people and livestock rearing as their major
subsistence of living. Uncontrolled and heavy grazing by
cattle causes deterioration, decreases preferred plant
availability [1, 3, 5, 7, 17, 36], increases food overlap in
winter and early spring, and has undesirable effects on
native herbivores [2, 36, 37]. The effective stocking density
for winter is higher than that of the summer season due to
the large number of cattle-dwelling in forest land. There has
been a low availability of forage around the villages, leading
to a concerted effort to graze in the forest, increasing the
higher effective stocking density. An increase in stock
density results in more grazing pressure on land, affecting
the carrying capacity of forest land [18]. Here, the question
that remains to be answered is whether the resource
available in the study area of the Khata Corridor is adequate
or in limited condition for sympatric wild ungulates. Our
research pinpoints the moderate level of habitat overlap
between domestic livestock and wild ungulates during
winter (0.8) and summer season (0.79). An increased
overlap was found during winter as all livestock were taken
only in the forest corridor, putting substantial pressure on
their wild counterparts. However, the villagers took cattle
on agricultural and private land as there was availability of
forage during the summer season reducing cattle grazing
directly into forest. Thill [38] also found that white-tailed
deer and cattle foraged materials at forest sites with the
greatest overlap during the winter and spring seasons. The
authors in [39] found the greatest overlap (60%) in winter
and spring under inadequate forage conditions, resulting
from rapid heavy stocking treatment. Our research study
also showed that there were 49 cases of livestock killed
inside forests of which goats (24) and sheep (15) were the
highest in the past two years, contributing to the diet of
predators in the corridor and reducing the pressure on the
wild ungulates to some extent. Li et al. [40] emphasized that
the competition between domestic livestock and wild
ungulates was the reason for the limited population growth
of predators, hence advocating strict grazing controls. The
existing levels of grazing by livestock appear to limit the
resources for wild herbivores; the reduction and exclusion
of their density from grazed areas put them at risk of
stochastic extinction [18, 41, 42]. Wild ungulates were
found to use the community forest, which is restricted for
open grazing; however, they avoided community forest use,
where livestock has a fair share of grazing. According to
[43, 44], the negative responses of cervids are due to
overgrazing, heavy cattle intensity, particularly at high
stocking rates and with low rainfall, and A/C interference
competition, where deer respond with the presence of
livestock rather immediate changes in forage quantity or
quality a/c social intolerance. Wild ungulates were found
more in short grassland and riverine forest, with the least in
mixed forest, which was used maximum by domestic
livestock. Previous study conducted by [9] in Barandabhar
corridor of Chitwan National Park explored that species
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FIGURE 7: Daily foraging path of cattle in three selected CF during both winter and summer season in the Khata Corridor, Bardiya district.

composition and community structure are significantly
differed on grazed areas. Grazing also affects the species
composition, and this ultimately affects wild herbivores
which increase the competition between wild and domestic
grazing animals. Some studies have reported that wild
ungulates avoid areas grazed and used by cattle
[18, 37, 45-47]. The authors in [48-50] showed less mule
deer and less pellet groups in the grazed areas. Li et al. [40]
revealed decreased habitat use or spatial avoidance by all
species studied in response to cattle grazing, which sup-
ports our hypothesis that cattle grazing has a negative effect

on sympatric medium and large-sized herbivores. The
observation on the food habits of cattle includes a wide
variety of grasses, herbs, shrubs, leaves, flowers, and fruit of
trees. However, due to intense food scarcity, we observed
them feeding on some weeds like Lantana camera and
Parthenium spp. However, it is not possible to draw
a definitive conclusion about the interspecific competition
between livestock and wild ungulates from these few data.
To protect forest land with an abundance of wild ungulates,
overgrazing of livestock is needed to be reduced by
establishing a public fodder land area for the villagers.
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4. Conclusion

Our research suggests the severe impact of domestic live-
stock in the Khata Corridor forest on the wild ungulates. We
observed wild ungulates avoiding the area grazed by do-
mestic livestock, as evidenced by from field observations,
and we need to advocate for the development of more
standard methods that can be repeated and compared across
studies. The possibility of high spatial habitat overlap was
found in the month of winter when forage availability was
scarce. The management of grasslands through moderate
grazing practices is also a major topic of controversy due to
inadequate knowledge and information. The increasing level
of grazing inside forest land has resulted in the decreasing of
palatable species of wild ungulates and gradual replacement
of their habitat by livestock. The biodiversity of the Khata
Corridor forest must be maintained to sustain the ecological
balance. The overgrazing of livestock must be reduced to
protect forest land against abundant wild herbivores by
establishing public pasturelands for the villagers. Develop-
ment of a comprehensive wildlife livestock grazing frame-
work for planning sustainable livestock farming and for
important wildlife areas to maintain long-term landscape
connectivity is to protect migrating endangered wild species.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Ethical Approval

This research has been conducted by following all the
Mammalia guidelines on ethical standards, followed the
standards of the Social Research Association, and was
reviewed and approved by the Ethics Committee of the
Kathmandu Forestry College, Tribhuvan University, Nepal.
The Ministry of the Forest and Environment, DNPWC, and
the Bardia National Park authorities in Nepal granted
permission to conduct this research, which complied with all
legal requirements for research within the country. Re-
searchers harmonized and conducted the data collection in
collaboration with herders. This study does not involve any
animal experiments or operations.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Acknowledgments

The authors acknowledge DNPWC for permission, IoF for
library facility, Office of Bardia National Park for field
support, and Field staffs and Saroj Panthi, Ministry of In-
dustry, Tourism, Forest, and Environment, for reviewing the
manuscript before submission. This research was funded by
Hariyo Ban, WWF Nepal.

References

[1] N. Sasmita, J. Jena, and C. Dave, “Impact of cattle grazing on

wild ungulate habitat in Kanha-Pench corridor, Madhya

Pradesh,” World Journal of Zoology, vol. 8, no. 4, pp. 354-365,

2013.

K. Ollerer, A. Varga, K. Kirby et al., “Beyond the obvious

impact of domestic livestock grazing on temperate forest

vegetation-A global review,” Biological Conservation, vol. 237,

pp. 209-219, 2019.

[3] L. C. Spalinger, A. G. Haynes, M. Schutz, and A. C. Risch,
“Impact of wild ungulate grazing on Orthoptera abundance
and diversity in subalpine grasslands,” Insect Conservation
and Diversity, vol. 5, no. 6, pp. 444-452, 2012.

[4] C. Carpenter and J. Klein, “Plant species diversity in relation
to grazing pressure in three alpine pastures, Shey Phoksumdo
National Parks, Dolpa District Nepal. Field Report,” Wildlife
Studies Program, San Francisco State University, California,
CA, USA, 1995.

[5] A. Pokharel, “Grazing effects on species composition in
rangelands of upper mustang, Nepal,” Our Nature, vol. 3,
no. 1, pp. 69-76, 1970.

[6] A. Pokharel, M. Chhetri, and C. P. Upadhyaya, “Effects of
grazing on plant species diversity and above ground biomass
in a Trans-Himalayan Rangeland,” Banko Janakari, vol. 17,
no. 1, pp. 25-31, 1970.

[7] H. D. Safford and S. P. Harrison, “Grazing and substrate

interact to affect native vs. exotic diversity in roadside

grasslands,” Ecological Applications, vol. 11, no. 4, pp. 1112-

1122, 2001.

M. Sharafatmandrad, A. Sepehry, and H. Barani, Plant Species

and Functional Types’Diversity in Relation to Grazing in Arid

and Semi-Arid Rangelands, Khabr National Park, Iran, 2014.

[9] B. P. Bhattarai and P. Kindlmann, “Interactions between
Bengal tiger (Panthera tigris) and leopard (Panthera pardus):
implications for their conservation,” Biodiversity ¢~ Conser-
vation, vol. 21, no. 8, pp- 2075-2094, 2012.

[10] L. D. Lambourn, H. Hartnet, and A. Houston Devol, Pore-
water Data from the Washington Shelf and Slope: Cruise
WE9407B of the R/V Wecoma, School of Oceanography,
University of Washington, Washingdon, DC, USA, 1996.

[11] S.]J. McNaughton, “Compensatory plant growth as a response
to herbivory,” Oikos, vol. 40, no. 3, pp. 329-336, 1983.

[12] S.]. McNaughton and J. L. Tarrants, “Grass leaf silicification:
natural selection for an inducible defense against herbivores,”
Proceedings of the National Academy of Sciences, vol. 80, no. 3,
pp. 790-791, 1983.

[13] P. K. Paudel, B. Prasad Bhattarai, and Pavel Kindlmann, “An
overview of the biodiversity in Nepal,” Himalayan Bio-
diversity in the Changing World, pp. 1-40, 2012.

[14] S. K. Davis, D. C. Duncan, and M. Skeel, “Distribution and
habitat associations of three endemic grassland songbirds in
southern Saskatchewan,” The Wilson Bulletin, vol. 111, no. 3,
pp. 389-396, 1999.

[15] P. Duncan, T. J. Foose, I. J. Gordon, C. G. Gakahu, and
M. Lloyd, “Comparative nutrient extraction from forages by
grazing bovids and equids: a test of the nutritional model of
equid/bovid competition and coexistence,” Oecologia, vol. 84,
no. 3, pp. 411-418, 1990.

[16] H. Marshall, N. J. Collar, A. C. Lees, A. Moss, P. Yuda, and
S. J. Marsden, “Spatio-temporal dynamics of consumer

[2

[8



10

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

demand driving the Asian Songbird Crisis,” Biological Con-
servation, vol. 241, Article ID 108237, 2020.

M. Ausden, “The effects of cattle grazing on tall-herb fen
vegetation and molluscs,” Biological Conservation, vol. 122,
no. 2, pp. 317-326, 2005.

Y. Ren, Y. Zhu, D. Baldan et al., “Optimizing livestock car-
rying capacity for wild ungulate-livestock coexistence in
a Qinghai-Tibet Plateau grassland,” Scientific Reports, vol. 11,
no. 1, pp. 3635-3638, 2021.

T. G. Martin and S. McIntyre, “Impacts of livestock grazing
and tree clearing on birds of woodland and riparian habitats,”
Conservation Biology, vol. 21, no. 2, pp. 504-514, 2007.

T. McIntyre, M. N. Bester, H. Bornemann, C. A. Tosh, and
P. N. De Bruyn, “Slow to change? Individual fidelity to three-
dimensional foraging habitats in southern elephant seals,
Mirounga leonina,” Animal Behaviour, vol. 127, pp. 91-99,
2017.

T. McIntyre, H. Bornemann, J. Plotz, C. A. Tosh, and
M. N. Bester, “Water column use and forage strategies of
female southern elephant seals from Marion Island,” Marine
Biology, vol. 158, no. 9, pp. 2125-2139, 2011.

M. Chetri, M. Odden, O. Devineau, and P. Wegge, “Patterns
of livestock depredation by snow leopards and other large
carnivores in the Central Himalayas, Nepal,” Global Ecology
and Conservation, vol. 17, Article ID 00536, 2019.

P. Wegge, S. K. Yadav, and B. R. Lamichhane, “Are corridors
good for tigers Panthera tigris but bad for people? An as-
sessment of the Khata corridor in lowland Nepal,” Oryx,
vol. 52, no. 1, pp. 35-45, 2018.

U. K. Chaudhari, G. Kafle, and H. S. Baral, “Avifaunal di-
versity of khata corridor forest,” Journal of Wetlands Ecology,
pp. 48-56, 2009.

A. Nagarkoti, A Comparative Study of Abundance of Tiger
Prey Base in Bardia-Katarniaghat (Khata) Corridor and
South-West Corner of Bardia National Park, Nepal, Norwe-
gian University of Life Sciences, Trondheim, Norway, 2012.
N. P. Ghimire, B. B. Shrestha, P. K. Jha, and G. Caravello,
“Metals assessments in the water bodies of sagarmatha na-
tional Park and buffer zone, Nepal,” Journal of Water Resource
and Protection, vol. 06, no. 02, pp. 68-74, 2014.

Gurung and B. Bhim, Mapping the Meta-Population Structure
of Tigers throughout Nepal by Establishing a Tiger Monitoring
Network of “Village Rangers”, University of Minnesota,
Minneapolis, Minnesota, 2003.

K. P. Acharya, Conservation Conflict in Nepal: An Exami-
nation of the Pattern and Ecological Dimension of Human-
Wildlife Conflict and Wildlife Conservation, Faculty of
Mathematics,Informatics and Natural Sciences Department
of Biology Universitit Hamburg, Hamburg, Germany, 2018.
Chaudhary, P. Ram, and K. S. Chandra, “CHURE-TARAI
madhesh landscape, Nepal from biodiversity research per-
spective,” Plant Archives, vol. 19, no. 2, pp. 351-359, 2019.
GoN, Forest Act. Kathmandu, Nepal: Government of Nepal,
Ministry of Forests and Environment, Department of Forests
and Environment, 2019.

A. Joshi, M. Vinay, and P. Bhaskar, “Impact of coronavirus
pandemic on the Indian education sector: perspectives of
teachers on online teaching and assessments,” Interactive
Technology and Smart Education, vol. 18, 2020.

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

(41]

(42]

(43]

(44]

(45]

(46]

(47]

International Journal of Forestry Research

O. Joshi, B. Chapagain, G. Kharel, N. C. Poudyal,
B. D. Murray, and S. R. Mehmood, “Benefits and challenges of
online instruction in agriculture and natural resource edu-
cation,” Interactive Learning Environments, vol. 30, no. 8,
pp. 1402-1413, 2020.

C. J. Krebs, Ecological Methodology, Springer, Berlin, Ger-
many, 1999.

S. M. Czetwertynski and S. J. Thomas, “Appendix C: winter
habitat overlap by moose (Alces americanus) and reintro-
duced Bison (Bison bison) in southwestern yukon, Canada,”
Niche Overlap and the Potential for Competition Between
Reintroduced Bison and Other Ungulates in Southwestern
Yukon, USGS, Asheville, NC, USA, 2013.

T. S. Jung, M. Sophie, and Czetwertynski, “Niche overlap and
the potential for competition between reintroduced bison and
other ungulates in southwestern Yukon,” Yukon Fiah and
Wildlife Branch report, pp. 13-15, 2013.

N. A. Chaikina and K. E. Ruckstuhl, “The effect of cattle
grazing on native ungulates: the good, the bad, and the ugly,”
Rangelands, vol. 28, no. 3, pp. 8-14, 2006.

N. A. Brown, K. E. Ruckstuhl, S. Donelon, and C. Corbett,
“Changes in vigilance, grazing behaviour and spatial distri-
bution of bighorn sheep due to cattle presence in Sheep River
Provincial Park, Alberta,” Agriculture, Ecosystems & Envi-
ronment, vol. 135, no. 3, pp. 226-231, 2010.

R. E. Thill, “Deer and cattle diets on Louisiana pine-hardwood
sites,” ] The Journal of wildlife management, vol. 48,
pp. 788-798, 1984.

I. M. Ortega, S. Soltero-Gardea, F. C. Bryant, and D. L. Drawe,
“Evaluating grazing strategies for cattle: deer and cattle food
partitioning,” Journal of Range Management, vol. 50, no. 6,
pp. 622-630, 1997.

Z. Li, T. Wang, J. L. D. Smith et al., “Coexistence of two
sympatric flagship carnivores in the human-dominated forest
landscapes of Northeast Asia,” Landscape Ecology, vol. 34,
no. 2, pp. 291-305, 2019.

M. D. Madhusudan, “Recovery of wild large herbivores fol-
lowing livestock decline in a tropical Indian wildlife reserve,”
Journal of Applied Ecology, vol. 41, no. 5, pp. 858-869, 2004.
M. Sankaran, “Fire, grazing and the dynamics of tall-grass
savannas in the kalakad-mundanthurai tiger reserve, south
India,” Conservation and Society, vol. 3, pp. 4-25, 2005.

A. Lopez-Sanchez, J. Schroeder, S. Roig, M. Sobral, and
R. Dirzo, “Effects of cattle management on oak regeneration
in northern Californian Mediterranean oak woodlands,” PLoS
One, vol. 9, no. 8, Article ID 105472, 2014.

A. Marino, V. Rodriguez, and N. M. Schroeder, “Wild gua-
nacos as scapegoat for continued overgrazing by livestock
across southern Patagonia,” Journal of Applied Ecology,
vol. 57, no. 12, pp. 2393-2398, 2020.

R. B. Boone, “Quantifying changes in vegetation in shrinking
grazing areas in Africa,” Conservation and Society, vol. 3,
pp. 150-173, 2005.

C. Hambler, S. M. Canney, M. J. Coe, P. A. Henderson, and
A. W. lllius, “Grazing and “degradation”,” Science, vol. 316,
no. 5831, pp. 1564-1567, 2007.

K.J. Walburger, M. Wells, M. Vavra, T. DelCurto, B. Johnson,
and P. Coe, “Influence of cow age on grazing distribution in
a mixed-conifer forest,” Rangeland Ecology ¢ Management,
vol. 62, no. 3, pp- 290-296, 2009.



International Journal of Forestry Research

[48] R. T. E. R. R. Y. Bowyer and V. C. Bleich, “Effects of cattle
grazing on selected habitats of southern mule deer,” California
Fish & Game, vol. 70, no. 4, pp. 240-247, 1984.

[49] M. P. Olivas-Sénchez, C. Vital-Garcia, J. P. Flores-Margez,
A. D. L. Mora-Covarrubias, and F. Clemente-Sanchez, “Mule
deer forage availability and quality at the Chihuahuan Desert
rangelands, Mexico after a severe 3-year drought,” Cogent
Biology, vol. 4, no. 1, Article ID 1536315, 2018.

[50] T. M. Roerick, J. W. Cain, J. Gedir, and J. V. Gedir, “Forest
restoration, wildfire, and habitat selection by female mule
deer,” Forest Ecology and Management, vol. 447, pp. 169-179,
2019.

11





