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Barking deer is found in dense tropical and subtropical forests of Asia. It is listed as “least concerned” by the International Union of Conservation of Nature and as “vulnerable” in Nepal, where it is also protected. Due to the habitat loss and fragmentation by human activities, barking deer abundance is decreasing, which may even ultimately lead to its extinction. This in turn might negatively affect local ecosystem such as the abundance of the endangered common leopard, for which barking deer is the main prey species in the mid-hills of Nepal. We therefore need to know factors affecting barking deer abundance and its habitat preferences. To determine these factors, we recorded barking deer either by direct sighting or by any evidence of its indirect presence observed through transect surveys in January and February, 2019. To analyze habitat preference, the presence of barking deer was set to 1 if the barking deer or any sign of its presence were observed “used plots,” or to 0 if the barking deer or any sign of its presence were not observed (“habitat availability plot”). We measured main four ecological drivers such as forest management regime, microclimate, disturbance and food resources, which include 11 habitat characteristics in spots where barking deer was present, and in randomly selected spots. We found that elevation, slope, distance from settlement, presence of tree species, depth of leaf litter and percentage cover of leaf litter were most significantly affecting its presence. These results can serve as guidelines for local authorities to prevent decline in abundance of barking deer.
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INTRODUCTION

Mountain ungulates are an essential part of the Himalayan fauna (Schaller, 1977; Shackleton, 1997; Bagchi and Ritchie, 2010). Most of them are not endangered (IUCN, 2021) and therefore they are not in focus of conservation efforts. However, they serve as prey to large mammalian carnivores, which are endangered (Carbone and Gittleman, 2002; Karanth et al., 2004). Thus, decline of the abundances of mountain ungulates may negatively affect the abundances of carnivores, or even cause their extinction (Carbone and Gittleman, 2002; Karanth et al., 2004). In lack of their natural food, the carnivores then resort to hunting for food in human settlements, where they are killing mainly goats, but sometimes even people (Nyhus, 2016). The retaliation of the local villagers by killing the predators (Nowell et al., 2016) makes the situation even worse.

Hence, it is important to maintain large densities of mountain ungulates in order to prevent extinction of the large carnivores (Carbone and Gittleman, 2002; Karanth et al., 2004). Specifically, it is necessary to learn which are preferred habitats of the mountain ungulates and preserve them. It is also important to know which management regimes support the existence of suitable habitats for mountain ungulates.

The barking deer (Muntiacus vaginalis), also known as Northern Red Muntjac, is a nice example of this situation. It is a solitary mammal species found in dense tropical and subtropical forests of Asia (Oli and Jacobson, 1995; Liwei et al., 2004), listed as “least concerned” in Red Data Book of the International Union of Conservation of Nature (Timmins et al., 2016) and as “vulnerable” in Nepal (Jnawali et al., 2011). It is also protected under the National Parks and Wildlife Conservation Act 1973 of Nepal (Department of National Parks and Wildlife Conservation [DNPWC], 2017). Barking deer lives in elevations of 150–3,000 m, from lowland Terai (Gurung, 1993) to mid-hills of Nepal (Shrestha, 2005; Shrestha and Basnet, 2005; Nagarkoti and Thapa, 2007; Pokharel and Chalise, 2010) – see Figure 1.
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FIGURE 1. Physiographic zones of Nepal. Source: S. Lamichhane, SSD, NARC; Data from Department of Survey 1996.


In low elevations (Terai), barking deer is a part of a rich community of various ungulates and therefore its density is not so important for the existence of large carnivores such as tiger (Panthera tigris) and common leopard (Panthera pardus). However, in higher elevations (mid-hills of Nepal), barking deer becomes a dominant deer species and therefore critical for survival of common leopard, the main predator there (Anup, 2017; Kandel, 2019). Barking deer constitutes a major part of common leopard’s diet in the mid-hills (Aryal and Kreigenhofer, 2009; Koirala et al., 2012; Shrestha, 2015; Kandel, 2019).

To ensure continuing abundance of the barking deer to secure relevant food source for local endangered large carnivores, we need to learn what are the preferred habitats for barking deer, maintain them, and – if possible – increase the habitats’ size. Such knowledge will help local authorities effectively manage the conservation of the barking deer and minimize any unwanted results of bad management, as for example the human-leopard conflicts.

Seen from a global perspective, a good understanding of factors determining the distribution of barking deer in the landscape provides important input data for modeling the dynamics of large mammal communities in the Nepalese midhills, of which barking deer is an important component. Population dynamics of these communities then determines the likelihood of survival of endangered species like common leopard.

Some studies on habitat preference (Jaenike and Holt, 1991) of barking deer were conducted outside of Nepal (Ohtaishi and Gao, 1990; Oka, 1998; Liwei et al., 2004; Hameed et al., 2009), but only a few we conducted directly in Nepal (Nagarkoti and Thapa, 2007; Pokharel et al., 2015; Lamichhane et al., 2020). Most of these papers studied only habitat use of barking deer but not factors affecting its distribution, including importance of ecological factors in each study such as microclimatic (e.g., elevation, slopes, aspect, and leaf litter), disturbances (e.g., proximity to settlements), food resources (e.g., trees and grass), and forest management regimes (see below). A detailed study of factors affecting habitat use and distribution of barking deer in Nepal is still lacking.

The dominant habitat of barking deer – forests – covers about 44.74% of the area of Nepal (Department of Forest Research and Survey [DFRS], 2015). The Forest Act of 2016 (second amendment) classifies forests as National and Private Forests (GoN, 2019). The National Forests are further sub-categorized as Government Managed Forests, Protected Forests (PFs), Community Forests (CFs), Collaborative Forests, Block Forests, Leasehold Forests, and Religious Forests (GoN, 2019). The CF belongs to local community, which performs its management for the joint benefits of both, the forest and local people (Pathak et al., 2017). However, only CFs were not sufficient for conservation of boundlessly growing populations of widespread and highly mobile species like barking deer. Therefore, particular forest patches were later declared as PFs to enhance the protection of biodiversity by the Government of Nepal (Shrestha et al., 2014). To generate and uphold a balance between conservation and human requirements for forest resources, Protected Forests Management Plan (PFMP) was developed, which assigns particular forest patches to particular functions (Shrestha et al., 2014). PFMP, in contrast with the community forestry regime, focuses basically on elevation of conservation benefits by including wildlife management into it while considering requirements of local communities (Shrestha et al., 2014). We have chosen these two forest management regimes (community and protected forests) to discover the effect of human intervention in the sustenance of barking deer and to find out its habitat preferences.



MATERIALS AND METHODS


Study Area

The study was conducted in the mid-hills of Nepal (Figure 2), in two differentially managed forests:
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FIGURE 2. Map showing the location of study areas in Kaski Nepal: Tibrekot Community Forest (CF) and patch of Panchase Protected Forest (PF).



1.The Tibrekot CF (28.29oN, 83.93oE, 119.75 ha), in Hemja, Kaski, Nepal, which was handed over to the local community in 2000. Our study site covered its whole area.

2.The Panchase PF (28.2oN, 83.95oE, 5775.73 ha), situated at the junction of three districts: Kaski, Parbat and Syangja; the study area covered 130 ha within the PF.



The average elevation of both study sites was 1,000 m a.s.l. and their ecological and topographical features were similar. The dominant tree species in both sites are Castanopsis indica, Schima wallichii, Alnus nepalensis, Engelhardia spicata, and Myrica esculenta. P. pardus, Macaca mulatta, Canis aureus, and M. vaginalis are the main mammal species and Lophura leucomelanos, Zenaida auriculata, Corvus macrorhynchos, and Purpureicephalus spurius are the main bird species in these study sites.



Field Data Collection

For recording of barking deer we used a transect survey – a method widely used to monitor large mammals (Pokharel et al., 2015; Kunwar et al., 2016). The lengths of transects were 0.5–1.4 km at elevations of 900–1,400 m a.s.l. The total length of transects was 6.85 km in PF and 6.12 km in CF.

The transects were placed along walking trails (human trails used to collect fodder) and existing paths (minor trails used by domestic or wild animals), which have frequently been used to determine habitat use of wild ungulates (Sathyakumar, 1994; Ahmad et al., 2016; Kunwar et al., 2016; Syed and Ilyas, 2016). A possible bias appearing due to this transect design can be caused by roads that do not constitute a representative sample of habitats (Garton et al., 2004), or – for ungulates living in groups – there may be a strong negative relationship with human activities on trails open to all visitors (Blake et al., 2017). In our case, however, the transects were carefully chosen to represent all habitats, and barking deer is a solitary animal. We have used curvilinear transects to overcome the difficulties of working in steep, rugged and inaccessible terrain, as is often the case in the Himalaya (Sathyakumar, 1994).

We recorded all individuals we saw within 50 m distance at either side of a transect and any evidence of its indirect presence (pellets, hairs, and footprints) observed within 5 m distance at either side of the transect, following the method used by Pokharel and Chalise (2010). Two wildlife experts, two local people acquainted with the forests and two forest guards helped us to locate the direct sightings and indirect signs of barking deer. We recorded GPS coordinates of all barking deer individuals spotted (direct sightings) and indirect signs to prepare the distribution map using Arc GIS 10.8 version. The data was collected during January and February 2019, as then the signs of barking deer are more visible and there is a thinner vegetation in the forest (Skovlin, 1982; Parker et al., 1984; Wilson et al., 1996; Safford, 2004; Sanusi et al., 2013). We did this for 15 days in each study area, from 6:30–10:00 a.m. and from 4:30–6:00 p.m. – during the highest activities of the barking deer and other ungulates (Wilson et al., 1996; Pokharel and Chalise, 2010; Sanusi et al., 2013).

Indirect signs, such as pellets, cannot be easily recorded during the summer season because the forest ground cover is dense in summer and the rainfall easily washes away the pellets in the study area (high rainfall area of Nepal). Also, winter is the most difficult season for ungulates because of limited availability of food and water sources, which are crucial for their survival (Skovlin, 1982; Parker et al., 1984; Safford, 2004). Therefore, it is essential to study winter habitat use by barking deer.

The indirect signs of barking deer and domestic ungulates were differentiated as follows:

Domestic goats were mainly grazing near settlements and therefore there was less chance of confusion their indirect signs with those of barking deer, because the corresponding habitats were only weakly overlapping. In addition, based on literature (Gurung and Singh, 1996; Shrestha and Basnet, 2005), we identified the indirect signs of barking deer and domestic goats as follows:


1.Barking deer pellets are cylindrical in shape and often have a small point at one end. They are mostly found in clumps and adhere to each other. Domestic goat pellets are of elongated oval shape, smooth rounded at the ends and rarely stick together.

2.Barking deer hoof prints are pointed at the front and dew claw marks are visible in soft ground. Domestic goat hoof prints are rounded at the front and dew claw marks are never present.



Whenever any (direct or indirect) sign of barking deer was found, a circle with a 5 m radius and the center of the point where an animal or a sign of its presence were spotted was set up, following the method of Yahnke (2006) and Bernard et al. (2014). For each of these circles, one additional circle with a 5 m radius was set with the center localized 100 m apart from the former circle in a randomly chosen direction, according to Neupane et al. (2021). These plots represented average samples of habitat, independent of the presence/absence of the barking deer. In each of these circles, the presence of barking deer was set to 1 if the barking deer or any sign of its presence were observed in this circle (“used plots”), or to 0 if not (“habitat availability plot”). In all circles of both types, we measured 11 habitat characteristics (see Table 1 for their list). In total, we have used 134 “use plots” and 70 “habitat availability plots.” We did not distinguish between direct and indirect signs in the analyses.


TABLE 1. Numbers of direct and indirect signs of barking deer presence for the 11 habitat parameters measured; data from both study areas are lumped; for each habitat parameter the most often recorded parameter levels are in boldface.
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Data Analysis

To find out, which of the 11 habitat parameters selected (see Table 1 for the list) significantly affected the probability of presence of barking deer, generalized linear models (GLMs) with binomial distribution/logistic regression log(y/1−y) were used. Here, habitat parameters served as independent variables and presence of barking deer (depending on the type of circle: 1 – “use plot,” 0 – “habitat availability plot”) as dependent variable. Prior to the analyses, the parameters were tested for collinearity. Data from both sites (CF and PF) were lumped for these analyses. We have applied the backward selection method with target significance level 5% (significant χ2 likelihood ratio, p < 0.05). The habitat parameters that remained in the final model were considered as most significantly affecting the presence of the barking deer. We used “R × 64 4.0.3’’1 (R Core Team, 2020) for the calculations.

To get a more detailed view of the habitat parameter’s effects on the presence of barking deer, we have selected four habitat parameters as response variables, for which numerical (not categorial) data were available. We considered the parameters important based on the GLM modeling above, literature search, and our own field experience of what is important for barking deer. These response variables were: “distance from major water source,” “distance from the nearest settlement,” “percentage cover of grasses,” and “percentage cover of leaf litter.” For each of these variables, we have performed a 2-way factorial ANOVAs with factors “barking deer presence” and “site” (thus in these analyses the sites – CF and PF – were distinguished), and calculated means and standard errors for each combination of these response variables and each of the factors.




RESULTS

Table 1 shows the numbers of both – used and habitat availability plots, where both direct and indirect signs of barking deer presence were recorded when data from both sites (CF or PF) were lumped. They are associated with individual habitat parameters. Table 2 shows those of the 11 habitat characteristics listed in Table 1, which had the strongest and statistically significant effect on the probability of presence of barking deer, according to the GLM models.


TABLE 2. Estimates and statistics for the final model predicting the probability of observing barking deer, according to the GLM models.

[image: Table 2]
Results of the 2-way ANOVAs with factors “barking deer presence” and “site” for the four response variables selected are in Table 3. In most cases, the levels of factors significantly affected the response variable, except of “site” for “distance from nearest settlement,” “barking deer presence” for “percentage cover of grasses” and interactions “presence x site” for “distance from major water source” and “percentage cover of grasses” (Table 3).


TABLE 3. Results of the 2-way factorial ANOVAs with factors “barking deer presence” and “site” for the response variables distance from major water source, distance from the nearest settlement, percentage cover of grasses and percentage cover of leaf litter; significant values (p < 0.05) are in boldface.

[image: Table 3]
Figure 3 shows the means and standard errors for each combination of the response variables “distance from major water source,” “distance from the nearest settlement,” “percentage cover of grasses,” and “percentage cover of leaf litter” and each of the factors “barking deer presence” and “site.”
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FIGURE 3. The means and standard errors for each combination of the response variables “distance from major water source” (A), “distance from the nearest settlement” (B), “percentage cover of grasse,” (C) and “percentage cover of leaf litter” (D) and each of the factors “barking deer presence” (present – “used plot,” absent – “habitat availability plot”) and “site” (Community Forest – CF, Protected Forest – PF).


There were less opportunities to find a water source in the CF as the average distance from major water source there was larger than that in the PF (Figure 3A). The differences were statistically significant (Table 3). In both types of forest, the distance from major water source was consistently larger in “used plots” – where signs of barking deer were present, compared with those where they were absent; this difference was not statistically significant in PF (Figure 3A and Table 3).

The distance from the nearest settlement was consistently larger in “used plots,” compared to the “habitat availability plots.” This was especially conspicuous and statistically significant in the PF but not statistically significant in the CF (Figure 3B and Table 3). This would indicate that barking deer is avoiding proximity of human settlements, especially when living in PFs.

The situation regarding percentage cover of grasses is unclear and no clear trends are visible (Figure 3C). Barking deer signs are usually found where the cover of grass is large in the CF, but the opposite is true in the PF. Probably some other factor may play a role here.

Regarding the percentage cover of leaf litter (Figure 3D), it is very conspicuous that the leaf litter is much more abundant where barking deer signs are present in the CF – this makes the interactions “presence x site” statistically significant. For the remaining three combinations of the two factors, the means were very similar and not statistically significantly different from each other.



DISCUSSION

This is the first study on habitat preference of barking deer under two forest management regimes in the mid-hills of Nepal. Slightly more barking deer signs were observed in the CF compared to the PF, but the difference is statistically not significant. Thus we can only hypothesize that maybe a higher human disturbance in the PF might play a role here (Chikanbanjar et al., 2020). Another reason may be a higher availability of food, shelter and water sources in CF (pers. obs.).


Microclimate Factors

We found most barking deer signs in elevations 1,000–1,099 m a.s.l., but similar numbers were recorded in 1,100–1,199 m a.s.l. and in 1,200–1,299 m a.s.l. (Table 1). This indicates a large range of elevations, where barking deer can be found. Similarly, Timmins et al. (2016) claim that barking deer is widely distributed from the lowlands to the high mountains, i.e., that elevation alone does not directly affect the barking deer’s distribution. Instead, it is accepted that elevation is correlated with other climatic predictors such as precipitation, temperature and solar radiations (Elith and Leathwick, 2009) that lead to the change in habitat features and its quality to support the occurrence of the species.

We found that barking deer prefers north-east aspect (Table 1), which contradicts Hameed et al. (2009), who advocate for the southern aspect. Discussion here is difficult and mostly hypothetical: the north-east facing slopes may receive sunlight from early morning compared to the southern facing slopes (Nie et al., 1992), but exact data supporting either are missing.

Cover of leaf litter can also be linked with the forest cover, and the ungulates often choose the areas with forest cover when bedding material is required (Gill, 1966; Armstrong et al., 1983). In addition, deer is more selective in terms of thermal factors when selecting bedding sites (Staines, 1976; Wood, 1988; Mysterud and Østbye, 1995) and this could be the reason for choosing an area with proper litter coverage and suitable litter depth along with canopy cover, as this study indicates. Moen (1973) also concluded that bedded deer may lose the most significant amount of heat through conduction, i.e., through direct transfer between deer and substrate. This might be one of the reasons that the presence of barking deer was positively associated with depth and coverage of leaf litter. However, during day time, elk (Merrill, 1991) used humid substrates to increase heat loss through conduction to relieve heat stress.

Litter depth may decrease in the future: Hobbs (1996) predicts that ungulates can reduce litter thickness by removing litter, or by compacting litter through trampling. Thus, a similar study after a certain time would be good to evaluate the relationship of presence of deer (ungulates) and litter depth after some time. Ungulates can also increase the litter depth by selective feeding (Husheer et al., 2005) on broad-leaved plant species, replacing species composition toward conifers, which have more recalcitrant leaves, resulting in a stockpiling of litter over time. Deer is also suspected to influence edaphic characteristics by increasing soil temperature and salinity through exposure of bare soil after vegetation elimination through browsing, or by intensifying soil compaction through trampling which affects oxygen and soil water content (Schrama et al., 2013). Such alteration of the soil may also alter the decomposer capacity to degrade litter. Thus, a detailed study on plant litter dynamics due to presence of herbivores is needed.

Our results in Table 1 show that barking deer prefers some reasonable depth (more than 1 cm) and larger percentage cover of leaf litter (60–80%) in the habitat. This may be due to the use of leaf litter as a thermal insulator for bedding or as food. When facing food paucity, deer feed on dead leaves, bark and even underground parts of plants (Takahashi and Kaji, 2001). Figure 3D is less optimistic in this respect: in 3 out of 4 categories, just above 35% of leaf cover is sufficient for the barking deer. So again, probably some other factors may play a role here.

Predator avoidance. Barking deer is an important prey of tiger and common leopard (Wegge et al., 2009; Lovari et al., 2015). Most barking deer signs were observed at steep, but not very steep slopes (Pokharel and Chalise, 2010), in accord with our results (Table 2). Pokharel et al. (2015) suggest that this might be because predators and people may push the barking deer there as it is trying to avoid the risk of death (see also Ohtaishi and Gao, 1990; Paudel and Kindlmann, 2012).



Seasonal Variation in Distribution and Habitat Use

Previous studies indicate there is no significant difference in seasonal vegetation cover and no seasonal shift in elevation (Habiba et al., 2021) and no seasonal variation in home range size (Odden and Wegge, 2007). Therefore, our study in winter (January–February) would not cause a bias by using only a single season. Also in our experience, no seasonal shifts in elevation were observed in the mid-hills of Nepal.



Disturbance Factors

Barking deer is a selective browser, which feeds on flowers, twigs, fruits, bamboo shorts, foliage, bark, herbs, sprouts, seeds, grasses, birds eggs, carrion (Hofmann and Stewart, 1972; Jarman, 1974; Hofmann, 1989), and small mammals, which they kill and eat using their canines and forelegs (Humas, 2004). All this can be easily available in human-dominated agricultural landscape. As a result, barking deer is believed to like to live near to human settlements (Oka, 1998; Paudel and Kindlmann, 2012). If anything, then our data may slightly suggest the opposite, as the mean distance of observed signs of barking deer from human settlements in PF was much larger than the mean distance of the remaining three categories in Figure 3B. Again, Table 1 suggests the opposite, but it is questionable how many locations are really distant (e.g., more than 1,000 m) from any human settlement.



Food Resources Factors

Our results (Tables 1, 2) suggest that presence of not only grass, but also trees positively affects presence of barking deer, consistently with Liwei et al. (2004). That tree canopy cover and presence of herbs can directly influence barking deer presence was also shown by Hameed et al. (2009). Nagarkoti and Thapa (2007) and Roberts (1977) suggest that this may be because of the abundance of food, shelter and water sources in the forested area. Most of the ungulates seek refuge in forested areas at night, particularly during the dry season to escape from storms and cold (Dexter, 1998). In addition, barking deer also consumes fallen leaves and fruit within the areas covered by tree species (Lekagul and McNeely, 1977).

It is believed that the barking deer prefers to live close to water resources, as it drinks water at least once a day, usually in the morning or mid-day (Rafinesque., 1968; Yonzon, 1978). Lamichhane et al. (2020) also found that barking deer used Shorea robusta forest with the availability of water sources, in accord with Pokharel et al. (2015). However, our data are problematic in this respect. When the data from both sites were lumped, then most of the signs were found relatively close to the water sources: 0–499 m (Table 1). On the contrary, according to Figure 3A, in both types of forest, the distance from major water source was consistently larger in “used plots” – where signs of barking deer were present, compared with those where they were absent (“habitat availability plots”). The daily regime of data collection (6:30–10:00 a.m. and 4:30–6:00 p.m.) may explain this, at least for direct observations, as we will further. We do not have experience with daily movements of barking deer, but our observations of another mountain ungulate, blue sheep, tell us that they spend the morning (when the observations were made) by feeding in high elevations and toward the midday they slowly move down to river to drink. Later afternoon (when the second part of observations was made) they slowly return upward to higher elevations. This may lead to the observed above-average distance of the “used plots” from the water sources in Figure 3, although barking deer generally moves not far away from the water sources (Table 1).




CONCLUSION

We evaluated habitat preference of barking deer in two forests, differing in management regimes: Community Managed Forest and Government-managed PF in the mid-hills of Nepal. There were slightly more signs of barking deer presence in the CF, but the difference was not significant.

Presence of trees and high coverage for both grasses and leaf litter were the most preferred habitats by barking deer. Elevation, slope, distance to settlement, depth of leaf litter, and percentage cover of leaf litter were best correlated with the presence of barking deer. Thus, conservation efforts should concentrate on the maintenance and increase of the areas characterized by these factors.

By determining the major factors governing the distribution of barking deer in the Nepalese midhills we are providing important input data for modeling the dynamics of large mammal communities in the Nepalese midhills, of which barking deer is an important component. This addresses fundamental questions related to dynamical change in natural and managed systems, at least for the large mammal communities in Nepal. Our study is therefore important for modeling of population dynamics and ecology of these communities and subsequently their proper conservation.

It is necessary to mention that there can be also other factors affecting barking deer presence, which we did not consider here. These include ecological interactions between barking deer, predators and other wild ungulates.
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