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            Abstract

            
               
Background/Objective: Understanding winter diet composition of wild ungulates in temperate habitats is of paramount importance for devising conservation
                  measures. The winter diet composition of Markhor (Capra falconeri), one of the least studied ungulate species, was assessed in Kazinag National Park (KNP) of Jammu and Kashmir, India. Methods: Reference slides of 15 available plant species, through micro-histological technique were prepared. Tests like Diet Selection
                  Values (DSV), Ivlev’s Electivity Index (IEI) and Chi-square tests were applied to study the selection and preference of dietary
                  items. Findings: 80 fecal samples of markhor were analyzed in winter seasons of 2017 & 2018, and compared with reference slides to evaluate
                  the winter diet. Fifteen (15) plant species belonging to 7 families were identified in the diet. Use of Ivlev’s Electivity
                  Index (IEI), revealed that, shrubs were strongly preferred during this season, besides one graminoid species (Poa pratensis). Among the most preferred species are, Poa pratensis (DSV=6.17) followed by Prunus tomentosa (DSV=2.42), Indigofera heterantha (DSV=2.23), Lonicera spp. (DSV=1.66) and Euonymus hamiltonianus (DSV=1.63). Chi-square goodness of fit test showed that markhor did not feed on all plant species uniformly (p< 0.05). Novelty: Our findings infer that, markhor shows feeding flexibility to adapt to change in forage availability. We recommend that
                  plant species which are the major components of diet of markhor during resource- lean winter be conserved and propagated on
                  priority.
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               Introduction

            To meet the dietary need is the fundamental task for a wild ungulate to survive in harsh environmental conditions. Winter,
               a season with severe  1, 2, 3 and is thus crucial period from animal ecologist’s viewpoint 4. Habitats with rugged terrain and snow cover, tend to have strong spatial and seasonal variations ﻿in food availability for
               ungulates 5. In highly seasonal environment, as in KNP, diet quality and its availability act as strong constraint 6. The winter snow cover is one of the important abiotic factors affecting the resource selection by ungulates inhabiting such
               extreme environments and tend to cope up with these conditions by using different strategies like limited movements through
               snow 7, 5 and by altering their rumen physiology and metabolism to adjust to lignin rich and nutrient poor winter diets 8, 9, thus show plasticity to cope up with seasonal changes in nutritional quality and its quantity. Consumption of unusual plant
               material during such conditions leads to poor health and reproductive performance 10, 11.
            

            Information on the diet and its selection, during different seasons is a primary element to know multiple aspects of ungulate
               ecology 12and is a determining component for their survival, health, and mobility 13. Nutritive qualities of winter forage is poor and are least studied, hence, a comprehensive study must be initiated to fill
               the gap on data on this issue. The behavior of high altitude ungulates is mainly affected by the nature of availability of
               food in their habitats and the ways in which these are obtained during different seasons. 
            

            Kashmir markhor also called flare horned markhor (Capra falconeri cashmiriensis), a true goat is distributed from Afghanistan to Pakistan, PoK and Jammu & Kashmir 14. In India, markhor exists in Kashmir valley only 15, 16, 17, which is among the primary areas for the Pirpanjal markhor in India. In recent state-wide surveys of markhor only two viable
               populations totaling approximately 250, were confirmed in Kashmir, besides identifying a few more markhor potential areas
               in the state 17, 18. These include the Kazinag National Park and Hirpura Wildlife Sanctuary 18.
            

            Winter, a critical season with harsh conditions and scarcity of food has detrimental effect on the survival of this threatened
               goat and information on diet utilization during this critical season is a prerequisite for the effective and proper management
               steps to be taken for maintaining its viable populations in the wild. Although some work on distribution, status and habitat
               of this caprid has been conducted in Kashmir15, 16, 17, 18, 19, 20, 21, 22 but there is dearth of data on its winter diet composition in Kashmir. With this aim, to understand the dietary composition
               and selection by markhor during resource-lean season of winter, the study was undertaken in Kazinag National Park, and the
               data procured, through this study, is expected to be useful to conservation stakeholders for planning apt management measures
               for the survival of this wild caprid.
            

         

         
               Material and Methods

            
                  2.1 Study Area

               The work was conducted in Kazinag National Park (34°10'0"N latitude and 74°2'0"E longitude) with an altitudinal range of 1,800-4,700m
                  asl, located in Western Himalaya of India 23in the valley of Kashmir (Figure  1).The vegetation is temperate coniferous, alpine and sub-alpine type 24dominated by Pine (Pinus wallichiana), Deodar (Cedrus deodara) and Fir (Abies pindrow) in the mid-lower elevations. At higher elevations, the subalpine forest is dominated by Birch (Betula utilis) and mixed forests whereas the alpine vegetation is dominated by Juniper (Juniperus squamata) and alpine meadows. The riverine forests are dominated by Horse Chestnut (Aesculus indica) forests and Viburnum grandiflorum shrubs whereas temperate grasslands with rolling terrain at lower elevations. Temperature varies from -10o C in winter to +30o C in summer. The precipitation is received as snow during winter, rains in spring and occasional showers in summer. The typical
                  seasons in the region are: spring (March-May), summer (June-August), autumn (September-November) and winter (December-February).
               

               
                     
                     Figure 1

                     The Map of study area (KNP)
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                  2.2 Data collection

               The field data was collected during winter seasons (December-February) of 2017 and 2018. Our study was centered on the identification
                  of microscopic, undigested plant remnants chiefly the epidermal features, characteristic of each plant species, obtained from
                  fecal pellets 25. For the purpose, reference slide preparation of food plants, their microphotography to establish a reference library, collection
                  of fecal samples, making slides of fecal samples and identification of fragments of plants from the slides of fecal samples
                  by comparing with the microphotographs of reference key was done 26, 27, 28.
               

               
                     2.2.1 Preparation of plant reference slides

                  Reference slides of potential food plants of markhor were prepared, as key, after collection from the study site and identified
                     from the Center for Plant Taxonomy and Biodiversity, University of Kashmir, Srinagar. For this, 12 line-transects of 2km each,
                     were laid in all four winter range habitats: coniferous forest, grassland, cliffy areas and riverine areas. In each transect,
                     plots (10m radius) were laid after every 200m. The plant species that were potential food of markhor, were collected, after
                     thorough field observations on feeding, and confirmed from wildlife officials, field experts and locals. Plant samples collected
                     were dried, shredded and put in glass test tube containing 33% Nitric acid and water in 1:3 ratio. This test-tube was heated
                     in a water-bath for 5 minutes. When solid material settled down, Nitric acid was decanted, and fresh Nitric acid (33%) was
                     added. The material was again boiled till it became transparent. Then the transparent material was washed with water to remove
                     Nitric acid. It was followed by staining the material, just for two minutes, with safranin. The sample was again washed in
                     water and then dehydrated by processing through different grades of alcohol. Dehydration was completed by placing it in absolute
                     alcohol. Mounting was done in Canada balsam and microphotographs were captured with the help of a digital binocular microscope
                     (Olympus, BX60).
                  

               

               
                     2.2.2 Field collection of fecal samples

                  Fecal samples (n=80) were collected from 12 permanent transects. Pellets of one group of faeces were counted as one sample.
                     The pellets of markhor were differentiated from that of goral, musk deer, sheep and goat on the morphological characters viz.
                     dimension, size & shape 29. Sampling plots were systematically designed, laid parallel and were almost equidistant (100m) from one another. Wherever
                     pellets were collected, a widely used plot size of 10m × 10m for the study of dietary patterns of wild animals was laid around
                     the pellets 30, 31, 32, 33. Pellets were aged, as fresh, comparatively old, or very old, based on texture 34. 
                  

               

               
                     2.2.3 Slide preparation (fecal samples)

                  Randomly selected, oven-dried pellet groups from each sample were crushed and sieved through two small-mesh sieves of mesh
                     size 5mm and 3 mm respectively. The fine sieved material was put to further analysis whereas the course material was discarded.
                     Fine material was placed in a test-tube having 33% nitric acid and water in 1:3 ratio. Further processing and slide preparation
                     was done in the similar manner as was done for the reference material. Three slides were prepared for each sample with 240
                     slides in all (80 samples × 3 slides). While identifying the plant fragments, 4 microscopic viewing fields, for each slide
                     were considered with sum total of 960 FOV. Fragments of diverse plant species, from the pellets, were identified by comparing
                     with the microphotographs of reference vegetation, on the basis of characteristics viz. cell-wall, cell shapes, trichomes,
                     and stomata 25.
                  

               

            

         

         
               Data Analysis

            The relative proportion of a particular plant species in the given fecal sample, which is sum of remnants identified for that
               plant species divided by the total count of all fragments, was symbolized as relative importance value(RIV), and was expressed
               as percentage 35. 
            

            Diet selection value (DSV) was calculated as follows 35:
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            Where RIVx is the RIV for species x, and expresses its relative frequency in the faeces. PVx shows the prominence value (PV) for species x, and expresses the relative availability of that plant in the markhor habitat.
               PV was calculated as follows 36:
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             Where Mx is the % cover of species x, and fx is the frequency of occurrence of species x in sample quadrats.
            

            Food preference of markhor was determined by calculating Ivlev’s electivity index (IEI) 37as:
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            Where ‘ri’ is the share of vegetation type ‘i’ in the markhor diet, and ‘pi’ is the total proportion of vegetation type ‘i’ along all
               systematically sampled quadrats (i.e.in the habitat). IEI of ‘1.0’ express high preference for a vegetation type, ‘0’ denotes
               use in proportion to availability, and ‘-1.0’ denotes complete avoidance 37.
            

            
                  
                     3.1 Statistical analysis

                  The data was analyzed with Statistical packages MS-Excel 2007 and MINITAB software version 13.2 (Minitab-2002) with confidence
                     level of 95% and P<0.05 for significance.
                  

               

            

         

         
               Results

             We recorded availability of 15 species of plants that belong to 7 families (Table  1). Species with the highest prominence value, a measure of availability, included Pinus wallichiana (PV=17.27), Cynodon dactylon (PV=10.61), Picea smithiana (PV=10.35), Themeda spp. (PV=8.05), Stipa spp. (PV=6.85), Viburnum grandiflorum (PV= 6.29) and Indigofera heterantha (PV=6.26). The overall availability of plant categories was different with trees having the highest availability (PV=32.14)
               followed by shrubs (PV=28.22) and grasses (PV=25.80). Fifteen (15) plant species of 7 different families were documented from
               2903 recovered plant fragments by fecal analysis. Of these 2903 fragments, 1069 (36.28%) represented browse species and 1226
               (42.23%) represented graze species while as herbs were not recognized (Figure  2).
            

            
                  
                  Figure 2

                  The percentage of fragments of various plant categories recovered from markhor pellets
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            Apart from the identified plant fragments, 608 unidentified fragments with a proportion of 21% were recorded and were eliminated
               from statistical analysis. Among browse species, shrubs were far dominant with an overall occurrence of 81.85%. The dominant
               shrubs were Indigofera heterantha (RIV=13.98), Prunus tomentosa (RIV=7.23) and Lonicera spp. (RIV= 3.51). The dominant tree species in markhor diet was Pinus wallichiana (RIV=2.68) whereas Cynodon dactylon was the dominant grass species (RIV=13.43). We could not find any single tree species that markhor consumed in significantly
               higher proportion than their availability. Plant species which were utilized more than their availability include Indigofera heterantha (PV=6.26,RIV=13.98), Prunus tomentosa (PV=2.98,RIV=7.23), Stipa spp. (PV=6.85,RIV=9.81), Poa pratensis (PV=0.29, RIV=1.79), Cynodon dactylon (PV=10.61,RIV=13.43), Themeda spp. (PV=8.05,RIV=10.05), Bothriocholoa ischaemum (PV=6.21,RIV=7.13), Lonicera spp. (PV=2.11,RIV=3.51) and Euonymus hamiltonianus (PV=1.52,RIV=2.48). However, Rosa macrophylla (PV=1.82,RIV=1.34), Viburnum grandiflorum (PV=6.29,RIV=1.41), Aesculus indica (PV=4.52,RIV=2.13), Picea smithiaina, (PV=10.35,RIV=1.86), Pinus wallichiana (PV=17.27,RIV=2.68) and Lespedeza eleganus (PV=1.03,RIV=0.17) were utilized less than their availability. The abundant plant categories available during winter were
               trees, followed by shrubs and grasses but were utilized in different proportions (Figure  3). The recognition of fragments of various plant species from pellets differed significantly at species level (χ2=1529.731, df =14, p<0.000), at family level (χ2=2382.947, df =6, p<0.000) and at growth form level (χ2=606.972, df =2, p<0.000). We also observed that markhor strongly selected Poa pratensis (DSV=6.17), followed by Prunus tomentosa (DSV=2.42), Indigofera heterantha (DSV=2.23) Lonicera spp. (DSV=1.66) and Euonymus hamiltonianus (DSV=1.63). Ivlev’s electivity index (IEI) values revealed that, markhor shows a strong preference for shrubs and grasses
               during winter season and least preference for trees (Figure  3).
            

            
                  
                  Figure 3

                  Ivlev’s Electivity Index (IEI) values for various dietary items of markhor during winter
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                  Table 1

                  Showing, PV, DSV, and RIV of markhor diet during winter in Kazinag National Park

               

               
                     
                        
                           	
                              S.No
                        
                        	
                              Plant species
                        
                        	
                              Family
                        
                        	
                              PV
                        
                        	
                              DSV
                        
                        	
                              % Occurrence (RIV)
                        
                     

                  
                  
                        
                           	
                              1.
                        
                        	
                              Poa pratensis
                        
                        	
                              Poaceae
                        
                        	
                              0.29
                        
                        	
                              6.17
                        
                        	
                              1.79
                        
                     

                     
                           	
                              2.
                        
                        	
                              Stipa spp.
                        
                        	
                              6.85
                        
                        	
                              1.43
                        
                        	
                              9.81
                        
                     

                     
                           	
                              3.
                        
                        	
                              Cynodon dactylon
                        
                        	
                              10.61
                        
                        	
                              1.26
                        
                        	
                              13.43
                        
                     

                     
                           	
                              4.
                        
                        	
                              Themeda spp.
                        
                        	
                              8.05
                        
                        	
                              1.24
                        
                        	
                              10.05
                        
                     

                     
                           	
                              5.
                        
                        	
                              Bothriochloa ischaemum
                        
                        	
                              6.21
                        
                        	
                              1.14
                        
                        	
                              7.13
                        
                     

                     
                           	
                              6.
                        
                        	
                              Rosa macrophylla
                        
                        	
                              Rosaceae
                        
                        	
                              1.82
                        
                        	
                              0.73
                        
                        	
                              1.34
                        
                     

                     
                           	
                              7.
                        
                        	
                              Prunus tomentosa
                        
                        	
                              2.98
                        
                        	
                              2.42
                        
                        	
                              7.23
                        
                     

                     
                           	
                              8.
                        
                        	
                              Euonymus hamiltonianus
                        
                        	
                              Celasteraceae
                        
                        	
                              1.52
                        
                        	
                              1.63
                        
                        	
                              2.48
                        
                     

                     
                           	
                              9.
                        
                        	
                              Lespedeza eleganus
                        
                        	
                              Fabaceae
                        
                        	
                              1.03
                        
                        	
                              0.16
                        
                        	
                              0.17
                        
                     

                     
                           	
                              10.
                        
                        	
                              Indigofera heterantha
                        
                        	
                              6.26
                        
                        	
                              2.23
                        
                        	
                              13.98
                        
                     

                     
                           	
                              11.
                        
                        	
                              Lonicera spp.
                        
                        	
                              Caprifoliaceae
                        
                        	
                              2.11
                        
                        	
                              1.66
                        
                        	
                              3.51
                        
                     

                     
                           	
                              12.
                        
                        	
                              Viburnum grandiflorum
                        
                        	
                              6.29
                        
                        	
                              0.22
                        
                        	
                              1.41
                        
                     

                     
                           	
                              13.
                        
                        	
                              Aesculus indica
                        
                        	
                              Hippocasteraceae
                        
                        	
                              4.52
                        
                        	
                              0.47
                        
                        	
                              2.13
                        
                     

                     
                           	
                              14.
                        
                        	
                              Pinus wallichiana
                        
                        	
                              Pinaceae
                        
                        	
                              17.27
                        
                        	
                              0.15
                        
                        	
                              2.68
                        
                     

                     
                           	
                              15.
                        
                        	
                              Picea smithiana
                        
                        	
                              10.35
                        
                        	
                              0.17
                        
                        	
                              1.86
                        
                     

                     
                           	
                              16.
                        
                        	
                              Unidentified
                        
                        	
                              21.00
                        
                     

                  
               

            

         

         
               Discussion

            Food and its availability have fundamental impact on the physical health and fertility of an animal. Utilization of nutritious
               diet helps a faunal species to combat diseases and reproduce successfully, what is actually the basic requisite for a species
               to coup up in the competition for existence and in continuing its race. Knowing feeding strategies of wild ungulates is vital
               for sound management of a species especially in protected areas 38, 39. Each species prefers a particular type of food and shows peculiar type of foraging behavior. Feeding in markhor occurred
               early in the morning during hot months, with occasional day feeding 21, 40, 41. Early morning and evening foraging and midday rest during hot days of summer, as observed in the current study, was also observed
               in other wild ungulates 27, 42, 43. But during winter, food was short and scarce, hence, feeding occurred intermittently throughout the day. Continuous day
               feeding during winter could be because of limited availability of forage during this season 40.
            

            The ratio of different categories of plants in herbivore diet represents their dietary diversity and composition 44, 45 . Consumption of grasses in all four seasons suggests that markhor is primarily a grazer. Same has been observed in a number
               of wild ungulates. Grasses make an important and major dietary part of Himalayan goral 46, which mostly consumed grasses 84% 47, 48, 49, with browse to graze ratio of 12: 88 50.
            

            In Kazinag National Park, during winter, shrubs and grasses constitute important components of the markhor diet. The ratio
               of browse to graze (36.28%:42.23%) clearly indicates that, markhor shows a browsing strategy during winter. The reason behind
               such changed strategy of feeding during winter could be due to environmental conditions as also evidenced in grey goral in
               Pakistan 51. Similarly, Bighorn sheep of British Columbia mostly browsed during winter and shrubs contributed the greatest proportion
               of its diet 52. The present study clearly concludes that markhor strongly prefers shrubs (Figure  3) during winter with Indigofera heterantha and Prunus tomentosa alone contributing 21.22% of the whole diet. These results are supported by earlier results. It was reported that the shrubs
               constitute the main component of the grey goral diet during winter with Berberis vulgaris and Viburnum nervosum as the most common dietary shrubs 28.
            

            We also reported that some grasses were available in markhor habitat and their relative percentage in the markhor diet was
               significant during winter. Our findings are substantiated by the earlier findings for goral in various protected areas in
               India 50, 53, 54. This also implies that markhor is primarily a grazer but also browse whenever required. Thus its diet changes with the season
               and availability 22, 55. Moose has been described to modify its rumen physiology and rate of dietary intake as a response to scarcity of nutritive
               diet during fall 9. Kazinag National Park experiences heavy snowfall during winter that covers the entire area. Deep layers of snow are probably
               the reason for the low utilization of grasses in winter as most of grasses remain under snow cover. However, grasses in certain
               areas with less snow depth and also around the cliffs are available to markhor but not in a sufficient quantity due to over
               grazing by livestock of herders during the previous autumn season. The negative impact of livestock grazing on availability
               of forage particularly in winter was also speculated by many authors 14, 55, 56. Some herbs although available in markhor habitat during winter but did not appear in fecal samples. Herbs being fugacious
               and appear for a shorter duration, have limited availability and hence, low consumption 57. Another reason for very low representation of herbs in the markhor feaces is perhaps their high digestibility. They have
               softer tissues, hence, expected to face higher digestion and lower representation as identifiable pieces in fecal samples 57, 58.
            

            Three species of trees (Aesculus indica, Picea smithiaina and Pinus wallichiana) were also reported as lean-winter food of markhor. The conifer species viz. Picea smithiana, Cedrus deodara and Abies pindrow were also recorded as diet of goral in Pakistan during winter season 28. Due to limited dietary choice during winter, herbivores consume food of low nutritive quality like conifer needles 59, 60, 61 but in other seasons they are avoided as they are low in energy content 62, 63. Consumption of needles of some conifers shows unfavourable foraging and may affect health and reproductive condition of
               herbivores 10, 11. Although trees were abundant (32.14%) in the habitat, but contributed only 6.68% of the winter diet (Table  1 ), hence, reflected that the utilization of trees by markhor was primarily due to availability rather than selection. The
               utilization of conifers by high altitude temperate ungulates during winter signify dietary compromise when preferred forage
               availability is limited 22 and serves as an emergency winter forage when deep snow makes other forages unavailable 64. Moreover, the rugged geomorphology of the study site, covered by snow, acts as severe bottlenecks during cold and snowy
               winter 6.
            

            Our findings revealed that, the winter nutrition of markhor was dominated by shrubs and grasses contributing 72.37% of the
               consumption. These observations were authenticated by the other findings. The winter forage of mule deer was reported to be
               dominated by browse species (74%) followed by graze species (26%) in North America 65. During winter, browse provides major proportion of nutrients, especially proteins, during critical times of the season when
               grasses were low in nutritional value & digestibility and with ample fiber content 66, 67. Markhor utilizes grasses and herbs during other seasons but shifts to browsing mode in winter for nourishment has also been
               documented earlier 16. The dietary shift of markhor to browsing mode may be owing to decline in availability of graze species in winter with increasing
               snow depth. During winter, snow cover limits the access of ungulates to ground forage thus they suffer from dietary deficiency 68. There occurs an increased shrub use and decreased forb & grass consumption during winter with increased snowpack 69.
            

         

         
               Conclusion

            Although a mixed feeder with more tendencies towards grazing, the results confirmed that, markhor shows a browsing strategy
               during winter season, thus shows high adaptability in feeding habit. Conifers are consumed by markhor during winter as an
               emergency food rather than selection and shrubs were critical to the dietary composition and consumed at relatively high rates.
               The snowfall during winter acts as a major limiting factor and has a drastic impact on the survival of this animal as almost
               all ground forage remains covered and hence, unavailable for consumption. Nutritive value of dietary species of wild herbivores
               has hardly been evaluated; hence, need to be studied to ascertain the reason of their avoidance or preference 49. We also recommend that the species of plants consumed by the markhor during winter must be protected and propagated 55 and supplementary feed must be provided to this wild goat during resource-lean period of winter. The anthropogenic activities
               inside the National Park must be strictly curbed for the continued survival of markhor in its distribution range in Kashmir.
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