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The present study is an attempt to evaluate the Conservation Priority Index (CPI) of species, habitats, and communities for their conservation and management planning in the Kashmir Himalayas in India. The present study is an attempt to prioritize 361 plant species, 18 plant communities (10 within the forest zone and 08 within the alpine zone), and 07 habitats for conservation planning. Out of the total plant species recorded, 06 species were categorized as critically endangered, 20 endangered, 28 vulnerable, and 98 species to be near threatened. Amongst the forest and alpine communities, Abies pindrow community and Juniperus squamata-Rhododendron anthopogon mixed community showed the maximum CPI values. Amongst the habitats, dry habitats showed the maximum CPI in the sanctuary. The study found that the threatened species positively correlated with the native and endemic species indicating that these species were rigorously affected due to biotic and abiotic stresses. Based on the results of the present study, we propose a practical method for biodiversity conservation and management of protected areas. The approach employs a variety of qualitative and quantitative features to compute CPI in conjunction with phytosociological data. This kind of study will be immensely helpful to forest officials, policy makers, conservators, and researchers for planning better strategies to conserve and manage particular species, communities, and even habitats in protected areas.
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Introduction

Asia is home to one of the largest, most elevated, and most highly populated mountain ranges in the world. This mountain range is called the Himalayas (Rana et al., 2021). The Himalayas designated as a global biodiversity hotspot underlines their significance as a storehouse for unique flora and fauna (Allen et al., 2010). A high degree of endemism in the area suggests the presence of numerous important eco-regions and ecosystems with global significance (Dhar, 2002). Himalayan forests serve as a significant “sink” for carbon dioxide and further provide a livelihood to a sizable population both upstream and downstream (Reddy et al., 2016; Chakraborty et al., 2017; Negi et al., 2018a). Therefore, India's National Action Plan on Climate Change (NAPCC) considered this region vital for preserving the ecological security of India (Negi et al., 2019). However, the Himalayan ecosystems are highly vulnerable and are degrading due to various biotic and abiotic stresses (Wani et al., 2022). Overall, climate change is a leading cause of ecological changes and biodiversity loss, although species invasions are also one of the important factors contributing to changes in forest productivity and biodiversity loss, especially native and endemic species (Behera et al., 2019; Negi et al., 2021; Wani et al., 2021). Besides these factors, the forests of the Himalayan region are now becoming vulnerable due to increasing anthropogenic disturbances like deforestation, unsustainable fuel wood, timber collection, and agricultural expansion (Negi and Maikhuri, 2017; Thakur et al., 2022). Therefore, detailed information on species, communities, and habitats is necessary to create effective conservation and management plans for these biodiversity-rich places.

Protected Areas (PA) are recognized as areas with high biodiversity, and as a result, receive special consideration and increased focus on biodiversity conservation and management (Rawat and Adhikari, 2015). A number of studies have, therefore, highlighted the contribution of PAs in the conservation of biodiversity and also in preventing threatened species from extinction risk (Karanth et al., 2010; Oldekop et al., 2016). However, recent studies conducted around the world have shown that biodiversity and other ecosystem products and services continue to be lost despite constant growth in the number of areas covered under PAs (Jenkins and Joppa, 2009; McDonald and Boucher, 2011). According to IPBES (2019), up to one million species of plants and animals are threatened by the risk of extinction. The most recent update of the IUCN Red List includes 142, 577 species [International Union for Conservation of Nature (IUCN), 2022] representing ~7% of the biodiversity of the planet (Ronsted et al., 2022). The irony is that most plant species lack global risk assessment, and the lack of knowledge of which plant species are at risk of extinction limits our ability to frame conservation and management policies (Nic Lughadha et al., 2020). Therefore, the first stage in conservation planning in every region is to establish priorities, criteria, and indicators (Mirtl et al., 2018; Negi et al., 2019). The criteria and indicators approach offers a mechanism for evaluating changes in specific forestry circumstances, and this knowledge helps forest managers plan pertinent conservation policies (Rawat et al., 2008). Additionally, vulnerability mapping of certain species and forests is needed, especially in the Himalayan region, for the implementation of ground-level management plans (Thakur et al., 2020, 2022). Further, to manage and conserve biodiversity in the face of ongoing global change, it is necessary to have enough data to evaluate the status and trends of species ranges, their population, community makeup, and habitat types (Oliver et al., 2021). Species richness has been the main focus of conservation studies and is still widely used (Bano et al., 2018). For instance, conservation planning has historically given priority to some regions over others using the information on richness mixed with various metrics (such as endemism or rarity) (Cadotte and Tucker, 2018). However, to assess the state and trends of species distributions and manage biodiversity in the face of continuing global change, sufficient evidence is required (Oliver et al., 2021). The status and trends of species populations and distributions, communities, and different types of habitats directly linked to the ecological value of those variables are crucial for conservation and management (Bland et al., 2015).

To prevent species extinction, broad, ecosystem-based conservation strategies are also required, which do not rely on taxonomic information or the determination of individual species but on the community composition and habitat types. Thus, developing a Conservation Priority Index of unique species, communities, and habitats at local, regional, national, and global levels is an important step in conservation and management planning. Species richness, nativity, and endemism are a few of the qualities that help prioritize species, communities, and habitats (Pant and Samant, 2007). In Kashmir Himalaya, few efforts have been made to prioritize species for conservation, but most of these studies primarily focused to prioritize medicinal or economically important plants (Dar and Naqshi, 2001; Baig et al., 2014; Tali et al., 2015, 2018; Haq et al., 2019, 2021). However, no attempt has been made to prioritize species, habitats, and communities for conservation and management within the protected area networks of Kashmir Himalaya. Keeping these research gaps in consideration, the present study attempts to evaluate the Conservation Priority Index (CPI) of species, habitats, and communities in Gulmarg Wildlife Sanctuary (GWLS), in order to find out which species, communities, and habitats should be prioritized for conservation and management planning within the sanctuary.



Materials and methods


Study area

Gulmarg Wildlife Sanctuary (GWLS) stretches between 74°17′ to 74°79′ N latitude and 34°55′ to 34°60′ E longitude in District of Baramulla situated in Jammu and Kashmir (Figure 1). It covers an area of 180 km2, out of which 60 and 120 km2 of the areas are under forest and alpine zones, respectively, with an altitudinal range of 2,300–4,200m asl. GWLS has two administrative units: Ferozpora/Tangmarg and Block Gulmarg and are divided into 20 compartments numbering 31–41 (Lower elevation compartments) and 50–58 (Upper elevation compartments), respectively. The mountains in this Himalayan region maintain their glaciation above 3,700 m almost all year round, and the sanctuary has a wet temperate climate with a well-balanced supply of moisture. As a result, the area above 3,700 m asl represents the nival zone and fits well with the climatological concept of the snowline developed for mesic mountains (Gottfried et al., 2011). Geologically, the region is made up of Triassic Limestone rocks, Panjal Traps volcanic rocks, Salkhala Series metamorphic rocks associated with granitic intrusions, and Karewa Group sediments (Dar et al., 2014). Since the area is entirely mountainous, the topography is very uneven. The vegetation is affected at all levels by a number of topographic elements, including altitude, slope steepness, exposure to light and wind, and the direction of mountain chains (Nanda et al., 2019). Coniferous temperate mountain forests of Blue Pine (Pinus wallichiana), sub-alpine forests of Silver Fir (Abies pindrow), and Himalayan Birch (Betula utilis), then alpine scrub and meadows, make up the majority of the vegetation of Gulmarg (Khuroo et al., 2015). Additionally, the sanctuary is home to numerous medicinal plants and nomadic groups like the Gujjars and Bakerwals (Wani and Pant, 2020).
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FIGURE 1
 Location map of Gulmarg Wildlife Sanctuary.




Data collection and analysis

Field visits and surveys were carried out for the qualitative and quantitative assessment of the plant species within the forest, as well as the alpine zone, of the study area in different seasons from May 2018 to June 2022. A total of 123 sites (63 in the forest zone and 60 in the alpine zone) were selected to cover all the possible aspects and habitats along the altitudinal gradient (2,300–4,200m asl). Habitats were identified on the basis of physical features and the dominant vegetation of the sites. The sites having closed canopy along with a high proportion of organic matter and moisture were considered shady moist habitats. Sites having an open canopy with a low proportion of organic matter and moisture were classified as dry habitats whereas sites having an open canopy with high moisture and humus were classified as moist habitats. The sites with high anthropogenic pressures (assessed in terms of trampling, the quantity of animal and human wastes, and distance from the residential areas) were considered exposed habitats. Quantitative assessment was carried out using a stratified random sampling method after laying out a plot of 50 × 50 m at each site. For the assessment of plant species within each plot, 10 random quadrats of 10 × 10 m were laid for trees, 10 quadrats of 5 × 5 m for shrubs, and 20 quadrats of 1 × 1 m for herbs nested in the same plot following standard sampling methods (Curtis and Intosh, 1950; Mishra, 1968; Samant et al., 2002; Rawal et al., 2018). The plant specimens from each plot were collected and relevant information (altitudinal range, habitat, and growth forms) were recorded in a field book. Each collected specimen was later identified up to the species level with the help of local and regional floras (Dhar and Kachroo, 1983; Bhat, 1984; Naqshi et al., 1984; Singh and Kachroo, 1994; Singh et al., 2002). Accepted nomenclature and families of the species were retrieved from the Plants of the World Online database (https://powo.science.kew.org). Forest communities were delineated on the basis of the Importance Value Index (IVI) following the study of Mishra (1991). Sites having ≥50% of the total IVI contributed by a single species were categorized as pure communities of that species whereas sites having ≥50% of the total IVI contributed by two or more species were categorized as mixed communities of those species. Using the same criteria, communities in the alpine zone were identified on the basis of relative density instead of IVI following Rana and Samant (2009).

The nativity and endemism of the species were determined (Dhar and Samant, 1993; Samant et al., 1996; Samant and Dhar, 1997; Khuroo et al., 2007, 2010). Plant species having their origins in the Himalayan region were considered native and the rest were considered non-natives, while the plant species having their distribution limited to the Himalayan region were considered endemics (Samant et al., 1998). Furthermore, the threat status of the plant species was assessed following the study of Rana and Samant (2010) using the parameters viz., population size, habitat specificity, altitudinal range, nativity, and endemism. Furthermore, information regarding the use values of the plant species was collected through interviews and discussions with knowledgeable persons from the surrounding villages of the sanctuary.

CPI was calculated to assess the site-specific threat status at species, habitat, and community levels (Rana and Samant, 2009, 2010; Singh and Samant, 2010; Rana et al., 2020). The CPI value of plant species was calculated as the cumulative values of six attributes viz., altitudinal range, habitat specificities, use values, population size, nativity and endemism, and extraction trend following Rana and Samant (2010). The attributes used for each species were given grades/marks, with a maximum of 10 points, moderate of 6 points, and minimum of 2 points (Table 1). The species having ≥75% of total CPI (i.e., ≥45 out of 60) were categorized as Critically Endangered; 65–74% as Endangered; 55–64% as Vulnerable; 45–54% as Near Threatened, and ≤44% as Least Concerned, following Rana and Samant (2010) with some modifications. Based on the representative sites, range of altitudes, species richness, native species, endemic species, useful species, and threatened species, the CPI of habitats and communities was calculated (Rana and Samant, 2009). The CPI of habitats and communities is the aggregate value of all these attributes, the value of which ranges from 2 to 10 (Table 2). The species, habitats, and communities satisfying all the attributes in the highest grade resulted in the highest aggregate values while attributes with the lowest grade resulted in the lowest aggregate values. Correlation of the total species with a number of native and endemic species, number of users with threatened species, and number of native and endemic species with threatened species in the forest, as well as the alpine zone, was calculated using Microsoft Excel 2010.


TABLE 1 Attributes used for calculating the CPI of plant species in GWLS.
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TABLE 2 Attributes used to calculate the CPI of communities and habitats.
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Results


Species diversity and phytogeographic affinities

A total of 361 plant species belonging to 73 families and 210 genera were recorded (Supplementary Table S1). Asteraceae was the dominant family with 56 species followed by Lamiaceae (22 species), Rosaceae (21 species), and Ranunculaceae (19 species). Ten most dominant families are presented in Figure 2. A total of 184 plant species were found native and 81 species endemic to the Himalayan region. Non-native species have different phytogeographic affinities with major contributions from Asia, Eurasia, and Europe (Figure 3). A total of 158 plant species were found to be utilized by the local people for various purposes i.e., food, fodder, medicine, fuel wood, and timber. Among the unique and high-value medicinal plants were Achillea millifolium, Angelica glauca, Artemisia absinthium, Bergenia ciliata, Colchicum luteum, Dolomiaea costus, Fritillaria roylei, Hyoscyamus niger, Inula racemosa, Lamium album, Picrorhiza kurroa, Podophyllum hexandrum, Trillium govanianum, and Thymus linearis. Medicinal plants like Aconitum heterophyllum, Angelica glauca, Dolomiaea costus, Fritillaria roylei, Picrorhiza kurroa, Rheum webbiana, and Trillium govanianum are used highly for commercial purposes. Prominent wild edibles used by the local inhabitants include Taraxacum sect. Taraxacum, Berberis lycium, Capsella bursa-pastrosis, Dipsacus innermis, Dioscorea deltoidea, Rheum webbiana, Malva neglecta, Fragaria nubicola, and Viburnum grandiflorum.
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FIGURE 2
 Ten dominant plant families in GWLS.
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FIGURE 3
 Phytogeographic affinities of the recorded plant species from GWLS.




Habitat and community diversity

The study revealed a total of seven habitats including shady, moist, dry, bouldary, rocky, riverine, moist, and exposed throughout GWLS. A total of 18 plant communities were identified including 10 forest communities and 8 alpine communities. Ten plant communities delineated from the forest zone include Abies pindrow community, Pinus wallichiana community, A. pindrow-P. wallichiana mixed community, P. wallichiana-Cedrus deodara mixed community, A. pindrow-Picea smithiana mixed community, A. pindrow-Picea smithiana mixed community, Aesculus indica-Taxus wallichiana mixed community, Taxus wallichiana-Prunus cornuta-Aesculus indica mixed community, Abies pindrow-Acer cesium mixed community, and Betula utilis community. Eight plant communities delineated from the alpine zone include Viburnum grandiflorum community, Salix denticulata community, Rhododendron campanulatum community, Juniperus squamata community, Juniperus squamata-Rhododendron anthopogon mixed community, Bistorta affinis- Saussurea acktinsonii-Bergenia stracheyi mixed community, Rhododendron anthopogon community, and Bistorta affinis-Swertia petiolata mixed community.



Prioritization of communities and habitats for conservation


Site representation

Amongst habitats, dry habitats represented maximum sites (27) followed by bouldary (22), shady moist (20), exposed (17), riverine (13), rocky (16), and moist (6). Amongst forest communities, Abies pindrow community was represented at maximum sites (16 sites) followed by Pinus wallichiana community (9 sites), Betula utilis community (7 sites each) Abies pindrow-Pinus wallichiana mixed, Pinus wallichiana–Cedrus deodara mixed (6 each). The rest of the communities were represented at <6 sites. Amongst alpine communities, Juniperus squamata-Rhododendron anthopogon mixed community represented maximum sites (21) followed Bistorta affinis- Saussurea acktinsonii-Bergenia stracheyi mixed community (13) and Bistorta affinis-Swertia petiolata mixed and Rhododendron anthopogon community (7 sites each) and Viburnum grandiflorum (6 sites). Juniperus squamata, Salix denticulata, and Rhododendron campanulatum communities were represented at <4 sites.



Altitudinal distribution

Amongst the habitats, bouldary habitats showed a wide distribution range followed by dry riverine and rocky habitats. Amongst the forest communities, the distribution range was maximum (2,300–3,000) for Abies pindrow community followed by Pinus wallichiana-Abies pindrow mixed (2,400–2,700) and Pinus wallichiana (2,300–2,600) and Betula utilis (2,300–3,500). Amongst alpine communities, the altitudinal range was maximum for the Juniperus squamata-Rhododendron anthopogon mixed community (3,400–3,900) followed by Bistorta affinis- Saussurea acktinsonii- Bergenia stracheyi mixed (3,350–3,700) community. Rhododendron campanulatum and Salix denticulata communities were having the least altitudinal ranges.



Species richness

Amongst habitats, species richness was highest (34.1%) in a dry habitat, followed by shady moist (32.7%), bouldary (29.7%), rocky (27.8%), riverine (22.3%), exposed (20.3%), and moist (13.4%). Amongst the forest communities, species richness was found maximum in Abies pindrow community (46.8%), followed by Pinus wallichiana community (28.9%), Pinus wallichiana-Abies pindrow mixed community (27.5%), and Abies pindrow-Picea smithiana mixed community (24.7%). Amongst the alpine communities, species richness was maximum in Juniperus squamata-Rhododendron anthopogon mixed community (23.4%) followed by Viburnum grandiflorum community (16.5%), Juniperus squamata community (10.1%) and Bistorta affinis- Saussurea acktinsonii- Bergenia stracheyi mixed community (9.6%).



Distribution of native and endemic species

Amongst the habitats, dry habitats exhibit maximum native species (35.5%) followed by bouldary (35.1%), shady moist (31.1%), rocky (25.6%), exposed (19.5%), riverine (13.5%), and moist (12.8%). Dry habitats exhibit maximum endemic species (44.4%) followed by shady moist (41.9%), bouldary (35.8%), exposed (29.6%), rocky (22.2%), riverine (16.1%), and moist (12.8%). Amongst the forest communities, maximum native species were found in the Abies pindrow community (40.52%) followed by Abies pindrow-Picea smithiana mixed community and Betula utilis (23.6% each), Abies pindrow-Acer cesium mixed community (22.9%), and Pinus wallichiana community (20.9%). Maximum endemic species were found in Abies pindrow community (40.7%) followed by Abies pindrow-Acer cesium mixed (28.3%), and Abies pindrow-Pinus wallichiana mixed (24.6%). Amongst alpine communities, maximum native, as well as endemic species (33.7% native and 41.9% endemic), were found in Juniperus squamata-Rhododendron anthopogon mixed community followed by Viburnum grandiflorum community (18.9% native and 14.8% endemic), and Rhododendron anthopogon community (14.8% native and 22.2% endemic).



Distribution of useful species

Maximum useful species were distributed in bouldary habitats (38.5%) followed by dry (37.9%), shady moist (34.8%), rocky (34.1%), exposed (29.5%), riverine (22.7%), and moist habitats (19.6%). Amongst the forest communities, the maximum number of useful species were distributed in Abies pindrow community (46.2%) followed by Pinus wallichiana communities (35.4%), Abies pindrow-Pinus wallichiana mixed communities (32.9%), and Abies pindrow-Picea smithiana mixed community (25.9%). Amongst alpine communities, the maximum number of useful species were distributed in Viburnum grandiflorum community (16.4%) followed by Juniperus squamata-Rhododendron anthopogon mixed and Salix denticulata communities (11.3%), and Juniperus squamata community (8.8%).



Distribution of threatened species

Amongst habitats, maximum threatened species were distributed in rocky habitats (34.6%) followed by bouldary (32.6%), shady moist (30.7%), dry (25.0%), exposed (23.0%), moist (15.3), and riverine (13.4%). Amongst forest communities, maximum threatened species were distributed in Abies pindrow community (34.8%) followed by Abies pindrow-Pinus wallichiana mixed (21.7%), Abies pindrow-Acer cesium mixed (19.0%), Abies pindrow-Picea smithiana mixed and Betula utilis community (17.7% each). Amongst alpine communities, maximum threatened species were distributed in Juniperus squamata-Rhododendron anthopogon mixed community (26.3%) followed by Viburnum grandiflorum, Juniperus squamata and Rhododendron anthopogon communities (9.8% each). A significant positive correlation is found between the total species and native species in the forest zone (0.87, p < 0.01, R2 0.75) and alpine zone (0.94, p < 0.01, R2 = 0.87) (Figure 4) and there is also a significant positive correlation between the total species and endemic species in the forest (0.90, p < 0.01, R2 = 0.73) and alpine zones (0.75, p < 0.01, R2 = 0.45) (Figure 5). A significant positive correlation is found between the number of useful species and the number of threatened species in the forest (r = 0.85, p < 0.01, R2 = 0.70), as well in the alpine zone (r = 0.830, p < 0.01, R2 = −0.15) (Figure 6). Further, a significant positive correlation is found between the number of threatened species and native species in the forest zone (r = 0.96, p < 0.01, R2 = 0.91) and in alpine zone (r = 0.94, p < 0.01, R2 = 0.87) (Figure 7) and endemic species in forest zone (r = 0.95, p < 0.01, R2 = 0.90) and in the alpine zone (r = 0.95, p < 0.01, R2 = 0.87) (Figure 8).
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FIGURE 4
 Correlation between total species and native species (A) forest zone (B) alpine zone.
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FIGURE 5
 Correlation between total species and endemic specie (A) forest zone (B) alpine zone.
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FIGURE 6
 Correlation between useful species and threatened species (A) forest zone (B) alpine zone.
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FIGURE 7
 Correlation of native species and threatened species (A) forest zone (B) alpine zone.
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FIGURE 8
 Correlation of endemic species and threatened species (A) forest zone (B) alpine zone.




Conservation priority index

Based on the threat assessment of the species, 6 plant species were assessed to be critically endangered, 20 endangered, 28 vulnerable, and 98 plant species were assessed to be near threatened. Rests of the species were assessed to be the least concern in the study area (Supplementary Table S1). Amongst the habitats, dry habitats showed the maximum CPI (50) followed by bouldary (48), shady moist (46), and rocky (36) habitats (Table 3). Amongst forest communities, Abies pindrow community showed maximum CPI value (56), followed by Abies pindrow-Pinus wallichiana mixed community (42), Abies pindrow-Picea smithiana mixed community (40) (Table 4). Amongst alpine communities, Juniperus squamata-Rhododendron anthopogon mixed community showed maximum CPI value (44), followed by Salix denticulata (40), Rhododendron campanulatum (38), and Juniperus squamata community (36) (Table 4).


TABLE 3 Calculated CPI value of different habitats within GWLS.
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TABLE 4 Calculated CPI of different delineated forest communities within GWLS.
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Discussion

Species richness recorded during the present study was higher than in earlier reports from the Indian Himalayan region (Singh et al., 2007; Chawla et al., 2008; Dar and Sundarapandian, 2016; Pandey et al., 2018; Haq et al., 2019, 2021; Ahmad et al., 2020). Asteraceae, Lamiaceae, Rosaceae, and Ranunculaceae were reported to be dominant contributing maximum species. These families have been reported as dominant in Indian Himalayas in earlier studies also (Samant et al., 2007; Dar and Khuroo, 2012; Haq et al., 2019; Ahmad et al., 2021; Altaf et al., 2021). As a large number of species has become threatened in Kashmir Himalaya over the decades due to various anthropogenic disturbances (Hamid et al., 2020), the rich floristic diversity of the native, endemic, economically important, and threatened species in the GWLS signifies the enormous conservation and socio-economic values of the sanctuary.

A significant positive correlation was found between the total species and native species in the forest and alpine zones. There is also a significant positive correlation between the total species and endemic species in the forest and alpine zones which indicate that as the number of species increases there is an increase in the number of native and endemic species. The correlation between the number of useful species and the number of threatened species in the forest was much strong than in the alpine zone indicating that the number of threatened species was higher in forest communities having biotic/abiotic pressures. It is obvious that an increased number of useful species in a community will lead to a burden on the unique species, resulting in their declining population. Further, a significant positive correlation between the number of threatened species and native species in the forest zone and in the alpine zone and endemic species in the forest zone and in the alpine zone indicated that the native and endemic plant species were rigorously affected due to biotic and abiotic stresses (Rana et al., 2020). Anthropogenic disturbances coupled with climate change promote biological invasions in mountain ecosystems and thus pose threat to native and endemic species and are a global concern (Ahmad et al., 2021; Li et al., 2021). Endemic species are specialist species and have narrow niche widths and thus narrow environmental tolerance (Mills et al., 2020).

Conservation prioritization of species, habitats, and communities is a prerequisite for biodiversity conservation and management planning in the protected area (Singh and Samant, 2010). Based on the CPI value of species in the present study, 41.8% of species were categorized as threatened and near threatened in the study area. Some of the plants assessed to be threatened in GWLS are given in Figure 9. Some of these plant species have been categorized as threatened in some previous studies also (Table 5). However, Hamid et al. (2020) pointed out that many plant species like Betula utilis, Colchicum luteum, Podophyllum hexandrum, Rheum webbianum, Taxus wallichiana, and Valeriana jatamansii have not been included in the threatened lists despite of their dwindling populations and thus recommended their immediate categorization as per the IUCN criteria.


[image: Figure 9]
FIGURE 9
 Notable threatened plants of GWLS (A) Podophyllum hexandrum (B) Aconitum heterophyllum (C) Trillium govanianum (D) Phytolacca acinosa (E) Arisaema jacquemontii (F) Dioscorea deltoidea (G) Rhododendron campanulatum (H) Arisaema propinquum (I) Hyoscyamus niger.



TABLE 5 Threat status of some prioritized plant species as per previous studies.

[image: Table 5]

Among the forest community, Abies pindrow community and Abies pindrow-Pinus wallichiana mixed community, whereas among alpine communities, Juniperus squamata-Rhododendron anthopogon mixed and Salix denticulata community with high CPI values indicated the need for conservation (Figure 10). Furthermore, dry, bouldary, and shady moist habitats with high CPI value reveal that the proper management of these habitats would help in maintaining the natural ecosystems and conservation of species of the area, as the habitat fragmentation and degradation are considered as one of the primary drivers of species extinction (Tilman et al., 2001; Ganie et al., 2019; Quan et al., 2021; Su et al., 2022). The prioritized habitats and communities not only have higher species richness, but also possess the premier number of native, endemic, economically important, and threatened species. Thus, any alteration in these communities and habitats will lead to an alteration in their species composition; the consequences of which may be the loss of native, endemic, and threatened species (Mehta et al., 2020). Further, the communities were identified on the basis of the dominance of one or more species pointing out that any alteration in such dominant species will alter the composition of these communities. Therefore, the regeneration dynamics of such dominant species need to be analyzed thoroughly for conservation and management planning. Further, regular monitoring of the prioritized habitats and communities is desirable to comprehend the structural and functional alterations in the natural vegetation due to various biotic and abiotic stresses as suggested by previous studies (Negi et al., 2018b, 2019).


[image: Figure 10]
FIGURE 10
 CPI of delineated alpine and forest communities and habitats; BA-SP, Bistorta affinis-Swertia petiolata community; RA, Rhododendron anthopogon community; BA-SA-BS, Bistorta affinis-Saussurea acktinsonii-Bergenia stracheyi community; Juniperus squamata-Rhododendron anthopogon community; Juniperus squamata community; Rhododendron campanulatum community; Salix denticulata community; Viburnum grandiflorum community; AP, Abies pindrow community; PW, Pinus wallichiana community; AP-PW, Abies pindrow-Pinus wallichiana community; PW-CD, Pinus wallichiana-Cedrus deodara community; AP-PS, Abies pindrow-Picea smithiana community; AI-PW, Aesculus indica-Pinus wallichiana community; AI-TW, Aesculus indica-Taxus wallichiana community; TW-PC-AI, Taxus wallichiana-Prunus cornuta-Aesculus indica community; AP-AC, Abies pindrow-Acer cesium community; BU, Betula utilis community; M, Moist; E, Exposed; Ri, Riverine; D, Dry; B, Bouldary; R, Rocky; SM, Shady Moist.


At the local level, proper application of the IUCN criteria is necessary for assessing the conservation status of taxonomic units (Rodrigues et al., 2006; Miller et al., 2007; Abeli et al., 2009). The comprehensive method used in this study includes IUCN criteria that are suitable in the local context (Dunn et al., 1999; Keller and Bollmann, 2004; Gauthier et al., 2010). The current work proposes a practical method for managing protected areas based on scientific site-specific techniques (species, habitats, and communities), which employs a variety of qualitative and quantitative features to compute CPI in conjunction with phytosociological data. However, it is well-established that such research is useless unless the findings of these studies are used by forest managers and policymakers for implementing biodiversity conservation and management policies.



Conclusion

The present study attempts to assess the floristic diversity of forest and alpine communities in GWLS. Further, the study attempts to prioritize the species, habitats, and communities for conservation and management strategies. A number of species were assessed to be threatened within the study area and out of which many species are on the IUCN's Red List of species. Further, the prioritized habitats and communities in GWLS are not only rich in species number, but also possess a greater number of native, endemic, and threatened species. Therefore, any type of negative impact on such habitats and communities, in turn will affect the survival of such precious species. Long-term monitoring using the quadrat method for all the growth forms of the georeferenced plots representing the prioritized habitats and communities is required. Further, tourist influx should be limited as per the carrying capacity of the sanctuary, and guidelines for the visitors should be framed in order to reduce the trampling of herbaceous flora inside the sanctuary. Thus, the present study has developed baseline information for initiating conservation and management planning.
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*Not used for CPI calculation of habitats.
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Taxa Nayarand Walter and Molurand Darand Raoetal. Talietal. International Union for Present
Sastry Gillett Walker Nagshi  (2003) (2015)  Conservation of Nature study

(1988) (1998) (1998) (2001) (IUCN) (2022)
Ulmus wallichiana - EN - EN EN - VUL VUL
Berberis lycium - - EN - - - EN
Aconitum heterophyllum - EN CR EN - - EN EN
Aconitum violaceum - - CR - - - vuL vuL
Aquilegia nivalis - EN - VUL EN EN - EN
Atropa acuminata - - CR vuL - EN EN EN
Dioscorea deltoidea VUL - CR - - - EN
Dolomiaca costus EN EN CR VUL EN - CR CR
Acer cesium VUL - - - VUL - - NT
Angelica glauca - EN - - - - EN
Fritillaria roylei - CR R - VUL - CR
Inula racemosa VUL vuL - R - - - vuL
Trillium govanianum - - - - - - EN CR
Eremerus himalaicus R - - - - - - CR
Hyoscyamus niger - - - R - - . vuL
Meconopsis latifolia VUL vuL EN vuL EN
Picrorhiza kurrooa VUL - - EN - - - CR

Rhododendron campanulatum - - - VUL - - - CR






OPS/images/ffgc-05-995427-t004.jpg
Community RS H AR SR% N% EN% US% Th% CPI

Forest communities

Abies pindrow 16 5 2300-3000 468 4054 4074 4620 348 56
Pinus wallichiana 9 4 23002600 289 195 209 354 164 38
Abies pindrow-Pius wallichiana mixed 6 3 2400-2700 275 209 246 329 217 42
Pinus wallichiana-Cedrus deodara mixed 6 3 23502600 220 14.1 209 259 13.1 36
Abies pindrow-Picea smithiana mixed 5 2 2400-2550 247 26 244 259 17.7 0
Aesculus indica-Pinus wallichiana mixed 2 1 2400-2,500 101 101 135 126 78 38
Aesculus indica-Taxus wallichiana mixed 2 2 2,500-2,700 143 94 123 151 1.8 36
Taxus wallichiana-Prunus cornuta-Aesculus indica 5 3 2450-2,600 123 101 123 164 105 28
Abies pindrow-Acer cesium mixed 5 4 2750-2950 250 29 283 21 19.0 38
Betula utilis 7 2 3200-3,500 148 236 22 170 17.7 32
Alpine communities

Viburnum grandiflorum 6 2 3,000-3,200 165 189 143 164 98 2
Salix denticulate 1 1 3,170 88 14.1 135 113 72 40
Rhododendron campanulatum 2 1 3,230 74 121 160 75 85 38
Juniperus squamata 3 1 3,350 10.1 162 197 88 98 36
Juniperus squamata-Rhododendron anthopogon mixed 21 3 3400-3900 234 337 419 13 263 4“
Bistorta affinis- Saussurea acktinsonii- Bergenia stracheyi mixed 13 3 3350-3,700 96 14.1 197 50 78 26
Rhododendron anthopogon 7 2 3800-4,050 7.7 148 22 50 98 28
Bistorta affinis-Swertia petiolata 7 3 3,900-4200 74 8.1 172 37 72 26

hreatened species; CPI, Conservation Priority Index.
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Score Range of altitude (m) Habitat Use values Population size Native/Endemic Extraction trend

2 >1,000 >3 <3 >250 Ind/>5 Locations Non-native No extraction
6 500-1,000 2-3 3-4 51-250 Ind/5 Locations Native Self-use

10 <1,000 i >4 <50 Ind/2 Locations Native and Endemic Commercial
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