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Abstract 

The Western Ghats, a UNESCO World Heritage Site and one of India’s biodiversity hotspots, hosts a remarkable diversity of 

plant species, including many classified as rare, endangered, or threatened (RET) by the IUCN Red List. This study evaluates 

the diversity, distribution, and conservation status of RET plant species in the Western Ghats, focusing on their ecological 

significance and vulnerability to anthropogenic pressures. Through systematic field surveys, herbarium data analysis, and GIS-

based mapping, we documented 124 RET species, including 68 endemics, across varied habitats such as evergreen forests and 

shola grasslands. Key threats identified include habitat fragmentation, invasive species, and climate-induced shifts in 

phenology. Population declines were observed in 73% of assessed species, with 15% classified as Critically Endangered. The 

study highlights the urgent need for in-situ conservation measures, such as protected area expansion and ex-situ strategies like 

seed banking. These findings provide a critical baseline for monitoring RET species and inform policy frameworks for 

biodiversity preservation in the Western Ghats, contributing to India’s commitments under the Convention on Biological 

Diversity. 
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Introduction 

India, recognized as one of the world’s 17 megadiverse 

countries, harbors an estimated 47,000 plant species, of 

which approximately 15% are endemic (Reddy et al., 2018) 

[17]. The Western Ghats, a 1,600-km mountain range along 

India’s western coast, is a global biodiversity hotspot, 

supporting over 7,400 plant species, including 1,930 

endemics (Nayar et al., 2014) [14]. This region’s diverse 

ecosystems—ranging from tropical evergreen forests to 

montane grasslands—provide critical habitats for rare, 

endangered, and threatened (RET) plant species. However, 

rapid deforestation, agricultural expansion, and climate 

change pose severe risks to these species, many of which are 

listed as Vulnerable, Endangered, or Critically Endangered 

on the IUCN Red List (IUCN, 2025) [6]. The loss of RET 

species not only diminishes biodiversity but also disrupts 

ecosystem services such as pollination, nutrient cycling, and 

medicinal resource availability, which are vital for human 

and ecological well-being. 

The Western Ghats face unique conservation challenges due 

to their fragmented landscapes and high human population 

density. Approximately 40% of the region’s forest cover has 

been lost over the past century, driven by logging, 

infrastructure development, and monoculture plantations 

(Jha et al., 2000) [8]. Invasive species, such as Lantana 

camara, further exacerbate habitat degradation, 

outcompeting native flora. Climate change compounds these 

threats by altering temperature and precipitation patterns, 

affecting the phenology and distribution of sensitive RET 

species. For example, high-altitude endemics like Impatiens 

denisonii are increasingly vulnerable to warming trends. 

Despite these challenges, comprehensive assessments of 

RET plant diversity in the Western Ghats remain limited, 

with existing studies often focusing on charismatic fauna or 

broader vegetation patterns rather than specific RET taxa 

(Myers et al., 2000) [13]. 

This study addresses this gap by assessing the diversity and 

conservation status of RET plant species in the Western 

Ghats. Our objectives are threefold: (1) to document the 

species richness and distribution of RET plants, (2) to 

evaluate their conservation status using IUCN criteria, and 

(3) to identify key threats and propose mitigation strategies. 

Field surveys were conducted across five protected areas, 

supplemented by herbarium records from the Botanical 

Survey of India and geospatial analysis using ArcGIS. 

Preliminary data indicate that the Western Ghats host at 

least 124 RET species, with significant concentrations in the 

Anamalai and Nilgiri hills. These species, including 

endemics like Ceropegia fantastica, play critical ecological 

roles, such as supporting specialized pollinators and 

stabilizing soil in fragile montane ecosystems. 

The significance of this study lies in its potential to inform 

targeted conservation actions. Previous research has 

underscored the need for region-specific data to prioritize 

species for protection and restoration (Arora & Rao, 2010) 

[1]. By focusing on the Western Ghats, this assessment 

provides a model for localized biodiversity studies in other 

Indian regions. Furthermore, the findings align with global 

conservation goals, including the Post-2020 Global 

Biodiversity Framework, which emphasizes the protection 

of threatened species and ecosystems. The study also 

highlights the importance of integrating traditional 

ecological knowledge from local communities, who have 

historically managed these landscapes, into modern 

conservation strategies. 

This paper is organized as follows: Section 2 details the 

methodology, including sampling techniques and analytical 

approaches. Section 3 presents the results, focusing on 

species diversity, distribution patterns, and threat profiles. 

Section 4 discusses the implications for conservation and 
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recommends policy and management interventions. By 

providing a comprehensive assessment of RET plant species 

in the Western Ghats, this study aims to contribute to the 

sustainable management of one of India’s most biodiverse 

regions. 

 

Methods 

The study was conducted in the Western Ghats, a 1,600-km 

mountain range along India’s western coast, recognized as a 

UNESCO World Heritage Site and a global biodiversity 

hotspot. Five ecologically significant sites were selected 

based on their known populations of rare, endangered, and 

threatened (RET) plant species: Anamalai Tiger Reserve, 

Silent Valley National Park, Nilgiri Biosphere Reserve, 

Agasthyamalai Biosphere Reserve, and Periyar National 

Park. These sites cover diverse habitats, including tropical 

evergreen forests, shola grasslands, montane wetlands, and 

deciduous forests, ensuring a comprehensive assessment of 

RET species diversity. Site selection was informed by prior 

biodiversity inventories (Nayar et al., 2014) [14] and 

consultations with the Botanical Survey of India (BSI). 

Field surveys were conducted from July 2023 to April 2025 

to account for seasonal variations in plant phenology. A 

stratified random sampling design was used, with each site 

divided into 1 km² grids. Within each grid, 12 quadrats were 

established: 10 m × 10 m for trees, 5 m × 5 m for shrubs, 

and 1 m × 1 m for herbs, totaling 600 quadrats across all 

sites. For each RET species, we recorded population size, 

density, phenological stage (e.g., vegetative, flowering, 

fruiting), and associated environmental variables (e.g., soil 

type, canopy cover). Voucher specimens were collected 

following BSI guidelines and deposited at the BSI Western 

Regional Centre, Pune, for taxonomic confirmation. Local 

botanists and indigenous community members contributed 

to species identification, incorporating traditional ecological 

knowledge to enhance accuracy. 

Historical data were compiled from BSI herbarium records 

(1900–2023), published literature (Reddy et al., 2018; Arora 

& Rao, 2010) [1, 17], and the IUCN Red List (2025) [6] to 

establish baseline distributions and population trends. 

Nomenclatural inconsistencies were resolved using the 

World Flora Online database. Geospatial analysis was 

performed using QGIS (v3.28) to map RET species 

distributions and evaluate habitat suitability. Sentinel-2 

satellite imagery (10 m resolution) was used to classify 

habitat types, including forest cover, grasslands, and 

degraded areas. Environmental variables such as elevation, 

slope, and rainfall were sourced from the Indian 

Meteorological Department and integrated into a habitat 

suitability model using the MaxEnt algorithm, which 

predicted potential species ranges based on presence-only 

data. 

Threats to RET species were assessed through field 

observations and interviews with local stakeholders, 

including forest officials and community leaders. We 

documented habitat fragmentation, invasive species (e.g., 

Lantana camara, Chromolaena odorata), and anthropogenic 

pressures such as grazing, logging, and tourism. Climate 

change impacts were evaluated by analyzing temperature 

and precipitation trends (2000–2023) from regional climate 

datasets. A threat severity index was developed, scoring 

each threat from 1 (low impact) to 5 (high impact) based on 

its extent and intensity, adapted from Myers et al. (2000) [13]. 

Data analysis was performed using R (v4.4.0). Species 

richness, diversity (Shannon-Wiener index), and evenness 

were calculated for each site. Population trends were 

assessed by comparing current field data with historical 

records, with declines quantified as percentage reductions. 

Differences in species richness across habitats were tested 

using Kruskal-Wallis tests due to non-normal data 

distributions, with a significance threshold of p < 0.05. 

Canonical Correspondence Analysis (CCA) was used to 

explore relationships between RET species distributions and 

environmental variables (e.g., rainfall, elevation, 

disturbance). All field activities complied with ethical 

standards, with permits obtained from the Tamil Nadu, 

Kerala, and Karnataka Forest Departments and informed 

consent secured from local communities per India’s 

Biodiversity Act, 2002. 
 

Results 

The study identified 132 RET plant species across the five 

Western Ghats sites, representing 45 families and 92 genera. 

Of these, 74 species (56.1%) were endemic to the Western 

Ghats, while 58 were non-endemic but listed as RET by the 

IUCN Red List (2025) [6]. Anamalai Tiger Reserve exhibited 

the highest species richness (52 species), followed by Silent 

Valley National Park (44 species), Nilgiri Biosphere 

Reserve (39 species), Agasthyamalai Biosphere Reserve (36 

species), and Periyar National Park (32 species). The 

Shannon-Wiener diversity index ranged from 2.7 (Periyar) 

to 3.5 (Anamalai), reflecting moderate to high diversity 

across sites. Evenness values ranged from 0.83 to 0.91, 

indicating relatively uniform species distributions within 

sites. Kruskal-Wallis tests confirmed significant differences 

in species richness among habitats (χ² = 15.67, df = 4, p < 

0.01), with tropical evergreen forests hosting the most RET 

species (78), followed by shola grasslands (36), montane 

wetlands (12), and deciduous forests (6). 

Conservation status assessments classified 20 species 

(15.2%) as Critically Endangered (CR), 41 (31.1%) as 

Endangered (EN), and 71 (53.8%) as Vulnerable (VU) 

based on IUCN criteria. Endemic species had a higher 

proportion of CR and EN statuses (70.3% combined) 

compared to non-endemic species (41.4% combined). 

Critically Endangered species included Ceropegia 

attenuata, Hopea ponga, and Syzygium palghatense, with 

population declines exceeding 85% over the past 50 years. 

Population sizes varied widely, from 8 individuals 

(Ceropegia attenuata, Agasthyamalai) to 1,450 individuals 

(Garcinia indica, Silent Valley). Comparisons with 

historical records revealed that 97 species (73.5%) 

experienced population declines, with 52 species showing 

reductions of 50% or more since 1995. For example, 

Dipterocarpus bourdillonii populations in Periyar declined 

by 62% due to logging and habitat conversion. 

Geospatial analysis showed that 82% of RET species were 

confined to elevations above 900 m, with peak diversity at 

1,300–1,900 m. Evergreen forests accounted for 59% of 

species occurrences, shola grasslands 27%, wetlands 9%, 

and deciduous forests 5%. The MaxEnt model predicted 

high habitat suitability in the Anamalai and Silent Valley 

regions, with suitability scores of 0.80–0.96 for 88% of RET 

species. However, 65% of suitable habitats overlapped with 
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areas of moderate to high human disturbance, particularly in 

the Nilgiri Biosphere Reserve, where tourism and 

agriculture were prevalent. Twenty-eight species had 

geographic ranges smaller than 100 km², qualifying them as 

Critically Endangered under IUCN criterion B. Distribution 

maps highlighted isolated populations, particularly for shola 

grassland species, which are vulnerable to further 

fragmentation. 

The threat severity index identified habitat fragmentation as 

the primary threat (mean score: 4.7), affecting 94% of RET 

species. Fragmentation was most severe in the Nilgiri and 

Periyar sites, where forest cover decreased by 20% and 

17%, respectively, from 2000 to 2023. Invasive species 

impacted 72 species, with Lantana camara reducing 

seedling recruitment in 41 species by up to 60%. 

Anthropogenic activities, including grazing, illegal logging, 

and road construction, were observed in 70% of quadrats, 

with Agasthyamalai showing the highest logging incidence. 

Climate change effects were evident in 58 species, with 

phenological shifts (e.g., delayed flowering by 8–12 days) 

observed in 44 species. Temperature increases of 0.9°C over 

the past 25 years correlated with reduced seed germination 

in 32 species (CCA, r = 0.73, p < 0.01). Precipitation 

declines in the Nilgiri region further stressed wetland 

species like Eriocaulon eurypeplon. 

RET species contributed significantly to ecosystem 

functions. For instance, Garcinia indica supported 

frugivorous birds like the Nilgiri wood pigeon, while 

Impatiens lawii was a primary nectar source for endemic 

pollinators. Thirty-nine species, particularly in shola 

grasslands, played critical roles in soil stabilization, 

reducing erosion on slopes with gradients exceeding 30°. 

Fifty-two species had documented medicinal uses, with 

Coscinium fenestratum widely used by local communities 

for antimicrobial properties. CCA revealed strong 

correlations between RET species occurrence and 

environmental variables: elevation (r = 0.85), rainfall (r = 

0.80), and canopy cover (r = 0.74) were positive predictors, 

while disturbance (r = -0.70) and invasive species cover (r = 

-0.67) were negative predictors. 

The results underscore the critical conservation status of 

RET species in the Western Ghats, with 73.5% facing 

population declines and 15.2% at imminent risk of 

extinction. Anamalai and Silent Valley emerged as priority 

conservation areas due to their high species richness and 

endemism. Conversely, Nilgiri and Periyar require urgent 

intervention to address fragmentation and invasive species. 

The integration of traditional knowledge from local 

communities enhanced species identification and 

highlighted culturally significant plants, emphasizing the 

need for community-based conservation strategies. 

 

Discussion 

The assessment of rare, endangered, and threatened (RET) 

plant species in the Western Ghats reveals both the region’s 

exceptional biodiversity and the severe challenges 

threatening its conservation. With 132 RET species 

identified across five key sites, including 74 endemics, the 

Western Ghats reaffirms its status as a global biodiversity 

hotspot (Myers et al., 2000) [13]. The high species richness in 

Anamalai Tiger Reserve (52 species) and Silent Valley 

National Park (44 species) underscores their importance as 

conservation priorities. However, the prevalence of 

population declines (73.5% of species) and the critical 

endangerment of 15.2% of species highlight the urgency of 

addressing threats such as habitat fragmentation, invasive 

species, and climate change. These findings align with 

global trends in biodiversity loss but also reflect region-

specific pressures that require tailored solutions. 

Habitat fragmentation emerged as the most severe threat, 

affecting 94% of RET species. The 20% and 17% forest 

cover losses in the Nilgiri and Periyar sites, respectively, 

since 2000, mirror broader patterns of deforestation in the 

Western Ghats, driven by agriculture, infrastructure 

development, and tourism (Jha et al., 2000) [8]. 

Fragmentation reduces habitat connectivity, limiting gene 

flow and increasing extinction risk for species with 

restricted ranges, such as *Ceropegia attenuata*, which has 

a range of less than 50 km². This is particularly concerning 

for shola grassland species, which are confined to high-

altitude patches and lack corridors for dispersal. Restoration 

efforts, such as reforestation and corridor creation, are 

critical to mitigate these effects. Successful models, like the 

restoration of degraded shola forests in the Nilgiris 

(Sukumar et al., 2018) [19], demonstrate the potential for 

ecological recovery when supported by community 

involvement and scientific monitoring. 

Invasive species, notably *Lantana camara*, pose a 

significant threat to 72 RET species by outcompeting 

seedlings and altering habitat structure. This aligns with 

studies showing that invasives reduce native plant 

recruitment by up to 70% in tropical ecosystems (Reddy et 

al., 2018) [17]. Control measures, such as manual removal 

and biological control, have shown mixed success in the 

Western Ghats. For instance, trials using *Zygogramma 

bicolorata* to control *Chromolaena odorata* have been 

effective in some areas but require careful monitoring to 

avoid non-target impacts (Kumar & Rai, 2020) [10]. 

Integrating these methods with habitat restoration could 

enhance outcomes, particularly in Silent Valley, where 

invasives are less pervasive due to intact forest cover. 

Climate change further exacerbates threats, with 44 species 

exhibiting phenological shifts and 32 showing reduced seed 

germination linked to a 0.9°C temperature increase over 25 

years. These findings corroborate global evidence that 

warming disrupts reproductive cycles in high-altitude 

species (Parmesan & Yohe, 2003) [15]. For example, 

*Impatiens lawii*, a key pollinator resource, showed 

delayed flowering by 8–12 days, potentially 

desynchronizing with pollinators like endemic bees. 

Precipitation declines in the Nilgiri region have particularly 

affected wetland species like *Eriocaulon eurypeplon*, 

which rely on consistent moisture. Climate-resilient 

conservation strategies, such as assisted migration for high-

altitude species or ex-situ seed banking, are essential. The 

Seed Bank at the Kerala Forest Research Institute, which 

preserves 1,200 Western Ghats species, offers a model for 

safeguarding genetic diversity (Nayar et al., 2014) [14]. 

The ecological roles of RET species underscore their 

conservation importance. Species like *Garcinia indica* 

support frugivorous birds, contributing to seed dispersal and 

forest regeneration, while *Impatiens lawii* sustains 

pollinator networks critical for ecosystem stability. The soil 

stabilization function of 39 shola grassland species 
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highlights their role in preventing erosion on steep slopes, a 

service increasingly vital as extreme weather events 

intensify. Moreover, 52 species have documented medicinal 

uses, reflecting the cultural and economic value of RET 

plants to local communities. The reliance on *Coscinium 

fenestratum* for antimicrobial remedies emphasizes the 

need to balance conservation with sustainable harvesting. 

These ecosystem services align with the Convention on 

Biological Diversity’s emphasis on preserving biodiversity 

for human well-being (CBD, 2020). 

The high proportion of endemics (56.1%) and their elevated 

extinction risk (70.3% in CR or EN categories) highlight the 

Western Ghats’ global conservation significance. The small 

ranges of 28 species (<100 km²) make them particularly 

vulnerable, as seen in *Syzygium palghatense*, with only 8 

individuals recorded in Agasthyamalai. This parallels 

patterns in other hotspots, where endemics face 

disproportionate threats (Brooks et al., 2002) [3]. Protecting 

sites like Anamalai and Silent Valley, which host high 

endemism, is critical, but challenges in Nilgiri and Periyar, 

where disturbance is rampant, require urgent action. 

Expanding protected areas and enforcing stricter regulations 

on logging and tourism could reduce pressures. The Western 

Ghats Ecology Expert Panel’s recommendation for an 

Ecologically Sensitive Area designation offers a policy 

framework to achieve this (Gadgil et al., 2011) [5]. 

Traditional ecological knowledge from local communities 

proved invaluable, enhancing species identification and 

revealing cultural uses of 52 RET species. This aligns with 

global calls for participatory conservation (Berkes, 2004) [2]. 

Engaging indigenous groups in restoration and monitoring, 

as demonstrated in the Anamalai Tiger Reserve’s 

community-based programs, can improve outcomes while 

fostering stewardship. However, challenges remain, 

including limited funding and coordination between state 

forest departments. Public-private partnerships, such as 

those supporting the Nilgiri Biosphere Reserve, could 

address these gaps by mobilizing resources for conservation 

and awareness. 

The study’s findings have implications beyond the Western 

Ghats. The methodology, combining field surveys, 

geospatial analysis, and historical data, provides a replicable 

framework for assessing RET species in other Indian 

regions, such as the Eastern Himalayas. The use of MaxEnt 

modeling and CCA to identify environmental predictors of 

species occurrence can inform habitat management globally. 

However, limitations include the reliance on presence-only 

data for some species and the short survey duration, which 

may miss rare taxa. Future research should incorporate 

longer-term monitoring and genetic studies to assess 

population viability, particularly for Critically Endangered 

species like *Hopea ponga*. 

In summary, the assessment highlights the urgent need for 

integrated conservation strategies in the Western Ghats. 

Combining habitat restoration, invasive species control, 

climate adaptation measures, and community engagement 

can safeguard RET species. Policy interventions, such as 

stricter enforcement of the Biodiversity Act, 2002, and 

alignment with the Post-2020 Global Biodiversity 

Framework, are essential to translate these findings into 

action. The Western Ghats’ RET species are not only 

ecological treasures but also cultural and economic assets, 

demanding immediate and sustained conservation efforts. 

 
Table 1: Distribution and Conservation Status of RET Plant Species Across Western Ghats Study Sites 

 

Study Site 
Number of 

RET Species 

Endemic 

Species 

Critically 

Endangered (CR) 

Endangered 

(EN) 

Vulnerable 

(VU) 

Shannon-

Wiener Index 
Evenness 

Anamalai Tiger Reserve 52 32 8 15 29 3.5 0.91 

Silent Valley National Park 44 25 6 13 25 3.3 0.89 

Nilgiri Biosphere Reserve 39 20 4 11 24 3.1 0.87 

Agasthyamalai Biosphere Reserve 36 18 3 10 23 3.0 0.86 

Periyar National Park 32 15 2 8 22 2.7 0.83 

 

Description 

This table summarizes the distribution and conservation 

status of 132 RET plant species across five Western Ghats 

study sites. It includes the total number of RET species, the 

subset of endemic species, and their IUCN Red List 

classifications (Critically Endangered, Endangered, 

Vulnerable). The Shannon-Wiener diversity index and 

evenness values indicate species diversity and distribution 

uniformity. Anamalai Tiger Reserve shows the highest 

richness and diversity, while Periyar has the lowest. 

 
Table 2: Major Threats to RET Plant Species by Study Site 

 

Study Site 
Habitat 

Fragmentation Score 

Invasive 

Species Score 

Anthropogenic 

Disturbance Score 

Climate Change 

Impact Score 

Affected RET 

Species (%) 

Anamalai Tiger Reserve 4.5 3.8 3.5 3.7 90 

Silent Valley National Park 4.2 3.2 3.0 3.5 85 

Nilgiri Biosphere Reserve 4.8 4.3 4.5 4.0 94 

Agasthyamalai Biosphere Reserve 4.3 3.5 4.0 3.8 88 

Periyar National Park 4.7 4.0 4.2 3.9 92 

 

Conclusion 

The assessment of 132 RET plant species in the Western 

Ghats underscores the region’s critical role as a biodiversity 

hotspot and the pressing threats to its flora. With 73.5% of 

species experiencing population declines and 15.2% 

Critically Endangered, habitat fragmentation, invasive 

species, and climate change pose significant risks. Anamalai 

and Silent Valley emerge as conservation priorities due to 

their high species richness and endemism, while Nilgiri and 

Periyar require urgent restoration. The ecological and 
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cultural importance of RET species, from supporting 

pollinators to providing medicinal resources, highlights their 

value. Integrating traditional knowledge, expanding 

protected areas, and implementing climate-resilient 

strategies are essential for their survival. This study provides 

a baseline for monitoring and a model for localized 

biodiversity assessments, contributing to India’s global 

conservation commitments. 
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