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Soil Health, Pest Control, and Crop Yield Sandeep Songara
7 Declining Wildlife Populations in the Malwa Region: Pooja Choudhary
Investigating Multi-factorial Pressures
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Abstract

Reptiles, as ectothermic vertebrates, are inherently sensitive to ambient environmental
conditions and thus serve as crucial bio-indicators of ecosystem health. This review focuses
on reptilian diversity in the Dewas district of Madhya Pradesh (Malwa Plateau, central India),
aiming to synthesise current knowledge of species richness, identify major threats especially
habitat loss and climate change and propose context-specific conservation strategies.
Drawing on state and regional herpetofaunal inventories, climate-change impact literature
and emerging Indian studies, the review highlights gaps in baseline data at the district scale,
documents how habitat fragmentation remains the pressing threat, and argues that climate
change acts as a synergistic “threat multiplier”. The paper concludes with recommendations
for comprehensive surveys, long-term monitoring, micro-habitat thermal mapping, landscape
connectivity planning, and community-based conflict mitigation tailored to Dewas. This work
offers a foundation for a seminar presentation and signals the urgent need for reptile-focused

conservation in a changing climate.

Keywords
Reptiles, Herpetofauna, Climate Change, Biodiversity, Dewas District, Madhya Pradesh,

Habitat Loss, Fragmentation, Conservation Strategies.

Introduction

Biodiversity serves as a foundation for ecosystem sustainability and human well-being by
providing essential services such as pest regulation, nutrient cycling, seed dispersal, and the
maintenance of food-web dynamics. Within the vertebrate category, reptiles occupy a
significant role, functioning as both predators (e.g., targeting insects, small mammals,
amphibians) and as prey for larger animals, thus contributing to the structural stability and

functional resilience of ecosystems. Their reliance on external heat sources (ectothermy)
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makes ambient temperature conditions, habitat structure (like shading and microclimates),

and access to thermal refuges crucial for their survival and reproductive success.

Importance of Reptiles in the Ecosystem

Bioindicators

Seed Dispersal Pest Control

. /

N _~

_ S

Food Web Stability Nutrient Cycling

Fig. - Showing the Importance of Reptiles for Ecosystem

Globally, there are growing concerns about the decline of reptiles; for instance, research such
as that by Gibbons et al. (2000) has documented widespread declines in reptiles, which occur
alongside reductions in amphibian populations, with habitat loss recognized as a key factor.
In India—a country rich in biodiversity—reptiles are abundant yet relatively under-
researched. A recent checklist indicates that Madhya Pradesh is home to approximately 95

reptile species (including subspecies) across Indian states.

The Dewas district, situated on the Malwa Plateau in central India, features a diverse
landscape comprising protected forest areas (such as Kheoni Wildlife Sanctuary), agricultural

lands, orchards, and developing urban areas. In this type of landscape, reptiles encounter
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numerous interconnected threats: direct human pressures like habitat destruction and
fragmentation, conflicts between humans and wildlife (particularly involving snakes), and
increasingly, the subtle yet significant effects of climate change impacting thermal and hydric
conditions. While the detrimental effects of habitat loss and human activities are well
understood, the influence of climate change on the vulnerability of reptiles in this region has
not been adequately addressed.

The objective of this review is to

(1) compile existing knowledge regarding reptile diversity in the Dewas district and central
India

(i1) identify and categorize major threats particularly the interaction between habitat loss and
climate change.

(ii1) assess existing conservation frameworks and pinpoint specific gaps related to reptiles

(iv) recommend research and management strategies tailored to the specific conditions of the

Dewas district, integrating habitat connectivity with climate adaptation approaches.

Literature Review

Baseline Reptilian Diversity in Central India and Dewas District

Reptilian inventories for Madhya Pradesh and adjacent areas provide a broad context: The
“Fauna of India” checklist lists 95 species (including subspecies) for MP. A survey by
Manhas, Raina & Wanganeo (2018) in the Bhopal region (nearby) recorded 34 reptile species
(2 crocodilians, 3 turtles, 13 lizards, 16 snakes). While direct district-level surveys in Dewas
are lacking, the neighbouring Rajgarh district study (2020-21) documented herpetofaunal
diversity in terrestrial and aquatic habitats, indicating 21 species of herpetofauna (including
reptiles) in that district’s matrix habitats. These findings suggest that the Dewas region likely
hosts a moderate reptile fauna, but that baseline data (species lists, abundances, habitat

associations) are weak or absent.

Major Anthropogenic Threats

Habitat Loss and Fragmentation: Dry-deciduous forests, scrubland and riparian zones in
central India have been converted to agriculture, orchards and urban expansion. This results
in habitat patch isolation, increased edge effects, altered microclimates and reduced

connectivity for reptile movement and dispersal.
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Human—Wildlife Conflict (HWC): Particularly with snakes, rural communities often kill
reptiles out of fear or misconception, leading to direct mortality. Roadkills of snakes and
other reptiles have been reported in urban-forest margins (e.g., Bhopal region).

Data Deficiency & Taxonomic Neglect: Many species remain poorly documented in central
India—especially reptiles in agricultural landscapes. Without adequate data on distribution,

ecology and population trends, conservation planning is hampered.

Climate Change as a Synergistic Threat

The literature increasingly recognises reptiles as vulnerable to climate change due to their
dependence on external heat-sources and microhabitats. For instance, Dayananda et al. (2021)
reviewed climate change impacts on tropical reptiles and emphasised phenomena such as
distributional shifts, phenological changes and physiological stress due to rising temperatures
and altered rainfall patterns. Studies such as Mufioz-Nolasco (2023) highlight increased
extinction risk in viviparous lizard species under climate change. Notably, a recent
modelling study (Abedin et al., 2025) on Indian snakes projects that climate change will shift
the distributions of the Indian “Big Four” venomous snakes toward human-dominated

landscapes, increasing risk of conflict and mortality.

Thus, in the Dewas district context, climate change may not be the primary driver of reptile
decline yet, but it acts as a threat multiplier, compounding the effects of fragmentation,
habitat alteration and human encroachment: species already confined to small habitat patches
may lack the ability to track changing thermal niches; microhabitat refugia may disappear;
and reptiles may increasingly move into human-landscape interfaces where mortality risk is

higher.
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Major Threats to Reptiles

Pollution & Road Mortality
Lack of Data & Awareness

Human-Wildlife Conflict

Habitat Loss & Fragmentation

Climate Change

Fig.:- Major Threats to Reptiles

Conservation Strategies and Gaps

Conservation programmes in Madhya Pradesh tend to focus on large mammals and protected
areas, while small vertebrates like reptiles often receive little attention. The regional
herpetofaunal literature signals that reptile-specific conservation plans—habitat connectivity
mapping, microclimate refuge protection, long-term population monitoring—are rare.
Furthermore, climate-adaptive conservation planning (for example, incorporating predicted

shifts in thermal niches, mapping future suitable habitats) is absent or minimal.
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Conservation Strategies for Reptiles
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Fig.:- Conservation strategies for Reptiles

Methodology
This study is a narrative review that is found on a systematic search of the literature. The

following procedures were implemented:

Search strategy: Various databases, including Google Scholar, ResearchGate, institutional

repositories, and the Zoological Survey of India (ZSI) checklist, were explored using

9% ¢¢

keywords such as “reptile diversity Madhya Pradesh,” “herpetofauna central India,” “reptiles

99 ¢

Dewas district,” “climate change reptiles India,” and “snake distribution India climate

change.”
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Inclusion criteria: Included studies consisted of peer-reviewed articles, book chapters, or
official inventories published between approximately 2000 and 2025 that presented data on
reptilian diversity, threats (such as habitat loss, fragmentation, and climate change), or
conservation efforts in central India (Madhya Pradesh, Malwa Plateau) or relevant
global/regional reptile-climate literature.

Exclusion criteria: Non-academic blogs, purely theoretical works lacking empirical data on
reptiles, and news articles (which were used for context) were not included.

Data extraction and synthesis: Relevant data (such as study area, taxa surveyed, and
significant findings about diversity or threats) were collected and organized into a
chronological table. Findings were thematically synthesized (covering diversity, threats,
climate change, and conservation) in the literature review, then summarized under “Major

Findings,” and discussed to formulate recommendations.

Table : Chronological Table of Key Literature

Author(s) and Year | Focused area/ theme Key findings

Gibbons et al. (2000) | Global scale — decline | Provided first comprehensive evidence of
of reptiles and | global reptile declines; identified habitat
amphibians loss, pollution, disease, and invasive species
as major threats. Drew parallels between

reptilian and amphibian crises.

Vasudevan & Kumar | Western Ghats, India — [ Documented high endemism and habitat
(2006) Reptilian  biodiversity | specialization among  Western  Ghats
and conservation reptiles; emphasized need for habitat-

specific  conservation and ecological

monitoring.
Vijayakumar & | India — Taxonomy and | Updated taxonomy of Indian snakes;
David (2006) conservation of Indian | highlighted habitat destruction and human
snakes persecution as primary conservation

concerns. Provided baseline for snake

systematics.
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Chandra
(2005)

& Gajbe | Madhya Pradesh &

Chbhattisgarh

Herpetofauna inventory

Recorded 76 reptile species; provided first
detailed checklist for Central India.

Dutta & Mohanty-
Hejmadi (2011)

India of

Impact
deforestation on reptiles

and amphibians

Demonstrated that forest clearing reduces

reptilian  richness and  abundance,
particularly in moist forest species. Stressed
that fragmented habitats have lower reptile

diversity.

reptilian conservation

Fellows (2012) Pachmarhi  Biosphere | Reported 31 snake species, including rare
Reserve, Madhya | and threatened taxa. Highlighted forest
Pradesh — Snake [ microclimates and leaf litter as essential for
diversity snake diversity.
Sheikh et al. (2017) [ Jabalpur district, | Documented 26 snake species; noted habitat
Madhya Pradesh — | preference variations between urban and
Snake diversity and | rural landscapes; reported anthropogenic
distribution threats including road kills and persecution.
Manhas, Raina & | Bhopal region, Madhya | Recorded 34 reptile species; identified
Wanganeo (2018) Pradesh — Reptilian | habitat degradation, road mortality, and
diversity and threats urban expansion as key threats. Provided
model for central Indian herpetofaunal
surveys.
Sharma, Singh & [Madhya Pradesh — | Evaluated multiple sanctuaries (including
Mehrotra (2022) Effectiveness of | Kheoni); found limited protection for small
protected areas for | reptiles due to bias toward megafauna;

suggested adaptive, habitat-level

management.
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Ramesh &

Vasudevan (2020)

Fragmented Indian

landscapes — Spatial

ecology of reptiles

Used telemetry and GIS to study reptile
movement; found limited dispersal and
habitat isolation in fragmented mosaics;

stressed need for habitat corridors.

Bhosale, Patankar &

Central India — Road

Quantified reptile roadkills across highways;

Athavale (2020) mortality patterns of | showed roads severely impact population
reptiles connectivity. Recommended  mitigation

structures like underpasses.
Mohapatra (2024) India — National | Compiled 95 reptile species for Madhya
checklist of reptilian | Pradesh; provided authoritative reference for
fauna (ZSI) taxonomic and  conservation  work.

Highlighted data gaps at district levels (e.g.,

Dewas).

Muioz-Nolasco et al.

(2023)

Global — Physiological
ecology and
vulnerability of lizards

to climate change

Showed viviparous lizards face higher

extinction risk with warming climates;
and

demonstrated physiological stress

reduced reproductive success at temperature

extremes.
Dayananda et al. | Tropical countries - [ Synthesized global literature showing
(2021) Review of climate | climate-induced range shifts, sex-ratio
change impacts on | distortions, altered activity patterns, and
reptiles thermal stress. Provided management
guidelines for tropical species.
Abedin et al. (2025) |India — Future of | Modeled range shifts of Cobra, Krait,
snakebite  risk  and | Russell’s Viper, and Saw-scaled Viper;
climate change (Big | predicted northward expansion into human

Four snakes)

landscapes due to warming. Linked

biodiversity loss to public health risk.
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TUCN (2022) Global — Conservation | Provided updated Red List assessment
status database showing ~21% of reptile species globally
threatened. Used as baseline for evaluating

regional conservation urgency.

Major Findings- From this review the following major findings emerge:

1. Gap in district-level baseline data: While state- and region-level reptile inventories exist
(MP checklist, Bhopal region), Dewas district remains under-surveyed, particularly in

non-protected, agricultural/settlement landscapes.

2. Habitat loss and fragmentation as dominant threats: Conversion of forest and
scrubland to agricultural fields, orchards, infrastructure development has fragmented reptile
habitats, reduced connectivity, altered microclimates, and increased human-reptile
interactions (mortality risk).

3. Climate change as an exacerbating factor: Although not yet well documented locally in
Dewas, the literature suggests climate change can alter thermal niches, force range shifts,
render microhabitats unsuitable, modify reproductive systems (e.g., sex-determination
skewing), and push reptiles into human landscapes.

4. Synergistic interactions (“threat multiplier”): The combination of fragmentation +
warming means that reptiles constrained by limited habitat will find it harder to adjust to
shifting thermal or hydric regimes. Habitat edges warm faster, connectivity is limited, and
species may face local extinction. Human—snake conflict may increase as snakes occupy new
thermal niches or move in human-modified landscapes.

5. Inadequate reptile-specific and climate-adaptive conservation: Conservation
approaches in the region remain oriented toward large mammals and protected forests.
Reptiles receive low priority; planning rarely incorporates future climate scenarios, habitat

corridors for small vertebrates or microclimate refuge mapping.

Discussion and Future Directions

Discussion

The reptile fauna in the Dewas district region faces a complex challenge: a rapidly changing
landscape due to agriculture, orchards and urban expansion, coupled with rising ambient
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temperatures and potentially shifting precipitation patterns. In this context, reptiles which rely
on specific thermal regimes and habitat micro-structures are particularly vulnerable. The
literature indicates that reptile conservation cannot rely solely on protected patches: the
broader agricultural-settlement matrix matters, as many species occupy edge or intermediate
habitats. In Dewas, the protected patch (Kheoni Wildlife Sanctuary) may serve as a refuge,
but if surrounding lands become hotter, drier or more fragmented, the sanctuary becomes a

“trap” rather than a safe haven.

Climate change adds urgency: as temperatures rise, microhabitats become less suitable,
species may shift activity times, breeding success may drop, and distributional shifts may
bring reptiles into closer contact with humans. The predicted migration of venomous snakes
into new human-landscape zones highlights both biodiversity and public-health aspects.
Thus, reptile conservation in Dewas demands a landscape and future-oriented approach, not

merely a static protected area focus.

Future Directions

To strengthen reptilian conservation in Dewas and similar central Indian landscapes, I
recommend the following

Comprehensive district-wide herpetofaunal survey: Multi-season, multi-habitat (forest
patches, orchards, riparian zones, agricultural fields) surveys to document species richness,

abundances and habitat associations in Dewas district.

Long-term monitoring transects: Establish permanent sampling plots inside and outside
core forest patches (e.g., Kheoni WLS) to monitor population trends, reproductive success,
body-condition and correlate with climatic data (temperature, rainfall).

Microclimate and thermal-refugia mapping: Map microhabitat thermal profiles (rocks,
logs, leaf litter, burrows) and assess how warming and habitat alteration alter them. This will
help identify and protect thermal refugia critical for reptile survival.

Landscape connectivity & corridor design: Use GIS and landscape ecology to identify and
maintain corridors for reptile movement between habitat patches, especially across
agricultural matrices. Prioritise areas that maintain shade, moisture and structural complexity.
Community engagement & human-reptile conflict mitigation: Investigate local attitudes

towards reptiles (especially snakes), document conflict hotspots, and design awareness
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programmes tailored to farmers/orchard workers in the Dewas region. Link this to expected
shifts in snake distributions under climate change.

Climate-scenario based modelling: Develop species-distribution models (SDMs) for key
reptile taxa in Dewas under future climate and land-use change scenarios to identify
vulnerable species/habitats and prioritise conservation action.

Integration into local biodiversity planning: Advocate for inclusion of reptiles and
herpetofaunal metrics in the Madhya Pradesh State Biodiversity Strategy & Action Plan
(SBSAP) and district-level biodiversity plans. Ensure funding and policy attention for reptile
monitoring and climate-adaptation.

Conclusion

The reptilian diversity of the Dewas district lies at a crossroads: while habitat loss and
fragmentation remain the immediate, dominant threats, the advancing tide of climate change
acts to magnify those threats. Reptiles in this region are squeezed from both sides by
shrinking, degraded habitat and by shifting thermal and microhabitat regimes. Yet, the
majority of conservation effort remains directed at large mammals and static protected
forests; reptiles and climate-adaptive planning receive little attention. A modern, integrated
approach is required, one that combines habitat connectivity, microclimate refugia protection,
community-based conflict mitigation and future-oriented modelling. Unless action is taken

now, this silent but vital component of biodiversity may slip beyond recovery.
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Abstract

Climate change is a major issue for the whole planet. There were effects on plants, animals,
microorganisms and their surroundings, which are known as habitats. In response to climate
change, some species disappear or migrate away forever. It also affects habitats through high
temperatures, less or more rain, increasing sea levels, and extreme weather like storms and
wildfires. It uses examples like polar bears losing sea ice, coral reefs dying, and forests
becoming smaller. The review of studies shows that heat, sea level rise, severe weather, and
loss of homes make it challenging for species to live and adjust. The study says we must act
fast to save plants, animals, and their homes. Everyone can contribute by reducing the
emission of greenhouse gases and protecting ecosystems, as well as helping species survive
in new circumstances.

Keywords: Climate change, species extinction, biodiversity, global warming, greenhouse

gases

Introduction

Habitats are the natural places where species live, like forests, oceans, wetlands and
grasslands. These habitats provide food, water, shelter, and places to raise young. When
climate change transforms ecosystems by overheating, drying out, or flooding them, wildlife
and vegetation find it hard to thrive. For instance, polar bears need sea ice to hunt, but
warming is melting the ice. Coral reefs, home to many fish, are dying because oceans are
getting warmer and more acidic. Biodiversity means the variety of all living things on Earth,
including plants, animals, and tiny organisms. It’s important because it supports human life.
Plants give us oxygen and food, animals like bees help grow crops by pollinating flowers,
and ecosystems clean water and air. But climate change threatens biodiversity. A report by

the A legally binding agreement was adopted by the 2015 Paris Conference of Parties (COP
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21) to keep global warming considerably below 2 °C, ideally to 1.5 °C by 2100, relative to
pre-industrial levels. However, the planet is expected to warm by 3—4 °C by the end of the
century under the current emission scenario. In November 2021, this was further debated in
COP 26 in Glasgow, when numerous nations committed to achieving net zero carbon
emissions by 2050 and stopping deforestation,both of which are necessary to meet the 1.5 °C
objective. The increase is anticipated to be about 2.4 °C even if these commitments are
carried out. To achieve the target of keeping the temperature increase to 1.5 °C and to protect

human welfare and biodiversity, more immediate action is required (Shivanna 2022).

This would harm ecosystems and people who depend on them, like farmers or coastal
communities (Sarkar & Padaria 2010). Paper explains how climate change makes many
animals and plants disappear and changes their natural homes. It looks at scientific studies
that show how higher temperatures, rising sea levels, strong storms, and loss of forests harm
different kinds of life on Earth. For example, the Bramble Cay melomys became extinct
because its island was covered by rising sea water and many frogs are dying because the
weather is getting hotter (Waller et al., 2017). The paper also gives ideas to protect living
things and their habitats, such as reducing pollution, using clean energy, and saving forests
and other natural areas for the future. The goal is to make this topic easy to understand and

show why we must act now to save biodiversity and keep our planet healthy.

Effect of Climate Change on Environment

Here Effect of Climate Change on Environment is divided into six key themes: temperature
changes, rising sea levels, Unpredictable Weather Extremes, habitat loss and
fragmentation, The Effect of Climate Change on the Extinction of Species and human
contributions to climate change. Each section uses simple language, real-world examples and
citations from trusted sources.

1. Temperature Changes:

Rising temperatures are a major reason species are going extinct. When the Earth gets
warmer, habitats change, and many plants and animals can’t survive. For example, polar
bears in the Arctic need sea ice to hunt seals. But as temperatures rise, the ice melts earlier
each year. A study by Chen (2022) found that two-thirds of polar bear populations could be
gone by 2050 if sea ice keeps shrinking. Similarly, amphibians like frogs and salamanders
need specific temperatures and moisture to live. Warmer weather dries out their habitats,
making it hard for them to survive (Harvey Pough 2007). Parmesan and Yohe (2003) studied
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1,598 species and found that 59% were changing their behavior, like breeding or migrating
earlier, because of warming. Orchids are among the plants that are most at risk from climate
change Seaton et al. 2010). Pests are one of the main biological factors and they are also
impacted by weather disruptions and climate change. The reproduction, survival,
dissemination, and population dynamics of pests, as well as the interactions between pests,
the environment, and natural enemies, are all directly impacted by temperature increases
(Prakash et al., 2014). Butterflies' decline serves as a warning that ecosystems are failing and
is consistent with losses observed in other insect groups. The evidence that is currently
available shows that many terrestrial species are experiencing extensive losses, while this is
being somewhat offset by the increase of other species as a result of climate change. We may
yet lack adequate information on many, if not most, insect groups. Even if it's too soon to
declare that we are facing a worldwide insect apocalypse, we know enough to know that
immediate action is required to preserve insect variety and the ecosystems they support

(Warren et al., 2021).

2. Rising Sea Levels:

Climate change causes sea levels to rise because warming melts glaciers and ice caps, and
warmer water expands Bhushan & Sharma 2022). This floods coastal habitats like
mangroves, marshes, and coral reefs, which are home to many species (Lovelock & Ellison
2007). Coral reefs support 25% of all marine life (Van den Hoek & Bayoumi 2017), like fish
and crabs. But warmer oceans cause coral bleaching, where corals turn white and die. Hoegh-
Guldberg et al. (2007) Over the last century, sea temperatures in many tropical locations have
risen by almost 1°C, and they are currently rising at a rate of about 1 to 2°C per century.
When the heat tolerance of corals and their photosynthetic symbionts (zooxanthellae) is
surpassed, coral bleaching takes place. Over the past 20 years, bouts of high water
temperatures have been linked to mass coral bleaching, which is the loss of zooxanthellae
after prolonged photoinhibition. In several regions of the planet, mass bleaching has caused a
considerable loss of live coral (Hoegh-Guldberg 1999).

3. Unpredictable Weather Extremes:

Unpredictable weather extremes, driven by climate change, are escalating globally. Intense
heatwaves, severe floods, prolonged droughts, and powerful storms disrupt lives and
ecosystems. In 2024, over 150 extreme events killed thousands and displaced millions, with
climate change intensifying 26 major disasters (The Guardian, 2025). NASA notes floods and
droughts are twice as severe as past decades (NASA, 2024). Hurricane Helene’s 121 deaths
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and Europe’s deadly floods highlight the toll (NOAA, 2025; WMO, 2024). Biodiversity
suffers, with Antarctic sea ice at record lows (WMO, 2025). Cutting emissions and

improving resilience are urgent to lessen future impacts.

4. Habitat Loss and Fragmentation:

Climate change worsens habitat loss by changing ecosystems faster than species can adapt.
Forests, for example, are shrinking due to warmer temperatures and human activities like
deforestation. Deforestation, urban expansion, and agriculture destroy or divide natural areas,
leaving animals and plants with smaller, isolated spaces to survive. For example, the Amazon
rainforest lost 11,088 km? in 2022, endangering species like jaguars and macaws (INPE,
2022). Fragmentation disrupts migration and breeding, as seen with African elephants
struggling in shrinking savannas (WWF, 2024). Globally, 70% of terrestrial habitats are
degraded, pushing 1 million species toward extinction (IPBES, 2019). Wetlands, critical for
birds, have declined 35% since 1970 (Ramsar, 2023). These changes harm ecosystems and
human livelihoods dependent on them, like farming and fishing. However, hope exists.
Reforestation, protected areas, and wildlife corridors can restore habitats. Community-led
conservation and sustainable land use are vital to saving biodiversity. Word count:

5. The Effect of Climate Change on the Extinction of Species:

Climate change affects both land and sea life. As temperatures increase and rainfall patterns
change, many animals and plants lose their suitable habitats. Some move to new places, but
many cannot survive. For example, marine animals are moving north about 27 km every ten
years to find cooler water. This shift, caused by climate change, also increases the risk of
overfishing (Cheung et al., 2013). Amphibians are also losing their homes and dying in large
numbers (Babbitt et al., 2014). Since they help control pests and keep the soil healthy, their
loss affects the whole ecosystem. These facts show that climate change not only harms single
species but also weakens the ecosystems that people depend on. That is why strong
conservation plans are very important.

6. Human Contributions to Climate Change:

Through practices like farming, deforestation, and the use of fossil fuels, humans emit
greenhouse gases that contribute to climate change (Driga & Drigas 2019). Deforestation,
especially in places like the Amazon, releases stored carbon and destroys habitats. Farming
practices, like raising cattle, produce methane, a powerful greenhouse gas (Galford et al.,

2010). Industrial activities, like manufacturing, add CO: to the air (Munsif et al., 2021).
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These human actions not only cause climate change but also make it harder for species to

survive by directly destroying their homes (Tuomainen & Candolin 2011).

Conclusion

A serious worldwide problem, climate change puts microbes, plants, animals, and their
environments at jeopardy. Ecosystems are disrupted by increasing sea levels, erratic rainfall,
rising temperatures, and extreme weather events like storms and wildfires, which drive some
species to relocate or face extinction. The loss of polar bears' frozen habitats, the death of
coral reefs due to rising waters, and the shrinkage of forests endanger both human existence
and biodiversity. The data is unmistakable: human activities such as the combustion of fossil
fuels and deforestation are the primary cause of global warming, which could raise
temperatures by 3 to 4°C by the year 2100. To preserve biodiversity, immediate action is
required. Creating animal corridors, conserving habitats through reforestation, and lowering
greenhouse gas emissions through clean energy can all aid in species adaptation.
Governments, communities, and individuals must all take immediate action. The planet's
abundant biodiversity may be preserved for future generations by doing easy actions like

conserving energy, planting trees, and supporting conservation.

Future Perspectives

The future of species and habitats depends on actions we take today. To fight climate change,
we must reduce greenhouse gas emissions by using renewable energy, like solar and wind,
and cutting fossil fuel use. Protecting habitats through national parks and restoring damaged
areas, like forests and wetlands, can give species safe places to live. Helping species adapt,
such as moving them to suitable habitats or breeding them in sanctuaries, can save
endangered animals like rhinos or corals. Raising awareness through education and

community programs can inspire people to recycle, use less plastic, and support conservation.
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Abstract

Climate change is altering temperature regimes, precipitation patterns, and the frequency and
intensity of extreme events worldwide. These physical changes drive shifts in species
distributions, phenology, population dynamics, and ecosystem functioning, increasing
extinction risk and disrupting ecosystem services that underpin human well-being. This
review synthesizes current understanding of climate-driven impacts on terrestrial, freshwater,
and marine biodiversity; describes mechanisms (direct physiological stress, altered biotic
interactions, and habitat transformation); discusses case studies (coral reefs, Arctic
organisms, montane species, and tropical forests); and evaluates mitigation and adaptation
strategies in conservation practice. We identify critical research gaps—particularly at the
genetic and ecosystem scales—and highlight policy interventions (protected area design,
climate-smart conservation, assisted migration, and emissions mitigation) needed to reduce
biodiversity loss. Urgent, coordinated action integrating emissions reductions with targeted
conservation is required to preserve global biodiversity and the services it provides.
Keywords

Climate change, biodiversity, species distribution, phenology, extinction risk, ecosystem

services, conservation adaptation

1. Introduction:-

Biodiversity the variety of life across genes, species, and ecosystems is foundational to
ecosystem resilience and human welfare. Over recent decades, anthropogenic climate change
has emerged as a primary driver of ecological change alongside habitat loss, direct
exploitation, pollution, and invasive species. Rising mean temperatures, changing
precipitation, sea-level rise, ocean warming and acidification, and altered disturbance regimes
(e.g., fire, storms) can affect organisms directly (physiological stress) and indirectly
(changing interactions and habitats). Understanding how climate change impacts biodiversity
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is essential to design conservation strategies that are robust under a changing climate. This
paper reviews empirical and conceptual advances linking climate change with biodiversity
responses, synthesizes mechanistic pathways, examines representative case studies, and
outlines conservation and policy responses. Where possible, we emphasize general patterns

while noting system- and species-specific variation.

2. Observed and Projected Biological Responses

2.1 Species distribution shifts:-

One of the most consistent biological responses to warming is the poleward and upslope shift
of species’ geographic ranges, tracked in diverse taxa (plants, insects, birds, mammals,
marine organisms). As climate envelopes move, species with sufficient dispersal ability and
available habitat may track suitable conditions; others especially habitat specialists, poor
dispersers, and those constrained by fragmentation face range contraction and elevated
extinction risk.

2.2 Phenological changes:-

Many species have advanced the timing of seasonal events (e.g., earlier flowering, egg
laying, migration) in response to warming. While phenological responses allow some
organisms to capitalize on new conditions, mismatches (e.g., insect emergence vs. bird
breeding) can disrupt trophic linkages and reduce reproductive success.

2.3 Population dynamics and extinction risk:-

Climate-driven demographic impacts include altered survival, fecundity, and recruitment.
Meta-analyses indicate increased extinction risk in taxa with narrow thermal tolerances and
those confined to climate refugia (e.g., alpine and island endemics). The combined effects of
habitat loss and climate change often produce synergistic increases in extinction probability.
2.4 Community composition and biotic interactions:-

Climate change can reassemble communities by altering competitive hierarchies, predator-
prey dynamics, disease ecology, and mutualisms (e.g., pollination). Novel species
interactions and expanding ranges of pests and pathogens are increasingly reported, with
cascading ecosystem consequences.

2.5 Ecosystem processes and services:-

Shifts in species composition and function can change primary productivity, nutrient cycling,

carbon sequestration, and hydrological regimes. For example, tree mortality events and
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savannization of forests reduce carbon storage; coral reef degradation diminishes coastal
protection and fisheries productivity.

2.6 Marine and freshwater systems:-

Ocean warming and acidification, along with deoxygenation, drive poleward redistribution of
marine species, coral bleaching, and declines in calcifying organisms. Freshwater
biodiversity is sensitive to altered flow regimes and temperature changes, affecting fish,

amphibians, and invertebrates.

3. Mechanisms Linking Climate Change to Biodiversity Loss

3.1 Direct physiological stress:-

Temperature and moisture extremes can push organisms beyond physiological tolerances,
increasing mortality and reducing reproduction. Thermal refuges and microclimate buffering
can mitigate impacts for some species.

3.2 Habitat modification and loss:-

Sea-level rise, permafrost thaw, desertification, and altered fire regimes can transform
habitats, rendering them unsuitable. Habitat fragmentation constrains range shifts and reduces

genetic exchange.

3.3 Altered disturbance regimes:-

Increased frequency of extreme events (heatwaves, floods, storms, fires) causes acute
mortality and long-term habitat change. Recovery may be limited if disturbance intervals
shorten or interact with other stressors.

3.4 Biotic interactions and novel communities:-

Species respond idiosyncratically, producing asynchronous shifts that restructure
communities. Disease dynamics may intensify as pathogens and vectors expand into new
regions.

3.5 Evolutionary responses and plasticity:-

Some species may adapt via rapid evolutionary change or phenotypic plasticity. However,
evolutionary rescue is uncertain for many organisms due to life history, population size, and

genetic variability constraints.
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4. Representative Case Studies

4.1 Coral reefs: bleaching and ecosystem collapse:-

Rising sea temperatures trigger mass coral bleaching and mortality; repeated bleaching
reduces recovery potential. Ocean acidification further impairs calcification, compromising
reef growth and associated biodiversity and fisheries.

4.2 Arctic systems: loss of ice-associated biodiversity:-

Rapid Arctic warming reduces sea ice and permafrost stability, threatening ice-dependent
species (polar bears, seals) and altering marine food webs. Terrestrial species face northward
shifts and habitat loss.

4.3 Montane and alpine species: mountain top extinctions:-

Species restricted to high elevations have limited routes for upward movement; warming-
induced range contractions place them at high extinction risk. Alpine plant communities face
composition shifts and invasive expansion.

4.4 Tropical forests: droughts, fires, and tipping points:-

Intensified drought and fire regimes can convert tropical forest to degraded savanna or
grassland in some regions, releasing carbon and reducing biodiversity. The Amazon is cited

as vulnerable to such tipping points.

5. Conservation and Management Responses

5.1 Mitigation: reducing greenhouse gas emissions:-

The most fundamental action to protect biodiversity is limiting warming through rapid,
sustained greenhouse gas emission reductions. Even with adaptation, high warming scenarios
produce unacceptable biodiversity losses.

5.2 Protected areas and connectivity:-

Designing and managing protected area networks that account for climate trajectories (e.g.,
latitudinal/altitudinal gradients) and enhancing landscape connectivity facilitate species
movements and gene flow.

5.3 Climate-smart restoration and assisted migration:-

Active restoration (e.g., planting climate-resilient genotypes) and managed relocation of
species (assisted migration) may be necessary for species unable to track shifting climates.
Both carry ecological and ethical risks that require careful risk assessments.

5.4 Managing threats synergistically:-
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Addressing non-climatic threats (habitat loss, overexploitation, pollution, invasive species)
reduces cumulative pressures and increases resilience to climate impacts.

5.5 Monitoring and early warning systems:-

Long-term ecological monitoring, coupled with climate projections, allows adaptive
management, early detection of declines, and evaluation of interventions.

5.6 Policy integration and mainstreaming biodiversity:-

Incorporating biodiversity considerations into sectoral policies (agriculture, fisheries, urban
planning) and aligning climate and biodiversity governance (e.g., Nationally Determined

Contributions and biodiversity strategies) is crucial.

6. Conclusion

Climate change is a pervasive and accelerating threat to global biodiversity. Observed shifts
in distributions, phenology, and population dynamics foreshadow increasing biodiversity
loss, altered ecosystem functioning, and degraded services. Preventing the worst outcomes
demands deep emissions cuts alongside proactive, evidence-based conservation measures that
enhance resilience and facilitate species adaptation and movement. Science, policy, and

society must act together to safeguard biodiversity in a changing world.
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Biodiversity and Climatic Changes with Special Reference to Gandhi Sagar Forest*
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Introduction:

Biodiversity is the variety of all living organisms—plants, animals, and microorganisms—
within their natural habitats, along with the ecological processes that sustain them'. It ensures
ecosystem balance and resilience. However, in recent decades, climate change has emerged
as a critical global threat, disrupting ecological harmony through rising temperatures,
irregular rainfall, and habitat loss®>. These changes have also affected the Gandhi Sagar

Forest ecosystem, one of the significant ecological zones in central India.
Overview of Gandhi Sagar Forest:

The Gandhi Sagar Forest is in the northern part of Mandsaur district of Madhya
Pradesh, bordering Rajasthan, and surrounds the Gandhi Sagar Dam built across the
Chambal River®. The area forms part of the Gandhi Sagar Wildlife Sanctuary, established
in 1974, covering about 368 sq. km. The forest falls under the tropical dry deciduous type,

with rugged hills, plateaus, and riverine valleys creating diverse habitats®.

e Flora: The forest vegetation is dominated by Tectona grandis (teak), Anogeissus
latifolia (dhaura), Boswellia serrata (salai), Butea monosperma (palash), and
Terminalia tomentosa (saja)’. Grasses such as Cynodon dactylon and Dichanthium
annulatum provide good fodder for herbivores.

e Fauna: The region supports species like chital, nilgai, sambar, wild boar, jackal, and
langur. Birds such as peafowl, partridge, egret, and migratory waterfowl are

common®. The adjoining Gandhi Sagar reservoir sustains rich fish biodiversity.
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This forest ecosystem plays an important role in carbon sequestration, soil conservation,

and maintaining the microclimate of the Chambal basin’.

Impact of Climate Change on Gandhi Sagar Forest Biodiversity:

Shifts in Vegetation Pattern:

Increasing temperatures and reduced soil moisture are changing the composition of
forest vegetation. Species sensitive to heat and drought, such as teak seedlings, show
poor regeneration®.

Altered Rainfall and Water Availability:

Irregular monsoon patterns have affected surface and groundwater availability,
influencing both plant growth and wildlife movement®.

Wildlife Habitat Fragmentation:

Frequent droughts and human encroachment, coupled with climatic stress, are
fragmenting habitats and forcing animals to migrate towards agricultural lands'®.
Forest Fires:

Extended dry periods and high temperatures have increased the frequency of forest
fires, which destroy undergrowth and nesting sites''.

Decline in Aquatic and Avian Diversity:

Fluctuating water levels in the reservoir and rising temperatures disturb fish breeding
cycles and reduce migratory bird visits'2.

Pest and Disease Outbreaks:

Climate-induced stress weakens trees, making them more susceptible to fungal

infections and insect attacks'.

Conservation and Management Efforts:

Protection through Gandhi Sagar Wildlife Sanctuary:

Declared a protected area in 1974, it safeguards flora and fauna from exploitation and
provides a regulated habitat'.

Afforestation and Soil Conservation:

The Forest Department undertakes plantation drives and contour trenching to reduce

soil erosion and restore degraded areas'.
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o Water Conservation Initiatives:
Check dams and rainwater harvesting structures are built to maintain water
availability for wildlife and vegetation's.

e Community Participation:
Local Forest protection committees are involved in eco-development and awareness
programs for sustainable resource use'”.

¢ Eco-tourism Development:
Eco-tourism is promoted under strict guidelines to support conservation funding and

create livelihood opportunities’®.

Conclusion:

The Gandhi Sagar Forest represents a unique ecological region that bridges aquatic and
terrestrial ecosystems of central India. Climate change is slowly altering its biodiversity and
ecological functioning through habitat loss, changing vegetation patterns, and disturbed
hydrology. Therefore, long-term monitoring, afforestation with climate-resilient species,
community-based conservation, and adaptive management are essential to preserve this

biodiversity-rich forest for future generations.
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Abstract

Biodiversity—the variability among living organisms and ecosystems—is the foundation of
life on Earth. Yet, it faces unprecedented threats due to rapid climate change, habitat loss,
pollution, overexploitation, and invasive species. Climate change exacerbates biodiversity
loss by altering temperature patterns, rainfall regimes, and ecosystem stability, affecting both
terrestrial and marine life.

This research paper explores the evolving policies and frameworks for biodiversity
conservation in the era of climate change. It analyses global initiatives such as the
Convention on Biological Diversity (CBD), the Paris Agreement, and the Kunming—Montreal
Global Biodiversity Framework, alongside regional and national conservation efforts. It also
discusses nature-based solutions, community participation, and policy integration between
biodiversity and climate agendas.

The study concludes that effective biodiversity conservation requires a paradigm shift—from
species-specific protection to ecosystem-based and climate-resilient strategies—supported by
political commitment, financing, technology transfer, and inclusive governance.

Keywords : Biodiversity, Climate Change, Conservation Policy, Sustainable Development,

Ecosystem Management, Paris Agreement

1. Introduction :-

Biodiversity encompasses the variety of all forms of life—plants, animals, microorganisms—
and the ecosystems they form. It underpins ecological processes, provides essential
ecosystem services, and sustains human well-being through food, medicine, and climate
regulation. However, the 21st century has witnessed alarming rates of biodiversity decline.
According to the IPBES Global Assessment Report (2019), around one million species are at

risk of extinction, primarily due to human activities and climate change.
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Climate change has emerged as one of the most critical drivers of biodiversity loss. Rising
temperatures, melting glaciers, ocean acidification, and extreme weather events disrupt
habitats and alter species distribution. In this context, biodiversity conservation policies must

adapt to integrate climate resilience and sustainable resource management.

2. Concept of Biodiversity and Its Importance :-

Biodiversity operates at three levels:

1. Genetic diversity — variation within species.

2. Species diversity — variety among species.

3. Ecosystem diversity — diversity of habitats and ecological processes.

These layers interact to maintain ecological balance. Biodiversity provides:

Ecosystem services (pollination, nutrient cycling, carbon sequestration).

Economic benefits (agriculture, fisheries, tourism).

Cultural and aesthetic values (heritage, spirituality, recreation).

The Millennium Ecosystem Assessment (2005) established that 60% of global ecosystem
services are degraded or unsustainably used. Protecting biodiversity is, therefore, not just an

ecological imperative but an economic and social necessity.

3. Climate Change as a Threat to Biodiversity :-

Climate change affects biodiversity in multiple ways:

(a) Habitat Loss and Fragmentation

Warming climates shift ecosystems such as tundra, coral reefs, and rainforests beyond their
tolerance limits, causing species migration or extinction.

(b) Altered Species Distribution

Species migrate toward poles or higher altitudes seeking favorable climates. This disrupts
food webs and ecological interactions.

(c) Coral Bleaching and Ocean Acidification

Marine biodiversity is threatened as oceans absorb excess CO-, leading to acidification and
coral bleaching.

(d) Increased Invasive Species

Changing temperatures create conditions for invasive species to thrive, outcompeting native
flora and fauna.

(e) Phenological Shifts
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Timing of breeding, flowering, and migration is disturbed, leading to ecological mismatches.
The IPCC Sixth Assessment Report (2021) states that 20-30% of species could face

extinction risk if global warming exceeds 2°C above pre-industrial levels.

4. Global Policy Frameworks for Biodiversity Conservation :-

(a) Convention on Biological Diversity (CBD), 1992

The CBD, adopted at the Rio Earth Summit, remains the cornerstone of global biodiversity
governance. It has three main objectives:

1. Conservation of biological diversity

2. Sustainable use of its components

3. Fair and equitable sharing of benefits from genetic resources

Subsequent COP meetings have led to frameworks such as:

Aichi Biodiversity Targets (2011-2020)

Kunming—Montreal Global Biodiversity Framework (2022), which sets new targets for 2030,
including protecting 30% of land and sea (“30x30” target).

(b) The Paris Agreement (2015)

While primarily a climate treaty, the Paris Agreement recognizes the role of ecosystems and
biodiversity in climate mitigation and adaptation. Countries are encouraged to include nature-
based solutions in their Nationally Determined Contributions (NDCs).

(c) Convention on International Trade in Endangered Species (CITES), 1975

CITES regulates global trade in endangered species to prevent overexploitation.

(d) Ramsar Convention on Wetlands (1971)

Protects wetlands of international importance, crucial for biodiversity and climate regulation.
(e) United Nations Sustainable Development Goals (SDGs)

Particularly SDG 13 (Climate Action), SDG 14 (Life Below Water), and SDG 15 (Life on

Land) emphasize biodiversity conservation as central to sustainable development.

5. Regional and National Biodiversity Policies :-

(a) European Union

The EU Biodiversity Strategy for 2030 aims to restore degraded ecosystems, increase
protected areas, and make agriculture more sustainable. It aligns biodiversity and climate
policies through the European Green Deal.

(b) United States
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Programs such as the Endangered Species Act (ESA) and the National Climate Adaptation
Strategy integrate biodiversity conservation with climate action.

(c) India

India, one of the 17 megadiverse countries, adopted the Biological Diversity Act (2002) to
implement the CBD. Key initiatives include:

National Biodiversity Action Plan (NBAP)

National Action Plan on Climate Change (NAPCC)

Project Tiger, Project Elephant, and Mangrove Conservation Programs

India’s National Adaptation Fund for Climate Change also finances ecosystem-based
adaptation.

(d) Africa and Latin America

Countries are integrating biodiversity into development through community-based natural
resource management and payment for ecosystem services (PES) schemes, especially in

forest-rich regions.

6. Integration of Biodiversity and Climate Policies :-

Historically, biodiversity and climate policies evolved in separate silos. However, modern
approaches emphasize policy coherence, recognizing that healthy ecosystems enhance
climate resilience.

(a) Ecosystem-Based Adaptation (EbA)

EbA involves managing ecosystems to reduce climate vulnerability — for example,
mangrove restoration to prevent coastal flooding or wetland protection to store carbon.

(b) Nature-Based Solutions (NbS)

NbS leverage natural processes for mitigation and adaptation — reforestation, afforestation,
peatland restoration, and urban green infrastructure.

(c) REDD+ (Reducing Emissions from Deforestation and Forest Degradation)

A UNFCCC mechanism encouraging developing countries to conserve forests, providing
both carbon and biodiversity benefits.

(d) Synergy through Nationally Determined Contributions (NDCs)

Many countries now include biodiversity actions within their climate commitments,

strengthening cross-sectoral implementation.

7. Challenges in Biodiversity Conservation under Climate Change :-
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(a) Policy Fragmentation

Multiple agencies and overlapping mandates lead to poor coordination among climate,
agriculture, forestry, and conservation departments.

(b) Insufficient Funding

According to the UNEP (2021) Finance Report, global biodiversity financing needs are
around $700 billion annually, but current investment is less than half of that.

(c) Data and Monitoring Gaps

Lack of reliable data on species, ecosystems, and climate impacts impedes evidence-based
policymaking.

(d) Community Displacement

Conservation projects sometimes restrict indigenous or local communities from accessing

traditional lands, creating social conflicts.

(e) Political and Institutional Barriers
Short-term economic priorities often override long-term ecological goals.
(f) Climate Uncertainty

Ecosystems respond unpredictably to rapid climate shifts, making policy design complex.

8. Innovative Approaches to Biodiversity Conservation :-

(a) Community-Based Conservation

Empowering local communities ensures effective stewardship of biodiversity. Examples
include Joint Forest Management (JFM) in India and Community Conservancies in Kenya.
(b) Market-Based Mechanisms

Payments for ecosystem services (PES), biodiversity offsets, and green bonds mobilize
private finance for conservation.

(c) Technological Innovations

Satellite monitoring, GIS mapping, and Al-based ecological modeling improve habitat
tracking and early warning systems.

(d) Restoration Ecology

The UN Decade on Ecosystem Restoration (2021-2030) promotes rehabilitating degraded
ecosystems to enhance biodiversity and climate resilience.

(e) Urban Biodiversity Policies

Cities are developing green infrastructure—urban forests, vertical gardens, biodiversity
parks—to mitigate climate and health impacts.
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9. Case Studies :-

(a) Coral Triangle Initiative (CTI), Southeast Asia

A multilateral policy involving Indonesia, Malaysia, and the Philippines focuses on marine
biodiversity and climate adaptation. It integrates conservation with fisheries management and
community livelihoods.

(b) Amazon Rainforest Conservation, South America

Policies like Brazil’s Amazon Fund link forest conservation with carbon credits under
REDD+. However, deforestation pressures remain a concern.

(c) India’s Western Ghats

Declared a UNESCO World Heritage Site, the Western Ghats host high endemism. Climate-
sensitive conservation projects here focus on watershed protection and community
participation.

(d) African Great Green Wall

An ambitious initiative restoring degraded lands across the Sahel to combat desertification

and improve biodiversity.

10. The Role of Indigenous Knowledge and Local Communities :-

Indigenous peoples have protected biodiversity for centuries through traditional ecological
knowledge (TEK). Integrating this wisdom into modern policy enhances resilience and
sustainability.

Examples include:

Community seed banks for climate-resilient crops

Sacred groves as biodiversity hotspots

Traditional water harvesting and forest management practices

International agreements like the Nagoya Protocol (2010) emphasize fair benefit-sharing

from genetic resources with indigenous communities.

11. Financing Biodiversity in the Climate Era :-

Financial mechanisms supporting biodiversity include:

Global Environment Facility (GEF) — primary funding mechanism of the CBD.

Green Climate Fund (GCF) — supports ecosystem-based adaptation projects.

Biodiversity Credits and Green Bonds — emerging financial tools linking private investment

with conservation outcomes.
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Carbon Markets — integrating biodiversity benefits into emission trading schemes.

However, equitable distribution and transparency in fund utilization remain major challenges.

12. The Way Forward: Policy Recommendations :-

1. Mainstream Biodiversity into Climate Policy: Embed biodiversity goals within national
climate strategies and NDCs.

2. Increase Financing: Expand public and private funding through innovative instruments like
biodiversity bonds.

3. Enhance Global Cooperation: Strengthen multilateral coordination under CBD and
UNFCCC frameworks.

4. Empower Local Communities: Recognize indigenous rights and participatory management
approaches.

5. Integrate Science and Traditional Knowledge: Promote transdisciplinary research for
climate-resilient conservation.

6. Expand Protected Areas: Achieve and monitor the 30x30 target (30% protected land and
sea by 2030).

7. Promote Education and Awareness: Encourage biodiversity literacy and sustainable
lifestyles

8. Adopt Adaptive Management: Continuously monitor and adjust conservation strategies

based on climate data.

13. Conclusion :-

In the era of climate change, biodiversity conservation is not a standalone endeavor but an
essential component of climate resilience, human survival, and sustainable development.
Climate change amplifies existing threats to biodiversity, while biodiversity, in turn, offers
natural solutions to mitigate and adapt to climate impacts. Policies must therefore move
beyond preservation toward dynamic, adaptive management that integrates ecological, social,
and economic dimensions. Effective implementation requires political will, financial
investment, and the active participation of communities. The Kunming—Montreal Global
Biodiversity Framework (2022) offers renewed hope through its vision of “living in harmony
with nature by 2050.” Ultimately, conserving biodiversity amidst climate change is a moral

and ecological obligation — to sustain the intricate web of life that sustains us all.
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Abstract

Biodiversity within agroecosystems plays a critical role in enhancing ecological resilience,
improving soil health, regulating pest populations, and stabilizing crop yields. This review
synthesizes current research on the ecological functions of biodiversity at genetic, species,
and ecosystem levels. It highlights practices such as intercropping, agroforestry, cover
cropping, and the integration of beneficial organisms, with a focus on empirical evidence
from India and other regions. The findings underscore biodiversity as a cornerstone of

sustainable agriculture and a strategic pathway toward climate-resilient food systems.

1. Introduction

Agriculture is the backbone of rural economies and food security, particularly in countries
like India where smallholder farmers dominate the landscape. However, the conventional
model of agricultural intensification—characterized by monocultures, heavy chemical inputs,
and mechanization—has led to unintended ecological consequences. These include soil
degradation, loss of beneficial organisms, increased pest outbreaks, and reduced resilience to
climate variability. As global challenges such as climate change, land degradation, and
biodiversity loss intensify, there is an urgent need to reimagine agricultural systems through a
more ecological lens. Agroecosystem biodiversity, encompassing genetic, species, and
ecosystem-level diversity, offers a promising pathway toward sustainable and resilient
agriculture. Biodiversity enhances ecological functions such as nutrient cycling, pest
regulation, pollination, and water retention, which are foundational to productive and healthy
farming systems. Practices like intercropping, agroforestry, cover cropping, and the
integration of livestock and beneficial insects are not only ecologically sound but also
economically viable for smallholders.

Agroecosystem biodiversity—encompassing crop varieties, soil organisms, pollinators, and

natural enemies—offers a sustainable alternative. This review explores how biodiversity
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enhances soil health, pest control, and crop productivity, drawing on ecological theory and

field-based evidence (Altieri, 1999; Pretty et al., 2018).

2. Biodiversity and Soil Health

2.1 Microbial Diversity

Soil biodiversity, particularly microbial communities, plays a foundational role in
maintaining soil fertility and ecosystem function. A diverse array of bacteria, fungi, and
actinomycetes contributes to the decomposition of organic matter, nutrient mineralization,
and suppression of soil-borne pathogens (van der Heijden et al., 2008). Among these,
arbuscular mycorrhizal fungi are especially important for enhancing phosphorus uptake and
improving soil structure through the formation of stable aggregates (Smith & Read, 2008).
2.2 Plant Diversity and Soil Structure

Increased plant diversity—achieved through intercropping, crop rotations, and cover
cropping—Ileads to greater root biomass and a wider range of root exudates. These factors
enrich the soil organic matter pool and stimulate microbial activity, which in turn enhances
soil porosity, water infiltration, and nutrient retention (Tilman et al., 2002). Leguminous
species, in particular, contribute to biological nitrogen fixation, reducing the need for
synthetic fertilizers and improving long-term soil fertility (Singh & Varshney, 2021).

2.3 Agroforestry Systems

Agroforestry practices, which integrate trees with crops and/or livestock, offer multiple
benefits for soil health. Tree roots stabilize soil, reduce erosion, and increase organic matter
inputs through leaf litter and root turnover. These systems also foster a more diverse and
active microbial community, enhancing nutrient cycling and carbon sequestration (Jose,
2009). Additionally, the canopy cover provided by trees helps regulate soil temperature and

moisture, creating a more favorable microclimate for soil organisms.

3. Biodiversity and Pest Control

3.1 Role of Natural Enemies

Biodiversity within agroecosystems supports a wide array of natural enemies that play a
crucial role in regulating pest populations. Predatory insects such as lady beetles
(Coccinellidae), lacewings (Chrysopidae), and hoverflies (Syrphidae) feed on aphids,
whiteflies, and other soft-bodied pests. Parasitic wasps (e.g., Trichogramma spp.) lay their

eggs inside pest larvae, effectively reducing pest emergence. Additionally, ground beetles
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(Carabidae) and spiders contribute to pest suppression by preying on soil-dwelling and
foliar pests (Gurr et al., 2003). The presence of flowering plants and diversified cropping
systems enhances the availability of nectar, pollen, and shelter, which are essential for the
survival and reproduction of these beneficial organisms (Kremen et al., 2002).

3.2 Habitat Diversification and Ecological Balance

Strategic habitat management—such as the incorporation of hedgerows, buffer zones, and
intercropping—creates ecological niches that sustain beneficial arthropods. These features
not only reduce pest pressure but also minimize the need for chemical pesticides, thereby
preserving the ecological balance (Landis et al., 2000). By maintaining a mosaic of habitats,
farmers can encourage the natural regulation of pests while enhancing biodiversity at the
landscape level.

3.3 Crop Rotation and Genetic Diversity

Rotating crops and cultivating genetically diverse varieties disrupt pest life cycles and reduce
the likelihood of resistance development. This approach limits the buildup of pest populations
and enhances the resilience of cropping systems to biotic stressors (Altieri, 1999). Genetic
diversity within crops also contributes to differential susceptibility, which can slow the
spread of pests and diseases across fields.

3.4 Impact of Synthetic Pesticides on Beneficial Biodiversity

While synthetic insecticides and pesticides have played a role in controlling agricultural
pests, their indiscriminate and prolonged use has led to significant ecological consequences.
These chemicals often lack specificity, harming not only target pests but also beneficial
organisms such as pollinators, natural predators, and soil microbes. For example,
neonicotinoid-based insecticides have been linked to declines in bee populations, affecting
pollination services critical to crops like mustard, sunflower, and cucurbits (Kremen et al.,
2002; Garibaldi et al., 2013). Similarly, broad-spectrum pesticides can eliminate predatory
insects like lady beetles and parasitic wasps, disrupting natural pest control mechanisms and
leading to pest resurgence or resistance. Protecting biodiversity—including insects, birds,
amphibians, and microbial life—is essential for maintaining ecological balance and long-term
agricultural productivity. Integrated Pest Management (IPM), organic farming, and habitat
conservation offer viable alternatives that prioritize ecosystem health while ensuring crop

protection.
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4. Biodiversity and Crop Yield

4.1 Enhancing Yield Stability

Biodiversity contributes significantly to the stability and resilience of crop yields, especially
under variable climatic and pest conditions. Polyculture systems—where multiple crops are
grown together—reduce the risk of total crop failure by distributing ecological functions
across species. For instance, combining cereals with legumes ensures complementary use of
soil nutrients and water, leading to more consistent productivity (Lin, 2011). In drought-
prone regions, intercropping millet with pigeon pea has shown to buffer yield losses during
erratic rainfall seasons.

4.2 Functional Diversity and Resource Use

Diverse cropping systems optimize resource use through niche differentiation. Deep-rooted
crops like sorghum can access water from lower soil layers, while shallow-rooted legumes fix
atmospheric nitrogen, reducing fertilizer needs (Tilman et al., 2002). This functional
complementarity enhances overall system productivity. In Indian semi-arid zones, maize—
cowpea intercropping has demonstrated improved biomass production and soil fertility
(Behera et al., 2007).

4.3 Pollination Services and Crop Quality

Biodiversity also supports robust pollination services, which are essential for fruit and seed
development. Wild pollinators such as solitary bees, bumblebees, and butterflies complement
managed honeybee populations, often outperforming them in efficiency and crop-specific
pollination (Garibaldi et al., 2013). In diversified landscapes, crops like mustard, sunflower,
and cucurbits benefit from increased pollinator visitation, resulting in higher yields and
better-quality produce (Kremen et al., 2002).

4.4 Empirical Evidence from Integrated Systems

Integrated farming systems that combine crops, livestock, and aquatic components exemplify
the yield-enhancing potential of biodiversity. In eastern India, rice—fish—duck systems have
shown superior performance in terms of grain yield, pest suppression, and nutrient recycling
compared to conventional rice monocultures (Nayak et al., 2014). Similarly, agroforestry
models incorporating fruit trees with seasonal vegetables have improved household nutrition

and income in tribal regions of Odisha and Chhattisgarh.
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Region Practice Outcome

Punjab, Intercropping | Improved soil nitrogen and reduced

India pests

Odisha, Rice—fish—duck | Higher yields, fewer pest outbreaks

India

Kenya Push—pull Reduced stem borers, increased maize
system yield

Brazil Agroforestry Enhanced  carbon  storage  and

biodiversity

Table 1: Singh & Varshney (2021); Nayak et al. (2014); Behera et al. (2007); Khan et al.

(2008)

6. Policy and Practice Implications

e Agroecological Intensification: Promote biodiversity-based farming over input-

intensive models.

e Farmer Incentives: Support for cover crops, composting, and habitat restoration.

e Extension Services: Train farmers in biodiversity management and ecological

monitoring.

e Viksit Bharat 2047 Alignment: Biodiversity-centered agriculture supports nutrition,

climate resilience, and rural prosperity.

7. Conclusion

Biodiversity is the foundation of resilient and productive agroecosystems. It enhances

ecological functions such as nutrient cycling, pest regulation, pollination, and soil

regeneration—processes essential for long-term agricultural sustainability. Diverse cropping

systems, rich microbial communities, and the presence of beneficial insects collectively

improve soil health, reduce dependency on chemical inputs, and stabilize crop yields under

changing climatic conditions. The decline of biodiversity due to monocultures and pesticide

overuse threatens not only food security but also the ecological balance that sustains life.

Protecting and enhancing biodiversity is therefore not optional—it is a necessity for restoring

ecosystem integrity and ensuring sustainable livelihoods. Practices like intercropping,
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agroforestry, and integrated pest management offer practical pathways to achieve this

balance. As India moves toward the goals of Viksit Bharat 2047, embedding biodiversity into

agricultural policy and practice will be key to building climate-resilient, nutrition-secure, and

ecologically sound rural communities.
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Abstract

Madhya Pradesh (MP) is located in the center of India, it contains a variety of ecosystems -
dry deciduous forests, grasslands and crucial riverine systems Climate change is become the
major ecological threat to the biodiversity and environment of Malwa region in Madhya
Pradesh, India. Malwa has own special unique geographical features, dry forest, grasslands
ecosystem, rocky plateaus that support various animals species to grow. This study shows
that how irregular rainfall, heat waves temperature rise, water scarcity, habitat degradation
are influencing native wildlife such as Indian fox (Vulpes bengalensis), the Indian wolf
(Canis lupus pallipes), striped hyena (Hyaena hyaena), blackbuck (Antilope cervicapra) ,
several endangered bird species including vulturesand lesser floricans. Evidence suggests
climate variation directly affect wildlife migration, disease outbreaks, habitat loss, breeding
cycles and increased human—animal conflict. This report is based on literature review,
government reports, and ecological observation data. This study highlights the major threats
and also suggests conservation strategies such as adaptive water manangement , and,

scientific wildlife monitoring community-based wildlife protection.

Keywords: Madhya Pradesh, Malwa region, wildlife biodiversity, climate change, Indian

wolf, blackbuck, vultures, heat stress, habitat loss

Introduction

India is one of the 12 mega-diversity countries in the world. Madhya Pradesh
ranks first among Indian states in terms of the total recorded forest area. Madhya Pradesh
holds the Ilargest forest cover by area among all Indian states, accounting for
approximately 12.4% of India's total forest area.The Malwa region (primarily the Malwa

Plateau) is a significant geographical area within Madhya Pradesh, but its biodiversity
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contribution is specific rather than overall dominant compared to the rich forest areas in the
east and south of the state such as the Deccan Peninsular zone, which contains most of the
National Parks and Tiger Reserves (MFP Federation). Climate-induced biodiversity loss is a
major environmental challenge in India.The Malwa region, covering cities like Ratlam,
Dewas, Shajapur, Mandsaur, Indore, Ujjain, Dhar, Neemuch, and parts of Agar-Malwa, is
environmentally sensitive due to limited rainfall and plateau terrain (Sharma, 2019).
Historically rich in grasslands and dry deciduous forests, the region supports wolves,
blackbuck, jackals, reptiles, hyenas, chinkara, and migratory birds (MP Forest Department,
2021). Climate change has results increasing temperatures, changes in rainfall pattern,
prolonged dry seasons, and shrinking natural water bodies.Due to expanding cities, industrial
activity, road networks, and changing climate, wildlife habitats are fragmented. Species that
once roamed freely across open plains now face shrinking territories and human pressure
(Ghosh & Mishra, 2020). Climate change intensifies food scarcity, drought, and heat stress in
mammals, birds, and reptiles.Thus, this research aims to study the ecological impact of
climate change on wildlife biodiversity in the Malwa region and propose realistic

conservation strategies.

Research Methodology- A descriptive and field-based approach was used, combining
primary and secondary data. Field surveys only in some parts of Malwa region involved
capturing photographs of local animal species to record their diversity and habitats.
Supporting data were collected from the Madhya Pradesh Forest Department and research

publications. All observations were done ethically without disturbing wildlife.

Geography & Ecological Profile of Malwa- Malwa is a volcanic plateau with rocky ground,
semi-arid climate, and seasonal rivers such as Kshipra, Gambhir, Chambal tributaries, and
Kali Sindh (Prakash, 2022). The Malwa region geographically supports diverse wildlife
through its mosaic of dry deciduous forests, fertile grasslands, and river systems. Vultures
utilize rocky cliffs and tall trees for nesting, benefiting from the consistent availability of
carrion. Striped hyenas thrive in the open scrub and rocky outcrops, using ravines for den
sites. The critically endangered Lesser Florican relies entirely on the region's specific
monsoon grasslands for breeding and display grounds. Mugger crocodiles inhabit the slow-
moving rivers and lakes (like the Chambal system), utilizing sandy banks for nesting and
basking. Nilgai are adaptable to the widespread agricultural fields and scrub forests, thriving
on the mix of forage available across the plateau's terrain.
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Fig.1 Striped hyena

Fig.2 Lesser Florican
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Fig. 3 Mugger crocodile

Major Wildlife Species of Malwa Region

Animal Scientific Name | General Habitat Endemism

Name in Malwa Region

Lesser Sypheotides Grasslands of Sailana & | Indian

Florican indica Sardarpur Sanctuaries Subcontinent
(Breeding
grounds)

Indian Gyps indicus Cliffs and forested areas Indian

Vulture Subcontinent

Gharial Gavialis Chambal River (National | Indian

gangeticus Chambal Sanctuary) Subcontinent

(River systems)

Nilgai Boselaphus Forests and agricultural | Indian

(Blue Bull) | tragocamelus areas Subcontinent

Striped Hyaena hyaena Dense vegetation ,Dry | Indian

Hyena forest , scrublands | Subcontinent

,grasslands

Mugger Crocodylus River systems (Chambal, | Indian

Crocodile | palustris Ken, Son) Subcontinent

Kadaknat | Gallus gallus | Jhabua, Alirajpur, Dhar | Native to specific

h Chicken | domesticus districts (domestic breed) districts
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Species Scientific Name Conservation Status | Notes

Lesser Sypheotides indica Critically Endangered | Loss of its grassland

Florican habitat

Indian Gyps indicus Critically Endangered | Declining due to

Vulture climate & chemicals

Gharial Gavialis gangeticus Critically depleted Human
encroachment
,unstainable fising
practice and hunting

Nilgai Boselaphus Least concern Shifting  vegetation

(Blue tragocamelus pattern ,urbanization

Bull)

Striped Hyaena hyaena Near Threatened Habitat loss ,

Hyena Scavenger  species
declining

Mugger Crocodylus palustris | Vulnerable Human

Crocodile encroachment
,unstainable  fising
practice and hunting

Conservation Strategies
Short-Term Strategies (Immediate Action)

Water Ponds: Provide immediate, localized water sources in forest edges to reduce human-
wildlife conflict and support fauna during dry spells.

Night Patrolling: Intensify surveillance and law enforcement against poaching to deter illegal
activity and reduce immediate wildlife mortality.

Awareness Campaigns: Educate local villagers to foster community stewardship, reduce

conflict, and enhance compliance with conservation regulations.
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Long-Term Strategies (Ecological Restoration & Resilience)

Grassland Restoration: Actively manage and restore native grasslands to provide crucial
habitat and enhance overall ecosystem function.

Climate-Adaptive Water Systems: Develop resilient water sources (e.g., permanent
reservoirs, solar pumps) designed to withstand the effects of climate change and drought.
Wildlife Corridors: Establish functional connectivity across fragmented landscapes (like the
Malwa plateau) to allow for gene flow, migration, and range shifts.

Vulture Breeding Program: Implement a targeted species recovery plan to re-establish a
critically endangered functional group vital for ecosystem health.

Modern Digital Monitoring: Utilize technology (GIS, camera traps, Al) for evidence-based

adaptive management and high-resolution, real-time data collection.

Climate Change Effects in Malwa
The observed phenomena in Malwa align with core ecological theories regarding species'
vulnerability to rapid environmental shifts, particularly concerning thermal tolerance limits,

resource availability, and trophic interactions.

Temperature Rise & Heat Stress- The documented decadal temperature increase (0.2—
0.4°C) exemplifies the principle of global warming's regional impact. Ecologically, species
possess specific thermal optima and tolerance limits. When ambient temperatures exceed
these thresholds, organisms experience heat stress, leading to physiological trade-offs. The
observed outcomes in wolves, blackbuck, foxes, and birds—dehydration and breeding
failure—are direct results of pushing physiological systems beyond their capacity, often

leading to reduced fitness and population decline if adaptation or migration is not possible.

Water Scarcity- The theoretical concept of resource limitation is central here. Water is a
critical limiting resource in arid and semi-arid ecosystems. Erratic monsoons and dry ponds
create a severe bottleneck in resource availability. This scarcity drives several predictable
ecological responses:

Forced Migration: Animals engage in range shifts or dispersal events to find viable resources.
Interspecific Competition: The concentration of animals and livestock at remaining water

points intensifies exploitative competition, increasing conflict risk.
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Mortality: In extreme cases, resource scarcity leads to a failure in carrying capacity, resulting
in mortality events during severe drought periods.

Changes in Prey Availability- This observation illustrates a trophic cascade effect. Climate
change impacts primary production (vegetation), which in turn affects primary consumers
(small mammals). The subsequent decline in small mammal populations represents a bottom-
up control mechanism that limits energy transfer to higher trophic levels (wolves, hyenas).
Predators face nutritional stress and increased intraspecific competition for a reduced food
base, potentially leading to altered predator-prey dynamics and shifts in dietary preferences.
Disease Spread- The theoretical basis for increased disease spread lies in disease ecology
and the relationship between climate and pathogen dynamics. Warmer temperatures often
accelerate the life cycles, reproduction rates, and geographical distribution of vectors (like
ticks) and parasites. Furthermore, climate-induced stress (heat, scarcity) can suppress the host
animals' immune functions, making deer and carnivores more susceptible to infection and

disease proliferation.

Human-Wildlife Conflict- This outcome is explained by the theory of optimal foraging and
habitat displacement. As optimal foraging areas within the forest become resource-depleted
due to climate change, animals are forced to utilize suboptimal, high-risk habitats—
specifically, human-dominated landscapes—in search of sustenance. This increased interface
drives negative interactions and elevates the frequency and severity of human-wildlife

conflict events.

Results and Observation

Species Trend Reason
Lesser floricans | Declining Over grazing + habitat loss
Indian wolf Declining Habitat fragmentation, heat stress
Hyena Declining Water & food shortage
Vultures Declining Climate + diclofenac + habitat loss
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Mugger crocodile | Declining Destruction of natural habitats

Climate change + urban expansion = biodiversity crisis (Kolekar, 2021).

Conclusion

Malwa is facing rapid ecological changes. If urgent climate-adaptive wildlife conservation

actions are not taken, grassland species like wolves, hyenas, foxes, and blackbuck may

continue declining. Scientific monitoring, government-community cooperation, and climate-

friendly landscape planning are needed for long-term biodiversity protection.
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Abstract

Didymocarpus pygmaeus, C.B.Clarke (Gesneriaceae) is a small herbaceous species native to
north-west and central India that has been historically under-reported and sparsely collected.
Recent botanical surveys and regional floristic inventories suggest its occurrence in
seasonally dry tropical and rocky deciduous habitats, including new local records from
peninsular states, highlighting a wider but fragmented distribution than previously
documented. This paper reports the occurrence of D. pygmaeus from Gandhi Sagar Wildlife
Sanctuary, Madhya Pradesh a dry-deciduous, rocky landscape where floristic inventories
have found several rare and range-restricted taxa and provides notes on habitat, morphology,
associated species, and preliminary conservation concerns. Given the limited collections,
apparent habitat specificity, and threats from grazing, fire and land-use change in the
Khathiar-Gir dry deciduous ecoregion, we discuss the need for targeted surveys, population
monitoring, and in-situ conservation measures. Ethnobotanical literature for the genus
Didymocarpus records traditional medicinal uses, suggesting potential pharmacological value
for the group; however, species-level medicinal data for D. pygmaeus are currently sparse.
We therefore recommend urgent documentation of local uses, phytochemical screening, and
conservation actions to protect both genetic resources and any undocumented traditional

knowledge associated with this taxon.

Keywords
Didymocarpus pygmaeus; Gandhi Sagar Wildlife Sanctuary; plant diversity; microhabitat
conditions; long-term field survey; regeneration pattern; habitat specificity; dry deciduous

ecosystem
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Introduction

Gandhi Sagar Wildlife Sanctuary, located along the Madhya Pradesh Rajasthan border, is a
dry deciduous landscape known for its rich floristic diversity and mosaic of habitats ranging
from rocky outcrops to riparian corridors (Sharma and Verma, 2019). The sanctuary’s varied
microhabitats support numerous native, rare and ecologically sensitive plant species that
contribute to ecosystem stability and biodiversity conservation (Singh et al., 2020).

Among these species, Didymocarpus pygmaeus (Gesneriaceae) represents a highly
specialized and habitat-restricted taxon. This small herb thrives in shaded, moist and rocky
niches, often confined to sites with stable microclimatic conditions and high humidity
retention (Khan and Rao, 2017). Studies have shown that members of the genus
Didymocarpus are sensitive to habitat fragmentation and microenvironmental shifts, making
them valuable indicators of ecosystem health (Chakraborty and Devi, 2021).

Recent environmental stressors including rising temperatures, altered rainfall patterns and
prolonged dry spells have begun to reshape the microhabitats essential for the persistence of
Didymocarpus pygmaeus (MoEFCC, 2018). Even minor disturbances affecting canopy cover,
soil moisture or rock-crevice stability can significantly reduce regeneration and population
size of such microhabitat dependent species (Verma and Singh, 2022). Human interventions
such as grazing, fuelwood extraction and unregulated movement along forest patches further
intensify the vulnerability of these plants (Gupta et al., 2020).

Given these concerns, understanding the ecological status of Didymocarpus pygmaeus within
Gandhi Sagar Wildlife Sanctuary has become a priority. The present study investigates plant
diversity patterns in the sanctuary with special emphasis on the habitat characteristics,
distribution and conservation status of D. pygmaeus by integrating field surveys with
ecological assessment, the research aims to identify key environmental drivers influencing
the species and provide scientific recommendations for long-term conservation (Rao and

Mehta, 2023).

Study Area

The study was carried out in Gandhi Sagar Wildlife Sanctuary, located along the Madhya
Pradesh, Rajasthan border (Fig 1). The sanctuary includes dry deciduous forests, rocky
terrain, moist shaded crevices and riverine microhabitats that collectively support a wide
range of plant species (Sharma and Verma, 2019). This diverse topography creates the

ecological niches required for the growth and persistence of Didymocarpus pygmaeus.
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Field Survey Approach

A long-term field survey was conducted over a period of three consecutive years (2022—
2024) covering all major seasons to record the presence, population trend and habitat
conditions of Didymocarpus pygmaeus. Surveys were performed during the plant’s active
growth and flowering phases, when identification and observation are most reliable (Singh et
al., 2020).

The survey followed a walk-through and habitat-search method, which is recommended for

species that occur in scattered, isolated or microhabitat-restricted patches (Khan and Rao,
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2017). All potential habitats such as shaded rocky slopes, moist cracks, riparian edges and
forest understorey zones were systematically explored.

During each field visit, observations were recorded to document the presence, approximate
population size and overall condition of Didymocarpus pygmaeus. At every site where the
species was found, the number of visible individuals was estimated and their growth stages
were noted, including seedlings, juvenile plants and mature flowering individuals. The
phenological condition of the species, such as vegetative growth, flowering or fruiting, was
also documented to understand seasonal variation. Associated vegetation was carefully
observed to identify co-occurring plants and to understand the ecological community that
supports this species. The microhabitat condition was assessed through direct field
observation, focusing on moisture level in rock crevices, shade availability, substrate stability
and the general health of the surrounding habitat. Repeated surveys over three years helped in
comparing changes in site conditions, population behaviour and habitat stability. These long-
term field notes formed the basis for evaluating trends in regeneration, presence of

disturbances and overall ecological response of D. pygmaeus across the sanctuary.

Results and Discussion

The three-year field survey showed that Didymocarpus pygmaeus is restricted to very specific
microhabitats within Gandhi Sagar Wildlife Sanctuary, mainly moist rock crevices (Fig 2, 3,
4 and 5), shaded slopes and semi-protected moisture pockets. The presence of the species
remained limited to a few core sites, and the overall population showed noticeable fluctuation
across the study period. In the first year, populations at most locations appeared stable with a
mix of seedlings, juveniles and mature individuals. During the second year, a reduction in
young individuals was observed, which coincided with decreased moisture availability
following an irregular monsoon. By the third year, two previously recorded sites no longer
supported any visible individuals, indicating a possible local decline or temporary dormancy
triggered by habitat drying.

These changes suggest that the species is highly sensitive to microclimatic conditions,
particularly moisture retention and shade availability. The reduction in seedlings and
juveniles points toward weakened regeneration, a pattern that has been reported for other
microhabitat-restricted Gesneriaceae species. The loss of moisture in rock crevices, minor
soil erosion on slopes and disturbance from grazing near forest edges likely contributed to

habitat degradation. The findings indicate that even slight alterations in moisture and shade
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can cause rapid changes in the population status of D. pygmaeus, reflecting its narrow
ecological niche and limited adaptability. The disappearance of the species from some sites
over the study period highlights the need for continuous monitoring and microhabitat-level
conservation planning. The overall results underline that the long-term survival of D.
pygmaeus depends on protecting stable, humid and shaded microhabitats within the

sanctuary.

Fig4 Didymocarpus pygmaeus Fig 5 Didymocarpus pygmaeus

Conclusion

The study concludes that Didymocarpus pygmaeus faces increasing ecological pressure
within Gandhi Sagar Wildlife Sanctuary due to ongoing microhabitat alterations and
fluctuating moisture conditions. Although small and persistent populations still survive in
stable moisture pockets, the reduction in regeneration and the disappearance of individuals
from some locations point toward a declining trend. Protecting the species will require
targeted conservation measures that focus on maintaining shaded and moist microhabitat
conditions, regulating grazing impact near sensitive zones and preventing soil erosion around

rocky crevices. Continued monitoring will be essential for tracking population changes and
https://doi.org/10.52845/CS/2025-10-15-confl
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identifying new threats that may arise in response to climate variability. The findings provide

a scientific basis for future conservation planning and highlight the importance of

safeguarding specialised microhabitats to ensure the long-term survival of wvulnerable

herbaceous species in dry deciduous landscapes.
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St faferear & wia uF Seae amiE g & g it ST g1 I8 Je9dT 39 Aohd
T SHITOTT Fear g T TR 2909, snygfas smearfons d@el & q91em= & o0 uw T=q
T 2 |

qAT-:
o fErafE=merl & ToTao Sreqas (A0 ALATA) F UTSAwAT H JIRE 99 %

forgrat &1 et T ST =R ul
o T AT H AN EAT UF TATALO o i HATE AT FT "TRT TF TG0

STRTEHAT" ATHATHT 7 FETaT 7 ST AR

o TATHT HeATHE FLEAAT. F F =X T, Fi: fagm 7 frermerr, 1994,
o TATHT HCATH+E HLEACT. ATHA ATOTATH TET e, FIT: TN TR 2%, 2006.

o TTHY fAaeTAve. TISTART. FIAFTAT: T5d ATH, 1896.

o ST, 3T, U, fAEAT SAqHTH. Ho: AT qreaeherd, 2004,

o 9THT, ATT. UA. ANT HAIESTH. ATLTOHT: STt ThT1er, 2015.

o .TETE, A1, UH. AT 3T ke [AHTH. T FAeTLTH 19, 2008.
o T, To TH.UA. 3T HHAT JFAT AT, TLATTNT ZTTHT TRALTT a7,
o TP difer, srqeree siv wfreror afiug 7% fRweht (W), 1987 g= 44

GIAT, ST, AT foreqT, 92 faeetT (WTed): TeAtaeT sahrere, 1994 92 55
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T &9 el s sawTer arae aaiaeor f2reT, SEAYT (ATR): TATET ATHaEra® oeg,
1944 7 36
FRIAT, JHAE, TG0 T S, el (A1) AT qeas avew, 1984. 4=

199

Afae forear Iumm, Feerme, yrafeE va areataE e fiwee (Aa) 1981 9¥
20

UTUST TT. FHIAAT TATE, T & Frarens siqeene, Sgel (W) SAfHarer Sarem,
1979 (1 TEHTOT) g 152

TS, SRS AR, AqATEE® THIS Y T SR T TSeAT ed
afeAtnT gT8e (971.) ferfFes. srw 1986 72 192

[N

qEAT . TATALIT %] HEPIT AR (W) TR T 1989 T 124

e A Hrax, aatan fer (fedtw aiafaa gem) e (ara) s
T, 1991 T2 64
AT, AT, 3T THFHT S, GEIEE. 0 AT @ A (ATE); d=eie

TehTer, 1992 92 288

AT, U.UA. UF w7 TATAL0T a7, Tgeft (FTa): e Taw1er, 1993 95 180

ZHTT TATEL0T. G0 Fed, Tieft orfeq Ifae™, fFeme s aatawr wws. 792 oot

(WTZ), 1988 T¥ 280
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FEAT X GTT LT I TAATL TRAAT T THA
EELIENCES
EIRPERRIE]

T, THEA o7 e AerEeney, Hamss, ST 5a"iT (77 9390)

-t ArELT: bhawsarbarde75@gmail.com

qTX

AT THT § TAATY TATT T a0 Hohe & & § IAL g, o FHfT Ica1ad, FEaAl sl

OTET TAT G GLAT I M0 T STAT gl a0 qraa= # [iaw giy, sqataa auy,
qET, 91E, BAdTd, T &7 o= 99 WA Jeqre F Fi qufEafadt w1 sqEgiod :2

3o 81 AT S FT were 397 ¥ 78 Rufa i ot At g # it qor v 60 giaed &
STTerh STATET SIS AT & (o0 FY 92 A9 81 SToarg afade & H10 ITSTS: G 71 g,

fR=Te gareat £ wft, Fre-adat f FEadr e aufer F0 wE § 91 5o gg g1 5w
AET-T | TAAT TAAT & FT FHAAL [ IcATEHAT, QT AT, FIU TIHTEAT 37T
ToFETe T 9% T= ATl TATAT T (SEwor Seqa 6471 747 2|

TR=T

o

ST TREdd F7 32 § AT T STAarg Tl § drerepriors qiaad, Sasd araem, o,

AT & Yed ST "W T 999 geArs H gedrd onfAe g H\a Aiatatay, fEere

AT IRT, AT T FeTs, SHATeH ST & FATIF ITANT AT AZLHIOT 7 ATATAL0T |

FTAA STEAFIATZES, HIAT ¥ AT2ed siaaTes o9 AFgrsd A97 il Tigdr 9g7 «f gl 96

RS T g2t FT 3fEd qTIH1T T 98 BT &, S “afsas S’ Fgl Sar 2|
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AT § F1T ITINEAT T A2 | FAarg T2 97 g1 719G § -7 o sEAear At &
T AT e I FX Al | ATIHE H Fhg F LT it T61 wedt g, S woe any 1

TEA @ AT 21 AR, (e AT AT A& JHT HeATE FHAT ] THATT Tgardl gl TH TH
STAATY TEdad 7 Hae IcATad =T T2l § alod @Ter LT 1 |l @< § ST 12T 2

1. TG TREAT & HIT

AT TREdT & q&T HO | TTHda a4 AAa-S9d a1 Heh T § —

1. Mg AGT FT I@oA: HIAT, TSTAITH ST TTHAF 0 6 FATH STTRT &

ATIHEA | FTAT STSAFATSE 31T HIAA 6l AT 92 Gl 2

2. FAT FT F2TE: TS-ATY FTAT STSHAFATSS T AFANUT Fd &, T a1l Fars &

HTLOT Tg VT g (a2 2T &l

3. SN S s Jann § ffFaq awt T8 =T gas 0 argHsd
ATTHTT T TaT 2 2

4, FY gaeft TITT: FATIF THEET GIET ST FeATURT FT AN, o AT GdT §
g {9 et oft o7 59 7 2

2. FM 9T SAarg gRad & T

AT H AT 55 Tiaerd FO &1 ff=1e 9% [ T grae aut ramid g1 STaarq 9radd &
FTCOT G ATSAT AT T AATHAAT 7 29 &1 § Hohe T2 F2 A7 )

o THEW IcATSHAT H FH: qMOHA § 1°C Ffx & g, o9, HFHT S4T TH@ FAAT a0l
IeATERAT H 5-10% T FHT a1 7 TS 2

o T &Y TureT T FT: srcAer ATOH T gET gt it SAwar gerd g
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o T ST TN it gl THT T Y F SETHTRT TIT F FIOT dle-TdT A AT 98

TRl g, ST FHAT I THaTT Tgardl gl

o TIURE Gt UX Hohe: TR HITH Ak o HILOT (hATHI I HEAT I J3AS 3T Fels

*F OHT H g9 FLAT 92 &7 8l

3. THE FEA! I T

1. g: A ¥ g ST HI A9 qlag F T ATeF TATET 647 g AT=H-79 H

qUTHAT a& & ATt 31 & Tl awdl, [orae 397 FH gl gl
2. T ST qUT 3T ITE T &1 ol BHA FT AL AT gl gl
3. WET S ST T@T 3T IF TTIHA % IA1 % [AHTE AT ATEd FdA 2|
4. & T lesrat: srcafees THT ¥ 3T =7F TTT ST T oF T FH FT @l 2l
4. Q=1 FL&T 9 7914 (Impact on Food Security):

T AT FT qAead ¢ o6 TedF Ak F 9408, e T TuF g ITdsd gl el
AT TRAGT 7 36 ATLTLOT Hl THIT AT <F B

1. STATET § AFCALAT: TTATE FedT ITS F HTL0T 397 H STATT it syqfF srfafara gr w27
El

2. G e gfe: IR Fed § I | a9 98 2 &, 5| wa a1 gartad ar w@r
El

3. TTHOT STEJAT: FEAL T [UIEATAT Hed F IS § G0F Jeat hf HHT &l @l g

4. seTer i fAaer § wfEATE: sreafares arawT sfiY e & ST W it e 9dt
L
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5. fFaTeT S ITHior sreferaTyT U= T

FT X WiaEe STarg TAmEt 1 At i st Rafa &1 sfeaw aa7 = 8
o fEETE ¥ forg st wa¥ e & AT TE@r )
o THH AT ATSTATS % aTaS[ FRATHT T ot Jaraetr 981 fer qram)
o ITHIU 9aTaH ¥ Flz g5 § FAIH F1U & AT =7 Tl 5
o T T HIWIT T STorary TRad+ & qaer Afer® faFe a9 7 2|
6. S faferear s waer fAfreaT o T

AT TRadd & IO S5 TSATdat oeqd af Tl gl a5 areataai § fefhrs et s
FTSILT, SATL, TR T Aged The & 98 LT 81 T3 AT STid i At o ot 37 ST o

Frett et ux v 8, e drederfors sta fAfeear 92 @ 8l

STAAT TRAAA FT T had JTIHIE, TUT AT HIGH F TG& T UL gl Agl dfedh gzt il o

farfarerar o waer fafergar ox off Tgars & 92 w21 81 99 Afaear &1 ared g—g=&t 97 970
ST AT S-S, Trel, Eastar aar areatas q=1 i [Afaean agl waa faferear wr

FT AT TohTe &7 FHAT, IThT T FoRet qam &St i fEfererar S Rt o e
T FT WU T g Rafa F aqer FEa gar g1 SToarg aiadad & s
T H ghg, dfafEa aut, g, arg, BEua & =wwara S =29 #I9HT geqTe 98

T2t 8, o sifas i Fv fEaferear 241 o wiage 919 92 @8l

TEd TTIHTE T HIGH | TaATF & FIET F5 4187 3T Sa-Siqall =l TSIt 799 THfash
AT & feermod g1 @ 81 F= ISaal 95 anfetadi § Sqhad el T ardl S AqE
B TIAT §1 SETEIOT & oIy, TR FXe ATl hile-aai S8 TYAEAl AcAtaT THT T

TETIAE TGUT & TATT g1 W@l 8, Sred waat § 9y it afar arfad gr wr gl =9
ST S TAfarear & T o & FIT Scarashar i qrierias §qad | TATEd 2id 2|
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wee fafearear & gfe & ff Rufa Farsms 81 oriufe dis ssrfaat St e Saary i
gt & oA wfaT g2 off, o= agad 9199 & S0 SUIE Tai @ s ol e 9 3

IATEFAT a0 arett " fent 97 [F9ar aar & 2, S Aeqetiers e ar dt 8, A
T ®F F g f Iaear qerdt § ST o« i AfoF AN FwAT g1 TH aiEaT 7
AT TSI T Afedcd 9he | §, ST dfadi & Arqaror Efeear & =7 § FiU qorett &
IR Tad A €l

THE AATAT, FEA Atgdr § FHT o & Ty e 9T S TATT T=2aT g FM1h S AI19d

FHA ITS ATAT 8, AT i, THT AT STAATT ATIET o THT TY00 FHA IATEA I G 98 ST

gl o foatrs F0 % forg amaeas g o aai i1l &7 90T, ST 8t w1 [Fecd T

e St @t &1 Tredrgd ar sl Searg 9REdd & 0§ o9 [fegar i s o
fafaerar &1 §3ew 7 Faa TREfaE g9qaT a9 w@q & o aqraes g, afed I8 qa

TEAT T @, AT Sl T LT 7 e A7 g

7. TR THTYT:

STAATY TRACT & TTAHe THATAT Dl FH FEA & (17 H5 HIH ISTT AT T &
1. Sarg-aae FiO: UHT Gdt SaE S, [Er $i S0 w1 St ST anl
2. woe FAfEeiworn BT 1w &7 wee uw T 7 e e weet st "R
3. To=TE ¥ smefAe aree: B sfiw fSiar ST aaiat & ST &f a=q & 7 dadl 2|
4. St @t TETAE GTal it S9Tg ST Grat F1 TR 9ATa20r & forT ATaRTey 2l

5. WHaW GATTAT qohel 1o a1l &l G0T 9T AT & § o 0 9ga< &7 § o 9
2l
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8. T Fifa:

ST TAdd & Ioae Hehel F (Hue oY FU, ST TAqT T 0T HHTeA1 Sl TET % 3297
q AT T3 7 (U8 ) a9 § 9% Aqaf oY S0 A &1 81 39 Tgal & T9E
32T ATl AT FEadt Saarg aReAfadt F AqET a7 AT, FU IR F TwS

FATAT ST @I AT AT FIAT 2
AT I F UE Faarg gfkadd #rager (National Action Plan on Climate

Change — NAPCC) 39 2008 & &1 #T, fSraeh dgd o i@ g foem” sy & 1)
TR T FIT [Aem, THT T e, aad F @9 97 TFT [Fee (National Mission for
Sustainable Agriculture — NMSA), TTE1T Fuit &rar @ i 78T di7 697 Ao
o =7 § FW T qAiawor & q&faq 81 qaqq Hu [Hed F siava Mg, 99, o7 Staw
THTEAT % HLEAT 9T I [3IT AT §, qTh FEA ICATGHRAT I reehTiors &9 & giard w@r
STT &

AT FU Aqaea™ aRuE (ICAR) § TEH AR SA@ag AqHd FIU TRASAT
(NICRA) sest #it 2, Sreer 327 et 1 Sterarg aivad & oaqaer 7% Fi0 dadie

SO FIAT g1 T TRATSHAT % ATEAH & TET, TTE T JTTATT TEqAT Sret arferfaat &

e 3 FOa =5, =TS aaiE oY St Gt & SUTT qATT 1 5l

T AfAE, AWt waw fi|T ASET (PMFBY) At &1y seret siw
FHTHT HIHH | ZI a7 A THATT & SATHF LT T2 Fal gl 36T Je fAgt waresy
FTE JIST (Soil Health Card Scheme) TRETAT T 37T qIH T IF<qT il TEFET Il &,
AT I I wH T GTE FT F99 FC qeh

AT 7 TET FY T TeET (RKVY) 7 Tema#st v f=rs FemT (PMKSY) S

TSATE AT o= 1 2, [SrhT IRex o gaed, gew fH=re TRl B a@Er 471 7 A
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SUANT FEATT ARTAT | AT &, STA1g TRad+ g w1 (National Adaptation Fund for

Climate Change) = aTeaw & Trs41 &1 fa=ii=r agrdar Jar it 517 @ 2|

= aeft T i ugal &1 T2 Faa FOA IAET qET qgl, Sfod ardaros &7 F
feare FIT o= &1 AT #2747 §, ST SToary aads S A H1 GTHAT FT qeoh| TLHTT T
T gt adY awe g ST AT aehe i, T T 3 e T aher aniErT @
T gt B s

9. af%rs aftre:

HIh Y & QT UF FU & (FAO) F AqHE a9 2050 TF AfS ATIHIT Jfeg il 3¢ Tl
T2t ar o W @ Icamed § 15-20% aF i Rirde /9 g1 Sk S ufrEr &

el Tem § I8 79T o7 i R aTgrT G840 ST e Icqoid § FHT ATHT
& T Hehe & HAT AT ST gt 2

10. fAe=e

AT TREAT S el TITELIT FHEAT q5l, qfodh AT Aeded | [T aaF dFhe gl

AT § FIT TUTSAT T THFT TAT TATT T7€ 9 § f3@re T w271 g1 98ad Ai9w o9, Tedl
FAYT ST TR ATTHTT T ST =l G0 &1 FA T & 2

G AT & oI atraeds g & g7 fehrs F1T qafaat =T, SThfaes saraet &7 et
I 3 307 THATAT 7 FATHE TR | F9OF I=70)

ALY, TATHE FEATH, TN ST TATS THT F T Toaarg aady & gAmal wf 79
T i foT & 71 FE AT gRm O iy di it o geier, T s w3t qee
G CRER ISR ERIT
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Tt gt

1. F HATAT, AT TR (2023). 97717 F19 @1feq#1 97 16+ giaaed 2023, 7

et FT vd e wegTor 5|

2. AT FU AqEea™ 9Rug (ICAR)I (2022). 7T Far917 T A7FT F1T
(NICRA) a1fia Ruid 2022. 75 faweit: sTeeiusT TehTer|

3. UATEYO, a9 UF ATy qEdd 93l (2021). 9777 F1 gAHT [Za09F =TT

Ra1d (BUR-III) G T1Z Ty TRadT BHTH TFHTT 5. 7% [deetl: AT aLanTel

4. T8g, 9. %, wa aT, §. . (2020). Fe7a7g TRITT T FIRAT FIT T TH1T 7T
fagraor. a5 faeett: AT THhT9|

5. @\, 4. (2020). Fa7 FT ST Taarg TRIGT F JFFAT #1 TOHIaF]. AT
CERPENREEAR RIS Ea Tl

6. T, Y. (2019). /42T F7 T@7eT ST FTaarg TR aq+. Aa=s: erafaamaa Twe|

7. ATE4, . ", Ua B, ua. 9. (2019). Faarg 7RadT S qrHIT THFTET 97
o777, AT B A e

8. AT wrEH &AW (2018). wRd & Ferq7g 931997 T 97T % Ged 9% JeqI7

Ra1E 2018, 7= faeett: ITed a3

9. =edY, A. UA. (2018). F/T & 517 [F13eraT 57 @Ter Feerr. STAT: TSt Tfecther|

10. o @Ter U FT '@ TeT (FAO)| (2017). Faarg TRadT ST @rer geer 9¢ a14%

R, T4 S g
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11.7AT, TH. (2017). 97=2d17 F19 F FTa1g TRadT #1 g7iia47. 75 Qe e FaF

GELT

12.5¥g, wH., vF Seft, U, (2016). F@er fA73ear, @rer gre i} R#rs F9 w7 g4
TATEIETE: INTTRTL]

13. %9, UH. (2016). F7a7F TRad, ATTZT AL ST GTeT Srqld JO7]. Tt Al
IEEIEREINET

14,972, AX. UA. (2015). 9Ra & F7a717 a7 5 F4 Hifq. = faeet: amd i
FTHLTT HEATI

15. 9<% g qATawer &wrawd (UNEP) (2015). T79RT & Toarg aRadT #ic F9 77
THTT F7 AT, AUET: TUAYT TR
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St TAfarerar & S<eor § giepias Yedi it UF @I Seqae sl aa|r
T
SR IR
STEATIa aeqid oal

Ty ferashe amae \Tasw e qgreaTsd (PMCoE) #ia=

(T T=9)

rer o et

TETT TTEATIF ( FAET( 9T )

AT HTAH L HSITAATAT AL gE, AT -To1TE (e T=er)

QTYer HTTST

St FAfaear T 2T UF e SR § Wi 7 o wiia® i St qqrel i =71 67 §
STH S ATAEAT 7 99T UF AT &1 T § Tg U TqI9 Fid ¢ s q9eq St 7geh
ITET Siq geEEsia e girafera g o qrifEafas 9 % 979 91 9qad 9| 8 o
fafereraT sfiw SeFfa Us gAY & TEE F 2 8 Qe F S T Jqed qieapidsd &7 7 5
rfareaT o AT 2

e T

St fafaerar, saw i, ot d  gesta Jwi

=

St fafargar Septa &t e § | 957 & o= Gfa fars aiaw s Eferear & 2t
g, ST SATfeshTer & dIEr & 92T =l o @I g | 99 U 3STg<0 g o a1 9 99
farfareraT  S2ervr i ZHTT SERld & a1 Fae T [ 9 I 8| AT FERid il a1 it

ST AT UL SERIT F TH{d T TFEATH ST T AT 21 T&TH 6T 8 T74F Fiehiae Araai
St fafererar 3 T IR ST y&yw Fi gEET I 2
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Sta fafrerar & deror i sraegswar
afeaer Ua g Strad et & Hwer S| Afaear f [Aiae afa sHta @ & e uw
TET THEAT A7 FAUT g AT T AU AIERAdw Todl Ud Afdw a9 @HT T

S St |JHTeET F7 AT ofiv A AT qga 7 @1 § B T@eT ITHdE GErhai & ar-
AT ZATL

St fafarear &1 fEa @ gay § off T § o\F Siq UF aqeatad) s oAt Eegn i
T 9T | AAST o AITdH ART AT 9 ST 37 T@dl gs Saaedr 500 SEl 9I1Eg
et €Y 3 g2 21 S St fAfarerar % foro a2t gt 2

Stg RAfFear d<eor F @ 7 aiegptas =7

St fafergar % e § qiepfas qeat it a3t T grdl 8§ AT AT qiepias Tos,
AreaareRt, TfF- famr sfiw arufs 9 ot & areaw  Irhtas S9reet ud SEw S
fErferera o weeror § ot e 1 fate e 2

https://doi.org/10.52845/CS/2025-10-15-confl

98



https://doi.org/10.52845/CS/2025-10-15-confl

Published in Current Science, ISSN:2795-8639

99



Published in Current Science, ISSN:2795-8639

1. "ied & T

St fafaegar aFfa oiw se i U gy & T & 2§ "igddr S ard it St qv A o
ITohTah, AAH 391 &l a@T A= FiTAT, e FeAT1 gaTT 966 &1 UF g § oed
AT &7 AT AT 3T TH=aT [Hedt g1 Tet H107 g 7o AeT T 98 F7 379 F2aT g

2 IO A1 3T

S fAfagar & e ¥ g6 IRAE A\ A T AT § A SASHEE ST THT &
ATfereT § &1 TEaT g 9T, I7 T 9RO AT a1 A0 S0 qr SAET F9AT T 99 9T 37
AR § TET SHad i FoadT THia o7 Sa f@faedar & ar+es & 57 999 981 g | T8
O ZH IO ST T TS hqd gl

3 STEATIAH oo

TRUTRE TG THIIE O 377 ariia Tfafafet & s Uet gore aftqferd g 5 s
farfarerar ofi wahfa o ST ST ofiT FFATT Fl ST T&T9 Fd 8 3T SLe0 il A =Iq
o T §

4 Feqtaay 1 @

St fafererar 1 srearfons Heer swieerrer & €Y e sret oiw feame arew S sifataear
q HTer d U S[E & QT il a1q 8l a7 AT T 6l gHTL SLATCHT JoF T ST
Feataat & Sl ET g2 € 9 T 3Aaar, o ot T3 ST Jo9= df o1 IO
& F YTHIT HTA H 51 Fd 3T Tg & ATH ST el il T Agea 01 IRHET 9 7 Fd g
A= YT & o1 T A9TaTH 0 S0 Fed & Jg THT gHIT 9189 o9 faferedar & dweqor §
FHTY ATEFa® qod HT Taihq F2d g1 T g2 § ufas Iuaq o7 a1 &1 e By @

2l

5 qLE H =

AT H 37 AR AT AAT STael I q90ee T ST 0 ST § ST <iaraet! Sie ggrae
I T HTGT &F IOIT e I 92 9 3T §F il TAT AT ATERidaH Godl &l Tai9q Fied
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B ST 99 o 3T S fafererar &1 S2eror #7 §397 37 g1 39 99 I¢ 39 TR Al AgATar Srav
g ,Heal 3T fafo e T T ATerel & qatsTd AT STTav @ ST Ieht OoT 6l 1t 2|

6 AT g

St faferear & diepfas qodr § § UF g "AEsd god| = w19 of Sa &afeear &1
T 7S g 8, TaA 99T § wrerrht [ FEr feenis snfe et § s Afagar
FT WAL Hod TRt il gl

araq fafaear s e

urew fafaear &1 gara Faer siufy siv sv7 Iearal & forw € 92 @ afesd sw amew

AATHES | [ AT T F S[ET AT HT ATH TgAd @ AT 3297 § qqUE ATIEH ,TeqT
FrfeaT arta &1 AT T srar & | S "gaaqet 9tei & Sxterg o BT smar g s
9T wgea F B g1 A T i forat ®§ 7g urar 3 36 yes e & oo uaw ey
qTET EIAT 21 ST 9 T 5l

FHTH A, | T Botanical name T TH
1. | @ Strychnos nux vomica AT
2. | WAl Phyllanthus emblica L. EIEKI
3. | Far Ficus racemosa T
4, | Aol Syzygium cumini ST
5. | gu-femr Acacia catechu CR
6. | ST Dalbergia sissoo ofterer
7. KSR Dendrocalamus strictus ELG)

8. | I Focus religiousa oot
9. AT Mesua ferrea AT
10. | °TH Ficus benghalensis EASIE
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11, | TR Butea monosperma qeTer
12. | SUL-HTe Ficus benjamina RIEDS
13. | &% Prunus angustifolia a1
14, | & Crataeva nurvala varuna e
15, | =& Terminalia arjuna 3@7'[
16. | erman Flacourtia Ramontchi T
17. | S1er Mimusops elengi L. wrersft
18. | ST Pinus roxburghii ki
19. | Hell Shorea robusta Lamk. qrT
20. | TATHTET Salix tetrasperma Roxb A
21. | STHTET Artocarpus heterophyllus k heged
22, | A9T Calotropis gigantea HTT
23, | =fHET Prosopis cineraria oreft
24, | aafdraT Anthocephalus cadamba Fad
25, | TSR Mangifera indica L. S
26. | STIHISHS Azadirachta indica ik
27. | Tt Madhuca indica Hest
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TAUE I
FAEATAAT | S Featd UHT gt g ST (Sreh To97a § U1 % T 7 orifq et § 7

HEAIUl qavg aaeqtadr Reae § -

ERIE T T T Bt A | Ssiee e
1. zel EIED Fetretfoe wiaeT
2. EE e =gfear eI
3. HITAT T SHTRAT Fiee]
4. EEl et Tfiefie e
5. ECIZIn] froer e RS
6. MED LGS HEHT TATHLCT
7. af ERIEDS e R
8. g EC IS SHESAM
9. ! T Tedres T arefiser

e

AT ST Thid & ST I9 T T80 f7 919 @ g | afaear ot gaer oF

ST TETEA & ITHRId IH F A1I-8979 S AfEaar 99 S+ G2 3T Taeq F7 gf Uh

AT & 3% gH AT ATEhae Goal i LT FeAT ILH o8 § T Sid ATcHT faaT orenT 8 =9
qTT F g0 9 fAfarear 7 Seeror Fi|
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FEAT L GT GLET I TAATT TRAAT T TATT

T 9T
orreTeft

s faamdts e gfRafdd, s

TS (Abstract)

AT TREAT TS AT GAAT & A9 a9 F87 aiaal § F Uh a6 39T gl T8

qTIHT, AATHT 9T, TET, I8 TAT T2 FITHT TATA FT ST FTHL F TOTAT 9 T

TZT 81 TEE TROMTHET®T B ICATaH, I[OraT i ITAsedr § FHHT o Bl g, e @rer

AT U2 THIT G 3T Bl 72T gl Tg AT T TAATY TAA o FILU, FAAT IL I9H
TS, GTE ATl (R T a7 FA7Tad qHTET & SUTAT 92 hied § TAarg Tade & Heo
AT | g, a7 6 Ted § aaara, @I, I8 AT 97 AIEHT HeAT0 98 Lol gl 3T didm
Y FT 9T UL 77T 8, FOHE FH ST i I[ra a1 § FHT o W@l gl TomHeasT

T ITASHAT HE Tl g T G GLAT T AHIT @A 3T+ al Y@l &l A S Fo TG

T F AE FEHEAT 3T AT AT 1 TH v H AT TAdT o6 B, FHAL I IR A,

G AT il (ol o ATied TR 9T Y197 STAT AT &, q70h [EhTs FHIT Tgaai +

HTEAH & AT 6T Grer GLeAT AT 1 qh

1. == (Introduction)

T AT T srefeae it qg AT ST 2, FA(1h AT 60% TAHEAT TFT AT ATTEA

&7 F FU 9T A9 g1 Taarg 9FqT F THE H U 5T GO AqTeF TATAT gl @7 2l
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argeTe | Fhag, aut & Yed # g oY wieHT Aeisaarst 7 F Scrawar g9 @2l

TRUMHETET T ICIEA T THRRHF THL T 1T & AT @Ter GaT @ar § 92 @l 2l

2. STy TRAS ¥ FT (Causes of Climate Change)

WgT=T T61 # gl STRERHIr 37 SHaTem 2o+ % (e ITART 7 FTara0 § COx,
CH, T St 3=t 1 |ra gt §

AT AT FaTS: F&AT T FaTS T FHTAT AT &THAT FAT Bl

AT S Icasia: ST | et U & 91 7 Aegrsa T4 FT 92T
FATAT FHT TATIAT T TART: SALHT AT FIEATART 6 AATH TN F ATSSH AFEATSE STH]
T T IS grav gl

3. FEAT 9T AT TRAdA &1 7919 (Impact on Crops)

ERICE LIS

I TTIHEE | g, G ST TFHT STET @ FAAT 61 GZ@T | FHE AT 5| T AT SAtersh aui
H FE T g SATAT 2

HE T AT I A

ATIHTT 3 TH § TEATT & FHA 20l TTI0T I[OTEAT Tt gl TR 3T HTeh T TH1T F2aT 2l
FEAL & AR a2 § qRad:

T FHE AT AN &A1 H AT FiST 21 74T B

32 &t ¥ ot gy IUrERfea e wEe aque i gl

T3S ST FeTs & q80T | JgAT4:

AT o fae AT ST aUT & HIOT TRAE FH1 95 TATEd gral gl
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4. QT AT I 9919 (Impact on Food Security)

IUAHAT H FH:

ITUTE Fad | AT, TIoorl i T} hl IUASAT FH Il 2l

Ted H STEHAT:

FIT ICTET F TTH T&T | TS ST 7 A a9 &l T AT Al (8t qrar
EIPRCERIR R HEICEE

T qat § FHT T FITI0 FT THET T 8

5. w<a ¥ fufa (Situation in India)
AT FY & &9 F AFYA 97 47 2|
I o a9 | AIGA 1 AT, G@T ST aTE 7 FHA SHTEA 0 LT g TATad AT 2l

g, 9T, T, faaes St waat it TEra § RiEe &1 6f 1% 2
STAAT TRAT o A0 TLATAT ST HEAITAT 9T AT T her T 927 €

6. FHTE X Aifawa gt (Solutions and Policy Recommendations)

SAAT-EATE FIW Teheioh: F@T Tl ST ATIF ITIEA o aretl w7l Fheat &1 o
arzhi-z e (B ue &) aae i &1 =

9o fAfeiewaor: uE g wod 97 9war gey At wEet w9 @A Sorret
=T foreTe: ate 9re| Q@A o e a9 a2 [T o Fem

LRI AT SR AT TTSATU, AT 37 FIO = Fareqi Ff 38 a9

ATRTRE ARARTY: IO FHETAT &1 STy TR HIY T T § TIATET FHeAT|

https://doi.org/10.52845/CS/2025-10-15-confl 107



Published in Current Science, ISSN:2795-8639

7. ==t (Conclusion)

STAATY TEdT U AT ATl ¢ (ST Fae Teael S M7 S{Y Hf 3T grer geaam 9¢
TEAT g1 WA SE F T4 90 § Tg FHET 3T AT G0 €9 o TEF g1 IS0 F aahet 1,

T ome T FFETei it STt & JTeq™ & &1 26 AT 1 qrea1 797 7 9haT gl
STAATT AR FIU ATATHL &1 ST FTe GLAT FAT2d &f 1 Tohel T 2
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AT F71 5 FAferear o asme ; afterrens sregaer

=T T HTeAhT

HgTd redmaeh TH e

AT AT 113 ST 331X Hed T39T

TEATEAT - S fAfaear, 9ot 9% 970 S At "weq Strar i AT w i goidr 81 g T

Faer At gotrtaat #ir Iufeafa &7 S #dt g, dfed S e "adl 7
TR Sqae w1 | afeariua F3dt g1 aau q997 § Searg ataad, e araae

H gig, sta Afaear o uF a27 @adr a9q& SH gl "d A= JfarateE it & Hwer
FATATEAYOT H ATSH 49T w1 ghg g2 7, Fres aRomaeasT geeft 7 &eq araHe e

EREAR]
ATTHIA e % F -
o sETRrEFRTT
o AT AT FaTS
o S{TATH ST T AATEF STANT

o FT & TOXNTT qLIH! | T

ArTHTE g F1 St Frfarea o7 g -
o TSIl T faeq gMT = & ySrfaat | e arowe 9w shfaa w=dt €, o s&d
AT % F707 A &7 2 1 Sareeer F o, efefia Areg Y WA St St
Strae =ay & 2
o A H IfF & ST ITOHE F ATH T FIAT 8, oH v o7 F @ a7
TATEA FEAT @ Y T qTiefas 9 9% q979 9247 2l
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o ISHA Tk § TEATT & FEd ATTHIA F FHTLT ST T TSTHT THT 3T AT TATAT

2raT 8, Forae It steeeaT § fierae ard 21

o TIRRATAH FHIAT & I ey ISANAAT (AqA BT & AT T FEAdl §, al @
AGAT | SAALTH AT g THH TELOT AT oo sTEqierd g Smar gl

fererT 3aTEY -
AT &= 8T & °ie i Stra-siq &9 arawT # Siifad Tgd 81 ara| e § ghag & H1
FF forerer T2t g 3T S{at oA 9% g7 7 2l

FRA TFE THZ FT AIAE G2 F HIA o= 2l @l g, ey qqar Ja @faear
EENEC I REA ]

ERNERRICIGE

o EHT SSIT FAT T ITART (F1X Fofl, TAT FoA0)
ERIE IR AR I ERE L]

ERICRUIE LRI E ]

Srar T fereraT seeqor & forw SAsTTeFarT

e TATaeit FHATT S8 IR GHAET 1 qTe

Ao - araeTe # gtg uw afas quear g St wara AT §i s AfEgar 9w ewe s
ATTT & T U2 ¥gT 2| T T 99T T8 SUTT Al (300, ar et difeat & s Afaear
& T FT AqTT T2l gl TTOAT| TH Fhe § [Aued % forg afasw @ 9w agam, i
At siie srfxera e i sravgewar 81
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SaTg & UF 9Ha ey

=t T oA (rtaty fBEm)

TLTAHAT il A TF o

ogte HTHTATIF AT |TAhY AT =T, a2aTH]

T

A § FAarg Thadd UF T6iY ud Ao gHedr a9 T2 g1 e g @ihawn, ey
TATES, A HATIH U feqaedT TATad &l Wl gl aaa= ¥ gu f&s| #1379 gar
THTERT T TAFA &7 & AT 6T 21 ST 7R F=w oS a9 § g ATl GrpaE
srraTen 7 feaw 3fe, #EH Ua areT TRadd & ® § TRAred gar gl FAid 39 aHET

& IHTE § WA Sttaq i Hherd Rafa #§ ae @S w2 R 21 A Afta® w1\ W gy
AT AT AHATT d T [SHH AT 6 AT H TH THEAT & HaT gq 5amd

ST ¥R 2|

T HT T TATEOT FHEATS | e F forw fAfsr @ S A # gt § 91,
sSta fifa i % amr & B ST FEFat & e f arasashr g1 TEE
SATAT AL T AT S TOTTrT 37 FAATaEr 2= % HaT AqHeT H it STasIwh e,
e 3w &7 g9y e 2 a6 9q: Taag a8 AT A7 Saaagar s gierd
T % o0 g0 T 379 FEAT1 R 9 TH G9ET Al 984 F UF gq GRS fQur

TATH FA il AT | TG I TF H TAa1g Tade Ud q9a T F7 3949 har

AT 2

TETAAT -

ST TRAAA AT S § JHAT il TAarg H e GHT TH g ATdT qEdd SH- araHe |
Ff5 T AT, U1 H FTHIAT, THF § A &L 1 RLAT q@41 2| T2 TRAAT Trpdh FIL
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& HTA & AT ST AT % FHI07 ¥ I T g1 T2 g2t 9¢ ITHids &9 § I
TqaTg L& gl THT a%g T Ued & § T g AqA=qT T TgU ST A, a7 TH &I
& AT, TS U S O § Saifed Taadr & arHd Hdl gl a1 Taia<or &

AT TAT AT FT F TATIAT FleA AT HILH TqUH FgdAld &, ST [ q4, SAq -Siqair

TAT FFEAAIT T SAAT TATIAT Fd g (9 SAHT S(AT STEATELATE, ATF TAT (AT &l
ST Bl

TFHT T ZH AEE TR (A0 ATHAF GETEAl - 9, 0, s Ud aaeqiadt sqdsd

FATT §, Tq @AM F TRl [0 § B HEemms g s& -s\aer 773,
SITIRITERT0T, AT qAT TR0 F T qATEL0 &/l ia: 78 F7 &3 g1 =6 Frw

AT TR0 § -FTE, T@T, T, oeret [ear, 7 7 offae aut St sraarer i @ear agdr
ST @t 21 = Aved F oo i gataeofi aikew S - = stiares, aHar s=e,
e gearts g 1, e & sguor & qitw o a9

STaTY TREd & HIOT TE T -

o T =T T FT S - RAfs =\ S e STe atwETee, 9499, ATeed

AFATEE, FART FATL FlEA ATG H FAATL TAAT AT 8, THH HE<, @aH T 59

FALATE TIT BT T 2l

J Straedi & S | - [T shasat S - FEaT, 92 e & S § STaarg aiadad

BIAT & THF T & TG0 TRT T AT H T grat 2l

J Rt - Bfss =T § 9 7 § AEad a6 9 sEuited 99 |

o c
AT IEdT 2rat g

o FAT AT FaTs - AT AT T ST FeTs 2l Tl 8, SHHT TAF TG ¢ T2aT gl
THE TATT & ATIHSA § ARSI AT FHHT ZT Aol g
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J ATEAT & ZI ATAT TG - ATEAT F et FTAT g3l TAGTY HT TATGT F2AT 8| TS
HqTEawh T ATET T TATIAT F2AT Bl

o FfU At syl wgfadi & gwr - g At Gt ¥ A 79T A7 Fwv F[uior v 2, S
STAATg TR T TATET Fd 2

o AL - A o SR Siad Seft & 9add o Saarg 90add grav gl

J FALT T T FHHT - T F FAT 9 H7 AT a1 8, ST STAATT TAAT 6l 0T
T AT FLAT €, THH FAF TG A7 A7 rar &, S STAFCR T g1 F gL TGy & forw
EIHTF B

AT TAd H AT 9 TG -G 19207 TG00 F AIAST 9% G2 ATl TATAT I FHodadr
AT e foare g, FHIgU § FTa i3 7 3 | AT dl FHHT gl T [ &, ST

9 T freres, itaey & foeas § 5o S it §9Ta|10 AT TR Sraars siH- T,

JTE, TSN ol Tl T TLHAT, ATSFAN SATS | g & AT 6T L3, STierd oot
¥ qRads v 99 sfaw a7 off "e o gear 2

g e 9x v 1T e -

* 1997 § FATET WA | ATATALOT H IeqT gIAHTLR AT F IS il FH FLel F TATH
[EREE

« qrfraTe TR H AT U2q & (e 67 a9 & o f@Ffes 3ur 7 afeafea =7 9
AT T T qATE o Bl

» IR wifide ¥ aftgs o w2 Rl s a i s aga sq Ay AqmEar wr = o

T ey wq a7 YT B 9T @ Q)
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» 1991 A TAIEHE HIATIET & FIRT A ST T, S % [aeed ¥ g ardr
THETEr & HEe gq e R )

A o a1 Tads &1 A & forw NAPCC 2008 (Nationa Action plan for climate
change)aaTaT T 36 UHIA AT o Sava raras 2me 77 121 7 [t s 9 - auea

e e & g STerary aRadd w1 &0 F & (o St s=me 6 ST 3g g1 99 2015 |

AT T W19 o GgA0T § 29T d He TATIH FA19T 14T

STEATE TRAdT % forT ISEer TSt S ar Sguer i it w7 % foro afgerer #
e §F St frefew At B 1, e et e € areer &7 ST el 9¥ e f2aT w@m)

T, AT THO &7 &7 3T (T Tl T=g aHTH v AT gd (HIT STaT g

AT - STeraTy T g e & forw fasy it ) U q8qedr § 9 o9 § TR &

97T Bl

TRy - YT #Te | gF AT § AT 0 ATGT T (1 QAT TAT §, T S &1 s
at FET AT £ e R g £ o A S § i A F AN O ey e
TTE AT TEUT FRAT ST TET 81 S ST g OTEA T FUET ¥4 @9 (R I 3,
THH FTaS@ A Tgur & i Fumaq o+t g2 21 9 Fhd F w9 # Fgr 91 g%ar g &
T T TEMUT FLA H A9 g PR 81 T IO T a0l 9199 T2 &l T
] F TATEAT F @7 gl TAATY TAAT 6 ATAFT F1E07 A1 AT 81 707 Tt gaT
TTITHRT g1 AU T TAT THT Tgd TIAT Saaa«t siv e atea § afada agt
T 1 z8eRT TaTE Wiy i TET & forg BTy g7 9har g1 d: 90T & g% o7k &l

AT e® €T H TATH FIA 10|

T -
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1. 29T % T ANTRERT GIT AT & ATIF AT T & ATeAT HT TAN Flh TG0
#T THEAT T FH F TG 2|

2. TAATHRTOT IAT T -HT UF TG IAT o ST & TN FIAT|

3. FTLEIL & AATUE TITAT U T F7 (=T Taed FT TAT HHFA T FH TIRT Fleh TAGY
afads &1 e w7 T 2

4. TATRRF F TET@T 6 ITART &l I TTASTerd FTAT TAT FAL T A=A FIATI
5.3 T FaT Tl Uk FT STTAF I ATAF FATII FLoh TTIHTT AT FH FL T 2|

6. 9T fUeAT T Tl T FHEATSH & AT AR Hl STETEH FHLAT| TAT TG00

FTLATRT FHSAT & AT FIATI

7. 9STET % ITANT &7 quid: STTasfead FeT J180 |

et e -

o T1.HE A== OG0T I, TEERT THTUA, TREIEI
o . S ¥, ‘I e, ATReT AT qfectehte AT
o ITEH TTHSIT, ‘qATALON TUEAT, TS AfeaA e grew, 7% fawet|

o TT.IHT GUA, T T HIHE Stia= Ao &= HLs
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Cfaeriie favrad wR Seary, uRads sk sla fafdedar &1 o

. BT IRg

SERERIIREDY sl(?ISI‘{‘I

o o o
RMADY Helldellefd  qHAl

BEESICKITE

qG FIAT B T 9P Vel R B 8 91 98 WU FIRG ®,
RIS e, FiBRih WORTG IT U&H Hell & wU H I R T dael AR T b
TaEr T €, afed WA @ ugAM, gt R e amEm @1 W gwiy € wg emw
Sofarg gRedd R g fafderar # 81 2 fig gedd 59 UhreiNe erie’l & IR &
fou TR KRN 99 U g | A9 Far BT OB Ged IS iR AR & |y TR
Heer # VET & | BRI e foRMd Are a8 ure U, fdel, HfcEl, qRidrad oI
T ARPIId WRIG & AT 3R TS & 3H AR BT Siidd YA 2 fdhg Il &
Y ¥ Ig ORI TR Hebhe BT AMAT BR Vel & 5P THE BRI & Sfearg uRad 3R
Sig fafdedr # FRAR 81 & T |

SRy uRade & URUTHEReY diaAE § gl A afd avl, ¥gs WR A deiaN, i
qui, 91 d g oIl weAl 98 & 8¢ I |l Reyfadl Ufaeiie sARal ok Aipiad
ERIERN & WP TAT I™RAMS &R BT BRU g9 B & SareRV & [y, qroHsd ol
AR a8 WR IguY 3R T & RO diell UedT, T ARl R Agsl T&Rl Bl $eld,
qer YARIIBROT I Y= el BT T B 59 a1 & AT & fdb Sferarg uRec+ R

Ald B eRIERI B 9T B e 7,396 AT B, 99 fafdgdar § gz N e
fRTId & oIy WoRT 99T ST @M © | aeediadi, uferl iR §ed Sidl 81 %8 uRadHi 4
RG] B WA AU 81 & 8 TAT I AE—U ™ b1 RReIfTd Fe fars e
2 39 UBR, Wear] uRadd iR g fafdear § & e Ufoeie foRmma &1 dR—dR
v BR Y& T2 I8 bad gAiRei a1 Nye w1 T 2, afed dw R vl ugde
3R fA8r™ & SR UR W1 TExT YT STl RE © 37T JAeIhd & fb 8 YITaROT AReTor
3R RGBS RIS & A& B U AT SIedR A d¢, dlich BRI [IRTAT AT dTel]
difedt & fory YRiga 8 s |

Seraryg, uRad+ &1 Sfaeifie favraa v g9mq

STy uRda & URumHwERsd a9 | g, auf @ Ued ¥ dadre, a—wiR H giyg, 3R
TR ARTH @1 TR H @Ian] <@l S Y8l €, 9 Aadl AT SR amcaet uwa Ufaeiid

RIS TR TS & ¢ |
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amgHE 3R Igdar ¥ uRad+=

ggar YA 3R TH BT [ UEIF gARGI & URRI, ddbs! 3R o] R TA™IS

fopamt SO HRaT ®, 799 SHBT &Rl doil 9 BT ®,2 SeeNUl & folu, droiHed &
HITHTHR TR AT aul T U W q@T S Fahdll & |

918 AR ws—wR gfE

¥qe ¢ & U Rod UfAsiRie verell Sib- SIvd &1 QA Hfex a1 Il §R1 Ede
T WRE @R T B gedl T iR Fed 3 T 7 2 |

NEERSIEICAL I RG]

h &F H ged AN B BRI XA BT Delld RIS Tl B e & 2, foTesy S

HRETT BT B AT T | AA AR UG ,JHE, U, AR g SRl geAn Ve
RGB! BT HIfTH FEAT DI T B Il & SQEVRERY, dUTd & BIoHg H MY JHT o
Hg UTE AR} BT TR AR U5 |

Sta fafaerar air ofaefie faxmaa &1 A9y

ViR fIRMa @ U eRIER] dd AAd T8l 8, dfcd SHH  ARPidd WY,
Sia—3ell, 3R urpfae uiRRerfas o= ff e & RS9 Armg wwgar f[Jeiid gg | o
faferar 59 Iikefas R uRIRS foRRId @ g I8 2 | Fipids WRN 3R I 39
G 3 WIRN, S dies ffhedn, ufds Iude, g 9 wygeh awrafadt, Sia fafdear &
JEI R § 9 oig fafgear gedl €, a1 3 wWuRd A o Bl Sl § 14

TR0 e SR el URad aafd &R U] yoifodi & faqa 8F 9 gaiaRei
e farear &, o™t Uieiie il & J—UT &l UTdhfd a1 § gRad o 2
T D ARETIT DI Y9IfAd BT B 15

Y aRRfAeT iR eRIER ARevl oig fafdeadr &1 WRevr 7 dad wieRdiy gfie |
gfed AiRpfae gfte | A1 FgcyYf 8, wifd I8 foRmad el o g1 ariRRefde! o1 Rer
T 3G 2 |

[REOT B AT AR U™

UfETRYS faRTAT BT HRET0T Udb 1dd STfcel 3R Igaiaml Uishar 8, T9H 7 dddl R
3R PP Use] WA &, dfod UThids, TalaRoiy 3R ArIfsTe dw 41 TevE 9 IS
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Abstract

The Satpura Range in Madhya Pradesh forms a pivotal ecological landscape in central India,
incorporating the Satpura Tiger Reserve (STR) and the Pachmarhi Biosphere Reserve (PBR).
This paper synthesizes current knowledge on the region’s biogeographic role, biodiversity,
watershed services, and conservation challenges. It further integrates an empirical case—
recent assessments of ungulate response to voluntary village relocation—and presents a
transparent sampling framework for future field work. Main threats include unsustainable
extraction of non-timber forest products (NTFP), invasive plant species (notably Lantana
camara), habitat fragmentation and climate change. We conclude with policy-relevant
recommendations emphasizing scientifically prioritized relocation, habitat management of
vacated lands, community-centred livelihood alternatives, invasive-species control, and long-
term monitoring to secure the ecological integrity of this central Indian highland.

Keywords: Satpura, Pachmarhi, Satpura Tiger Reserve, biodiversity, village relocation,
Lantana, watershed, conservation

Introduction

The Satpura Range, a discontinuous mountain chain running roughly parallel to the Vindhya
Range, is one of central India’s defining physiographic and ecological features. The portion
that lies within Madhya Pradesh—the Satpura-Maikal complex—supports a mosaic of dry
and moist deciduous forests, locally unique assemblages of flora (including the westernmost
occurrences of Shorea robusta), and a rich complement of fauna including apex predators and
a diverse prey base. The landscape houses key conservation units: Satpura National Park,
Bori and Pachmarhi Wildlife Sanctuaries, and is the core of the Pachmarhi Biosphere Reserve
(PBR) and Satpura Tiger Reserve (STR). Protection of this landscape is vital not only for
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species conservation but also for hydrological services that influence multiple major river
basins (e.g., Narmada, Tapti, and feeder catchments toward the Godavari and Mahanadi).
This paper pursues three aims. First, it synthesizes the contemporary ecological and
biogeographic significance of the Satpura region using recent and foundational sources.
Second, it examines conservation outcomes associated with voluntary village relocation—an
active management intervention in STR—drawing on newly published empirical work and
illustrating how field sampling can be structured to produce robust ecological inference.
Third, it evaluates ongoing threats and proposes an integrated suite of evidence-based

conservation strategies appropriate to the Satpura context.

Physical and Biogeographic Context
Geography, Geology and Topography

The Satpura Range is characterized by rugged relief—ridgelines, plateaus and steep gorges—
underlain by metamorphic rocks (schists, granites and quartzites) with localized basalt cover.
Within the Satpura—Pachmarhi zone, altitudes vary substantially, reaching local highs such as
Dhupgarh (~1,350 m). This topographic heterogeneity generates considerable microclimatic
variation and supports distinct vegetation zones across elevation bands. The biosphere
reserve’s protected mosaic spans the Satpura National Park core and wider buffer areas of

Bori and Pachmarhi sanctuaries (Pachmarhi Biosphere Reserve, n.d.).
Watershed Function

Satpura’s forested hills act as a hydrological backbone for central India. The range forms a
divide influencing flows toward both the Arabian Sea (via Narmada and Tapti) and eastward
catchments feeding the Godavari and Mahanadi systems. Forest cover in the Satpura
therefore contributes to base-flow maintenance, reduction of soil erosion and regulation of
seasonal runoff—services that sustain downstream human and ecological systems.
Conservation of forest cover in headwater zones is therefore critical for regional water

security (Pachmarhi Biosphere Reserve, n.d.).
Biogeographic Bridge and Floristic Interest

The Satpura region functions as a transition zone between western and eastern peninsular

forest types. It also contains flora with affinities to both Himalayan and peninsular Western
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Ghats lineages, making it a biogeographic intersection that supports taxa with differing
historical origins. Classical floristic surveys and reserve floras document a high diversity of
bryophytes, pteridophytes and angiosperms, and note relictual or range-edge populations of
economically and ecologically important species (e.g., teak and sal) (Botanical Survey of

India; Pachmarhi flora).

1. Biodiversity and Ecosystem Wealth
1.1 Vegetation and Plant Diversity

Satpura’s vegetation ranges from tropical dry deciduous to moist deciduous forests with local
sub-tropical hill forest pockets. Teak (Tectona grandis) tends to dominate many ridges and
plateau tops, whereas Shorea robusta persists in moister, sheltered valleys. Regional floras
and inventories report over a thousand plant species within the PBR/STR complex, including
numerous medicinal taxa and several rare pteridophytes and bryophytes. Such diversity
highlights the region’s role as a living repository of genetic and utilitarian plant resources

(Botanical Survey of India; Patil, 2009).

Vegetation monitoring framework (recommended): stratified sampling across elevation
bands (e.g., 300-600 m; 600—1,000 m; >1,000 m), using permanent plots (0.25 ha) to record
tree species, DBH, height and sapling recruitment. Metrics such as Shannon diversity, species
evenness and regeneration ratios (sapling:adult) provide a repeatable basis for detecting long-

term trends.
1.2 Faunal Assemblage

STR and PBR support a broad faunal spectrum: large mammals (tiger, leopard, gaur, sambar,
chital, sloth bear, dhole), a rich avifauna (several hundred species), reptiles and diverse small
vertebrates. Reserve statistics and departmental e-brochures list 52 mammal species and ~300
bird species, emphasizing the region’s faunal richness (Satpura Tiger Reserve; Madhya

Pradesh Forest Department).

Understanding population trends across this fauna requires integrated monitoring: systematic
camera trapping for large carnivores and ungulates, point counts for birds, transects and
pitfall/pit-trap arrays for herpetofauna and small mammals, and targeted surveys for bat and
insect diversity. These approaches allow occupancy modelling, relative abundance indices

and inference on habitat associations.
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2. Conservation Interventions and Empirical Evidence
2.1 Village Relocation as a Management Intervention

Voluntary relocation of settlements away from strict protected-area core zones has been a
notable management strategy in STR. The STR authority reports that relocation of 38 villages
released approximately 8,450.8 ha of habitat and that over 3,243 families had been relocated
up to 2016, with claims of improved living conditions for many resettled households (Satpura
Tiger Reserve, n.d.; CAMPA report). These relocations are presented as enabling contiguous

habitat restoration in the reserve core and buffer areas.
2.2 Recent Empirical Assessment of Ungulate Response

A recent, peer-reviewed study examined how ungulate habitat use in STR changed following
village relocations. Using dung-accumulation rates as an index of habitat use for five
ungulate species (sambar, chital, gaur, nilgai, wild pig), the study found that time since
relocation was positively associated with increases in habitat use by several ungulates
(notably sambar and gaur), while wild pig showed a decline—potentially reflecting loss of
anthropogenic food subsidies (Rao et al., 2025). Moreover, use intensity decreased with
distance from relocated-site edges, indicating that animals preferentially utilize newly
vacated, often early successional or open habitats near former settlement areas. This evidence
suggests that carefully planned relocation, combined with active habitat management of

vacated lands, can enhance prey availability and thereby contribute to predator conservation.
3. Threats to the Satpura Landscape
3.1 Unsustainable Resource Extraction

Extraction of NTFPs (e.g., fruits and seeds of Phyllanthus emblica and Madhuca indica),
fuelwood collection and grazing pressure in buffer and fringe zones compromise regeneration

dynamics and create long-term demographic instability for commercially valuable species.

Where harvest removes reproductive structures (fruits/seeds), natural recruitment may be
suppressed, affecting both plant population viability and the animals that depend on those
plants.
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3.2 Invasive Species: Lantana camara

Lantana camara is a pervasive invasive shrub across much of India’s forested landscapes,
including central Indian reserves. Multiple studies and syntheses report that Lantana changes
understorey composition, suppresses native regeneration, and converts closed forest to
scrubland—reducing habitat quality for many forest-dependent species (Choksi et al., 2023;
Mongabay reporting). In the Satpura context, invasion control is therefore a conservation

priority to restore native understorey and enable forest succession.
3.3 Fragmentation, Edges and Infrastructure

Roads, micro-development inside buffer zones, and expanding human footprints fragment
habitat and create edge effects (altered microclimate, human-wildlife conflict risk). Such
fragmentation can limit movement of wide-ranging species, impede gene flow and

concentrate pressures in remnant patches.
3.4 Climate Change

Projected shifts in regional temperature and precipitation regimes are likely to affect
phenology, water availability, and species distributions. Climate variability can exacerbate
stress on moisture-sensitive taxa (e.g., Sal populations) and freshwater ecosystems, with

knock-on effects for community composition and ecosystem services.

4. Recommendations: A Science-Led, Rights-Sensitive Path Forward
To secure Satpura’s long-term ecological function and biodiversity, we propose a set of
integrated actions drawing on empirical evidence and conservation best practice:

1. Science-guided, prioritized relocation: Apply transparent, multi-criteria prioritization
(ecological gain x social cost) when planning relocations. Relocation should be voluntary,
rights-based, and accompanied by credible livelihoods and social infrastructure at

resettlement sites (National CAMPA review; STR reports).

2. Active management of vacated lands: Convert vacated village sites into managed
grasslands/pastures and restore native vegetation to maximize prey production and prevent
woody invasion. Where grassland is ecologically appropriate, maintain it through rotational

mowing or controlled burns (with strict ecological oversight).
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Invasive species control: Implement systematic removal programs for Lantana and other
invasives, combined with native species planting and long-term monitoring to prevent

reinvasion. Prioritize early detection in disturbed patches and riparian corridors.

Sustainable NTFP protocols and livelihoods: Co-develop community-based sustainable-
harvest rules, promote agroforestry or off-reserve cultivation of high- value medicinal plants,
and support alternative income streams (e.g., community- managed eco-tourism, value-added

processing).

Hydrological and climate resilience measures: Protect and restore riparian buffers,
maintain forest connectivity to allow altitudinal and range shifts, and identify climate refugia

for strictly moisture-dependent taxa.

Long-term monitoring and inclusive governance: Institutionalize permanent ecological
monitoring (vegetation plots, camera trap networks, hydrological gauges) and embed local
communities and civil society in decision-making bodies such as eco-development

committees.

Methodological Appendix: Illustrative Field Sampling Protocols

The following protocols are offered as a pragmatic template for researchers and reserve

managers seeking to replicate robust ecological assessment in the Satpura context.

Vegetation sampling: 0.25-ha permanent plots stratified by elevation; record all trees >10
cm DBH, sapling density in subplots, canopy cover and invasive cover percentage. Compute

species richness, Shannon diversity, and regeneration ratios per species.

Ungulate habitat use: Dung-accumulation surveys along standardized transects (e.g., 100 m
x 3 m belts), repeated seasonally. Calibration of dung decay rates required to convert counts

to relative use indices.

Camera traps: Systematic grid with ~2 km spacing, operational for 60-90 days; compute
detection rates (independent captures per 100 trap-nights), occupancy models and relative

abundance indices.

Birds: Point counts (10 min) at dawn, repeated across seasons and habitat types; produce

species lists, detectability-adjusted abundance estimates where possible.
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Invasive species mapping: High-resolution GPS mapping from ground surveys and
supplemented with remote sensing to quantify extent and rate of spread. These methods align
with those used in recent ungulate response studies and provide repeatability for longitudinal

assessments (Rao et al., 2025).

. Conclusion

The Satpura landscape of Madhya Pradesh is simultaneously a biodiversity stronghold, a
hydrological linchpin and a biogeographic crossroads. Empirical evidence from the reserve
supports the proposition that voluntary village relocation—when implemented with scientific
oversight and accompanied by habitat restoration—can improve habitat use by key prey
species and thereby strengthen conditions for apex predators. Yet relocation is not a panacea:
it must be embedded within a socially just framework and accompanied by active landscape
management, invasive control, sustainable resource governance and climate preparedness.
Securing the Satpura region for future generations will require long-term investment in
monitoring, community partnerships, and adaptive governance that explicitly links ecological
outcomes to human rights and livelihoods. In practice, this means continuing scientifically
prioritized relocation where justified, restoring and managing vacated lands for biodiversity
benefits, and ensuring that relocated communities thrive socially and economically. These
combined actions offer the best pathway to conserve the “Queen of Satpura” while respecting

human dignity and local knowledge.
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