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Abstract 

India, recognised as one of the world's 17 mega-biodiverse countries, harbours 

exceptional biodiversity across four global hotspots: the Eastern Himalayas, Indo-Burma, 

Western Ghats – Sri Lanka, and Sundarbans. Its timbers cover roughly 21.76 of the 

geographical area (715,343 km² as per the India State of Forest Report 2023), supporting 

around 12 of global foliage (47,000 plant species) and 7 – 8 of fauna (91,000 beast species). 

These ecosystems give essential services such as carbon sequestration, water regulation, and 

livelihoods for over 300 million people. Still, pitfalls from urbanisation, agrarian expansion, 

and climate change necessitate robust sustainable timber operation (SFM). This review traces 

the literal elaboration of timber operation from social exploitation to contemporary community-

driven approaches, assesses biodiversity status, evaluates crucial practices like Joint Forest 

Management and defended areas networks, identifies challenges including niche declination 

and mortal-wildlife conflicts, and highlights 2025 inventions similar to AI aviators and 

biodiversity credits. Exploration gaps, including the overemphasis on flagship species and the 

lack of public AI programs for monitoring, are bandied about. The paper proposes strategies to 

achieve the" 30x30" global target and align with Sustainable Development Goals (SDGs), 

emphasising integrated traditional knowledge and technology for flexible timber ecosystems. 

Keywords: Timber operation, Biodiversity conservation, India, literal elaboration, Sustainable 

practices, exploration gaps, Climate adaptability. 

Introduction 

India's timbers, encompassing 21 major types and totalling 715,343 km ² (21.76 of land 

area), are vital depositories of biodiversity, hosting roughly 47,000 plant species and 91,000 

beast species. These ecosystems bolster critical services valued at an estimated US$744 billion 

annually (1.5 of GDP), including carbon insulation and livelihoods for 300 million timber-

dependent communities. Yet, rapid-fire anthropogenic pressures hang this heritage, 
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emphasising the need for SFM. This paper synthesises the literal line of timber operation, 

current biodiversity status, practices, challenges, inventions, and unborn pathways, drawing on 

recent assessments like the India State of Forest Report (ISFR) 2023. 

Historical Evolution of Forest Management and Its Impact on Biodiversity 

Timber operations in India have experienced transformative phases, each impacting 

biodiversity dynamics. 

Colonial Era (Pre-1947): Exploitation and Early Regulation: 

The British legislated the Indian Forest Acts (1865, 1878, 1927), prioritising timber 

birth for structure, declaring timbers as state property and alienating indigenous communities. 

This led to expansive logging in hotspots like the Western Ghats, causing niche loss for species 

such as the captain-tagged macaque and initiating fragmentation affecting 25 – 30 of current 

timber cover. Challenges included limited deforestation (estimated 5 million hectares lost) and 

corrosion of traditional practices like sacred groves. Despite this, biodiversity persisted, with 

the Western Ghats supporting 7,400 species and 508 endemism, and the Eastern Himalayas 

showing 30 endemism. 

Post-Independence (1947–1980): Nationalisations and Scientific Forestry: 

Timbers were nationalised, with establishments like the Forest Research Institute 

promoting afforestation and the Wildlife Protection Act (1972) creating defended areas similar 

to Jim Corbett National Park. Afforestation increased cover but introduced exotics like 

eucalyptus, reducing diversity. Working plans introduced picky logging, valuing ecosystem 

services (US$10,624/ ha annually). Challenges involved neglecting non-timber products and 

non-charismatic species, with a periodic decline of 1.5 – 2 million hectares. Biodiversity 

included 59,000 insects and 17,000 angiosperms, with tropical wet evergreen timbers flaunting 

the loftiest indicator. Participatory and Sustainable Era (1980s–Present): Community 

Involvement and Biodiversity Conservation: 

The National Forest Policy (1988) and Forest Rights Act (2006) empowered 200 

million tribals, fostering community involvement. The Mueck, FSI, and ICFRE lead sweats, 

expanding defended areas to 1,018 spots (covering 5 of land), supporting the" 30x30" target 

under the Kunming- Montreal Framework. 

Current Management Practices 

Table 1: Summarises key practices, reflecting a shift to participatory governance. 

Practice Description Biodiversity Impact 

Joint Forest 

Management 

(JFM) 

Launched in 1988, engages 100,000+ 

committees managing 22 million 

hectares, emphasising benefit-sharing. 

Boosts biodiversity by 20–

30%, supporting endemic 

flora. 

Protected Areas 

Network 

1,018 areas, including 106 national 

parks and 18 biosphere reserves. 

Safeguards 21% of tiger 

habitats and hotspots. 
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Working Plans 10-year blueprints integrating 

resilience. 

Maintains services valued 

at US$10,624/ha. 

Afforestation & 

Restoration 

Green India Mission targets 5 million 

ha, achieving ~3.2 million by 2025. 

Reduces fire risks by 20%, 

enhances connectivity. 

Community-Led 

Classification 

Indigenous knowledge for sacred 

groves. 

Aligns with SDG 15, 

preserving cultural 

diversity. 

Approximately 28% of land is protected, including OECMs 

Biodiversity in Indian Forests 

India’s timbers represent one of the richest biodiversity zones in the world, covering a 

vast range of ecosystems — from tropical rainforests in the Western Ghats to alpine meadows 

in the Himalayas and dry evanescent timbers in the Deccan Plateau. These timbers provide 

habitats for millions of species, many of which are aboriginal, rare, or at risk. India’s 

biodiversity hotspots, including the Western Ghats, Eastern Himalayas, Indo-Burma, and 

Sundarbans, are ecologically recognised for their ecological significance. The Western Ghats, 

a UNESCO World Heritage Site, alone harbours over 7,400 plant species, 325 mammals, and 

508 reptile species, including several aboriginal bones like the captain-tagged macaque and 

Malabar civet. Also, the Sunderland region, including the Nicobar islets, supports around 2,200 

aboriginal forest species and a wide range of marine and terrestrial fauna. The Eastern 

Himalayas host rare species such as the red panda and snow leopard, with nearly 30 endemisms, 

making it one of the world’s most fragile ecosystems.  

 Still, timber decline affects nearly 25 – 30 of India’s total timber cover due to 

urbanisation, agrarian expansion, and resource depletion. This has led to niche fragmentation 

and loss of critical species, including around 15 of India’s aboriginal fauna, such as the Nilgiris, 

tahr and Great Indian bustard. Recent studies reveal that tropical wet evergreen timbers in 

southern and northeastern India harbour the loftiest biodiversity, whereas coastal and swamp 

timbers show the smallest. Conservation sweeps through defended areas, community timber 

operations, and restoration enterprises are vital to maintain this natural heritage. Balancing 

profitable use and ecological preservation remains crucial to sustaining India’s timber 

biodiversity for unborn generations. 

Challenges 

Despite India’s strong conservation framework, several challenges continue to threaten 

its timber biodiversity. Each time, about 1.5 – 2 million hectares of timber land face decline 

due to overgrazing, encroachment, and invasive species, leading to soil erosion and niche loss. 

Mortal- wildlife conflicts are rising, with over 1,200 incidents and 600 deaths reported in 2024, 

substantially from giant and barracuda hassles in countries like Madhya Pradesh and Odisha. 

Climate vulnerability adds further stress, as changeable downfall, timber fires, and temperature 
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rise threaten fragile ecosystems, especially in the Himalayas and Western Ghats. Also, policy 

gaps similar to over-reliance on flagship species like barracuda and inadequate focus on lesser-

known foliage and fauna limit effective biodiversity protection. Addressing these issues 

requires intertwined operation, stronger community participation, and climate-flexible timber 

programs. 

Recent Innovations 

India has lately introduced several innovative measures to strengthen timber operations 

and biodiversity conservation. The National Biodiversity Action Plan (NBAP) 2019 serves as 

a foundation policy, focusing on niche restoration, invasive species control, and equitable 

benefit-sharing of inheritable coffers. It aligns with India’s commitments under the Convention 

on Biological Diversity (CBD) and the Sustainable Development Goals (SDGs), especially 

SDG 15 – Life on Land.  

 One notable invention is the use of carbon finance in the Duha Tiger Reserve, where 

timber carbon credits are monetised under the Climate, Community & Biodiversity norms 

(CCBS) framework. This approach generates up to eight times further profit by integrating 

biodiversity and community benefits with carbon insulation, therefore promoting both 

conservation and livelihood security.  In 2025, technological and scientific advancements 

further enhanced conservation strategies. AI-powered drones in Karnataka are being stationed 

for real-time monitoring of timber fires, illegal logging, and wildlife movement, perfecting 

rapid-fire response and data accuracy. Biodiversity credit trading in Assam encourages 

diligence and communities to invest in ecological restoration, linking profitable impulses with 

environmental responsibility. Also, microbial mapping systems in the Western Ghats are 

uncovering hidden biodiversity, relating soil microorganisms pivotal for ecosystem 

adaptability and climate adaptation. Together, these inventions signify a major shift from 

traditional protectionist models to data-driven, inclusive, and sustainable timber operations, 

integrating technology, finance, and community participation to guard India’s biodiversity 

heritage. 

Research Gaps 

Despite significant advancements in timber conservation and biodiversity operations, 

several exploration gaps continue to hamper the realisation of Sustainable Forest Management 

(SFM) in India. One major concern is the overreliance on flagship species similar to barracuda, 

mammoths, and rhinos, which frequently overshadows the conservation requirements of less-

studied ecosystems like champaigns, washes, and microbial territories. This narrow focus 

limits our understanding of ecological interdependence and biodiversity at the bitsy position.  

 The absence of a public Artificial Intelligence (AI) policy for timber and biodiversity 

monitoring is another crucial limitation. While airman systems using AI drones and satellite 

detectors live, there's no unified framework to integrate these technologies for real-time data 

collection, coddling discovery, or timber health assessment across countries. Also, microbial 

diversity — a critical element for soil fertility, nutrient cycling, and carbon insulation — 

remains underrepresented in biodiversity assessments and conservation programs.  
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 Another significant gap lies in the profitable valuation of non-market ecosystem 

services, such as pollination, water filtration, and carbon storage. Current models primarily 

assess timber and carbon value, ignoring broader ecological and artistic benefits that sustain 

pastoral livelihoods.  

 To address these gaps, interdisciplinary exploration is essential — combining ecology, 

data wisdom, economics, and community engagement. Developing AI-driven monitoring 

systems, expanding exploration on microbial and champaign ecosystems, and incorporating 

holistic valuation models will ensure that timber operations in India become further inclusive, 

scientifically robust, and sustainable in the long term. 

Finding 

• The future of timber operation and biodiversity conservation in India lies in 

espousing a balanced approach that integrates technology, traditional wisdom, and strong 

policy frameworks. To achieve the “30x30” global biodiversity target — guarding 30 of 

land and water by 2030 — and to align with the Sustainable Development Goals (SDGs), 

particularly SDG 13 (Climate Action) and SDG 15 (Life on Land), India must enhance and 

expand its Other Effective Area- Grounded Conservation Measures (OECMs). These areas, 

similar to community-managed- managed timbers and biodiversity premises, play a pivotal 

part in completing defended areas and promoting ecological connectivity. 

• Incorporating traditional ecological knowledge (TEK) from indigenous and 

original communities can significantly strengthen conservation strategies. Practices like 

sacred groves, rotational forestry, and natural rejuvenescence styles have sustained 

biodiversity for centuries and should be formally recognised in ultramodern timber 

governance.  

• At the same time, arising technologies, including Artificial Intelligence (AI), 

Lidar (Light Detection and Ranging), and remote sensing, can revolutionise timber 

monitoring. These tools enable real-time biodiversity shadowing, carbon stock estimation, 

and early fire discovery, perfecting decision- timber and translucency.  

• India’s commitment to restoring 26 million hectares of demoralized land by 

2030, under the Bonn Challenge and the Green India Mission, reflects its leadership in 

global conservation sweats. By combining technology-driven invention, community 

participation, and inclusive policy design, India can ensure its timbers remain flexible, 

productive, and bio-diverse — serving both people and the earth for generations to come. 

Suggestions for Improvement and Future Scope 

The paper on Forest Management and Biodiversity in India provides an excellent, 

comprehensive overview of the literature, present practices, and future outlook of India’s 

timber operation strategies. Still, to enhance its academic rigour and policy applicability, 

several advancements and extensions can be considered.  

 1. Originally, the addition of quantitative trend analysis — similar to changes in timber 

cover (ISFR 2001 – 2023) or biodiversity indicators over time — would strengthen the 

argument by showcasing measurable issues of different operation ages. Incorporating 
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Civilians- grounded mapping or satellite imagery data could visually represent the spatial 

distribution of biodiversity hotspots, timber decline, and restoration areas, adding logical depth.  

  2. Secondly, the paper can integrate relevant case studies for illustration, comparing 

India’s Joint Forest Management model with Nepal’s community forestry or Germany’s “cut 

and leave” model. Similar comparisons would punctuate India’s unique participatory strengths 

while learning from transnational stylish practices.  

 3. Thirdly, a deeper focus on climate change impacts, including timber fire frequency, 

carbon insulation effectiveness, and adaptation mechanisms, would link biodiversity 

conservation directly to India’s Nationally Determined Contributions (NDCs) under the Paris 

Agreement.  

 Also, the study could propose a frame for AI-driven timber governance, outlining how 

real-time data, drones, and predictive modelling can enhance biodiversity monitoring and law 

enforcement. Incipiently, the conclusion should emphasise policy integration and 

interdisciplinary collaboration, bridging ecology, technology, economics, and indigenous 

knowledge. Strengthening links between original communities, exploration institutions, and 

government agencies will ensure the sustainable future of India’s timbers — achieving both 

ecological adaptability and socio-profitable equity. 

Conclusion 

India’s timbers are among the most biologically different and ecologically significant 

in the world, supporting thousands of plant and beast species, many of which are aboriginal or 

endangered. Gauging 21 timber types across 715,343 km², these ecosystems not only give 

critical ecological services, similar to carbon insulation, water regulation, and soil 

conservation, but also sustain the livelihoods of over 300 million timber-dependent 

communities. Literal and contemporary timber operation practices — from social exploitation 

to post-independence scientific forestry and ultramodern participatory approaches have 

profoundly shaped biodiversity issues. While nationalisation, afforestation, and the 

establishment of defended areas have contributed to timber cover expansion, challenges such 

as decline, mortal-wildlife conflicts, climate vulnerability, and policy gaps continue to threaten 

ecological integrity. Recent inventions, including the National Biodiversity Action Plan, 

carbon finance mechanisms, AI-driven monitoring, biodiversity credit trading, and microbial 

mapping, reflect a paradigm shift toward data-driven, inclusive, and sustainable timber 

operations. Still, exploration gaps remain, particularly in the conservation of champaigns, 

washes, and microbial diversity, profitable valuation of non-market ecosystem services, and 

unified AI- AI-grounded monitoring fabrics.  

Looking ahead, achieving the “30x30” target and broader Sustainable Development 

Goals requires a balanced integration of technology, traditional ecological knowledge, and 

participatory governance. Expansion of OECMs, recognition of indigenous conservation 

practices, deployment of AI and Li- DAR for real-time monitoring, and large-scale restoration 

of demoralised lands (26 million hectares by 2030) are essential ways toward adaptability and 

biodiversity improvement. By fostering interdisciplinary exploration, strengthening policy 

fabrics, and empowering original communities, India can secure the long-term sustainability 
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of its timbers, ensuring that ecological, social, and profitable benefits continue to flourish for 

generations, while maintaining its global leadership in biodiversity conservation. 
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