https://www.amitrakshar.co.in/journal

Volume — 2 Issue — IV

Jul-Aug 2025

). www.amitrakshar.co.in

ISSN: 3049-0278 (Online)

Amitrakshar International Journal
of Interdisciplinary and Transdisciplinary Research (AIJITR)

(4 Social Science, Science and Indian Knowledge Systems Perspective)
Open-Access, Peer-Reviewed, Refereed, Bi-Monthly, International E-Journal

Impacts of Invasive Alien Species on Biodiversity and
Strategies for Ecosystem Recovery

Biplab Biswas!

Abstract

Invasive Alien Species (IAS) pose a growing threat to India’s biodiversity,
ecological stability, and socio-economic well-being. This review examines the
ecological, socio-economic, and cultural impacts of IAS in India, highlighting
species such as Lantana camara, Partheniumhysterophorus, and Eichhornia
crassipes that have altered native ecosystems, disrupted trophic interactions,
and reduced agricultural productivity. Drivers of invasion include
globalization, land-use change, climate variability, and institutional gaps in
surveillance and management. The consequences are far-reaching, including
biodiversity loss, increased public health burdens, reduced rural incomes, and
erosion of traditional knowledge systems. Effective strategies for ecosystem
recovery in India include early detection and rapid response (EDRR),
mechanical and biological control, ecological restoration, and community
engagement. However, significant research gaps remain in species-specific
impact assessments, monitoring of control effectiveness, integration of
traditional ecological knowledge, and modelling of climate-invasion
interactions. The review calls for strengthened policy frameworks, improved
biosecurity infrastructure, and inclusive, science-based approaches to
restoration. Addressing IAS is critical to achieving India’s biodiversity targets
and ensuring the resilience of its socio-ecological systems in the face of global
environmental change.
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Invasive Alien Species (IAS) are organisms that are introduced—either intentionally or accidentally—into ecosystems

beyond their native geographic ranges, where they establish, proliferate, and often cause significant ecological,

economic, and social harm (Simberloff et al., 2013). The rapid increase in global trade, travel, and land-use changes

has accelerated the introduction of non-native species across continents, making biological invasions a defining

feature of the Anthropocene (Early et al., 2016). The Convention on Biological Diversity (CBD) identifies IAS as one
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of the top five direct drivers of global biodiversity loss, alongside habitat destruction, climate change,
overexploitation, and pollution (CBD, 2020).

The impacts of IAS on native biodiversity are multidimensional, affecting population dynamics, species interactions,
and ecosystem functions. These species can outcompete, predate upon, hybridize with, or introduce novel pathogens to
native taxa, often leading to population declines and extinctions (Ricciardi et al., 2013). For example, the introduction
of Rattus rattus and Boiga irregularis on island ecosystems has been linked to severe reductions in endemic bird
populations (Tershy et al., 2015). At the ecosystem level, IAS alter nutrient cycling, hydrological regimes, fire
frequency, and food web structures, thereby undermining ecosystem resilience and service provision (Pysek et al.,
2020).

The ecological consequences of IAS are compounded by their socio-economic effects, including agricultural losses,
fisheries collapse, public health risks, and escalating management costs. A recent global assessment estimates the
annual economic burden of biological invasions to exceed USD 162.7 billion (Diagne et al., 2021). Given the scale of
these challenges, ecosystem recovery and resilience-building have become urgent conservation priorities. Strategies
such as early detection and rapid response (EDRR), mechanical and biological control, ecological restoration, and
policy interventions are being increasingly integrated to manage IAS and restore degraded ecosystems (Kueffer &
Hirsch Hadorn, 2008).

2. Ecological Impacts of Invasive Alien Species in the Context of India

In India, the ecological impacts of Invasive Alien Species (IAS) are increasingly severe, particularly in biodiversity-
rich and ecologically sensitive regions. IAS threaten native flora and fauna through competition, displacement,
hybridization, and by altering ecosystem functions. Their rapid spread is largely facilitated by climate change, habitat
fragmentation, unregulated trade, and human disturbances (Reddy, 2008; MoEFCC, 2018).

One of the most notorious invasive species in India is Lantana camara, introduced during colonial times. It now
dominates over 13 million hectares of forest land, particularly in the Western Ghats, central Indian forests, and parts of
the Himalayas (Sundaram & Hiremath, 2012). This aggressive woody shrub forms dense thickets that suppress native
plant regeneration, reduce biodiversity, and increase forest flammability by producing high biomass and allelopathic
chemicals. It disrupts trophic interactions by replacing native forage plants vital for herbivores and pollinators.
Similarly, Parthenium hysterophorus, a fast-spreading herbaceous plant native to the Americas, has invaded
grasslands, croplands, and urban wastelands across India. It inhibits native vegetation through allelopathy, causes skin
and respiratory allergies in humans, and reduces fodder availability for livestock (Patel, 2011). Its dominance in agro-
ecological zones threatens native species assemblages and ecosystem productivity.

In aquatic ecosystems, Eichhornia crassipes (water hyacinth) poses one of the most serious threats. Found in major
water bodies like the Yamuna, Brahmaputra, and Dal Lake, it depletes oxygen levels, blocks sunlight, and creates
anoxic conditions unfavorable to native aquatic species. It alters hydrology and nutrient dynamics, impacting fisheries

and aquatic biodiversity (Gopal, 1987).
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Forested regions in northeast India and the Western Ghats are increasingly invaded by Mikania micrantha and
Chromolaena odorata, which smother native vegetation and interfere with forest regeneration (Murali & Setty, 2001).
These invaders affect keystone species and ecological processes such as pollination, seed dispersal, and soil nutrient
cycling.

Invasive alien fishes, such as Clarias gariepinus and Oreochromis mossambicus, introduced for aquaculture, have
become major threats to freshwater biodiversity by preying on or outcompeting native species (Lakra et al., 2008).
Their presence disrupts trophic structures and leads to the decline of endemic fish populations.

3. Drivers of Invasions and Risk Factors in the Indian Context

The spread of Invasive Alien Species (IAS) in India is driven by multiple interacting factors, including globalization,
habitat disturbance, climate change, biotic release, and policy limitations. These drivers are particularly significant in
India due to its ecological diversity, rapid development, and dense human population, which collectively create
conditions conducive to biological invasions (Khuroo et al., 2021).

3.1 Globalization and Introduction Pathways

India's expanding trade in agricultural produce, ornamental plants, timber, and live animals has increased the
unintentional introduction of IAS. Species like Parthenium hysterophorus, Lantana camara, and Eichhornia crassipes
were introduced through colonial-era botanical exchanges or agricultural imports and later escaped cultivation (Reddy,
2008). Urban nurseries and the aquarium trade continue to serve as modern vectors, especially in metropolitan regions
such as Delhi, Bengaluru, and Kolkata (Singh & Dash, 2020).

3.2 Land-Use Change and Habitat Fragmentation

Deforestation, mining, infrastructure development, and agricultural intensification have transformed vast stretches of
native ecosystems in India. These disturbances reduce competition from native species and open ecological niches,
which invasive species quickly occupy. For instance, the aggressive spread of Chromolaena odorata in northeastern
states is strongly linked to jhum (shifting cultivation) fallows and roadside disturbances (Das & Mondal, 2018).
Similarly, Prosopis juliflora has colonized degraded lands in Gujarat, Rajasthan, and Tamil Nadu.

3.3 Climate Change

Climate-induced shifts in rainfall patterns, temperature regimes, and phenology are expanding the ecological range of
many IAS in India. Recent studies have shown the upward altitudinal migration of Lantana camara and Mikania
micrantha in the Himalayan foothills, facilitated by warming temperatures and forest fragmentation (Sharma et al.,
2021). These changes increase the vulnerability of mountain and arid ecosystems to novel invasions.

3.4 Biotic Release and Lack of Natural Enemies

IAS in India often proliferate due to the absence of their native predators, herbivores, or pathogens. This "enemy
release" enables rapid growth and competitive dominance. For example, Prosopis juliflora faces minimal herbivory
pressure in Indian arid zones, contributing to its dense, monospecific stands (Banerjee et al., 2020).

3.5 Institutional Gaps and Public Awareness
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Despite India's legal commitment under the Convention on Biological Diversity (CBD), management frameworks for
IAS remain fragmented. Weak enforcement of quarantine protocols, limited inter-agency coordination, and lack of
public awareness impede early detection and rapid response (Khuroo et al., 2021).

In summary, the rise of IAS in India is closely tied to anthropogenic pressures and ecological vulnerabilities.
Combating these invasions requires proactive governance, ecosystem-specific risk assessments, and community-based
surveillance strategies.

4. Socio-Economic and Cultural Implications of Invasive Alien Species in India

Invasive Alien Species (IAS) have emerged as a major socio-economic and cultural concern in India, particularly in
ecosystems where human livelihoods are closely tied to natural resources. The impacts extend beyond ecological
degradation, affecting agriculture, public health, traditional knowledge systems, and rural economies (Shackleton et
al., 2019; Diagne et al., 2021).

One of the most pervasive [AS, Parthenium hysterophorus, severely impacts agriculture and health. Its rapid spread in
croplands and pastures results in reduced crop yields and forage availability, posing serious challenges to food security
and livestock productivity. Furthermore, it causes dermatitis, asthma, and other allergic reactions in exposed
populations, especially among farm workers (Yadav et al., 2017). This translates to increased healthcare costs, reduced
labor efficiency, and diminished household income, particularly in resource-poor rural regions.

In semi-arid and arid landscapes, the spread of Prosopis juliflora—originally introduced for afforestation—has
significantly altered socio-economic dynamics. Although it provides charcoal and fuelwood, its aggressive invasion of
common lands in Gujarat and Rajasthan has displaced native grasses critical for pastoralist livelihoods, leading to
livestock pressure, restricted mobility, and loss of customary grazing rights (Banerjee et al., 2020). Women, in
particular, bear the burden of resource collection, as they must travel farther for fodder and water.

Aquatic invasives such as Eichhornia crassipes disrupt inland fisheries and water access. By clogging irrigation canals
and lakes, water hyacinth affects agricultural irrigation and fish productivity in major rivers like the Ganga and
Brahmaputra (Mishra et al., 2023). This directly impacts fisherfolk, reduces income from fisheries, and increases
maintenance costs for local governance bodies.

Culturally, IAS threaten sacred groves and community-managed forests—repositories of traditional knowledge and
biodiversity. Species such as Lantana camara and Chromolaena odorata are reported to dominate these ecologically
and spiritually significant sites, outcompeting native medicinal plants and culturally symbolic species (Das & Mondal,
2018). This erodes cultural identity and weakens community stewardship over natural heritage.

5. Strategies for Ecosystem Recovery and Management in the Indian Context

The management of Invasive Alien Species (IAS) and restoration of invaded ecosystems require an integrated,
multidisciplinary approach tailored to India’s diverse ecological and socio-cultural landscapes. As IAS continue to
degrade native habitats and biodiversity, the urgency for effective control and long-term ecosystem recovery has

gained significant attention in conservation science and policy frameworks (MoEFCC, 2018; Khuroo et al., 2021).
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5.1 Early Detection and Rapid Response (EDRR)

Preventive management through early detection and rapid response is considered the most cost-effective strategy.
However, in India, EDRR mechanisms are still in nascent stages, primarily due to inadequate surveillance systems and
limited technical capacity (Rai & Tripathi, 2022). Strengthening border biosecurity, enforcing plant quarantine
regulations, and investing in real-time monitoring using remote sensing and citizen science can significantly enhance
preparedness.

5.2 Mechanical, Chemical, and Biological Control

Mechanical removal (e.g., manual uprooting of Parthenium hysterophorus or Lantana camara) is widely used in
India, especially in protected areas and community forests. However, this approach is labor-intensive and often
ineffective for large-scale infestations. Chemical herbicides are occasionally applied under controlled conditions, but
concerns over environmental and health impacts limit their use (Sharma &Raghubanshi, 2009).

Biological control has shown promise. The introduction of Zygogrammabicolorata, a beetle used against Parthenium
hysterophorus, has reduced the weed’s spread in parts of Karnataka and Maharashtra (Jayanth & Visalakshi, 2019).
However, biocontrol efforts must be carefully monitored to prevent unintended effects on non-target species.

5.3 Ecological Restoration and Habitat Rehabilitation

Post-removal restoration efforts are essential for ensuring long-term ecosystem recovery. In India, this includes
replanting native species, soil enrichment, and restoring hydrological regimes in wetlands and riverbanks. For
example, in the Western Ghats and central India, community-based reforestation programs have helped suppress
reinvasion and support native biodiversity (Singh et al., 2021).

5.4 Community Engagement and Traditional Knowledge

Local communities play a vital role in IAS management. Integrating traditional ecological knowledge with scientific
practices enhances restoration success and ensures sustainability. Sacred groves, managed by indigenous groups, have
demonstrated resilience against invasives through customary rules and selective planting (Kandari et al., 2014).

5.5 Policy Integration and Capacity Building

India’s National Biodiversity Action Plan (NBAP) and State Biodiversity Boards recognize IAS as a priority issue, but
implementation remains fragmented. Strengthening institutional coordination, financing restoration projects, and

training local personnel are critical for scaling up IAS management (MoEFCC, 2018).

6. Research Gaps and Future Directions

Despite growing recognition of the ecological and socio-economic threats posed by Invasive Alien Species (IAS) in
India, several critical research gaps continue to impede effective management and ecosystem restoration. Addressing
these knowledge deficits is vital for designing adaptive, science-based strategies tailored to India’s diverse
biogeographic zones and socio-cultural systems.

6.1 Lack of Comprehensive Invasion Databases
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India lacks a unified, real-time national database that tracks the distribution, ecological impacts, and control status of
IAS. Existing records, such as those from the Botanical Survey of India or the ENVIS Centre, are fragmented and
often outdated (Khuroo et al., 2021). This limits evidence-based prioritization and weakens early warning systems.
Developing open-access, geo-referenced databases using tools like GIS and citizen science platforms could
significantly enhance detection and monitoring.

6.2 Limited Ecosystem-Specific Impact Assessments

Most Indian IAS studies focus on a few widely known species like Lantana camara and Parthenium hysterophorus,
with limited research on less conspicuous invaders and ecosystem-specific impacts. For example, high-altitude
Himalayan ecosystems, mangrove forests, and arid zones remain understudied despite increasing invasion risks due to
climate change and land degradation (Sharma et al., 2021). Long-term ecological research is required to understand
species-specific thresholds, invasion synergies, and tipping points for ecosystem collapse.

6.3 Inadequate Evaluation of Management Interventions

There is a paucity of systematic assessments on the effectiveness and ecological consequences of different IAS control
methods in India. Mechanical and chemical interventions are often applied without post-treatment ecological
monitoring or socioeconomic evaluation (Rai & Tripathi, 2022). Research into integrated control methods, cost-
benefit analysis, and community-based approaches remains limited but essential.

6.4 Underutilization of Traditional Knowledge

While many indigenous communities have developed practices for managing invasive species (e.g., seasonal
harvesting of Prosopis juliflora for fuelwood), these are rarely documented or integrated into formal conservation
strategies. Ethnoecological studies and participatory action research can help bridge this knowledge gap and foster
culturally sensitive management frameworks (Kandari et al., 2014).

6.5 Climate-Invasion Interactions

The interaction between biological invasions and climate change in India remains poorly understood. Climate-induced
changes in temperature, precipitation, and disturbance regimes may facilitate the spread of IAS into new regions.
Predictive modeling using climate projections and ecological niche mapping should be a research priority (Singh et
al., 2022).
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