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Abstract: Invasive Alien Species (IAS) have emerged as one of the most significant threats to global
biodiversity, ecosystem functioning, and sustainable development. These species, introduced
intentionally or unintentionally outside their native range, establish, spread rapidly, and alter ecological
processes. Their invasion often results in habitat degradation, displacement of native flora and fauna,
disruption of nutrient cycling, and changes in hydrological and fire regimes. The ecological
consequences extend beyond biodiversity loss to include economic damages in agriculture, forestry,
fisheries, and public health. Climate change, globalization, and increased international trade have
accelerated the spread of IAS, making their management increasingly difficult. Effective conservation
strategies require early detection, continuous monitoring, ecological restoration, biological control,
legislative enforcement, and public participation. This review synthesizes current knowledge regarding
the impacts of invasive alien species on ecosystem functioning, biodiversity conservation, and
management challenges while highlighting future research priorities for sustainable ecosystem
management.
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I. INTRODUCTION
Biological invasions represent one of the fastest-growing environmental challenges worldwide. Invasive Alien Species
(IAS) are organisms introduced outside their natural geographical range that successfully establish, reproduce, and
spread while causing ecological, economic, or social harm. The globalization of trade, tourism, transportation, and
climate change has significantly increased the rate at which alien species invade new habitats.
The International Union for Conservation of Nature (IUCN) recognizes invasive species as one of the five leading
drivers of biodiversity loss worldwide. Unlike native species that co-evolve within ecosystems, invasive species often
lack natural predators or competitors in newly colonized environments, allowing rapid population growth and
competitive dominance. Their impacts include reductions in native species richness, habitat modification, disruption of
ecological interactions, and alteration of ecosystem services.
Globally, invasive plants such as Lantana camara, Parthenium hysterophorus, Prosopis juliflora, Chromolaena
odorata, and Ageratina adenophora have invaded forests, grasslands, wetlands, and agricultural systems. Similarly,
invasive animals including zebra mussels, Asian carp, cane toads, and feral pigs have caused severe ecological
disturbances across continents.

II. CONCEPT OF INVASIVE ALIEN SPECIES
An alien species becomes invasive when it:

Copyright to IJARSCT DOI: 10.48175/568 750

www.ijarsct.co.in o g

&\ IJARSCT /¥
R 4




(X
O%
IJARSCT

ISSN: 2581-9429

1. Establishes a self-sustaining population.

2. Expands rapidly beyond introduction sites.
3. Causes ecological or economic damage.

4. Threatens native biodiversity.

The invasion process generally follows four stages:
1. Introduction
2. Establishment
3. Naturalization
4. Expansion and invasion

Table 1. Stages of Biological Invasion
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Stage Characteristics Ecological Impact
Introduction Species enters new habitat Minimal

Establishment Small breeding population develops Local competition
Naturalization Population becomes self-sustaining Increasing ecological effects
Invasion Rapid spread across landscapes Severe biodiversity loss

III. MAJOR INVASIVE ALIEN SPECIES WORLDWIDE
Numerous invasive species have become dominant in terrestrial and aquatic ecosystems.
Table 2. Important Invasive Alien Species and Their Impacts

Species Native Region Invaded Ecosystem | Major Impact

Lantana camara Central America | Forests Suppresses native vegetation
Parthenium hysterophorus | Tropical America | Agriculture Reduces crop productivity
Prosopis juliflora Mexico Drylands Alters soil chemistry

Zebra Mussel Europe Freshwater Blocks waterways

Water Hyacinth South America Wetlands Oxygen depletion

Asian Carp China Rivers Decline of native fish

Cane Toad South America Australia Poisoning of predators

Feral Pig Eurasia Forests Habitat destruction

IV.IMPACT ON ECOSYSTEM FUNCTIONING
IAS profoundly modify ecosystem functioning by altering ecological processes that regulate productivity, nutrient

cycling, decomposition, and energy transfer.
I. Changes in Nutrient Cycling

Many invasive plants produce litter with different chemical compositions, affecting decomposition rates and soil

nutrient availability.
For example:
1. Increased nitrogen accumulation
2. Altered microbial communities
3. Faster organic matter decomposition

I1. Modification of Soil Properties
Invasive plants alter:

1. Soil pH

2. Organic carbon

3. Moisture retention
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4. Nitrogen fixation
Species such as Prosopis juliflora increase soil nitrogen while suppressing native vegetation adapted to nutrient-poor
environments.

I11. Hydrological Changes
Some invasive species consume excessive groundwater.
Examples include:
1. Tamarix species
2. Water hyacinth
3. Prosopis species
These alter:
1. Stream flow
2.  Wetland hydrology
3. Groundwater recharge

V. FIRE REGIME ALTERATION
Certain invasive grasses increase fire frequency by producing highly combustible biomass.
Examples include:
1. Buffel grass
2. Cheatgrass
These species create positive feedback loops that favor repeated invasions.
Table 3. Effects of IAS on Ecosystem Functions

Ecosystem Function Impact of IAS

Nutrient Cycling Altered decomposition

Soil Fertility Increased or decreased nutrients
Hydrology Reduced water availability

Fire Regimes Increased fire frequency
Pollination Disrupted pollinator interactions
Food Web Modified trophic structure

VI. BIODIVERSITY LOSS CAUSED BY IAS
The primary ecological consequence of invasive alien species is biodiversity decline.
1. Mechanisms include:

2. Competitive exclusion
3. Predation

4. Hybridization

5.

Disease transmission
6. Habitat modification
Native species often lack defenses against invasive organisms, making them highly vulnerable.

I. Direct Effects
1. Local extinction
2. Population decline
3. Reduced reproductive success
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I1. Indirect Effects
1. Habitat fragmentation
2. Altered ecosystem interactions
3. Loss of ecological resilience
Table 4. Mechanisms of Biodiversity Loss

Mechanism Example

Competition Lantana replacing native shrubs
Predation Cats on island birds
Hybridization Exotic fish breeding with natives
Disease Fungal pathogens

Habitat Alteration Prosopis replacing grasslands

VII. EFFECTS ON WILDLIFE

Invasive species affect wildlife by reducing food availability, nesting habitats, and breeding success.
Birds experience:

1. Nest failure

2. Reduced insect prey

3. Habitat loss
Mammals face:

1. Food competition

2. Predation

3. Habitat fragmentation
Amphibians and reptiles experience altered breeding habitats due to invasive aquatic plants.

VIII. ECONOMIC CONSEQUENCES

IAS generate enormous economic losses worldwide.
Major sectors affected include:

1. Agriculture

2. Forestry

3. Fisheries

4. Tourism

5. Public health
Global annual losses exceed hundreds of billions of US dollars through reduced productivity, management costs, and
ecosystem service degradation.

Table 5. Economic Impacts of IAS

Sector Major Damage

Agriculture Crop losses

Forestry Reduced timber yield

Fisheries Declining fish populations

Water Resources Blocked irrigation

Tourism Habitat degradation

Health Allergies and vector-borne diseases

IX. CLIMATE CHANGE AND BIOLOGICAL INVASIONS
Climate change facilitates IAS spread by:
1. Increasing temperatures
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2. Altering rainfall
3. Creating disturbed habitats
4. Extending growing seasons
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Many invasive species possess high ecological plasticity, allowing them to exploit changing environmental conditions

more effectively than native species.

X. CONSERVATION CHALLENGES

Major conservation challenges include:

1. Limited financial resources
Weak legislation
Delayed detection

Public unawareness

A

Insufficient ecological monitoring

Cross-border species movement

7. Climate-driven range expansion
Developing countries often face additional challenges due to inadequate monitoring infrastructure.

Table 6. Major Conservation Challenges

Challenge Consequence
Lack of Monitoring Delayed detection
Poor Legislation Increased invasion
Climate Change Range expansion
Limited Funding Poor management

Public Awareness

Accidental introductions

International Trade

Rapid spread

XI. MANAGEMENT STRATEGIES

Successful IAS management requires integrated approaches.

I. Prevention
1. Strict quarantine
2. Border inspections
3. Risk assessments

11. Early Detection
1. Remote sensing
2. GIS mapping
3. Citizen science

III. Mechanical Control
1. Hand removal
2. Cutting
3. Burning

IV. Chemical Control
1. Herbicides
2. Target-specific pesticides
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V. Biological Control
1. Natural predators
2. Pathogens
3. Insects

VI. Ecological Restoration
1. Native species replanting
2. Habitat rehabilitation
3. Soil restoration

Table 7. Management Strategies for IAS

Strategy Advantages Limitations
Prevention Cost-effective Requires strict enforcement
Mechanical Control Immediate removal Labour-intensive
Chemical Control Rapid action Environmental risks
Biological Control Sustainable Requires rigorous testing
Restoration Improves resilience Long-term investment

XII. CONCLUSION

Invasive alien species are among the leading drivers of ecosystem degradation and biodiversity loss. Their impacts
extend beyond ecological disruption to include significant economic costs and threats to human well-being. By altering
nutrient cycling, hydrology, fire regimes, habitat structure, and species interactions, IAS undermine ecosystem stability
and resilience. Effective management requires a combination of preventive measures, early detection, rapid response,
biological and mechanical control, habitat restoration, strong legal frameworks, and public engagement. As climate
change and global trade continue to facilitate biological invasions, integrated, science-based, and adaptive conservation
strategies will be essential to safeguard biodiversity and maintain ecosystem functioning for future generations.
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