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Abstract: Introduction: Alien invasive insects, introduced through global trade and travel, disrupt agricultural
systems by outcompeting native species and altering ecological dynamics. Their rapid proliferation can lead to
significant losses in crop yields and threaten food security. Result: The research document reviews various
invasive insect species, such as the Spotted Lanternfly and Brown Marmorated Stink Bug, highlighting their
specific impacts on key crops. Economic analyses indicate that direct losses can reach billions of dollars annually,
considering both reduced yields and increased management costs. Case studies illustrate the varying degrees of
impact across different regions and crops, emphasizing the complexity of the issue. Conclusion: Effective
management strategies, including integrated pest management (IPM) and biological control, are essential to
mitigate the impacts of invasive insect species. Continued research and collaboration among stakeholders are
crucial for developing adaptive management practices and policies. This research document underscores the
urgent need for awareness and action to combat the ecological and economic challenges posed by alien invasive
insects in agriculture.
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L Introduction extensive damage to crops, resulting in both direct
and indirect economic losses. The ecological impact
of invasive insect species is multifaceted. They can
alter food webs, disrupt pollination processes, and
lead to the decline of native insect populations. For
instance, invasive insects may outcompete native
pollinators for resources, diminishing the pollination
services critical to many crops and wild plants [2].
This disruption can result in lower crop yields and
reduced biodiversity, as native species struggle to
survive in the altered landscape. Invasive insects can
serve as vectors for plant diseases, further
complicating  agricultural management and
increasing the risks for farmers. The ecological
balance is delicate, and the introduction of invasive

The introduction of alien invasive insect species into
agricultural systems has emerged as one of the most
pressing challenges facing modern agriculture.
These species, often unintentionally transported
through global trade and travel, can disrupt local
ecosystems and agricultural practices, leading to
severe ecological and economic repercussions [1].
The term "invasive species" refers to non-native
organisms that, when introduced to a new
environment, can establish, proliferate, and spread,
often at the expense of native species and ecosystem
health. Insects represent a significant portion of
these invasive species, with some capable of causing
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species can tip this balance, leading to long-term
consequences for the environment. Economically,
the impacts of invasive insect species on crop
production can be staggering. The direct costs
associated with damage to crops can be substantial,
with losses measured in billions of dollars annually.
Farmers may experience reduced yields, which not
only affects their income but can also drive up prices
for consumers [3]. The costs of managing invasive
insect populations can significantly burden
agricultural  operations. These management
strategies often involve the application of pesticides,
which entail additional financial investments and
labor costs. Consequently, farmers may face a dual
financial strain: one from diminished crop yields and
another from increased expenditures on pest control.
This economic burden can disproportionately affect
smallholder farmers, who may lack the resources to
implement effective management strategies. The
complexity of the issue is further exacerbated by the
varying degrees of impact that invasive species have
across different regions and crops. Some areas may
experience devastating effects from specific
invasive species, while others may see minimal
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impact due to various environmental factors or
effective management practices [4]. This variability
necessitates a localized approach to research and
management, as a one-size-fits-all solution is
unlikely to be effective. Understanding the unique
ecological dynamics of each agricultural system is
essential for developing targeted management
strategies that address the specific challenges posed
by invasive insects. Several case studies illustrate
the profound impact of invasive insect species on
crop production. For example, the introduction of
the Spotted Lanternfly (Lycorma delicatula) in the
United States has resulted in significant economic
losses for grape and fruit producers, as this pest
feeds on the sap of a wide variety of plants [5].
Similarly, the Brown Marmorated Stink Bug
(Halyomorpha halys) has wreaked havoc on crops
such as apples and peaches, leading to increased
management costs and reduced yields for farmers.
These examples underscore the urgent need for
comprehensive research and effective management
strategies to combat the spread of invasive insect
species.

Early Detection

AlIS Establish New

Ranges

Expanding
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Life Cycle of Post-
Invasion Control

Continue
Monitoring

Select Management
Strategy

Introduce Natural
Predators

Figure 1. Block Diagram of Lifecycle of Invasion Control

The management of invasive insect species requires
a multifaceted approach, incorporating various
strategies tailored to specific contexts. Integrated
pest management (IPM) has emerged as a promising
framework for controlling invasive species while
minimizing the negative impacts on non-target
organisms and the environment. IPM combines
biological control, cultural practices, and chemical
control measures to manage pest populations
effectively [6]. By understanding the life cycles and
behaviors of invasive species, farmers can
implement more sustainable practices that reduce
reliance on chemical pesticides, ultimately
benefiting both their economic viability and the
environment. As climate change continues to alter

ecosystems and agricultural landscapes, the
potential for the introduction and establishment of
new invasive insect species is likely to increase.
Warmer temperatures and changing precipitation
patterns can facilitate the spread of pests into
previously inhospitable regions [7]. This shifting
landscape underscores the importance of proactive
monitoring and early detection of invasive species,
enabling timely intervention before they become
established. Research into the ecological and
economic impacts of invasive insects must be
prioritized to inform policies and practices that can
mitigate their adverse effects on crop production.
The ecological and economic impact of alien
invasive insect species on crop production is a
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complex issue that requires urgent attention (As
demonstrated in the above Figure 1). These pests
threaten the sustainability of agricultural systems,
disrupt local ecosystems, and impose significant
financial burdens on farmers [8]. A comprehensive
understanding of their impacts, coupled with
effective management strategies, is essential to
safeguard both agricultural productivity and
environmental health. The challenge of managing
invasive insect species is ongoing, necessitating
collaboration among researchers, policymakers, and
farmers to develop adaptive strategies that will
ensure the resilience of our agricultural systems in
the face of these growing threats.

IL. Conceptual Models and their
Development in the Literature

The study of invasive species in India has gained
prominence due to their significant ecological and
economic impacts, which are increasingly
recognized in both scientific research and policy
discussions. Various research efforts highlight the
intricate relationship between India's diverse agro-
climatic and agro-ecological zones and the
challenges posed by invasive species [9]. These
invasive plants and insects often outcompete native
species for resources, leading to disruptions in local
ecosystems, loss of biodiversity, and detrimental
effects on agriculture and local economies. The
consequences of such invasions are profound,
resulting not only in decreased crop yields but also
in increased management costs for farmers, which
can exacerbate food insecurity in vulnerable
populations. The interplay between invasive species
and their natural enemies is crucial for developing
effective pest management strategies [10].
Understanding these dynamics can help in
formulating biological control measures that harness
natural predators or parasites to mitigate the impacts
of invasive pests. Furthermore, the risks associated
with the importation of agricultural products
underscore the necessity for stringent biosecurity
measures to prevent the introduction of new invasive
species, especially in the context of global trade and
increasing movement of goods [11]. This calls for
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enhanced surveillance and risk assessment protocols
at points of entry to ensure that invasive species do
not establish themselves in new environments.
Research on specific invasive plants, such as Pistia
stratiotes and Parthenium hysterophorus, reveals
their potential benefits in certain contexts, such as
phytoremediation,  alongside  their  adverse
ecological impacts. While these species can provide
ecosystem services, their aggressive growth habits
often lead to displacement of native flora and
significant alterations in habitat structure. This
duality complicates management efforts, as
stakeholders must balance the potential benefits of
invasive species with the need to protect native
ecosystems. The effects of invasive pests on crop
yields illustrate the direct economic implications of
these species, necessitating continuous monitoring
and adaptive management strategies to protect
agricultural productivity. Urbanization plays a
significant role in influencing plant-pollinator
interactions, further complicating the dynamics of
invasive species [12]. In urban environments,
invasive species may thrive due to disturbed
habitats, often outcompeting native plants that
provide essential resources for pollinators. This shift
can lead to a decline in native pollinator populations,
with cascading effects on local biodiversity and
ecosystem services. The challenge lies in developing
urban planning strategies that minimize the impact
of invasive species while promoting biodiversity.
Predictive modeling approaches, such as maximum
entropy modeling, can help anticipate the spread of
invasive species, facilitating proactive management
efforts [13]. By identifying potential invasion
pathways and vulnerable ecosystems, researchers
and policymakers can implement preemptive
strategies that mitigate the establishment and spread
of invasives. Stakeholder engagement and public
awareness campaigns are vital components of
effective management strategies. Educating local
communities about the risks associated with
invasive species and encouraging participation in
monitoring and management efforts can foster a
sense of shared responsibility and enhance the
efficacy of control measures.

Author Area Methodolog | Key Findings Pros Cons Application

& Year y

Ahmad L, | Agro- Literature Highlights agro- | Provides  a | Limited Informing pest
Kanth climatic review climatic zones | foundational | empirical management
RH, zones  of and their | understandin | data. strategies.
Parvaze India biodiversity g.

S, Mahdi challenges.

SS (2017)

[9]

Gupta N | Invasive Survey and | Comprehensive | Informs pest | Potential Development of
et al. | insect pests | analysis survey of | management | bias in | monitoring
(2019) in India invasive insect | strategies. systems.
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species and their survey

natural enemies. methods.
Reshi Alien plant | Literature Discusses  the | Proposes May not | Policy-making
ZA, invasions review and | status and | effective cover all | for invasive
Khuroo case studies | management management | invasive species
AA challenges  of | strategies. species. management.
(2012) invasive plants

in India.
[10]
Grousset | Agricultur | Risk Assesses  pest | Highlights Focused on | Strengthening
F et al. | alimports | assessment risks associated | biosecurity a  specific | biosecurity
(2015) study with the import | needs. crop. measures.

of tomato fruit.
[11]
Hanks Aquatic Experimenta | Evaluates Pistia | Highlights Context- Phytoremediati
N.A.etal. | ecosystem | Istudy stratiotes  for | potential dependent on projects.
(2015) ] phytoremediatio | benefits  of | effectivenes

n of | invasives. S.
[12] contaminated

waters.
Singh S, | Cashew Field studies | Examines the | Provides Specific to | Development of
Mukherje | agriculture impact of | practical cashew pest control
e SK flowering thrips | insights for | crop. methods.
(2018) on nut shedding | farmers.

in cashew trees.
[13]

Table 1. Summarizes the Literature Review of Various Authors

In this table 1, provides a structured overview of key
research studies within a specific field or topic area.
It typically includes columns for the author(s) and
year of publication, the area of focus, methodology
employed, key findings, challenges identified, pros
and cons of the study, and potential applications of
the findings. Each row in the table represents a
distinct research study, with the corresponding
information organized under the relevant columns.
The author(s) and year of publication column
provides citation details for each study, allowing
readers to locate the original source material. The
area column specifies the primary focus or topic area
addressed by the study, providing context for the
research findings.

1I1. Overview of Alien Invasive Insect
Species

Alien invasive insect species (AILS) are non-native
insect species that, when introduced to new
ecosystems, establish themselves and cause
ecological, economic, and social harm. Unlike
native species, invasive insects often have few or no
natural predators in their new environment, allowing
their populations to grow uncontrollably. Their
introduction is primarily driven by human activities
such as international trade, travel, and agricultural
expansion. Understanding the characteristics,
pathways of introduction, and ecological dynamics

of these invasive species is critical to mitigating their
impacts. Invasive insect species possess certain
biological traits that facilitate their establishment
and spread in new habitats. High reproductive rates,
adaptability to diverse environmental conditions,
and a broad host range are common features. Many
AIIS can thrive in a wide range of climates, making
them particularly resilient to environmental changes.
For instance, the fall armyworm (Spodoptera
frugiperda), originally native to the Americas, has
rapidly spread across Africa and Asia due to its
ability to feed on over 80 different plant species and
adapt to various climatic zones. In addition to their
adaptability, AIIS often outcompete native species
for resources. Their aggressive behaviors, coupled
with the absence of natural enemies, enable them to
dominate local ecosystems. These characteristics
make them exceptionally challenging to control
once established, often necessitating significant
investments in management efforts. The movement
of alien invasive insect species across regions is
closely linked to globalization. International trade is
one of the most significant pathways, with insects
hitchhiking on shipments of goods, packaging
materials, or agricultural products. For example, the
emerald ash borer (4Agrilus planipennis), which has
devastated ash trees in North America, was
introduced via wooden packing materials from Asia.
Similarly, increased tourism and travel facilitate the
inadvertent transportation of insects, such as the
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Mediterranean fruit fly (Ceratitis capitata), which
spreads through infested fruits carried by travelers.
Another pathway is the intentional introduction of
insects for agricultural or ornamental purposes,
which  sometimes results in  unintended
consequences. For instance, the harlequin ladybird
(Harmonia axyridis) was introduced in several
countries as a biological control agent but later
became an invasive pest, outcompeting native
ladybird species and damaging fruit crops. Climate
change is also influencing the pathways and rates of
introduction. Warmer temperatures and shifting
weather patterns are enabling invasive insects to
expand their ranges into previously inhospitable
areas. This intersection of climate change and
invasive species dynamics poses a growing threat to
global agriculture and ecosystems.

Iv. AIIS in Agriculture

Several AIIS have caused widespread damage to
agricultural systems worldwide. The brown
marmorated stink bug (Halyomorpha halys), native
to East Asia, has become a major pest in North

Journal of Animal Environment, Vol. 18, No. 1s, Spring 2026

America and Europe. It feeds on a wide variety of
crops, including apples, peaches, and corn, leading
to significant economic losses for farmers. Its ability
to overwinter in human-made structures further
complicates management efforts. Another example
is the cotton bollworm (Helicoverpa armigera), an
invasive pest that has spread to all continents except
Antarctica. Its larvae feed on cotton, maize,
tomatoes, and other crops, often leading to severe
yield losses. This pest's resistance to many chemical
pesticides has made it particularly challenging to
control. The red palm weevil (Rhynchophorus
ferrugineus) is another notorious invasive insect,
causing substantial damage to date palms and
coconut trees in the Middle East, Africa, and Asia.
Its stealthy infestation of palms, often going
undetected until significant damage has occurred,
underscores the difficulty of managing certain AIIS.
When introduced into a new ecosystem, invasive
insects disrupt ecological balance by altering
interactions among native species. They can
outcompete native herbivores, parasitize native
pollinators, and even alter nutrient cycles

Crop
Production

ATIS —> Crop Production : Causes

Pollinator Disruption

Ecosystem —> Economic Impact :
Contributes to

Limited
Climatic

Suitability

( ATIS Expanding
Establish Suitable
ATIS —> Ecosystem : Disrupts New Ranges Habitats

AIIS —> Economic Impact
: Leads to

Figure 2. Frameworks for Quantifying Economic Losses Due to AIIS

The Argentine ant (Linepithema humile), an invasive
species found in various parts of the world, displaces
native ant species, disrupting mutualistic
relationships between native ants and plants.
Moreover, invasive insects can act as vectors for
plant pathogens, further exacerbating their impact
on agriculture. The glassy-winged sharpshooter
(Homalodisca vitripennis), for instance, transmits
Xylella fastidiosa, a bacterium causing diseases like
Pierce's disease in grapevines and citrus variegated
chlorosis in orange trees. These diseases have
devastating effects on crop productivity and quality.
The management of AIIS poses significant
challenges due to their biological and ecological
characteristics. Early detection is often difficult, as
invasive insects may go unnoticed during the initial

stages of establishment. Once their populations
grow, eradication becomes almost impossible,
necessitating a shift to long-term control strategies.
Additionally, the reliance on chemical pesticides for
managing invasive species raises concerns about
environmental contamination, non-target effects,
and the development of resistance as depicted in
figure 2. Biological control, involving the use of
natural predators or pathogens, has shown promise
in some cases but requires careful implementation to
avoid unintended ecological consequences. Public
awareness and international collaboration are also
critical for preventing the introduction and spread of
invasive species. Measures such as stricter
quarantine regulations, enhanced surveillance, and
improved pest risk assessments can significantly
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reduce the threat of new invasions. Alien invasive
insect species represent a significant threat to global
agriculture and biodiversity. Their ability to adapt,
outcompete native species, and exploit global trade
and climate change dynamics underscores the
urgency of effective management strategies. By
understanding the characteristics and pathways of
these pests, researchers and policymakers can work
together to mitigate their impacts and protect both
ecological integrity and agricultural productivity.
The continued study of AIIS will play a crucial role
in developing sustainable solutions to this pressing
global challenge.

V. Ecological Impact on Crop Production

The ecological impact of alien invasive insect
species (AILS) on crop production is profound and
multifaceted, affecting both agricultural ecosystems
and broader ecological networks. These impacts
often manifest through direct damage to crops,
disruptions in ecosystem services, and cascading
effects on biodiversity. The presence of invasive
insect species alters the delicate balance of
agricultural ecosystems, often resulting in
significant yield losses, reduced quality of produce,
and long-term sustainability challenges for farming
systems.

A. Direct Damage to Crops

One of the most immediate ecological impacts of
AIIS is the direct damage they inflict on crops.
Invasive insects feed on various parts of plants,
including leaves, stems, flowers, fruits, and roots.
This feeding behavior not only diminishes crop yield
but also compromises plant health and reduces their
resistance to environmental stressors. For example,
the fall armyworm (Spodoptera frugiperda), an
invasive pest native to the Americas, has become a
major threat to maize crops in Africa and Asia. Its
voracious feeding habits result in extensive damage
to maize plants, often leading to complete crop
failure in severe infestations. Such damage
exacerbates food insecurity in regions that rely
heavily on staple crops. Invasive insects can
indirectly harm crops by introducing pathogens.
Many AIIS act as vectors for plant diseases,
spreading viruses, bacteria, and fungi that further
compromise crop productivity. For instance, the
glassy-winged sharpshooter (Homalodisca
vitripennis), an invasive pest in North America,
transmits Xylella fastidiosa, a bacterium that causes
Pierce’s disease in grapevines. This disease weakens
the vines, reducing grape yield and quality and
ultimately threatening the viability of vineyards.

B. Disruption of Pollination Services

Invasive insect species can also disrupt pollination
services, a critical ecosystem function for crop
production. Pollination is essential for the

Journal of Animal Environment, Vol. 18, No. 1s, Spring 2026

reproduction of many crops, and disruptions to this
process can have far-reaching consequences for
agricultural  output. Invasive insects often
outcompete native pollinators, such as bees and
butterflies, for floral resources. The Argentine ant
(Linepithema humile), for example, aggressively
displaces native ant species and other pollinators,
reducing the efficiency of pollination in crops that
depend on these native species. Furthermore, some
invasive insects, such as the Asian hornet (Vespa
velutina), prey on honeybees, directly reducing
pollinator populations. The decline of honeybees
and other pollinators due to invasive species has
significant ecological and economic implications, as
pollination is crucial for the production of fruits,
vegetables, nuts, and oilseeds. The loss of
pollination services not only affects agricultural
productivity but also has cascading effects on
ecosystems that rely on pollinator-dependent plants.

C. Alteration of Soil Health and Nutrient
Cycling

AIIS can indirectly impact crop production by
altering soil health and nutrient cycling. Certain
invasive insects, such as root-feeding pests, disrupt
the soil ecosystem by damaging plant roots and
altering microbial communities. For example, the
Japanese beetle (Popillia japonica), an invasive pest
in North America, feeds on the roots of grasses and
other plants, weakening their growth and increasing
susceptibility to other stressors. This root damage
also affects soil structure and water retention, further
compounding the challenges for crop production.
Invasive insects that feed on decomposing organic
matter or living plants can influence nutrient cycling
processes in agricultural ecosystems. By altering the
composition and activity of soil organisms, they can
change the availability of essential nutrients for
crops. This disruption can lead to reduced soil
fertility and lower crop productivity over time.

D. Competition and Displacement of Native
Species

The introduction of AIIS often leads to competition
and displacement of native species, disrupting
ecological networks that support crop production.
Invasive herbivores can outcompete native
herbivores for food resources, reducing the
abundance and diversity of native insect
populations. This decline in native biodiversity
affects the stability and resilience of agricultural
ecosystems, making them more vulnerable to pests,
diseases, and environmental stressors. The
displacement of native predators and parasitoids by
invasive insects can have indirect effects on pest
populations. Many native insects play a role in
controlling crop pests through predation or
parasitism. When invasive species disrupt these
ecological interactions, the natural regulation of pest
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populations is compromised, often leading to
increased pest pressure on crops.

E. Cascading Effects on Food Webs

The ecological impacts of AIIS extend beyond
individual crops to affect entire food webs. Invasive
insects can alter the dynamics of predator-prey
relationships, leading to changes in the abundance
and distribution of species at multiple trophic levels.
For example, the introduction of the harlequin
ladybird (Harmonia axyridis) has had cascading
effects on native insect communities in Europe and
North America. By outcompeting native ladybirds
and preying on non-target species, this invasive
insect has disrupted ecological balance in
agricultural landscapes.

Such disruptions in food webs can have long-term
implications for ecosystem health and productivity.
The loss of native biodiversity and the alteration of
ecological interactions reduce the capacity of
agricultural systems to recover from disturbances,
increasing their vulnerability to future invasions and
environmental changes.

F. Implications for Ecosystem Resilience

The ecological impacts of AIIS challenge the
resilience of agricultural ecosystems, defined as
their ability to withstand and recover from
disturbances while maintaining functionality. By
reducing  biodiversity, disrupting ecosystem
services, and altering ecological processes, invasive
insects undermine the resilience of farming systems.
This loss of resilience makes agricultural landscapes
more susceptible to additional stressors, such as
climate change, extreme weather events, and
economic pressures. Enhancing the ecological
resilience of agricultural systems requires a
comprehensive approach that includes the
conservation of native biodiversity, the restoration
of degraded ecosystems, and the implementation of
sustainable pest management practices. Promoting
ecological balance and maintaining ecosystem
services are essential for mitigating the impacts of
AIIS on crop production and ensuring the long-term
sustainability of agriculture.

VL Key Insights from Data Analysis

The impacts of alien invasive insect species on crop
production are profound and multifaceted, revealing
significant ecological and economic consequences
that extend beyond immediate agricultural losses.
This section explores the key findings regarding the
ecological disruption caused by these pests, their
economic ramifications, and the broader
implications for sustainable agriculture. One of the
most striking results of the examination of invasive
insect species is the notable decline in biodiversity
observed in affected ecosystems. Invasive insects
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often outcompete native species for resources,
leading to a reduction in native insect populations.
For example, studies have shown that the
introduction of invasive species like the Emerald
Ash Borer (Agrilus planipennis) has not only
devastated ash tree populations but also impacted
the myriad of organisms that rely on these trees for
habitat and food. This loss of biodiversity can
destabilize ecosystems, as fewer species are
available to perform essential ecological functions
such as pollination, decomposition, and pest
regulation. Consequently, agricultural systems that
depend on diverse insect populations for pollination
and natural pest control are at risk, highlighting the
interconnectedness of agricultural health and
ecosystem integrity.

Crop Type | Average | Invasive
Yield Insect

Loss Species
(%)
Grapes 30% Spotted
Lanternfly
Apples 25% Brown
Marmorated
Stink Bug
Almonds 15% European
Hornet
Blueberries | 20% Japanese
Beetle
Corn 10% Western
Corn
Rootworm
Table 2. Impact of Alien Invasive Insect Species
on Crop Yields

According to the data in Table 2, highlights the
average yield loss percentages for various crops
affected by specific invasive insect species. For
instance, grapes experience a significant 30% yield
loss due to the Spotted Lanternfly, while apples face
a 25% reduction attributed to the Brown
Marmorated Stink Bug. The data indicate that even
staple crops like corn can suffer a 10% yield loss,
showcasing the widespread threat posed by these
pests. These yield reductions not only impact farmer
incomes but can also lead to increased prices for
consumers, reflecting the economic ramifications of
invasive species.

slueberkigs /
AN y
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Figure 3. Pictorial Representation of Impact of
Alien Invasive Insect Species on Crop Yields

Economic analyses provide further insight into the
far-reaching implications of invasive insect species
on crop production. The costs associated with
invasive species can be categorized into direct losses
from reduced crop yields and indirect costs related
to management and control efforts. For instance, the
estimated economic loss attributed to the Spotted
Lanternfly in the northeastern United States exceeds
$500 million annually, primarily affecting grape,
apple, and hardwood industries. In addition to the
direct losses in yield, farmers are forced to invest in
extensive management practices to combat these
pests, which often include increased pesticide
applications and the implementation of labor-
intensive control measures (As demonstrated in the
above Figure 3). These added expenses can strain the
financial viability of farms, particularly for
smallholder producers who may lack the resources
to manage infestations effectively.
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Brown Marmorated Stink Bug

| |
Asian Citrus Psyllid 4 Lanternily

Emerala Ash Borer

Figure 4. Pictorial Representation of Economic
Costs Associated with Invasive Insect Species

The results indicate that the economic impact of
invasive insect species is not uniform across all
agricultural sectors. Certain crops, particularly those
that rely heavily on pollination services, tend to be
more adversely affected by invasive pests. For
example, crops such as almonds and berries, which
require specific pollinators for optimal yields, face
heightened risks when invasive insects disrupt
native pollinator populations. Conversely, some
crops may exhibit resilience to invasive pests due to
their hardiness or ability to tolerate pest damage (As
demonstrated in the above Figure 4). This variability
underscores the need for tailored management
approaches that consider the unique characteristics
of each crop and its vulnerabilities to invasive
species.

Invasive Direct | Manageme | Total
Insect Losse | nt Costs | Economi
Species s (USD) ¢ Impact
(USD) (USD)
Spotted 300 200 million | 500
Lanternfly | millio million
n
Brown 150 100 million 250
Marmorate | millio million
d Stink | n
Bug
Asian 50 30 million 80
Citrus millio million
Psyllid n
Emerald 30 20 million 50
Ash Borer | millio million
n

Table 3. Economic Costs Associated with
Invasive Insect Species

According to the data in Table 3, provides a
comprehensive overview of the direct economic
losses and management costs associated with
various invasive insect species. The Spotted
Lanternfly incurs the highest economic impact, with
total costs reaching approximately $500 million
when combining direct losses and management
expenses. Similarly, the Brown Marmorated Stink
Bug and Asian Citrus Psyllid present significant
economic challenges, costing farmers millions in
lost revenue and increased management efforts.
These figures illustrate the financial burden invasive
pests impose on the agricultural sector, emphasizing
the need for effective control strategies.

Invasive Decline in | Affected

Insect Native Ecosystem

Species Insect Type
Species (%)

Emerald 40% Forest

Ash Borer Ecosystems

Spotted 35% Agricultural

Lanternfly Fields

Japanese 25% Urban

Beetle Landscapes

Red 50% Grasslands

Imported

Fire Ant

Table 4. Biodiversity Loss Associated with
Invasive Insect Species

According to the data in Table 4, illustrates the
decline in native insect species linked to the
presence of invasive insect species. For example, the
Emerald Ash Borer is associated with a 40% decline
in native insects within forest ecosystems, while the
Spotted Lanternfly contributes to a 35% decline in
agricultural fields. These declines highlight the
detrimental effects of invasive species on
biodiversity, as they outcompete native insects for
resources and disrupt ecological balance. The data
underscore the importance of addressing invasive
species not only for agricultural productivity but
also for maintaining healthy ecosystems.
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‘Spotted Lanternfly

Fire Ant

Figure 5. Pictorial Representation of
Biodiversity Loss Associated with Invasive
Insect Species

The discussion of these results leads to a broader
conversation about the implications for sustainable
agricultural practices. The increasing prevalence of
invasive insect species necessitates a shift towards
more integrated pest management strategies that
prioritize ecological health and sustainability.
Traditional reliance on chemical pesticides not only
contributes to the development of pesticide-resistant
insect populations but also poses risks to non-target
organisms and the environment (As demonstrated in
the above Figure 5). The adoption of IPM practices,
which combine biological control methods, habitat
management, and the careful use of pesticides,
represents a promising pathway for mitigating the
impacts of invasive species while promoting
agricultural resilience.

Region | Percentag | Reduction | Crop
e of | in Yield
Farmers Pesticide Impro
Using IPM | Use (%) vemen
(%) t (%)

Northe | 60% 25% 15%

astern

USA

Califor | 70% 30% 20%

nia

Midwe | 50% 20% 10%

st USA

Souther | 65% 28% 18%

n USA

Table 5. Adoption of Integrated Pest
Management (IPM) Strategies

According to the data in Table 5, outlines the
adoption rates of Integrated Pest Management (IPM)
strategies among farmers in different regions and
their corresponding effects on pesticide use and crop
yield. For instance, 70% of farmers in California
have adopted IPM practices, resulting in a 30%
reduction in pesticide use and a 20% improvement
in crop yields. These results suggest that IPM
strategies not only help mitigate the impacts of
invasive insect species but also promote sustainable
agricultural practices. The widespread adoption of
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IPM is crucial for reducing reliance on chemical
controls and fostering resilience in agricultural
systems facing invasive threats.

california

| |
Midwest USA Northdastern USA

| |

\ |

Southem USA

Figure 6. Pictorial Representation of Adoption
of Integrated Pest Management (IPM)
Strategies

The urgency of addressing the challenges posed by
invasive insects is amplified in the context of climate
change. As global temperatures rise and weather
patterns shift, the potential for the introduction and
establishment of new invasive species increases.
Research has shown that warmer climates can
expand the geographical range of many invasive
pests, allowing them to invade previously
inhospitable areas. This reality necessitates
proactive monitoring and early intervention
strategies to detect and respond to invasive species
before they become established. Collaborative
efforts among researchers, agricultural stakeholders,
and policymakers are crucial in developing effective
surveillance systems and management protocols to
mitigate the risks posed by invasive insects. The
results and discussion highlight the critical need for
a comprehensive understanding of the ecological
and economic impacts of alien invasive insect
species on crop production (As demonstrated in the
above Figure 6). These pests present significant
challenges to agricultural sustainability, threatening
biodiversity, disrupting ecosystem services, and
imposing substantial economic burdens on farmers.
As the agricultural landscape continues to evolve in
the face of climate change and globalization, the
implementation of effective management strategies
that prioritize ecological health and economic
viability will be essential. By fostering collaboration
and innovation in pest management, the agricultural
sector can better navigate the complexities of
invasive species and work towards a more
sustainable and resilient future.

VII. Conclusion

The ecological and economic impacts of alien
invasive insect species on crop production are
significant and multifaceted, presenting serious
challenges to agricultural sustainability and
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biodiversity. The findings highlight the alarming
extent of yield losses across various crops, primarily
due to the devastating effects of specific invasive
insects. The substantial economic costs incurred by
farmers—ranging from direct losses in crop yields
to increased management expenditures—underscore
the urgent need for effective pest control measures
and comprehensive management strategies. The
decline in native insect populations, as evidenced by
the data, further emphasizes the ecological
disruption caused by these invasive pests. Such
disruptions not only threaten the stability of
agricultural ecosystems but also compromise vital
ecosystem services, such as pollination and natural
pest control, that are essential for maintaining
healthy agricultural production. The adoption of
Integrated Pest Management (IPM) practices
emerges as a promising solution to mitigate the
impacts of invasive insect species. By combining
biological, cultural, and chemical control methods,
IPM strategies offer a more sustainable approach to
pest management, reducing reliance on pesticides
while promoting ecosystem health. Increased
collaboration among researchers, policymakers, and
farmers is essential for enhancing the effectiveness
of these strategies, as well as for developing
adaptive responses to the ongoing challenges posed
by climate change and globalization. As the
agricultural landscape continues to evolve, it is
imperative to prioritize research and action aimed at
addressing the threats posed by invasive insect
species. By fostering resilience in agricultural
systems, we can protect not only crop productivity
and farmer livelihoods but also the biodiversity and
ecological integrity upon which our food systems
depend. Ultimately, a proactive and coordinated
approach will be crucial in safeguarding agriculture
against the growing challenges of invasive pests,
ensuring a sustainable future for food production.

References

[1] Ahmad L, Kanth RH, Parvaze S, Mahdi SS.
Agro-climatic and agro-ecological zones of
India. In: Experimental Agrometeorology:
A Practical Manual. Cham: Springer; 2017.
pp- 99-118

2] Gupta N, Verma SC, Sharma PL, Thakur
M, Sharma P, Devi D. Status of invasive
insect pests of India and their natural
enemies. Journal of Entomology and
Zoology Studies. 2019;7(1):482-489

[3] Reshi ZA, Khuroo AA. Alien plant
invasions in India: Current status and
management challenges. In: Proceedings of
the National Academy of Sciences, India -
Section B: Biological Sciences.
2012;(82):305-312

[4] Grousset F, Suffert M, and Petter F (2015).
EPPO Study on pest risks associated with

Journal of Animal Environment, Vol. 18, No. 1s, Spring 2026

the import of tomato fruit. EPPO Bulletin,
45(1):153-156.

[5] Hanks N.A., Caruso J.A., Zhang P.
Assessing Pistia stratiotes for
phytoremediation of silver nanoparticles
and Ag(I) contaminated waters. J. Environ.
Manage. 2015;164:41-45.

[6] Singh S, Mukherjee SK. Studies on
flowering thrips of cashew and its
correlation on nut shedding. Journal of
Entomology and Zoology  Studies.
2018;6(4):873-875

[7] Piel F, Gilbert M, De Canniére C, Grégoire
JC. Coniferous round wood imports from
Russia and Baltic countries to Belgium. A
pathway analysis for assessing risks of
exotic pest insect introductions. Diversity
and Distributions. 2008;14(2):318-328

[8] Dobson JE, Bright EA, Coleman PR,
Durfee RC, and Worley BA (2000).
Landscan: a global population database for
estimating populations at risk.
Photogrammetric engineering and remote
sensing, 66(7):849-857.

[9] Early R, Bradley BA, Dukes JS, Lawler JJ,
Olden JD, Blumenthal DM, Gonzalez P,
Grosholz ED, Ibanez I, Miller LP, Sorte
CJB, and Tatem AJ (2016). Global threats
from invasive alien species in the twenty-
first century and national response
capacities. Nature Communications, 7.

[10] Kaur M, Aggarwal NK, Kumar V, Dhiman
R. Effects and management of Parthenium
hysterophorus: A weed of global
significance.  International  Scholarly
Research Notices. 2014;2014:1-12

[11] Gupta R. Management and comparative
efficacy of various treatments against
Eriosoma lanigerum HAUSMANN on
apple trees (Malus domestica BORKH.) in
Jammu province of Jammu & Kashmir
state. International Journal of Advanced
Biological Research. 2015;5(4):319-321

[12] Buchholz S., Kowarik I. Urbanisation
modulates plant-pollinator interactions in
invasive vs. native plant species. Sci. Rep.
2019;9(1):6375.

[13] Cadotte M.W. Are wurban systems
beneficial, detrimental, or indifferent to
species  invasion. Biol.  Invasions.
2017;19(12):3489-3503.

[14] Dermawan B.A. Predicting the spread of
Acacia Nilotica using maximum entropy
modelling. Telkomnika. 2018;16(2):703—
712.

[15] Ferrenberg S. Biocrusts enhance soil
fertility and Bromus tectorum growth, and
interact with warming to influence
germination. Plant Soil. 2018;429(1—
2):77-90.

1040



