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CHAPTER 2'

SUMMARY

Invasive species are widely recognized as a major threat to biodiversity. There has been no quantitative global assessment of
their effects and routes of introduction. Invasions may have local impacts, but the drivers of biological invasion are increasing
globally. Unfortunately, there is a lack of information on invasive species on a global scale. Managing invasive species
necessitates directing limited resources toward the initiative-taking mitigation of those species that could have the most
significant ecological impacts. This chapter will comprehensively explore the various aspects of invasive species, including
their invasion mechanisms, ecological impacts on the environment, biodiversity loss and challenges associated with the
identification, monitoring, and challenges in conservation of species. Based on the studies, it is recommended that Pakistan
addresses this issue by increasing awareness, establishing a database on invasive species fostering international cooperation,
conducting case studies, and implementing essential legislation, regulations, and monitoring measures. Human-induced
disturbance is when natural vegetation is removed for mining, forestry, and farming purposes. Because of their altered soil
structure, moisture, nutrient availability, and lack of competition, these create an open niche for alien invasiveness. Due to
their enormous capacity for growth and proliferation, alien invasive species have a negative impact on the local environment.
These effects include disturbance of habitat, biodiversity loss, economic loss, and ecological imbalance. Several types of pests
have their impacts on the environment and the major ones are invertebrate pests. Insects, molluscs and arachnids are the main
of them. So, to control them different conservation strategies should be used. Pesticides are being used at large scale to control
pests, but these pose harmful impacts on the environment and these pesticides are also harmful to the non-targeted species.
Biological control is the best way for ecological restoration in which living organisms are introduced to control pests.

INTRODUCTION ingredient (Prakash and Verma, 2022). Human activity has had
a substantial impact on the natural environment. The amount
of land used for agriculture quadrupled between the 1700s and

2000s, while the amount of natural vegetation decreased by

The biodiversity of the world is rapidly decreasing due to
both direct and indirect human activities. A considerable

number of species have already gone extinct, the number of
others having declined to the point that they are vulnerable.
Nowadays, to maintain their survival and better their
management, many species need human assistance. The main
causes of extinction are human caused factors such as
pollution, over-exploitation, introduced species and habitat
loss. One practical instrument for managing the environment
and natural resources is biodiversity conservation. The
biodiversity of the earth is impacted by humanity in a variety
of intentional and unintentional ways. Up until now, human
habitat modification to create space for farms or to gather
natural resources has posed the greatest threat to biodiversity;
however, as climate change gets worse, ecosystems will be
increasingly impacted (Seymour et al., 2001).

Anthropogenic activities include mining, releasing
industrial waste, smelting arsenic ore, burning fossil fuels,
especially coal, using arsenic-loaded irrigation water,
fertilizers, insecticides and herbicides using arsenic as an

half worldwide. Furthermore, a large number of scientists
contend that human activity is mostly to blame for the recent
increase in CO; levels in the atmosphere. The primary source
of elevated CO; is the combustion of fossil fuels such as coal
and petroleum. The entire biota, including people, is facing an
overwhelming challenge because of climate change and global
warming. The primary source of global warming, which
increases the greenhouse effect brought on by excessive
human activity, is also what causes climate change. These
negative alterations are mostly the result of non-systematic
human activity. Many human actions, including habitat
conversion and destruction, over-exploitation of species,
fragmented areas of native vegetation, and pollution of the air
and water, can lead to a loss of biodiversity (Verma et al.,
2020).

Invasive species frequently outcompete or prey on native
species, disrupt natural processes and may eventually lead to
the extinction or decline of native plants and animals. Plants,
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animals, fungi, and microorganisms are examples of invasive
species (Simberloff et al., 2013). Various mammals, such as
dogs, cats, horses, cattle, sheep, pigs, goats, and deer have been
imported into the United States. However, some of these
species have escaped or been released into the wild, where they
have become pests by preying on native animals, consuming
plants through grazing and accelerating soil erosion. For
example, goats (Capra hirus) have caused the extinction of
eight indigenous plant species and put another eight native
plant species in endangerment on San Clemente Island,
California (Pimentel et al., 2005).

Manny scholars have identified three to five distinct steps
that make up the invasion process. A species is classified as an
invasive species as it has been transported and introduced into
a new ecosystem if it sustains a population through local
reproduction and recruitment without the need for continuous
introductions. The species is considered as invasive when it
proliferates, achieves high population densities, and expands
its range, all of which negatively impact the host ecosystem
(Colautti & Isaac, 2004). Invasive species are organisms that
are not native to a specific area and when introduced have the
potential to harm human health, economy, and ecosystem.

Numerous invasive species exhibit high rates of
reproduction, which facilitates population establishment in
new areas (Simberloff et al., 2013). Many invasive species
quickly reach maturity and exhibit faster growth than native
species, providing them with a competitive edge in resource
acquisition (Marchetti et al., 2004). Invasive organisms can
survive in various habitats and outcompete with native species
by adapting to a broad range of environmental conditions.
Invasive species might experience a deficiency of natural
predators and diseases that control their populations in native
habitats Perkins et al., 2013). Invading species often have
efficient means of dispersal, whether as a result of water, wind
or human activity. This enables them to spread out and
colonize new areas quickly. Invasive species may spread
unchecked in a new area if there are no native predators,
parasites, or diseases present. Invasive species have the
potential to change the physical composition and structure of
ecosystems, potentially affecting the services and functions
these ecosystems provide (Mack et al., 2000).

INVERTEBRATE PESTS

Any organism or animal that people consider to be harmful
to themselves, their property, their crops, or their animals is
considered a pest. If an insect damages a crop or animals to the
point where the farmer finds both the amount and the quality
of the harvested product to be unsatisfactory, the insect may
be considered a pest in farming. Because they can impair
harvest-able items directly or indirectly through various
means, insects may be categorized as pests. Insects can injure
people in a variety of ways, and they have done so for
thousands of years since humans have lived on Earth. Similar
to this, there is a long and varied history of human attempts to
manage or limit the harm caused by insects. Without question,
damaging insects have brought significant difficulties to the
subject of ecology, stimulated it, and supplied the motivation
and resources for an extensive research program. A large
portion of the study of insects and ecology in general has been

motivated by the desire to comprehend the insects that pose a
threat to our houses, crops, cattle, lumber supply, ornamental
plants and health (Bade & Ghorpade, 2009).

There have been significant increases in the number of
mealy bug species on ornamentals, fruits, vegetables and field
crops. In reality, because of the gradual changes in climate that
occurred between 2002 and 2005, mealy bugs have evolved as
indicator insects for the current changes in ecosystems. Among
these, Paracoccus marginatus and Granara de on papaya and
Phenacoccus solenopsis on cotton have grown to be rather
dangerous. In Tamil Nadu, the papaya mealy bug, P.
marginatus, is posing a threat to [PM practices and insecticides
(Rajendran, 2020).

The second-largest phylum in the animal kingdom is called
Mollusca. Their name comes from the Latin word "mollus,"
which means "soft" and is typically shielded by a hard shell
made of calcium (Zala et al., 2018). Six taxonomic classes,
including Cephalopoda, Monoplacopoda, Amphineura,
Scaphopoda, Bivalvia, and Gastropoda, make up this phylum.
The Greek words gastros (stomach) and podos (foot) are the
origin of the word gastropoda. These are asymmetrical,
unsegmented, spirally coiled animals without backbones. Of
the Mollusca phylum, 80% of its species are classified as
gastropods. Molluscs like snails and slugs are hermaphrodites,
but as they grow before developing eggs, spermatozoa
exchange reciprocally (Das et al., 2020).

Raw, succulent vegetables, plant seeds, roots, seeds, and
tuber crops are also targets for land mollusks, which also leave
unsightly, slimy footprints on the damaged areas. In addition
to other horticultural and agricultural crops, the land molluscs
harm veggies, potatoes, cereal, lettuce, cabbage, carrots, maize
and clover. This consumes all types of vegetables, oil plants,
ornamental plants, field crops, and fruits from gardens and
fields, as well as their roots, seedlings, seeds and tubers.

This vast class of arthropods, the majority of which are
terrestrial, is distinguished by the division of its body into two
primary sections: the anterior prosoma, also known as the
cephalothorax and the posterior opisthosoma, which resembles
the abdomen of an insect. Arachnid adults have four sets of
legs. They have paired chelicerae in place of mandibles in their
mouthparts for feeding. Numerous Acarina species are
significant veterinary and clinical pests, and many of their
phytophagous forms are known to be pests of developing
plants. While certain predatory mite species target stored
produce insects and other mites, while a small percentage of
mites are significant pests in produce stores, there are many
species known to target stored food items (Graham &
Weinstein, 2018).

There have been reports of intestinal acariasis in the
literature that link episodes of diarrhea to the presence of mites
or mite eggs in stool samples. However, the relevance of mites
in human excrement is now mostly questioned, and it is
believed that microorganisms present in contaminated food are
the source of diarrhea. However, dermatitis, or itchy grocery
stores, is unquestionably linked to some mite infestations
(Roslin & Majaneva, 2016).

230



CHAPTER 29 @

Significance threats of invertebrate pests in conservation
biology

As they provide the basis for understanding biological
diversity's composition, distribution, ecological functions, and
threats, biosystematics and conservation biology are essential
for managing biodiversity. These fields provide essential
knowledge to  government and non-governmental
organizations, enabling them to set conservation priorities and
implement effective plans. They offer valuable insights into
our natural heritage, helping us understand key processes that
threaten biodiversity. This understanding enables the
development of effective conservation policies (Braby &
Williams, 2016).

The invasion of non-native insects poses a significant
threat to ecosystems, often due to unintended consequences of
international trade, Major threats to biodiversity are described
in Fig 1. Common pathways for invasion include importing
live plants, using solid wood packaging during shipping,
'hitchhiking' on various items and intentional introduction of
biological control agents. Non-native herbivores, especially
those that feed on sap and bore into wood, are major issues as
they alter the ecological processes and composition of forests.
Wasps and ants are two examples of invasive predators and
parasitoids that greatly affect forest communities. Parasitoids
also lead to a reduction in the native host populations
(Brockerhoff & Liebhold, 2017).

Forest ecosystems serve as a host for a diverse range of
insects, bacteria, viruses, fungi, and oomycetes. These
organisms engage in various interactions with the trees and
other plants in the area, exhibiting mutualistic, symbiotic, or
parasitic relationships. These are commonly known as "pests
and pathogens" due to the perceived negative impact on the
economic value of trees to humans. In the last two decades,
there has been a greater understanding of the effects of tree
pests and diseases have on the environment, landscape and
economy Santini et al. (2013).

The American chestnut (Castanea dentata) was
exterminated due to chestnut blight (Cryphonectria
parasitica), and the mountain pine beetle (Dendroctonus
ponderosae) caused massive and unprecedented tree mortality
in Canada and the Northern United States (Preisler et al.,
2012). Pesticides are necessary in both non-agricultural and

Challenges with Invasive Pests

urban agricultural contexts to manage diseases and pests. High
concentrations of herbicides, insecticides, fungicides, and
rodenticides are frequently sprayed unintentionally on lawns,
gardens and porous surfaces. Because of the widespread and
heavy use of these pesticides in urban areas, there is a serious
risk to ecosystems, living things and food safety. However, the
ecological consequences of pesticides in agricultural soils are
well-documented and information regarding their impacts in
urban environments is limited and dispersed (Yadav, 2010).

EMERGENCE OF CONSERVATIVE STRATEGIES

The increasing adoption of conservation biology strategies,
especially in addressing concerns related to invasive species,
reflects a progression in comprehending and responding to the
dynamic interactions within ecosystems. To address the
influence of invasive species on biodiversity, ecosystem
functioning and the overall ecological equilibrium,
conservation biology has undergone development. The
following are some key components of the conservative
strategies that have emerged in response to invasive species
from the perspective of conservation biology (Ackerly &
David, 2003)

Conservation endeavors are increasingly
concentrating on preventing the spread of invasive species to
new locations. This involves imposing stricter restrictions on
the import and transportation of invasive species.
Conservation strategies highlight the importance of early
discovery of invasive species in order to quick responses,
including eradication or containment measures. Rapid
response teams and citizen science activities aid in early
detection efforts (Reaser et al., 2020).

Conservation biologists deal with risk assessments to
scrutinize the potential invasiveness of species before
introduction or to evaluate the potential impact of existing
species. Prioritization is essential due to resource constraints.
The objective of conservation strategies is to pinpoint and
tackle the most threatening invasive species, and their effects
on native biodiversity and ecosystems. Biological, chemical,
and cultural techniques are used by conservation biologists in
integrated pest management strategies to manage invasive
species with the least amount of damage to non-target species
(Radcliffe et al., 2009). Integrated pest management includes
the safe and feasible introduction of natural predators or
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Fig 1. Major threats to biodiversity
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pathogens related to invasive species. Conservation strategies
incorporate adaptive management, recognizing the dynamic
nature of ecosystems and the necessity for continuous learning.
Adjustments can be made in response to new information and
changing environmental conditions.

Case studies in conservation success and failure

Various research initiatives actively identify and define
challenges within the area of conservation, where despite
notable successes, biodiversity decline persists. The study
conducts comprehensive interviews with 74 conservationists,
predominantly based in Africa, to formulate a typology of
barriers, highlight the threats that pose risks to conservation
endeavors. This dynamic typology empowers conservationists
to enhance decision-making and strategic planning, ultimately
leading to more impactful project outcomes. Additionally, the
framework supports the application of improved techniques to
increase conservation success by giving the larger
conservation community access to actionable information.
Further attempts and revisions are warmly welcomed in light
of this foundational work (Sanders et al., 2021). Numerous
conservation case studies highlight both success stories and
situations where conservation efforts faced challenges or fell
short of achieving their intended objectives.

Due to habitat loss and fragmentation, the iconic giant
panda has come dangerously close to extinction. China's
conservation efforts were concentrated on community
engagement, captive breeding, and habitat protection. The
efforts resulted in the giant panda's lowered from
"endangered" to '"vulnerable" in the IUCN Red List
(Buckingham & Jepson, 2013). In 1995, the reintroduction of
gray wolves into Yellowstone National Park had a profound
effect on the natural environment. Wolves assisted in the
reduction of elk herds, which had a favorable cascading impact
on vegetation and other wildlife populations. This is often
cited as an illustration of a top-down ecological restoration
strategy that works.

Conservation challenges and failure

The golden lion tamarin, a small sized monkey native to
Brazil, faced imminent threats from habitat loss and
fragmentation. Although conservation endeavors have
contributed to stabilizing the population, challenges persist in
the form of habitat destruction and insufficient genetic
diversity. These issues cast uncertainty over the species' long-
term survival prospects (Chrulew, 2017). One of the world's
most endangered large mammals is the Java rhinoceros.
Despite conservation efforts to maintain its habitat and prevent
poaching, the population has dwindled to less than 80
individuals. The species remains under constant threat due to
habitat loss and the impact of natural disasters.

Political boundaries are often crossed by invasive species.
To tackle the global aspect of the invasive species issue,
international cooperation is necessary for conservation efforts.
Collaborations and agreements encourage research,
information sharing and coordinated management initiatives.
The introduction of invasive species into new habitats,
anthropogenic alterations in land use and land cover, as well

as an increase the scope and volume of international trade,
significantly disrupt the composition, structure, function and
dynamics of natural environments (Barfknecht & Gibson,
2023. Invasive species are those that pose a risk to human
health and the environment as well as to other species, habitats
and ecosystems through their introduction, establishment, and
spread throughout a territory" (Gentili et al., 2021). Biological
invasions are a major cause for concern due to their negative
impact on native ecosystems, biodiversity, and the economy.
Displacement events, integral to invasion biology, are
increasing at an alarming rate, yet the underlying mechanisms
and factors remain unknown (Gao & Reitz, 2017). Invasive
species interact with native species through hybridization,
predation and competitive displacement, Native species may
become extinct as a result of these interactions (Mooney &
Cleland, 2001).

Invasive species can outcompete the native species and
cause disruptions in ecological processes and communities
(Peh, 2010). These displacements have been linked with
interspecific competition; a phenomenon called competitive
displacement. Elimination of a species in a given habitat by
another where one possesses the identical ecological niche of
the other" (Boyero et al., 2014).

There are two categories of competition: interference
competition and exploitation competition. In the realm of
competition, exploitation competition occurs when one
species demonstrates greater efficiency than its competitor in
locating, harvesting, or utilizing a particular resource. When
one species actively reduces the resources access to other
species (Holway & Suarez, 2006). Various mechanisms exist
through which a species can control resource access, leading
to the displacement of another species. Direct aggressive
interactions serve as a means for one species to monopolize
resources, exemplified by the invasive Linyphia triangularis
displacing native Linyphiidae spiders from both webs and
websites (Bednarski et al., 2010). By eliminating their food
sources, invasive species frequently pose a threat to native
species' ability to feed. Between infected and uninsulated
areas, there is a notable difference in the diversity of non-
native ants and the foraging behavior of native ants (Zina et
al., 2022).

Invasive species also cause displacement of native species
through predation and herbivory. It has been shown that
invasive predators negatively affect native communities by
disturbing important native predator-prey dynamics (Kimbro
et al., 2009). Sih et al. (2010), for example, have shown that
these disturbances can result from the direct consumption of
native species, but the direct consumer effect can also
indirectly benefit both native and nonnative prey species
(Rodriguez, 2006; Freeman et al., 2016). Non-native predators
and pathogens pose a significantly higher risk of causing the
extinction of native species (Gurevitch & Padilla, 2004).
Predation contributes a significant portion of the biodiversity
loss caused by invaders (Doherty et al., 2016), interference and
exploitative competition with invaders have also led to the
decline or displacement of native species (Kiesecker et al.,
2001; Reitz & Trumble, 2002).
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Predators can influence niche utilization, food availability,
and the functioning of prey without immediately effecting
their population structure (Miura & Ohgushi, 2011).
Consequently, S. frugiperda, a highly voracious pest
exhibiting cannibalism and predation behavior, has the
potential to prey on and outcompete stem borers in a shared
environment. Predation, therefore, may be considered a key
mechanism influencing population dynamics in the
communities of S. frugiperda and stem borers. Thus, it is
necessary to clarify its pivotal role in shaping the stemborer-S.
frugiperda community (Miura & Ohgushi, 2011).

Biologic invasions can significantly alter the composition,
structure, functions, and dynamics of natural ecosystem
(Barfknecht & Gibson, 2021). Invasive species are the major
threat to native species and biodiversity (Rodriguez, 2006;
Gentili et al., 2021). The fact that invasions cause massive and
quick losses of biodiversity and community structure is
supported by numerous studies (Kehoe et al., 2021). Around
the world, a variety of human activities are altering
environments, which is having a negative impact on the
species that live there. Biological resource use, pollution,
carbon emissions into the atmosphere that cause climate
change, aquaculture and agriculture, and residential and
commercial development are a few examples of these
activities (Bellard et al., 2016).

Effects of native species differ greatly among species,
geographic locations and ecosystems (Blackburn et al., 2014).
Effects of nutrient recycling mainly depend on the abundance
and trophic level of invasive species when compared with
invasive species (Bradley et al., 2019). Decomposition,
availability of nutrients, uptake of nutrients by plants and
grazing, all are controlled by soil microbiota (Wardle et al.,
2004; Bardgett & Wardle, 2010). Non-native species gain
success by breaking down the interaction between native plant
and soil communities (Reinhart & Callaway, 2006; Dawson &
Schrama, 2016; Ricciardi et al., 2017).

There are many native plant species that significantly
reshape the ecosystem to increase their persistence and
decrease the native species' number at the same time through
their feeding cycles that alter ecosystem structure and
functions that cannot be reversed. However, these invasive
species initiate the alteration in microbial communities
(Bowen & Stevens, 2020). Invasive plants and animals have
the potential to disturb nutrient cycling of the ecosystem and
soil structure in many ways. Earthworms invade an area and
cause nutrient deficiency in plants depicted in Fig 2.

Earthworm Uninvaded Plant Earthworm Invaded Plant
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Fig 2. Earthworm altering the nutrient cycling

Challenges with Invasive Pests

Wild pig (Sus scrofa) serves as an example of an invasive
species with the capability to cause considerable disruption to
sustainable ecosystems. Indeed, wild pigs are recognized as
ecosystem engineers due to their significant influence on and
modification of the environments they inhabit (Crooks, 2002,
Sandom et al., 2012). Disturbance by wild boars in Spanish
alpine grasslands resulted in decreased soil moisture,
alterations in carbon-to-nitrogen ratio (C: N), reductions in
ammonium (NH4 +) and extractable Na, Mg, and Ca in soil
solution, alongside an increase in bulk density, total nitrogen,
and nitrate (NO3") levels (Bueno et al., 2013).

Challenges in identifying and monitoring Invasive species

The identification and monitoring of invasive species are
challenging tasks requiring a well-thought-out plan. Accurate
identification of invasive species is challenging due to
mimicry and cryptic stages, necessitating the use of modern
techniques like DNA barcoding and genetic analysis. Early
detection and rapid response (EDRR) techniques include
community engagement and routine surveys. The use of
technology such as environmental DNA (eDNA) and remote
sensing can further enhance efficacy. A wider monitoring
network is expanded by citizen science initiatives and
smartphone apps, and the spread of invasive species can be
predicted with the use of prediction models based on
ecological and climatic factors. The National Invasive Species
Council and the Convention on Biological Diversity are two
international organizations that work together and share
information to boost the collective response. All things
considered, multidisciplinary cooperation that integrates
global cooperation, community involvement, and scientific
advancements is necessary for efficient invasive species
monitoring (Darling & Blum, 2007).

The utilization of satellite imaging and drones for
collecting comprehensive, real-time data across vast
geographical areas aids in detecting changes in vegetation
patterns (Royimani et al., 2019). Through the application of
eDNA techniques, it becomes feasible to identify genomes
from invasive species in air, water, or soil samples, offering a
non-intrusive and highly sensitive monitoring method (Larson
et al., 2020).The use of different sensors, such as sonic or
thermal sensors, to identify invasive species based on
biological or environmental cues (Juanes, 2018). Utilizing
UAVs for swift and adaptable surveillance in challenging
terrains enables efficient coverage of difficult-to-access
locations (Gonzalez et al., 2016).

The integration of advanced algorithms for analyzing vast
datasets aims to improve the accuracy and efficiency of
identifying and monitoring invasive species (Shivaprakash et
al., 2022).Citizen science involves the active participation of
individuals from the general public, often without formal
scientific expertise, in scientific research projects. Citizen
scientists collaborate with professional researchers to collect,
analyze and interpret data, contributing valuable insights to
various scientific fields. This collaborative approach expands
the volume and scope of research, enabling scientists to collect
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data across extensive geographic areas or undertake projects
that require a large number of people.

Citizen science projects play a significant role in enhancing
the surveillance and monitoring of invasive species. They
assist in tracking and recognizing the invasive species in the
following ways:

Citizen science programs frequently involve community
members in reporting invasive species occurrences via
dedicated applications or internet platforms. This
decentralized approach significantly broadens the spatial
scope of monitoring activities (Johnson et al., 2020). Invasive
species can be identified early by involving citizens in the
monitoring process. Due to their local expertise, community
members can detect changes in the ecosystem and quickly
report any invasive species occurrences (Johnson et al., 2020).
Citizen science activities function as educational tools,
promoting awareness of invasive species and their
environmental impact. More informed and proactive
community participation in monitoring activities is often the
outcome of this increased knowledge (Crall et al., 2013).
Citizen science involves the public in collaborative research,
using their contributions for data collection, analysis, and
reporting (Gallo & Waitt, 2011).

Taxonomic and identification challenges

Cryptic species are organisms that share a striking
morphological resemblance, or are nearly indistinguishable
from one another, but actually belong to distinct biological
species. Despite their visual similarities, these species exhibit
genetic, ecological, or behavioral differences, enabling their
differentiation at the molecular or functional level (Fiser et al.,
2018). For traditional taxonomic identification based solely on
morphological traits, cryptic species often pose challenges
because these traits may not reveal the underlying genetic
diversity. Due to their closely resembling physical features
with native or non-invasive species, cryptic invasive species
pose a challenge for taxonomists and field biologists who find
it difficult to differentiate them using standard morphological
markers (Jorger & Schrodl, 2013).

Although molecular techniques like DNA barcoding can
assist in identifying cryptic species, not all places have
established DNA databases for comparison, conducting
genetic analysis may require specialized skills and equipment
(Jorger & Schrodl, 2013). Cryptic intruders might have
geographic ranges that overlap with those of native species,
adding complexity to identification efforts. This overlapping
increases the risk of invasive species being introduced and
spreading unintentionally (Zhao et al., 2019). Taxonomic
identification is crucial for advancing scientific knowledge,
making well-informed conservation decisions, managing
ecosystems, and addressing various challenges, including
those posed by cryptic invasive species. It forms the basis of
our comprehension/understanding of nature, guiding policies
and practices aimed at preserving biodiversity and maintaining
ecosystem health.

Accurate taxonomic identification is essential for various
scientific, ecological, and practical reasons, especially when

dealing with the challenges posed by cryptic invasive species.
The importance of precise identification includes the
following:

Accurate identification is crucial for comprehending and
conserving biodiversity. Having accurate knowledge about the
identity of organisms is essential for evaluating species
distribution, abundance and conservation status. It also plays a
vital role in identifying and managing invasive species that
pose threats to native biodiversity (Creer et al., 2016). For
management and control strategies to be successful, accurate
identification of invasive species is essential. According to
Pysek & Richardson (2010), misidentifying a species can
result in inefficient management efforts or a delay in
responding, which can allow invasive species to spread and
cause harm to the environment and the economy.

CONSERVATION STRATEGIES AND
MANAGEMENT APPROACHES

The process of using living things to control the
proliferation of a particular pest is known as biological control
(Rice et al., 2015). The glasshouse whitefly (Trialeurodes
vaporariorum) and the parasitic wasp (Encarsia formosa)
were involved in the first successful applications of seasonal
inoculative biological control in protected agriculture.
Whiteflies and other greenhouse pests, such as spider mites,
thrips and aphids, prey on a variety of vegetable crops,
including peppers, tomatoes, and cucumbers, as well as
beautiful flowers. In addition to lowering yields and the market
value of goods sold based solely on appearance, these pests
also serve as a breeding ground for secondary illnesses like
sooty mould [Cladosporium sphaerospermum (Barzman et al.,
2014)].

Several Challenges and Ethical Consideration have
dominated the discussions concerning commercial producers
of arthropod biological control agents (Delfosse, 2005). The
first is the accuracy with which commercially available
arthropod natural enemies may be identified. It could be costly
and ineffectual to release the wrong natural enemy against the
intended pest. Thus, successful augmentation attempts require
correct identifications. Even taxonomic experts find it
extremely challenging to identify many beneficial species.
Because many parasites and predators are small in size and
raising operations are vast in scale, contamination of cultured
may be widespread. Accurate taxonomic key identification
and knowledge of specialized tools and preparation methods
are prerequisites for the correct identification of numerous
beneficial species. Plants, arthropod hosts as well as natural
enemies are the three trophic levels that are frequently reared
in large-scale arthropod natural enemy raising operations.
There aren't many efficient artificial meals available for
natural enemies or pest arthropods. Genetic alterations in the
colony throughout the rearing process may lessen the natural
enemy's efficacy after release. It takes a lot of work to maintain
a high calibre natural enemy, and quality control plans for
shipping, releasing, retaining, and rearing these enemies must
be created on a species-by-species or case-by-case basis
(Cappaert et al., 2005).
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Following the acquisition of a beneficial species, the user
needs to get precise instructions on how to store these
extremely perishable organisms and how to release them. The
user should be informed of how many to release, above
anything else. When too few pests or predators are released, or
when pest populations are abnormally high, it can cause severe
crop damage and undermine the effectiveness of
augmentation. The consumer should be informed that the
releases are experimental in cases when commercial producers
do not have precise information on suitable release rates and
timing (Kaur, 2008).

The synthetic or natural chemicals used in diverse
agricultural operations to manage weeds, pests and plant
diseases are known as pesticides. A vast variety of herbicides,
insecticides, fungicides, rodenticides, nematicides, etc. are
classified as pesticides. As agriculture developed, pesticides
became an essential tool for protecting plants and increasing
crop productivity. Since insect infestations cause over 45% of
the world's food output to be lost annually, effective pest
management utilizing a variety of pesticides is necessary to
combat pests and boost crop yields (Abhilash & Singh, 2009).
The first insecticide to be manufactured in India was benzene
hexachloride, which was followed by DDT in 1952. The
production of insecticides skyrocketed. India produced more
than 5000 metric tons of pesticides in 1958; by the mid-1990s,
145 pesticides had been registered, and the majority of the
pesticides produced were insecticides. India ranks twelfth in
the world for pesticide manufacture and is one of the major
Asian producers, generating 90,000 tons of pesticides annually
(Gupta, 2004).

Since the term "integrated control" was first used, which is
described as "applied pest control which combines and
integrates biological and chemical control," integrated pest
management, or IPM, has greatly advanced. In response to
insect epidemics brought on by the eradication of natural
enemies and the rise of pesticide resistance, entomologists first
devised the notion when confronted with the widespread use
of broad-spectrum insecticides without a specific purpose or
intention. All facets of plant protection are now covered by
IPM. In an effort to mainstream it throughout the European
Union, it is the focus of renewed attention in European policy,
research and extension. This difficulty is addressed in the EU
Framework Directive 2009/128/EC on sustainable utilization
of pesticides (Barzman et al., 2014).

Despite the fact that different approaches have made it
more difficult to quickly integrate restoration and
conservation, ecological restoration which the Society for
Ecological Restoration defines as the process of "assisting the
recovery of an ecosystem that has been degraded, damaged, or
destroyed" has grown to be a crucial part of contemporary
conservation paradigms. Over the past five years, ecological
restoration has also been incorporated into sustainable
economic strategies and global and regional biodiversity
policies. In the context of CBD and EU biodiversity policy,
ecological restoration plays three distinct but concurrent roles:
it is an aim, an objective, and a tool. This makes it difficult to
genuinely improve the planet's biodiversity situation. Since the
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EU policy lists restoration as one of its objectives, achieving
the goal by using a tool to hit a numerical target turns the goal
into an accounting exercise. In order to reach the objective,
parties are motivated to count as much territory as possible as
restored (Suding, 2011).

In addition, restoration projects might need to consider
potential invasive species (sometimes known as "sleepers")
that are already present on a project site and incorporate
eradication or control strategies into management plans. In
situations where controlling them would be impractical, some
IAS might theoretically have an acknowledged place in a
restoration strategy. In addition, they might be beneficial to a
newly forming novel ecosystem (Corlett, 2016).

FUTURE PERSPECTIVES

Innovative techniques for invasive species detection,
identification, reporting and response recommendation for
promoting additional developments in relevant technologies.
Technologies are being used by federal agencies to increase
programmatic  effectiveness and cost-efficiency. The
infrastructure of research facilities could be improved, data
could be mobilized on a wide range of invasive species
parameters (from genetic to landscape scales), important
technological gaps could be supported and promoted (e.g.,
portable, field-ready devices with automated capacities), and
more resources could be allocated to technology prizes and
challenge competitions. In contrast to human and other animal
intelligence, artificial intelligence (Al) refers to the capacity of
robots to learn and use knowledge (Martinez et al., 2020).

Insect pest populations can be eliminated or replaced by
species-specific genetic-control techniques, which add another
useful toolkit for efficient integrative pest management.
Dipteran and lepidopteran species have been the main focus of
modern methods for the genetic control of disruptive insects.
There are still many obstacles to overcome even if these
genetic-control techniques are highly developed and, in many
circumstances, practically ready for field use. Gene-editing
technology is an emerging therapeutic approach with target-
sequence- specific designed nucleases that manipulate the
eukaryotic genome. Gene editing technology is proving to be
extremely advantageous in enabling precise genome sequence
correction, which is why gene editing-based therapy is rapidly
being explored as a next-generation therapeutic method to treat
many disorders (Shim et al., 2017).

Following decades of ecological and economic
consequences from a growing list of non-indigenous and
invasive species, government and management bodies are
committing to systematic early- detection monitoring (EDM).
EDM development has focused on two opposing strategies on
answering the issue of what to monitor. The first method,
known as target-species monitoring, looks for pre-identified
species of concern. The second, known as broad-spectrum
monitoring, looks for any new NIS within large taxonomic
groups. Broad-spectrum monitoring yields biodiversity data
important to assessing NIS impacts and other ecological
concerns, while also facilitating the discovery of unanticipated
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NIS. While target-species monitoring most directly and
effectively integrates knowledge of impending NIS. Target-
species monitoring and broad-spectrum monitoring, which are
sometimes  distinguished from passive versus active
surveillance, are both important additions to a surveillance
toolkit. Many studies have shown that shed DNA, sometimes
known as environmental DNA or eDNA in literature, can
recover biodiversity data important for broad-spectrum
monitoring as well as disclose the presence of hard-to- find
animals (Tzrebit et al., 2017).

By eradicating winter hypoxia and cold temperatures that
currently hinder survival and by encouraging the creation of
reservoirs that act as hotspots for invasive species, climate
change will affect the likelihood of new species getting
established. By strengthening their competitive and predatory
effects on native species and by making some illnesses more
pathogenic, climate change will alter the ecological
implications of invading species. Invasive species that
presently have only mild effects or are restricted by seasonally
unfavorable conditions may require new prevention and
control approaches, such as barrier construction or removal
operations, as a result of climate change. The relationship
between invasive species and climate change is complicated
(Rahel & Olden, 2008).

Given the continuous worldwide change, a species,
climatic niche, which can vary over time or across different
geographic regions, has grown in significance (Guisan et al.,
2014). The anisotropic nature of climatic space may produce
significant (and to a large degree underestimated) non—
evolutionary niche alterations. The ecological niche model’s
geographical transferability is primarily the context in which
this can be observed. When ecological niche modelling
indicates changes in the realized niche, the most economical
theory is that environmental space is heterogeneous. It is not
advisable to speculate on the evolution of niches or the
involvement of competitors without taking into account
variations in the structure of the surrounding environment.
Predicting the possible ranges of invasive species is becoming
more and more common with ecological niche modelling
(ENM). Conservatism in the characteristics of the ecological
niche basically, the notion that the position and form of the
fundamental ecological niche change slowly in relation to the
process of invasions, is a key premise that makes such
exercises possible. If a species’s basic niche is not preserved,
it may be able to spread to new parts of the globe with
drastically different environmental conditions than it did in its
native habitat, making the phenomenon completely
unpredictable (Soberon & Peterson, 2011).

Invasive alien species (IAS) are among the greatest dangers
to biodiversity. Initiative-taking conservation programs should
give priority to practical management measures that prioritize
prevention, monitoring, and early control as they are the most
effective means of mitigating the impacts of IAS. The situation
of local populations can be significantly improved by IAS
eradications and mitigation strategies, should IAS become
established (Falaschi et al., 2020). Since invasive alien species
pose a serious threat to local plants, they must be kept out of
areas designated for plant conservation, particularly when
those species are endangered or endemic. The coordination

and operation of federal environmental agencies is essential to
(1) designate priority areas for biological invasion prevention
and management (2) manage invasive alien species and lessen
their impacts (Dechoum et al., 2021).

CONCLUSION

The biodiversity of world is rapidly decreasing due to both
direct and indirect human activities and the major causes are
invasive species, pests (mainly invertebrate pests) and
anthropogenic activities include mining, releasing industrial
waste, smelting arsenic ore, burning fossil fuels, especially
coal, using arsenic-loaded irrigation water, and creating
fertilizers, insecticides, and herbicides using arsenic as an
ingredient. It has been shown that invasive predators
negatively affect native communities by disturbing important
native predator-prey dynamics. So, Conservation biologists
deal with risk assessments to scrutinize the potential
invasiveness of species before introduction or to evaluate the
potential impact of existing species. Biological, chemical and
cultural techniques are used by conservation biologists in
integrated pest management strategies to manage invasive
species with the least amount of damage to non-target species.
The Convention on Biological Diversity’s worries about alien
invasive species led to the creation of the Global Invasive
Species Program (GISP). The World Conservation Union
(IUCN), CAB International, and the Scientific Committee on
Problems of the Environment (SCOPE) oversee the Global
Index of Scientific Programmes. Its objective is to enhance
biological invasion control and prevention.
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