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Insect Conservation and
Management: A Need of the Hour
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Abstract

Insects play a very vital role in divergent ecosystems and have gained great
economic and medical importance as pollinators, pests, predators, parasitoids, decom-
posers and vectors. With the large-scale practice of synthetic pesticides, the dimin-
ishing rate of beneficial and pollinator insects is increasing rapidly. Environmental
pollution, climate change, global warming, urbanization, industrialization and some
natural calamities like wildfires add more fuel to the acceleration of insect decline all
over the world. Alternative steps should be employed to replace the toxic pesticides
and implementation of integrated pest management (IPM) should be put forward to
reduce the overuse of synthetic pesticides and fertilizers, which have a great impact on
beneficial insects as well as birds, aquatic organisms, and also on human health. The
present study aims to create awareness among the researchers and general public by
providing a brief review of insect importance, decline and conservation strategies.

Keywords: Insects, Pollinators, Insecticides, Climate Change, Insect decline,
Conservation

1. Introduction

The most prevailing species ever to possess earth are Insects [1]. The amplified
depiction of their body is a positive component to withstand in any environ-
mental conditions. These six-legged creatures came to occupy the earth in the
Devonian period and turned into the predominant animal’s earth ever witness [2].
Unexpectedly, the insects ought to be appraised as exceedingly abundant creation, in
light of the fact that with such an outfitted depiction of the body makes them domi-
nating and the level of triumph achieved by a class of life frame inside invertebrate
phyla [3]. With such a significant number of roles and the most noteworthy number
of species in any population influences them prevailing life to shape on the earth.
Insects are vital due to their diverseness, ecological character, and impact on farm-
ing, human wellbeing, and natural resources. Insects are viewed as the dominant
animals on earth with their main competitors as humans. Humans have been relying
upon the insects for the pollination of crops, honey, silk, lac and many other ecologi-
cal services that insects provide in different ecosystems [4]. In an ecosystem, there
are countless species of insects with their distinguished roles either associated with
crops or other organisms in a particular location. The relationship of an insect with
a crop or any other organism does not really imply that the species is a pest of that
crop or animal. Most of the crops which needed pollination for their development
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are being pollinated by most of the insects, which are the prime agents of pollination
among flowering plants [5]. Insects are very crucial for the appropriate functioning
of many food chains and food webs. From nymphs of dragonflies as top predators
of insect food-chains in aquatic ecosystems to grasshoppers, flies, butterflies and
so on as primary consumers in many grassland biomes [6, 7]. Insects act as preda-
tors, parasitoids, herbivores, decomposers, sanguivores, parasites and also help in
nutrient cycling. Insects play a very important role in decomposition which includes
breakdown of waste, dead plant and animal matter, thus helps in remediation and
recycling of our ecosystems [8]. The biological foundation for all terrestrial eco-
systems is the insects with innumerable roles not limited to terrestrial ecosystems
nevertheless they provide many useful services in and around the aquatic and
agricultural ecosystems as well. Forensic and medical entomology involves the
study and investigation of many insect species. From maggots of blowflies to larvae
of mosquitoes, the advancement in the science of forensics and vector biology is
only possible because of the deep investigation of these insect species which have
changed the history of human intellectual. From the Devonian period to the pres-
ent era of technological advancements, earth has witnessed these six-legged flying
animals which dominated both the skies as well as the terrains [9]. As the over-use
of synthetic pesticides, expansion of agriculture, urbanization, industrialization,
environmental pollution, rising temperatures, climate changes came into existence,
the insect species are becoming no longer the dominant animals on the planet and
the risk of being threatened and receiving extinction is on the verge till this day [10].
The unending requirement of food for the fast-growing human population
of the world has created havoc among the diversity of insects and other animals
from different taxa by the manufacturing of toxic agrochemicals including pes-
ticides sprayed on the crops for the eradication of pests [11]. The repeated use of
these toxic pesticides sprayed in crop fields not only eradicate the pests, but also
directly responsible for the decline of beneficial insects, which are having a great
value to carry out the process of pollination and being as predators and parasitoids
to check the diversity of insect pests in the natural ecosystem. Besides the damage
done by the continuous application of synthetic pesticides on the insect biodiver-
sity, there are many factors which are equally responsible for the insect decline. The
fast-growing human population gave rise to the wide-spread expansion of urban-
ization, industrialization and assemblage of building and road network construc-
tions which sequentially steered to the deforestation, habitat fragmentation and
biodiversity loss. On contrary, climate change, rising temperatures, environmental
pollutions are some of the main drivers of the global insect decline [12]. The
introduction of alien and invasive plant species has also affected the insect diversity
to some extant as the insects are mostly adapted to native plant and tree species.
Implementation of conservation and management strategies of insects are need of
the hour as the insect populations are falling at very higher proportions. The endan-
gered and critically endangered insect species should be given top priority in terms
of conservation. Additional insect surveys and field visits must be supported so that
monitoring should be directed for proper analyzing and scrutinizing of endangered
insect species. Comprehensive research studies, Citizen science projects could be
implemented at a very large-scale, so that populations of insects and their diversity,
richness and abundance can be monitored easily.

2. Importance of insects: a general concept

Insects are one of the dynamic groups of organisms in the kingdom animalia.
The distinguished roles played by Insects in all biological systems makes them one
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of the prevailing class, earth at any point saw (Figure 1). The potential to withstand
in any climatic condition, light weight, small size, flight capability makes them
significantly versatile to endure and reproduce more faster than some other living
forms on the planet. Insects were the first animals to ever develop the ability to fly.
Since evolution usually works with what it has; new body structures do not crop up
very often. However, in case of insects, they did not use modified limbs to fly. The
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A flowchart showing the importance of insects (Designed in MS PowerPoint by Muzafar Riyaz)
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insect wings are a brand-new innovation in their physiology. The development of
wings among them is so unusual that scientists are still working on, and arguing
about how and when insect wings first came about. Nearly more than 1 million
insect species have been discovered so far and scientists estimate that there could be
million more waiting to be discovered. The faster reproductive rate, flight ability,
light weight, unique body structures and major roles in different ecosystems makes
them most dominant animals the earth has ever witnessed.

Insects play major roles in our environment however; insects are some of the
most misunderstood and underappreciated animals on earth due to their capacity to
destroy crops and carry diseases. Yet, insects are very crucial for better functioning
of many ecosystems. One of the most important services that insects deliver is the
pollination. Insects help in pollination of around 80% of the angiosperms across the
globe [13]. Insects are very important in systematic functioning of many food chains
and food webs as they provide food for many animals including birds, amphibians
and reptiles. There are many significant assets that insects have been provided to
Humans like Honey, Silk, Lac, Wax etc. Besides feeding on our crops and vegetables
as pests, numerous insect species play crucial roles in eliminating many pest species
as predators and parasitoids. Many predatory and parasitoid species of insects feed
on Mosquitoes, aphids, pest caterpillars and mealybugs that destroy fruits and veg-
etable crops, therefore act as biological control agents in our ecosystems. Insects have
been used in molecular and genetic studies, forensic sciences and many other bio-
logical studies including therapies. Many insects such as dragonflies act as biological
indicators in the environment [14]. These species help in monitoring the biological
quality of water as there are very sensitive to pollution. Most of the insect species
help in environmental remediation as they spend most of their lives under water
or inside soils. Insects play a very crucial role in the decomposition of plant and
animal matter. The role of insects is so crucial that if insects and other land-dwelling
arthropods were to become extinct, then it would sound death knell for all the
earthlings. Majority of the birds, reptiles and mammals and amphibians would soon
fizzle out to extinction. Next in line be the flowering plants, the physical structure
of the forests and soon other terrestrial habitats will suffer an equatorial damage due
to the disturbance in the food chains and food webs. Apart from ecosystem services,
insects have been mentioned in folklores of many tribes and communities of peoples
from all over the world. Many traditions across globe have considered insects as the
treasures of the world. The ecosystem services delivered by insects on the planet
are innumerable. However, due to some anthropogenic activities the populations
of many insect species are rapidly running towards the engenderment. The large-
scale utilization of synthetic pesticides has created a havoc among beneficial insect
populations. Apart from synthetic pesticides, climate change, cryptic and alien plant
and animal species are also responsible for the decline of insects.

3. Impact of anthropogenic activities on Insect diversity

One of the most common misconceptions about insects is the pest nature. Since,
many of the species among different insect orders and families are pests however,
not all of the insects are pests. A lot of this is based on the personal opinions of com-
mon people which need to be changed fundamentally by taking initiatives such as
public awareness and citizen science. Global decline of insects is a very big problem
that we are witnessing in the present era and a lot of people are not aware of what’s
happening and it’s difficult to understand because the insects are seemingly every-
where. A lot of studies have revealed that the insects are disappearing at a high rate
with estimates suggesting to 40% of the species in class Insecta will disappear in
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the couple decades [15]. The trend is pretty clear that insects are disappearing both
in species and in number as well. The decline of insect biodiversity across the globe
falls on many anthropogenic activities like habitat destruction through deforesta-
tion, hunting, expansion of agriculture, industrialization and urbanization. Large-
scale intensification of agricultural activities has resulted in decline of populations
among the insects. The enormous utilization of synthetic pesticides is a result of
the expansion of agricultural activities and adds as one of the top drivers of insect
population decline (Figure 2). Besides the impact of synthetic pesticides on insects,
many other factors are also responsible for their decline. Destruction of pond and
wetland habitats, increasing temperatures, introduced species, ecological traits,
pollution, wildfires are some of the key factors which are associated with the decline
of insect populations across the globe (Figure 3). According to many reports, order
Coleoptera (Beetles and weevils) is being highly affected by the habitat change
followed by orders Hymenoptera (Bees and Wasps), Lepidoptera (Butterflies and
Moths), Odonates (Dragonflies and Damselflies) and other terrestrial and aquatic
insects. Pollution, climate change and biological traits are one of the main drivers
associated with the vastly declining of insect species from the order Coleoptera
followed by Hymenoptera, Lepidoptera, Odonata and other group of insects. These
factors have caused a very huge damage to insect populations. As revealed by many
studies across the globe, a very large of insect species such as Dung beetles followed
by the bees, moths and butterflies are vulnerable and rapidly heading towards the
endangerment. A decline of over <30% proportions of particular insect order can
be seen among the Coccinellid beetles followed by the orthopterans, butterflies,
hymenopterans and in case of aquatic insect species from the order Odonata fol-
lowed by Ephemeroptera, Plecoptera and Trichoptera [16-19].

Global warming and climate change are equally responsible for the decline of
insect populations. The insects of temperate regions across the globe are among
the most affected species of insects. Insect species such as dragonflies, stoneflies
and bumblebees which are adapted to cold climates and higher altitudes are being
affected by the rising temperatures in temperate regions of the world. Besides, the
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Drivers of insect decline (Designed in MS PowerPoint by Muzafar Riyaz).
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" Butterflies

Figure 3.
Impact of synthetic agrochemicals on different species of insects. (Photos by Muzafar Riyaz,).

insects from the rainforests of Caribbean islands have been drastically affected

by the climate change. Almost half of the insect populations across the globe are
affected by the global warming and climate change trends [20]. Other factors that
are equally responsible for the insect decline are persistent halogenated hydrocar-
bons, metal pollution, heavy metals. These pollutants often discharged into rivers,
lakes and ponds which lead to in an innumerable impact to the aquatic insect fauna.
Industrial spills which are very toxic not only affect the aquatic insect fauna but
also other forms of life residing in both fresh and salt waters. On contrary, natural
calamities such as wildfires, cyclones and so on have also made a huge impact on the
reduction of insect populations. Many endemic insect species are believed to face
extinction due to the recent wildfires in Australia.

4. Conservation and management of insects

Insect decline is very complicated as it is been driven by many anthropogenic
and natural activities. Th populations of insects are disappearing at an alarming rate
and the total mass of insects is falling by a staggering 2.5% a year [21]. Insect species
such as beetles, ants, bees are disappearing eight times faster than mammals, birds
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or reptiles. The population of monarch butterflies in the United States reduced by
90% in the last 20 years [22]. Insects outweigh every other animal and make up
around 70% of all animal species on the planet, however there are reports of wide-
spread decline of insect species from every corner of the world. Since, the humans
have been worried about the bees for a while however, the concern for overall insect
decline is much bigger than just the bees.

Insect decline is indeed problematic that we need to tackle as these animal spe-
cies are very important for proper functioning of our ecosystems. The implementa-
tion of conservation and management strategies is a need of the hour. The following
steps need to be implemented for conservation of the insect species (Figure 4):

a.Native plant species should be given the importance as compared to inva-
sive plant species, since most of the insects rely on the friendly plantations
around them.

b.The rapidly growing urbanization and industrialization must be designed in
eco-friendly ways.

c.Alien and cryptic plant and tree species should be removed as most of the
insect species are poorly adapted to these plant species.

Biodiversity Removing

Insect friendly friendly Alien plants

Regenerating

Figure 4.
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d.Deforestation is one of the major issues in terms of the biodiversity loss and
insect decline. Regeneration of the forests is a need of the hour, since forests are
the common home to all wild fauna including the insects.

e. The large-scale extension of agricultural activities must be regulated and
managed in a proper channel. Organic farming should be implemented in way
which support crop yield as well the biodiversity around.

f. With the use of botanical pesticides, the extensive utilization of synthetic
pesticides can be controlled to some extent.

g. With nanotechnological approaches like use of nanopesticides and nanofer-
tilizers will help in reducing the wide-spread utilization of insecticide
pollution.

h.Use of synthetic pesticides which not only affects the life from different taxa
but costs the human health as well [23]. Alternative to these synthetic pesti-
cides are the biological control agents such as insect predators and parasitoids
which are also the core component of ecological intensification in Integrated
Pest Management (IPM) [24, 25].

i. Implementing small farm ponds in the agricultural fields will aid in restoration
of aquatic insect taxa like dragonflies and stoneflies.

j- Public awareness is one of the key factors in conserving and managing the
insect decline. In these times of technology and fast-growing civilizations,
people are ignoring the ecological services of nature and natural ecosystems.
People should be made aware of the importance of insect diversity and our
biodiversity wealth and their conservation and management.

k.Public awareness should be made through campaigns, seminars, conferences
about the insect diversity and conservation.

1. Rather than sharing memes on the social media, general people must be trained
for sharing the benefits of insects and their conservation aspects.

m. Citizen science aims at increasing scientific knowledge through collaboration
and public participation in scientific research. With this initiative, people
from different parts of the world take part in such activities and share and
contribute to data monitoring and collection programmes. Citizen science
allows people to enhance their scientific temperament in the fields and
empowers communities to observe nature and with the collective efforts to
conserve as well. Across the globe, majority of people are been taking part in
such activities and people are very enthusiastic about sharing and collabo-
rating to scientific research. More citizen science projects must be initiated
in the future as well so that more discoveries of species can be made and
together with the public, scientists and researchers will be able to solve the
insect decline problems.

n.Diversity studies of the most of the insect orders have been ignored in case of
Collembola, Ephemeroptera, Neuroptera, Plecoptera which are having many
ecological roles and services.
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o.Monitoring should be carried out for each and every insect species, so that data
should be utilized in the conservational strategies.

p-Research is one of the main aspects for monitoring both the insect decline and
cause of the decline. Researcher’s and Scientists across the globe should be
invigorated to study some of the major aspects of insect decline which have
not been adequately studied. These include, impact of industrial chemicals on
insects, heavy metals, thermal biology etc.

q.Funding is a very core aspect in surveying, monitoring, data analysis and labo-
ratory studies. A lot of funding agencies across the globe play an important role
in conservation and management of the animals. Focus should be also given to
insects which are heading towards the apocalypse.

r. Journals and publishers must process faster in reviewing the articles, papers,
chapters concerning the insect conservation and management and should be
made freely accessible to all.

5. Discussion and conclusion

Insects perform all sorts of important ecological roles without which ecosys-
tems could not function. The biodiversity crisis in the present era has resulted in
the loss of species from our planet faster than has happened for 65 million years,
since the dinosaurs were wiped out by a meteor. The perception about the con-
servation for most of the people is that it’s about large animals like tigers, pandas,
polar bears and so on and that’s what where most of the attention goes and trying
to prevent those creatures from going extinct. However, while focusing on the
mammalian and other species conservation we have missed the bigger picture
that is been going on in our environment which is the quite disappearance of the
insects. The disappearance of the insect species has been going on for a long time.
Insect biodiversity needs to be preserved in order to preserve both the flora and
fauna of the earth. Biodiversity has been very important to human history and
culture as humans are totally depend on both plants and animals which live around
them for food as well as for cultural value and they make our ecosystems healthy
in which humans take shelter and yet so much of it is under threat. Nature has a
lot of value and biodiversity is the basis of life. One of the biggest consequences
of a more developed and more technological world is that people flock to cities
which resulted in making humans more gentrified and more separate from the
nature. As we are aware of the fact that insect biodiversity is declining dramatically
all across the globe. It is very important that we have information management
systems to know what’s happening and what drivers are causing the insect decline,
so that management strategies should be implemented for the conservation of
the entomofauna. The importance of the insect fauna cannot be over-emphasized
as it is very important for proper balancing of our ecosystems and ecosystems
services they provide. Insects are fueling a wide range of ecosystems services
that we essentially need as humans to survive. However, it is very important that
even before we can save them, we need to get to know about them. The better and
advanced decisions are needed in these times of insect biodiversity loss and much
care is needed of all the insect fauna that are in threat to become endangered or
extinct. The knowledge about these species is very important for their conserva-
tion and management. The above-mentioned steps need to be implemented as far
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as we can, so that our future generations will get to see the natural heritage of our
planet. Ultimately biodiversity will become important once it means something to
each and every individual.
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