Available online at

ISSN (E): 2583 - 1933

http://currentagriculturetrends.vitalbiotech.org/

Current

i
&

4
~,
N

N \

N \-4

b v
N >

cre
LK

r e

¢ b

Trends:

e-Newsletter

7 | Agriculture

Curr. Agri.Tren.:e- Newsletter, (2024) 3(8), 1-4

Article ID: 326

The Impact of Climate Change on Insect Pest Dynamics

Koushik Garai*

Ph.D. Research Scholar,
Department of Agricultural
Entomology, Palli Siksha
Bhavana (Institute of
Agriculture), Visva Bharati,
Sriniketan, 731236, Birbhum,
West Bengal, India

Open Access

Article History
Received: 10.08.2024
Revised: 16.08.2024
Accepted: 20.08.2024

This article is published under the
terms of the Creative Commons
Attribution License 4.0.

INTRODUCTION

Climate change is reshaping ecosystems globally, with
profound effects on the dynamics of insect pests. Insect
pests, which already pose significant threats to agriculture
and biodiversity, are responding to rising temperatures,
altered precipitation patterns, and shifting habitats. These
changes are influencing their life cycles, distribution, and
interactions with both crops and natural enemies, leading to
more frequent and severe pest outbreaks (Petzoldt &
Seaman, 2024; Bebber et al., 2023). This article explores
how climate change is impacting insect pest dynamics, with
a focus on agriculture. It covers key factors such as
temperature, precipitation, and phenological shifts, supported
by recent research and case studies.

Temperature and Pest Development

Temperature is a critical factor in the life cycle of insects. As
ectothermic organisms, insects rely on external temperatures
to regulate their metabolic processes. Climate change,
particularly global warming, has led to accelerated
development rates in many insect species, resulting in shorter
life cycles and more generations per year (Petzoldt &
Seaman, 2024). This can increase the population density of
pests, intensifying the pressure on crops.

For example, the European corn borer (Ostrinia
nubilalis), a major pest of maize, is now completing more
generations per season in response to warmer temperatures.
This increase in generations has led to greater crop damage
and higher control costs for farmers (Bebber et al., 2023).
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Table 1: Impact of Temperature on Insect Pest Development (Petzoldt & Seaman, 2024)
. Temperature Effect on Development Impact on
Insect Species -
Increase Cycle Agriculture
Eurgpe_an Corn Borer (Ostrinia +2°C Increased generations More frequent crop
nubilalis) damage
Diamondback Moth (Plutella +15°C Accelerated growth Higher populatlon
xylostella) density
Colorado Potato Beetle (Leptinot . .
° ora'o otato Beetle (Leptinotarsa +2.5°C Longer feeding period Increased crop loss
decemlineata)

These findings demonstrate the direct link
between rising temperatures and increased pest
pressure on crops.

Shifts in Geographic Distribution

As temperatures rise, many insect species are
expanding their geographic range, moving into
areas that were previously too cold for their
survival. This shift is particularly concerning
for agricultural regions that have not
historically dealt with certain pests and may
lack the necessary infrastructure or knowledge

to manage them effectively (Bebber et al.,
2023).

For instance, the olive fruit fly
(Bactrocera oleae), traditionally confined to
Mediterranean climates, is now being reported
in more northern regions of Europe due to
warming temperatures. This range expansion
poses a new threat to olive production in areas
that were previously unaffected (Petzoldt &
Seaman, 2024).

Table 2: Geographic Range Shifts in Insect Pests Due to Climate Change (Bebber et al., 2023)

Insect Species Original Range New Range Crops Affected
Olive Fruit Fly (Bactrocera oleae) Mediterranean Region Northern Europe Olives
Fall Armyworm (Spodoptera Tropical and Subtropical Southern Europe, Maize, rice,
frugiperda) Americas Africa sorghum
Red Palm Weevil (Rhynchophorus South Asia, Middle East Southern Europe Palm trees
ferrugineus)

These range shifts highlight the global nature
of the threat posed by climate change to
agricultural systems.

Phenological Mismatches

Climate change is also causing phenological
mismatches—timing discrepancies between
the life cycles of pests and their host plants or
natural enemies. These mismatches can
exacerbate pest outbreaks by allowing insects
to exploit crops at more vulnerable stages or

by reducing the effectiveness of biological
control agents (Bebber et al., 2023).

For example, in some regions, warmer
springs are causing apple trees to bloom
earlier, while their primary pest, the codling
moth (Cydia pomonella), is emerging later.
This desynchronization can initially reduce
damage but may also lead to a second wave of
pest activity later in the season, complicating
pest management efforts (Petzoldt & Seaman,
2024).

Table 3: Phenological Mismatches in Agriculture Due to Climate Change (Bebber et al., 2023)

Crop Pest Species

Phenological Shift

Impact on Pest Dynamics

Apple | Codling Moth (Cydia pomonella)

Later emergence

Potential second-generation outbreaks

Wheat | Hessian Fly (Mayetiola destructor)

Earlier plant growth

Increased early-season infestation

Grapes | Grape Berry Moth (Paralobesia viteana) | Mismatch with predator species | Reduced natural pest control
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These mismatches complicate the timing of
pest management interventions and may
require new strategies to be effective.
Precipitation and Pest Dynamics

Changes in precipitation patterns, including
increased frequency of droughts and extreme
rainfall events, are also influencing insect pest
dynamics. Drought conditions can stress crops,
making them more susceptible to pest
infestations, while heavy rainfall can disrupt

the life cycles of both pests and their natural
enemies (Petzoldt & Seaman, 2024).

For example, drought-stressed crops often emit
chemical signals that attract pests like aphids
and spider mites, leading to increased
infestations. On the other hand, excessive
rainfall can wash away insect eggs or disrupt
the activities of parasitoids, reducing their
ability to control pest populations (Bebber et
al., 2023).

Table 4: Precipitation Effects on Insect Pest Dynamics (Petzoldt & Seaman, 2024)

Precipitation Change

Impact on Pests

Example Species

Drought

Increased pest attraction to stressed crops

Aphids (Aphidoidea)

Heavy Rainfall
control

Disruption of pest life cycles, reduced biological

Corn Rootworm (Diabrotica
spp.)

Irregular Rainfall Patterns

Increased pest population fluctuations

Grasshoppers (Acrididae)

These precipitation-related impacts highlight

the complex interactions between climate

change and pest dynamics.

Case Studies: Climate Change and Pest

Outbreaks

1. Fall Armyworm in Africa: Originally a
pest of the Americas, the fall armyworm
(Spodoptera  frugiperda) has spread
rapidly across Africa due to favorable
climate conditions. Its ability to thrive in
warmer temperatures and its voracious
appetite for maize and other staple crops
have led to widespread agricultural losses

and food security concerns (Bebber et al.,
2023).

2. Pine Beetles in North America: The
mountain pine beetle (Dendroctonus
ponderosae) has devastated pine forests in
North America, with warmer winters
allowing more beetles to survive and
reproduce. The resulting outbreaks have
killed millions of trees and disrupted
ecosystems, demonstrating the destructive
potential of climate-driven pest expansions
(Petzoldt & Seaman, 2024).

Table 5: Case Studies of Climate Change-Driven Pest Outbreaks (Bebber et al., 2023; Petzoldt & Seaman, 2024)

Pest Species ;?3;?: d Climate Change Impact Consequences
Fall Armyworm (Spodoptera Africa Range expansion due to warming Crop losses, food
frugiperda) temperatures insecurity
Mountain Pine Beetle North Warmer winters, more beetle Massive forest die-offs
(Dendroctonus ponderosae) America generations

These case studies illustrate the far-reaching
impacts of climate change on pest dynamics
and highlight the need for adaptive
management strategies.
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Strategies for Managing Climate-Driven
Pest Dynamics

Addressing the challenges posed by climate
change on insect pest dynamics requires a
multi-faceted approach that includes:
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1. Integrated Pest Management (IPM):
Adapting IPM strategies to account for
changing pest dynamics is essential. This
includes monitoring pest populations more
frequently, adjusting pesticide application
timing, and incorporating biological
control agents that can withstand changing
environmental conditions (Petzoldt &
Seaman, 2024).

2. Climate-Resilient Crops: Developing and
deploying crop varieties that are more
resistant to pests and better adapted to
changing climates can reduce the impact

of pest outbreaks. This includes breeding
for traits like drought tolerance and
resistance to specific pests (Bebber et al.,
2023).

3. Early Warning Systems: Investing in
early warning systems that use climate
data to predict pest outbreaks can help
farmers take proactive measures to protect
their crops. These systems can be
integrated with remote sensing and loT
technologies to provide real-time updates
on pest activity (Petzoldt & Seaman,
2024).

Table 6: Strategies for Managing Climate-Driven Pest Dynamics (Bebber et al., 2023)

Strategy Description

Benefits

(IPM)

Integrated Pest Management | Adaptive pest control strategies

Reduces pest pressure, minimizes
pesticide use

Climate-Resilient Crops
adaptability

Breeding for pest resistance and climate

Enhanced crop resilience, reduced losses

Early Warning Systems
data

Predictive tools using climate and pest

Proactive pest management, reduced
crop damage

These strategies highlight the importanceto
mitigating the impact of climate change on
pest dynamics. As the climate continues to
change, implementing adaptive strategies will
be crucial for safeguarding agriculture and
ensuring food security.

CONCLUSION
Climate change is having a profound impact
on insect pest dynamics, leading to increased
pest pressures on crops and shifting pest
distributions. The acceleration of pest
development  cycles, geographic range
expansions, and phenological mismatches are
some of the key challenges that farmers and
agricultural systems face due to rising
temperatures and changing precipitation
patterns. To address these challenges, it is
essential to adopt adaptive management
strategies, such as integrated  pest
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management, the development of climate-
resilient crops, and the use of early warning
systems. By staying ahead of these changes,
the agricultural sector can mitigate the risks
posed by climate-driven pest outbreaks and
ensure the continued productivity and
sustainability of food systems (Petzoldt &
Seaman, 2024; Bebber et al., 2023).
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