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Abstract:

Climate change due to human activities and industrialization is nowadays the biggest threat
to biodiversity. Insects are highly susceptible to climatic change, particularly to fluctuations
in moisture and temperature. Here we have discussed about different types of responses
shown by insects to adjust with changing environmental conditions including shift in
geographical distribution, Phonological changes, and plasticity. Plasticity can enable
organisms to cope up with environmental change, preventing immediate population
extinction. But so far, given the unpredictable nature of the effects of climate change, it is
still unclear if these responses will be sufficient, whether their sufficiency will be
constrained by costs, and whether these responses would result in the extinction or
persistence of populations. Still there is a scope for more investigation into how plastic

responses both speed up and slow down evolutionary processes.
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4.1 Introduction:

Currently, it is believed that one of the biggest dangers to biodiversity is global climate
change (IPCC, 2018). As, climate has a significant direct impact on the survival,
development and reproduction of insects, they are mostly affected by climate change (Bale
et al. 2002). The quantity and type of disturbance that organisms experience, as well as their
innate capacity to respond to it, will determine how natural populations respond to

environmental change (Parmesan, 2006; Johnston et al., 2019).
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There are just a few tactics that organisms can use to cope with climate change, like altering
their geographic spread or through phenotypic plasticity, genetic adaptation (Waldvogel et
al., 2020). Plasticity is frequently the quickest remedy for creatures with little dispersal
capacity, as changes in phenotypes can swiftly modify individual performance, adaption,

and even colony survival (Hu et al., 2020).

The capacity of an organism to respond to environmental cues by altering its morphology,
physiology, or behavior is referred to as phenotypic plasticity (Barresi & Gilbert, 2020).
Developmental plasticity is a branch of phenotypic plasticity that describes the process by
which environmental cues particularly target the embryonic or larval stages and result in

permanent phenotypic alterations in the adult (Barresi & Gilbert, 2020; Sibilia et al., 2018).
4.2 Different Responses of Insect to Climate Change:

4.2.1 Shift in Geographic Distribution:

For many species, climate plays a significant role in determining their geographic range
(Andrewartha & Birch 1954). As a result, climate change is predicted to drive species to
alter their distributions by moving into locations with new climates and declining from areas
that are climatically inappropriate (Hughes 2000). Dispersal of several insect groups has
been closely tracked over the past 30 years in UK. During a warmer phase, numerous
beetles, butterflies, dragonflies, grasshoppers, and aquatic bugs have migrated northward

and to higher elevations (Hickling et al. 2006).
4.2.2 Phenological Changes:

The most well-documented reactions to recent climate change are likely phenological
changes, which have been found in a variety of taxa from plants to vertebrates (Root et al.
2003; Root & Hughes 2005). When the temperature rises, insects will go through their larval

stages more quickly and mature early.

As a result, both an advance in the timing of adult emergence and an expansion of the flight
period have been reported as reactions. One of the best examples is in the UK (Roy & Sparks

2000), where species of butterflies has advanced their flying seasons by 2—-10 days for every
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1°C rise in temperature. Longer flight times have been resulted, especially for multivoltine
species.

4.2.3 Evolution of Plasticity:

Plasticity is defining as how the environmental factors alters phenotypic expression, but the
definition may vary as to whether these changes are applied to an individual or to a genotype
(Auld, 2010). Diapause, the suspension of reproduction and/or decreased metabolism, is the

most spectacular demonstration of adaptability in insects to endure harsh conditions.

Many insects and other invertebrates survive the cold months of the year in dormant
diapause periods that are frequently brought on by photoperiodic shifts and temperature
responses at an earlier stage or even a previous generation. Although little is known about
the triggers involved, many invertebrates also go into diapause or quiescent stages in

response to poor summer conditions, especially in dry habitats (Tauber, 1998).

The impact of external environmental factors on phenotype expression can occur over a

range of timescales, including:

a. Change in progeny phenotype dependent on the parental environment (trans-
generational plasticity) (Woestmann and Saastamoinen, 2016; Donelson et al., 2018).

b. Change in adult phenotype in response to adult environment, often reversible changes
in labile traits, such as behavior, and including what is known as acclimation (Stillman,
2003; Sgro et al., 2016).

c. Change in phenotype that depends on the conditions experienced during development,
often leading to irreversible adult phenotype. Environmental factors that newborn
encounters during development can change how quickly they develop. Developmental
plasticity is the process by which distinct adult phenotypes can be produced from the
same genotype (Beldade et al., 2011; Nettle and Bateson, 2015).

Short-term environmental changes are known to affect the phenotypes in a single
generation. In contrast, long-term gradual changes in inductive cues can affect succeeding
generations and may change an organism's ability to respond to an external stimulus
(Richard et al., 2019).
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Plasticity protects against local extinction, enhancing prospects for population adaptation
and diversification (Valena & Moczek, 2012). The beginning of phenotypic
accommodation, or adaptive adjustment without genetic alteration, which is frequently
considered to be the first stage in Darwinian evolution, can be facilitated by inductive cues
throughout development (West-Eberhard, 2005). Even a tiny bit of adaptability could
improve a species' chances of surviving in an environment that is changing quickly (Barnes,
2021).

4.2.4 Phenotypic and Thermal Plasticity:

Thermally plastic organisms may exhibit phenotypic changes in response to changes in the
local environment, particularly in temperature. without going through genetic alteration,
this adaptation enables them to quickly adapt to new circumstances. Some insect
populations have shown this kind of phenotypic adjustment, as well as other types of
population responses to climate change. (1) phenotypic change resulting from genetic
change, as populations adjust to new local conditions; (2) distribution range shifts; and (3)
population declines that may result in extinction (Valladares et al., 2014). According to
Foden et al. (2019), phenotypic plasticity can affect the distribution and vulnerability of a
species. It can also affect population persistence and the capacity to respond to climate
change problems (Leonard and Lancaster, 2020). In fact, plasticity can enable organisms to
cope up with environmental change, preventing immediate population extinction (Merila
and Hendry, 2014), and effectively "buy time" for adaptation to take place (Chevin et al.,
2010; Snell-Rood et al., 2018).

Temperature influences phenotypic expression (in cases of thermal plasticity), as well as
acting as a natural selection agent (leading to thermal adaptation). The relationships between
thermal plasticity, thermal tolerance, and thermal adaptation are complex. Thermal
tolerance is obviously and directly related to how organisms react to climate change since
it represents the capacity to deal with uncomfortable temperature circumstances. Thermal
tolerance has also been shown to vary between populations and between species (e.g.,
Hamblin et al., 2017; Oyen and Dillon, 2018), and to be related to other fitness-related traits
(e.g., tolerance of high temperatures affects dispersal in the Glanville fritillary;
Saastamoinen and Hanski, 2008; Mattila, 2015).
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Thermal tolerance can result into thermally plastic (Schou et al., 2017). Although it is
unknown how much this plasticity will affect how insects react to climate change (Mitchell
et al., 2011; Gunderson and Stillman, 2015). Thermal plasticity and tolerance can help in
thermal adaptation (e.g., Mitchell et al., 2011; Noh et al., 2017). On the other hand, thermal
tolerance and thermal plasticity can both vary as a result of thermal adaptation (Rodrigues,
2020).

4.2.5 Species Extinction:

According to Thomas et al. 2004, climate change is going to be a major factor in species
extinction. The species which are relying on high latitudes and mountains, most likely to
become extinct as a result of global warming. Since these species are suited to frigid
climates, when the climate warms, they will be compelled to travel uphill and to higher
latitudes. But even if they can move, they will ultimately run out of places to live and go
extinct. Four butterflies with northern distribution in Britain have disappeared from lower
latitudes and elevations during the last 25 years, with climate change having been

responsible for at least half of the population extinctions (Franco et al. 2006).
4.3 Conclusion:

For insects, to adapt to changing climatic conditions, plastic responses are crucial that
promote tolerance to temperature and dry extremes. But so far, given the unpredictable
nature of the effects of climate change, it is still unclear if these responses will be sufficient,
whether their sufficiency will be constrained by costs, and whether these responses would
result in the extinction or persistence of populations. Furthermore, there is a scope for more
investigation into how plastic responses both speed up and slow down evolutionary
processes (Sgro et al. 2016). We can conclude that insects are reliable indicators of the
current climate change caused by humans. They have reacted to warming in all the ways
that were predicted, changing their phenology, their distribution, and even going through
evolutionary change, albeit at the population level. In comparison to other categories of
organisms commonly used as bio-indicators, such as plants, birds, and mammals, the
reaction has also been more robust. Insects have also shown how the current climate change

affects biodiversity and community organization (Menéndez, 2007).
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