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Abstract

Lepidoptera, which includes butterflies and moths, constitutes one of the most diverse and ecologically important groups of insects, with over
160,000 documented species globally. These insects provide essential ecosystem services, such as pollination, nitrogen cycling, and acting as
prey for higher trophic levels. Their life history, characterized by complete metamorphosis, demonstrates significant evolutionary adaptations
enabling them to flourish in varied environments. In India, especially in Rajasthan, butterfly diversity is remarkable, with over 120 species
documented despite the region's largely arid climate. Surveys from forests like Jhalana and Galta demonstrate that floral resources, seasonal
precipitation, and habitat complexity significantly affect species richness and abundance. The families Pieridae and Nymphalidae predominate in
these assemblages, although species-level investigations indicate seasonal peaks during the monsoon when host plants are most plentiful.
Lepidoptera serve as sensitive bioindicators of environmental health, in addition to their ecological activities. Alterations in their diversity and
population dynamics indicate habitat loss, climate change, pollution, and land-use pressures. Case studies, such metal accumulation in Danaus
chrysippus and radiation effects on Zizeeria maha, underscore their significance as sentinel species for ecological disruptions. Conservation of
Lepidoptera necessitates comprehensive techniques, encompassing habitat preservation, restoration of indigenous vegetation, and sustained
population monitoring. Progress in DNA techniques and citizen science projects is enhancing taxonomic accuracy and extensive biodiversity
evaluations. By integrating ecological insights with conservation efforts, Lepidoptera can function as a model for examining environmental
change and as a fundamental element for preserving biodiversity and ecosystem resilience.
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1. Introduction conservation efforts for moths have focused on species or

Flies play vital roles in ecosystems, functioning as pollinators,
decomposers, and a food source for many organisms. Despite
their often-negative reputation, they contribute significantly to
nutrient cycling and ecological balance. Flies are classified as
arthropods because they share key characteristics such as a
segmented body, exoskeleton, and jointed appendages
whereas arthropods represent the most abundant and diverse
group of animals on Earth, both in terms of individual
numbers and described species. Beetles alone (order
Coleoptera) account for approximately one-quarter of all
formally named species, highlighting the immense taxonomic
richness within the phylum. Current estimates place the
number of described terrestrial and aquatic arthropod species
at over one million, with the total—including undescribed
taxa—projected to range between 2 to 6 million. This
accounts for more than 80% of all documented species
globally. Beyond sheer numbers, Arthropoda is considered
the most anatomically diverse of all animal phyla, exhibiting
extensive variation in morphology, physiology, and ecological
roles across its constituent taxa [1. The majority of
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groups among the 'macrolepidoptera,’ which include families
that compete with butterflies in terms of attractiveness. The
more abundant smaller moths have been mostly overlooked.
Lepidoptera represent the most varied order of insects,
predominantly connected with angiosperm plants, and
encompass around 160,000 described species, making them
one of the largest insect orders '), Anticipated that the global
fauna will undoubtedly surpass 350,000 species [,
Lepidoptera, in general terminology, includes butterflies
(about 20,000 species within two or three superfamilies) and
moths (the predominant majority of species, distributed across
around 30 superfamilies) Pl The greatest moth families,
including Noctuidae with around 35,000 species and
Geometridae with around 21,000 species, collectively
encompass more species than all butterflies combined.

These families are omnipresent. In contrast, numerous moth
lineages comprise a limited number of species, with some
exhibiting highly localized ranges, resulting in significant
endemism—both within lineages and among species of more
broadly dispersed higher taxa ™. The current knowledge
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regarding distribution and decline is often limited, and
significant taxonomic challenges persist in nearly all regional
faunas, especially outside the northern temperate areas.

In many regions of the world, Lepidoptera, particularly
butterflies, are widely recognized as reliable ecological
indicators of ecosystem health > 6. Their well-resolved
taxonomy, thoroughly studied biology, and well-documented
life history traits make them ideal subjects for ecological
monitoring and assessment [/l Moreover, the physiological
tolerances of butterflies—such as their specific requirements
for habitat, temperature, and light—have been extensively
quantified @ These parameters have shown strong
correlations with environmental changes, allowing researchers
to use shifts in butterfly populations as sensitive indicators of
ecological disturbance or degradation. Studies, including
those by Bowman, have demonstrated that variations in
butterfly community structure and abundance can reflect
broader changes in ecosystem conditions, such as habitat
fragmentation, climate change, and pollution. This review
highlights the essential role of Lepidoptera—especially
butterflies and moths—in comprehending ecological
processes and evaluating environmental health. The
distribution and taxonomy of Lepidoptera provide essential
insights into biodiversity trends, habitat integrity, and
ecosystem  functionality.  Their  responsiveness  to
environmental alterations, including habitat degradation,
climatic fluctuations, and pollution, establishes them as
significant bioindicators in both natural and human-modified
ecosystems.

Lepidoptera, in addition to their ecological functions, provide
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essential ecosystem services such as pollination, nutrition
cycling, and support for food webs. Through the analysis of
the spatial and temporal distribution of diverse Lepidopteran
species, researchers can deduce the condition and trajectory of
ecosystems with considerable accuracy. This review
consolidates existing knowledge regarding their taxonomy,
ecological prerequisites, and environmental interactions,
while also emphasizing methodological advancements in
Lepidoptera monitoring.

2. Evolutionary and Life History of Lepidoptera Flies
2.1. Evolutionary History of Lepidoptera

Until recently, the intricate phylogenetic links among
Lepidoptera—the most extensive and diversified group of
plant-feeding  insects—were  inadequately  elucidated.
Throughout the majority of the 20% century, our
comprehension of higher-level relationships predominantly
relied on morphological cladistics, which, although
fundamental, offered restricted resolution for numerous
taxonomic groups. In the last twenty years, the incorporation
of molecular data has greatly enhanced phylogenetic
inference within the order. Initial molecular investigations
yielded the first substantial hypotheses on linkages both inside
and within the approximately 43 acknowledged superfamilies
1, The first frameworks have been modified and enlarged due
to the emergence of high-throughput sequencing technology,
enabling the development of extensive genomic datasets.
Consequently, numerous formerly ambiguous phylogenetic
nodes are now being elucidated, signifying a pivotal period in
Lepidopteran systematics and evolutionary biology.

.

Fig 1: Represents the evolutionary classification and phylogenetic analysis of lepidoptera flies. Adapted from Legal, L., Diversity, 2022, 15(1),
27. Doi: https://doi.org/10.3390/d15010027, under the terms of the Creative Commons Attribution License (CC BY).
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The order Lepidoptera, encompassing moths and butterflies,
represents one of the most evolutionarily diverse and
ecologically successful insect lineages, with over 157,000
described species. Phylogenomic analyses reveal a deep
evolutionary relationship between Lepidoptera and their sister
group, Trichoptera (caddisflies), together forming a
monophyletic lineage. Within Lepidoptera, early-diverging
groups such as Angiospermivora and Glossata gave rise to the
vast radiation observed in the clade Ditrysia, which alone
accounts for over 150,000 species. Ditrysia includes the
majority of well-known moth and butterfly families and
exhibits a remarkable diversification of larval and adult
morphologies, host plant associations, and ecological
strategies 1012,

Key clades within Ditrysia include the Tineoidea, often
associated with detritus-feeding and case-building behaviors;
the Apoditrysia, which includes butterflies (Papilionoidea)
and many agriculturally significant moths; and the
Obtectomera, a large group characterized by highly
sclerotized pupae and diverse feeding habits. Families such as
Noctuoidea (cutworms and armyworms), Geometroidea
(inchworms), and Bombycoidea (silkmoths and hawk moths)
illustrate the ecological breadth of these lineages. Importantly,
the evolutionary transitions across these groups reflect
adaptations to flowering plants, nocturnal behavior, mimicry,
and chemical defense, underscoring their co-evolution with
angiosperms and other ecological pressures. This expansive
phylogeny not only clarifies systematic relationships but also
provides a framework to study trait evolution, diversification
patterns, and the ecological roles of Lepidoptera in natural
and human-influenced environments .

https://academicjournal.ijraw.com

2.2. Life Cycle of Lepidoptera Flies

Butterflies, classified within the order Lepidoptera, are among
the most vivid and universally acknowledged insects globally.
India's enormous ecological diversity—from tropical forests
to dry deserts—sustains a wide array of butterfly species,
many of which are plentiful and well-adapted to their
respective surroundings. Rajasthan, characterized by its
distinctive blend of arid regions, scrublands, and semi-arid
climates, is home to several prevalent butterfly species,
including the Plain Tiger, Lemon Pansy, and Common
Mormon, which are often observed flitting across its terrains
31 These butterflies experience a comprehensive
metamorphosis, comprising four unique phases: egg, larva
(caterpillar), pupa (chrysalis), and adult. A female butterfly
generally deposits between 100 and 300 eggs on the foliage of
designated host plants. The eggs incubate for 3 to 5 days,
yielding caterpillars that feed voraciously for approximately
10 to 14 days, undergoing multiple molts to facilitate their
swift growth. Subsequently, the caterpillar constructs a
chrysalis, entering the pupal stage that endures for around 7 to
10 days, during which it metamorphoses into an adult
butterfly. Upon emergence, the adult butterfly allocates
several hours to expand and desiccate its wings prior to
initiating its quest for nectar and conspecifics. In warm areas
such as Rajasthan, numerous species are multivoltine,
generating 4 to 6 generations per year, particularly flourishing
during and subsequent to the monsoon season when host
plants thrive.
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Fig 2. Stages and procedures of butterfly wing manipulation from pupal to adult development. (a) The pupal and adult stages are shown with
dorsal and ventral wing views, (b) followed by schematic representations of forewing lifting and wing orientation to access different surfaces. (c-
e) Representative configurations of forewing- and hindwing-lift secured with plastic wrap are illustrated, and the developmental sequence from
operated pupa to pre-eclosion, pupal case, and adult butterfly is presented. Adapted from Hirata, K., & Otaki, J. M., Journal of Imaging, 2019,
5(4), 42, doi: https://doi.org/10.3390/jimaging5040042, under the terms of the Creative Commons Attribution License (CC BY).
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3. Habitat and Distribution

India's extensive biological diversity sustains an impressive
array of butterfly species, estimated to exceed 1,328,
distributed across several temperate zones and forest types.
From the rainforests of the Western Ghats to the arid plains of
northeastern India, butterflies have acclimatized to many
habitats. Rajasthan, despite its largely arid and semi-arid
terrain, considerably contributes to this variety, housing over
124 recorded butterfly species. This abundance is particularly
evident in forested and hilly regions like the Aravalli Range,
which spans the state and serves as an essential biodiversity
corridor. Within this area, notable sites such as the Jhalana
Reserve Forest and Galta Forest near Jaipur have become
significant butterfly habitats owing to the mosaic of
scrublands, open woodlands, and seasonal water availability
(41 A field survey in these two forests documented 2,138
unique butterflies, encompassing 35 species, 23 genera, 9
subfamilies, and 5 families under the superfamily
Papilionoidea. The family with the highest species diversity
was Pieridae, comprising 12 species over 7 genera, followed

https://academicjournal.ijraw.com

by Nymphalidae, which comprised 9 species in 7 genera. The
families Lycaenidae and Papilionidae comprised 8 and 5
species respectively, and Hesperiidae contained a solitary
species. This distribution pattern illustrates the adaptation of
some groups, such as Pieridae, to the arid and open habitats
characteristic of Rajasthan ['2l. The research additionally
noted distinct seasonal fluctuations in butterfly populations.
The monsoon season exhibited the greatest diversity and
individual counts, attributed to the proliferation of nectar
supplies and larval host plants that thrive with precipitation.
The pre-monsoon season was succeeded by the post-monsoon
period, which exhibited a significant reduction in both
quantity and diversity. The statistical indices derived from the
study corroborate these findings, with a Shannon richness
Index (H') of 3.139, signifying elevated species richness, and
a Simpson’s Index (D) of 0.9458, indicating substantial
ecological evenness. A dominance rating of 0.0542 indicates
that no single species predominates the habitat, while an
evenness index of 0.6597 reflects a very equitable species
distribution '],

Table 1: Butterfly Diversity in Rajasthan and Surrounding Regions

. . . . Abundance Ecology (Habitat/Floral
Study Area/Focus | Diversity (Species/Checklist) (Seasonal/Relative) Association) Seasonal Trends Ref]
. . 124 butterfly species reported,; o
Rajasthan .(state wide part of ~1328 species known Not specified Found n ?“d’ scrublaqd, Not detailed 13
review) - and semi-arid forest habitats
from India
Udaipur Region (field | Multiple families, Pieridae & | High abundance during | Associated with agricultural | Monsoon peak; decline 16
survey) Nymphalidae dominant monsoon mosaics and forest edges post-monsoon
Jaipur University 43 species (28 butterflies, 15 . Urban green spaces with | Not seasonal (checklist-
Not specified 17
Campus moths) documented nectar plants based)
Aravalli Region, Species richness shifted over | Abundance varied with | Scrub forests and semi-arid Higher activity in 13
Jaipur time vegetation cover habitats monsoon
Pavagadh Hill, Gujarat Sp ec1es-spec1f1 ¢ diversity Not quantitative Hos't-plant spec1ﬁg1ty and Local seasonal variation | 19
studied hill forest association
Jodhpur, Thar Desert Species r1chn§ss supported by Moderate, nectar-driven Arid zone, reliant on Nectar availability highest 20
Tephrosia purpurea flowering shrubs in monsoon/post-monsoon
Udaipur District Higher diversity in rural vs Abundance decreased | Gradient: natural vegetation | Rural sites show monsoon 21
(urban—rural gradient) urban toward urban sites urban landscapes peaks

4. Role in Ecosystem
Butterflies, frequently lauded for their aesthetic appeal and
elegance, are more than mere decorative insects. They are
ecologically vital species that enhance the health,
functionality, and equilibrium of ecosystems. Butterflies serve
as pollinators, prey, and bioindicators, occupying a vital role
in numerous ecological processes. This review underscores
their essential functions in ecosystems and stresses the critical
necessity for their conservation.

i). Ecosystem Service Providers: Butterflies enhance
ecosystems by pollination and serve as agents of seed
dispersal. Despite being less effective than bees,
butterflies cover greater distances and pollinate a broader
spectrum of plants, so contributing to the preservation of
plant genetic diversity 1?2, Butterflies are vital to the
pollination of blooming plants, especially those
characterized by vibrant colors and nectar-laden
blossoms. Reddi and Bai (1984) assert that butterflies are
drawn to flowers by visual stimuli and nectar incentives,
and while foraging, they unintentionally facilitate pollen
transport between blooms. Their elongated proboscises
enable them to extract nectar from deep within tubular
flowers, frequently accessing floral structures
inaccessible to other pollinators. In contrast to bees,

which generally exhibit floral constancy, butterflies
engage with a broader array of plant species during a
single foraging excursion, thereby facilitating cross-
pollination and enhancing genetic diversity. Although
they are less efficient than bees regarding pollen load,
their mobility and extensive floral range render them
significant secondary pollinators in numerous habitats.
This behavior highlights their ecological significance in
preserving plant reproductive success and supporting
biodiversity in natural ecosystems 2324,

ii). Indicator of Environment Health: Butterflies exhibit

heightened sensitivity to environmental alterations,
rendering them significant biological markers of
ecosystem vitality. Butterfly populations frequently

indicate alterations in habitat quality, climatic conditions,
and land-use patterns due to their specialized habitat
needs, brief life spans, and strong reliance on specific
host plants. The cited study demonstrates that butterfly
species composition and abundance can act as
quantifiable indicators of ecological integrity in both
pristine and altered environments. Butterflies rapidly
react to minor environmental alterations, serving as early
indicators of ecological decline, enabling conservationists
to identify and mitigate problems before they become
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irreversible 2> 2. A study in the Terni basin of Central
Italy revealed Coenonympha pamphilus as a sensitive
bioindicator of trace metal contamination. The study
revealed that this species acquired elevated levels of
metals, including chromium (Cr), aluminum (Al), and
strontium (Sr), in its tissues, especially in proximity to
industrial locations. The relationship between soil
contamination levels and metal concentrations in
butterfly tissues highlights the capacity of this species to
assess localized environmental pollution 7). Subsequent
to the Fukushima nuclear incident, Zizeeria maha was
employed to evaluate environmental alterations resulting
from radiation exposure. The study demonstrated a
decline in species richness and biodiversity of this

butterfly in impacted regions, underscoring its
effectiveness in identifying significant biological
alterations in contaminated ecosystems [8. Research

conducted in Gujrat, Pakistan, revealed that Danaus
chrysippus accumulated substantial concentrations of
heavy metals, including lead (Pb), cadmium (Cd), and
chromium (Cr), within its tissues. The research identified
species-specific differences in metal concentrations, with
D. chrysippus exhibiting greater accumulation in areas of
heightened industrial activity, suggesting its viability as a
bioindicator for environmental pollution 1.

5. Butterfly Conservation Management

A primary strategy for butterfly conservation is the
safeguarding and rehabilitation of their natural habitats.
Preserving native plant ecosystems, especially host plants
essential for butterfly larvae, is vital. Habitat fragmentation
poses a substantial concern by isolating populations, hence
diminishing genetic diversity and elevating extinction risk B,
Restoration  initiatives  frequently =~ encompass  the
reintroduction of indigenous nectar sources and host plants,
the establishment of butterfly corridors, and the management
of invasive plant species to reestablish ecological equilibrium
(311, Prolonged surveillance of butterfly populations facilitates
the identification of trends, early detection of decreases, and
assessment of the efficacy of conservation measures.
Techniques like transect counts and mark-recapture
investigations yield information on population size and
dynamics % Progress in citizen science has improved data
collecting, facilitating extensive geographic surveillance 3%
34, Investigations on butterfly ecology, life cycles, and habitat
preferences inform focused conservation efforts.

6. Conclusion

Butterflies, essential to biodiversity, serve multiple functions
in sustaining ecosystem health, acting as pollinators,
bioindicators, and contributors to ecological equilibrium.
Their complex life cycles, intimate relationships with host
plants, and sensitivity to environmental alterations render
them outstanding markers for assessing habitat quality,
pollution, and climate change. The extensive diversity of
Lepidoptera, encompassing both butterflies and moths,
highlights their evolutionary success and ecological
significance across various habitats, from parched deserts to
verdant forests. Research on species including Coenonympha
pamphilus, Zizeeria maha, and Danaus chrysippus
demonstrates their ability to indicate environmental pollution
and ecosystem disruptions, offering critical insights for
conservation efforts.

In light of the persistent risks posed by habitat fragmentation,
climate change, and human-induced pollution, focused

https://academicjournal.ijraw.com

conservation management is needed. The preservation and
restoration of native habitats, together with comprehensive
population monitoring and community involvement, are the
foundation of efficient butterfly conservation. Advanced
ecological and molecular methods have improved our
comprehension of Lepidopteran systematics, facilitating the
formulation of informed conservation policy. Furthermore,
incorporating butterfly protection into comprehensive
environmental planning and enhancing public awareness
helps cultivate sustainable ecosystems that benefit not only
butterflies but also the numerous other species reliant on
healthy habitats. Ultimately, protecting butterfly populations
is essential for their inherent worth as well as for preserving
biodiversity, ecosystem services, and environmental integrity
in a fast-evolving world.
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