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Abstract: The order Hemiptera represents one of the most diverse groups of insects, exhibiting extensive variation
in wing morphology that has contributed significantly to its evolutionary success and ecological diversification.
Wing structures perform multiple functions, including flight, protection, dispersal, habitat adaptation, and predator
avoidance, making them essential for understanding insect evolution and functional biology. This review presents
a comprehensive comparative analysis of wing morphology across the major hemipteran suborders, namely
Heteroptera, Auchenorrhyncha, Sternorrhyncha, and Fulgoromorpha. The study examines key morphological
features, including forewing and hindwing architecture, wing venation, membrane characteristics, articulation
mechanisms, and their functional significance in relation to ecological specialization. Comparative analysis
reveals that Heteroptera possesses specialized hemelytra that provide both mechanical protection and moderate
flight capability, whereas Auchenorrhyncha exhibits lightweight membranous wings optimized for efficient flight
and long-distance dispersal. Sternorrhyncha is characterized by wing polymorphism and progressive wing
reduction associated with sedentary lifestyles, while Fulgoromorpha combines reinforced forewings with flexible
hindwings to support both jumping and controlled flight. The review further highlights how variations in wing
size, venation complexity, and structural organization reflect evolutionary responses to diverse environmental
conditions and locomotor requirements. In addition, recent advances in microscopy, geometric morphometrics,
computational biomechanics, and artificial intelligence-based image analysis are discussed as emerging
approaches for improving comparative morphological investigations.
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l. Introduction

Hemiptera is one of the largest and most
evolutionarily successful insect orders, comprising
more than 80,000 described species that inhabit
nearly every terrestrial and freshwater ecosystem
worldwide. Members of this order exhibit
remarkable diversity in morphology, feeding habits,
ecological roles, and behavioral adaptations, ranging
from plant-feeding aphids and leafhoppers to
predatory assassin bugs and aquatic water striders
[1]. Their ability to occupy a wide variety of
ecological niches is largely attributed to numerous
structural  adaptations, among which  wing
morphology represents one of the most significant
evolutionary  innovations. The extraordinary
diversity observed in hemipteran wing structures
reflects millions of years of evolutionary adaptation
to different environmental conditions, locomotion
strategies, feeding behaviors, and predator-prey
interactions. Consequently, the comparative study of
wing morphology provides valuable insights into
insect taxonomy, functional biology, biomechanics,
and evolutionary ecology.

The characteristic feature that distinguishes
Hemiptera from many other insect orders is the
modification of the forewings into specialized
structures known as hemelytra. In many species,
particularly within the suborder Heteroptera, the
basal portion of the forewing is heavily sclerotized
and functions as a protective shield, whereas the
distal portion remains membranous to facilitate
efficient flight [2]. In contrast, the hindwings are
generally thin, flexible, and entirely membranous,
serving as the primary structures responsible for lift
generation and aerial maneuverability. However,
these structural characteristics vary considerably
among different hemipteran suborders and families.
Some species possess highly developed wings
adapted for sustained flight and dispersal, whereas
others exhibit reduced or completely absent wings as
an adaptation to specialized ecological lifestyles,
including parasitism, sedentary feeding, or restricted
habitats. Such remarkable variation demonstrates
the close relationship between wing architecture and
species-specific ecological requirements.

Wing morphology in Hemiptera extends far beyond
simple locomotion. Variations in wing shape,
venation, articulation, membrane organization, and
structural rigidity directly influence aerodynamic
performance,  mechanical  stability, energy
efficiency, dispersal capability, predator avoidance,
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reproductive behavior, and habitat specialization.
Wing venation provides structural reinforcement
while maintaining flexibility during flight, whereas
modifications in wing membranes contribute to
folding  mechanisms, protective  functions,
camouflage, and communication [3]. These
integrated  structural  characteristics  enable
hemipteran insects to successfully exploit diverse
environments, including forests, agricultural
ecosystems, grasslands, wetlands, freshwater
habitats, and urban landscapes. Consequently,
comparative morphological investigations
contribute not only to systematic classification but
also to a deeper understanding of the functional
adaptations that have driven the evolutionary
success of this insect order.

Recent advances in microscopy, digital imaging,
morphometric analysis, and computational biology
have substantially improved the ability to
characterize insect wing structures with high spatial
resolution. Modern analytical approaches enable
detailed examination of wing venation networks,
membrane textures, articulation mechanisms, and
structural organization across taxonomic groups.
These  technologies  facilitate  quantitative
comparisons of morphological traits and provide
new opportunities to investigate evolutionary
divergence, biomechanical performance, and
ecological adaptation. Furthermore, integrating
morphological observations with evolutionary
biology and functional ecology has strengthened our
understanding of how structural modifications
contribute to insect survival under varying
environmental pressures. Such interdisciplinary
approaches have become increasingly important for
biodiversity assessment, evolutionary research,
conservation biology, and the development of bio-
inspired engineering systems.

1. Comparative Morphology of Wing
Structures

Wing morphology represents one of the most
distinctive characteristics of Hemipteran insects and
has played a central role in their evolutionary
diversification,  ecological  adaptation, and
taxonomic classification. Although all members of
the order possess two pairs of wings in their
ancestral condition, remarkable structural variation
exists among different suborders, families, and
species. These variations include differences in wing
size, shape, venation patterns, membrane
composition, articulation mechanisms, and folding
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systems [4]. Collectively, these structural
characteristics  determine  flight  efficiency,
mechanical stability, dispersal capability, habitat
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specialization, predator avoidance, and reproductive
success.

A. General morphology (dorsal view)

— Compound eye

Heod

Alxdoeren’

Artcren

oo _eni
Theras i N
BN - Micleg
[ 2
o

C. Wing base articulation (close-up)  D. Wing venation (hindwing) E. Cross-section of wing

B. Wing structures
Forewing (hemelytron)

, Cortum Mhendened regior)

N Claves

Hindwing (membranous)

F. Functional adaptation

Protection
Hardens & (hoovelymn
frenesy 3 abecenrs

.

Figure 1. Structural morphology of a representative Hemipteran insect.

The forewings and hindwings of Hemipteran insects
perform  complementary  functions  during
locomotion. While the forewings primarily
contribute to protection, stability, and aerodynamic
control, the hindwings generate most of the lift
required for sustained flight. Their coordinated
movement is facilitated by specialized articulation
mechanisms and flexible venation networks that
permit efficient folding, deployment, and load
distribution during wing movement. Furthermore,
modifications in wing membranes, surface textures,
and venation density reflect adaptation to different
environmental conditions ranging from terrestrial
forests and agricultural ecosystems to aquatic
habitats and parasitic lifestyles [5]. Consequently,
comparative morphological analysis extends beyond
descriptive  anatomy and  contributes to
understanding the biomechanical and evolutionary
principles governing insect flight and ecological
specialization.

A. Forewing (Hemelytra) Morphology

The forewing represents one of the defining
morphological characteristics of Hemipteran
insects, particularly within the suborder Heteroptera,
where it has evolved into a specialized structure
known as the hemelytron [6]. Unlike fully
membranous insect wings, the hemelytron consists
of two structurally distinct regions. The basal
portion is heavily sclerotized, forming a rigid

protective shield, whereas the distal portion remains
thin and membranous to preserve aerodynamic
performance during flight. This dual organization
enables the forewing to simultaneously function as a
protective covering for the abdomen and hindwings
while maintaining sufficient flexibility for efficient
locomotion.

The hardened basal region provides mechanical
protection against abrasion, environmental hazards,
and predator attacks. Species inhabiting dense
vegetation or rough terrestrial environments
particularly ~ benefit  from  this  structural
reinforcement because it minimizes damage during
crawling and resting activities [7]. In contrast, the
membranous apical region reduces wing mass and
contributes to flight stability by allowing controlled
deformation during wing beats. Such structural
differentiation represents an important evolutionary
innovation that has contributed significantly to the
ecological success of Heteropteran insects.

B. Hindwing Morphology

The hindwings constitute the primary aerodynamic
structures responsible for lift generation, propulsion,
and maneuverability in Hemipteran insects. Unlike
the forewings, hindwings are generally fully
membranous, lightweight, and highly flexible,
allowing them to generate the aerodynamic forces
required for sustained flight. During rest, the
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hindwings fold compactly beneath the forewings,
protecting these delicate structures from mechanical
damage while reducing overall body dimensions [8].

The efficiency of hindwing performance depends on
several  structural  characteristics, including
membrane  elasticity, venation arrangement,
articulation flexibility, and wing aspect ratio. These
features collectively determine lift production,
turning ability, flight stability, and energy
expenditure. Species that depend extensively on
flight, such as cicadas and leafhoppers, possess
relatively large hindwings with broad membranous
surfaces that maximize aerodynamic efficiency [9].
Conversely, species with sedentary or parasitic
lifestyles frequently exhibit reduced hindwings or
complete hindwing loss because flight is no longer
essential for survival.

Variation in hindwing morphology also reflects
ecological specialization. Arboreal insects require
large, flexible hindwings to facilitate rapid
movement between host plants, whereas aquatic
species often possess modified hindwings adapted
for controlled flight near water surfaces. Such
diversity demonstrates that hindwing evolution has
been strongly influenced by habitat characteristics,
locomotor demands, and environmental selection
pressures.

C. Wing Venation Patterns

Wing venation constitutes one of the most
informative morphological features in insect
taxonomy and functional biology. The network of
longitudinal and cross veins forms a lightweight
structural framework that supports the wing
membrane while distributing aerodynamic loads
generated during flight. In addition to providing
mechanical reinforcement, wing veins contain
tracheae, nerves, and hemolymph channels that
maintain physiological function throughout wing
development and operation.

The complexity of wing venation varies
considerably among Hemipteran families. Species
specialized for sustained flight generally possess
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relatively simplified venation patterns that reduce
wing weight while maintaining sufficient rigidity
[10]. This configuration improves aerodynamic
efficiency and decreases metabolic energy
expenditure during prolonged flight. In contrast,
species inhabiting mechanically demanding
environments often exhibit denser venation
networks that enhance structural robustness and
resistance to deformation.

Wing venation also serves as an important
taxonomic character because specific branching
patterns remain relatively conserved within
evolutionary lineages. Comparative analysis of
venation networks therefore assists in distinguishing
species, reconstructing phylogenetic relationships,
and interpreting evolutionary divergence among
hemipteran groups [11]. Furthermore, differences in
venation density directly influence wing flexibility,
load distribution, folding mechanisms, and flight
performance, demonstrating the close interaction
between structural design and biomechanical
function.

. Functional
Morphology

Significance of Wing

The remarkable diversity of wing morphology
observed in Hemipteran insects is not merely a
consequence of taxonomic variation but represents a
series of functional adaptations that have evolved in
response to ecological pressures, environmental
conditions, and  species-specific  behavioral
requirements.  Throughout their evolutionary
history, Hemipterans have developed specialized
wing architectures that optimize flight efficiency,
structural protection, dispersal capability, predator
avoidance, and habitat exploitation [12].
Consequently, wing morphology represents an
excellent example of the close relationship between
anatomical structure and biological function, where
even minor modifications in wing size, venation,
articulation, or membrane composition can
significantly influence an insect's survival and
reproductive success.
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Figure 2. Mind map illustrating the major morphological components of Hemipteran wings.

The functional performance of insect wings depends
on the coordinated interaction of several structural
components, including the forewings, hindwings,

venation networks, wing membranes, and
articulation ~ mechanisms. These components
collectively determine aerodynamic behavior,
mechanical stability, flexibility, and energy

efficiency during flight. Different Hemipteran
groups have evolved distinct functional solutions
that maximize performance under specific
ecological conditions. Species inhabiting forests,
grasslands, wetlands, agricultural ecosystems, and
aquatic environments exhibit wing characteristics
specifically adapted to their habitat requirements,
demonstrating the remarkable versatility of
Hemipteran wing evolution.

A. Flight Adaptations

Flight represents one of the most important
biological functions influenced by wing morphology
in Hemipteran insects. Efficient flight enables
insects to locate food resources, escape predators,
search for mates, colonize new habitats, and respond
rapidly to changing environmental conditions.
Consequently, natural selection has optimized
numerous structural characteristics of Hemipteran
wings to maximize aerodynamic efficiency while
minimizing metabolic energy expenditure.

Species that rely heavily on sustained flight, such as
cicadas and leafhoppers, possess relatively large
membranous wings with high flexibility and
simplified venation networks. These structural
features reduce wing weight while maintaining
sufficient stiffness to generate lift efficiently during

continuous wing oscillations [13]. Lightweight
wings permit rapid acceleration, improved
maneuverability, and longer flight durations,

allowing these insects to disperse over considerable
distances and exploit widely distributed host plants.

Conversely, species exhibiting reduced dispersal
requirements have evolved alternative flight
strategies. Many aphids develop winged morphs
only under unfavorable environmental conditions
such as overcrowding or declining host quality.
Under stable ecological conditions, wingless
individuals dominate because they require less
energy for development and reproduction. This
environmentally regulated wing polymorphism
illustrates the adaptive relationship between flight
capability and ecological requirements.

B. Structural Protection and Mechanical

Stability

In addition to facilitating flight, Hemipteran wings
provide essential mechanical protection for delicate
body structures. This protective function is
particularly evident in members of the suborder
Heteroptera, where the forewings have evolved
into specialized hemelytra consisting of a hardened
basal region and a flexible membranous apex. The
sclerotized portion functions as a protective shield
that safeguards the abdomen and folded hindwings
from mechanical injury, environmental abrasion,
and predator attacks [14].

Mechanical stability is further enhanced by the wing
venation system, which acts as a lightweight
structural framework distributing aerodynamic and

790



external mechanical loads throughout the wing
surface. During flight, veins prevent excessive
deformation of the wing membrane while
maintaining sufficient flexibility for efficient
aerodynamic performance. This balance between
rigidity and elasticity allows repeated wing
movements without structural failure despite
continuous mechanical loading.

Species inhabiting dense vegetation, rough surfaces,
or exposed terrestrial environments generally
possess stronger forewing reinforcement than
species occupying less mechanically demanding
habitats. Similarly, planthoppers exhibit partially
reinforced forewings that improve durability during
repeated jumping and landing cycles. These
structural modifications  demonstrate  that
mechanical protection has been a major selective
force driving wing evolution in numerous
Hemipteran lineages.

The integration of structural reinforcement, flexible
membranes, and articulated joints enables
Hemipteran wings to withstand substantial
mechanical stresses while preserving flight
efficiency. Such optimized structural organization
reflects the sophisticated biomechanical design that
characterizes insect wing evolution.

C. Predator Avoidance and Defensive

Adaptations

Predation represents one of the strongest
evolutionary  pressures influencing  wing
morphology in Hemipteran insects. Numerous
structural adaptations have evolved to reduce
predation risk by enhancing rapid escape, improving
camouflage, increasing mechanical protection, or
supporting defensive behaviors.

Rapid flight remains one of the most effective
predator avoidance mechanisms. Species possessing
highly flexible membranous wings and efficient
articulation systems can perform sudden directional
changes, rapid acceleration, and agile aerial
maneuvers that complicate predator capture.
Cicadas and leafhoppers exemplify this strategy
through their exceptional flight performance and
high maneuverability.

Wing coloration and membrane texture also
contribute significantly to defensive adaptation.
Transparent membranes reduce visual detection,
whereas pigmented or patterned wings provide
camouflage within vegetation or warning signals
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that discourage predators. In several Hemipteran
species, wing surfaces mimic leaves, bark, or
surrounding plant structures, thereby reducing
predation through cryptic coloration.

Another defensive adaptation involves increased
forewing sclerotization. The hardened hemelytra not
only protect internal organs but also serve as
physical barriers against predator attacks. Species
exposed to frequent mechanical disturbance or
predation generally exhibit greater forewing
reinforcement than species relying primarily on
rapid flight for defense.

D. Habitat-Specific Functional Adaptations

One of the most remarkable characteristics of
Hemipteran wing evolution is its strong association
with  habitat  specialization.  Environmental
conditions exert continuous selective pressure on
wing architecture, resulting in  structural
modifications that optimize locomotion, survival,
and resource utilization within specific ecological
niches.

Arboreal species generally possess relatively large
wings with high flexibility and excellent
aerodynamic performance, enabling efficient
movement among branches and host plants. Such
adaptations facilitate feeding, mating, territorial
behavior, and predator avoidance in complex forest
environments. The extensive membranous surfaces
and simplified venation observed in many cicadas
and leafhoppers illustrate  this ecological
specialization.

Aquatic Hemipterans exhibit entirely different
functional adaptations. Species inhabiting ponds,
marshes, and streams possess wing structures
capable of supporting intermittent flight while
accommodating movement across water surfaces.
Some species exhibit specialized membrane
characteristics and reinforced venation that improve
flotation, reduce water adhesion, and maintain wing
integrity under humid environmental conditions.

Terrestrial species occupying grasslands and
agricultural ~ ecosystems  frequently  display
intermediate wing characteristics balancing flight
efficiency with structural protection. Their wing
architecture enables moderate dispersal capability
while maintaining sufficient durability for
movement through dense vegetation. These
adaptations are particularly advantageous for
phytophagous species that regularly migrate
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between host plants during feeding and
reproduction.

Parasitic and sedentary Hemipterans represent
another important ecological adaptation. In these
species, natural selection favors partial or complete
wing reduction because maintaining functional
flight structures provides little ecological advantage.
Energy conserved through reduced wing
development is instead allocated toward
reproduction, host exploitation, or physiological
maintenance. This evolutionary  strategy
demonstrates that wing morphology is closely linked
to ecological function rather than simply reflecting
taxonomic identity.

V. Morphological
Discussion

Comparison and

Comparative evaluation of Hemipteran wing
morphology demonstrates that structural diversity is
closely associated with ecological adaptation,
functional  specialization, and  evolutionary
divergence. Although all major suborders share a
common ancestral wing organization, prolonged
evolutionary pressures have produced significant
differences in wing size, venation architecture,
articulation mechanisms, membrane characteristics,
and flight capability. These variations reflect the
selective demands imposed by habitat, feeding
behavior, dispersal requirements, and predator-prey
interactions. Consequently, comparative
morphological analysis provides a comprehensive
understanding of how anatomical modifications
have contributed to the ecological success and
taxonomic diversity of Hemiptera.

The findings presented in this study reveal that no
single wing architecture is universally optimal.
Instead, each hemipteran group has evolved
structural characteristics that maximize performance
within its specific ecological niche. Species
dependent on long-distance dispersal possess
lightweight membranous wings with simplified
venation, whereas insects requiring enhanced
protection exhibit reinforced forewings with greater
structural robustness. Similarly, sedentary or
parasitic species have evolved extensive wing
reduction, demonstrating that natural selection
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continuously optimizes wing morphology according
to functional necessity rather than maintaining a
uniform anatomical design.

A. Comparative Analysis of Wing Size and
Structure

Wing size and structural organization represent the
most apparent morphological differences among
Hemipteran suborders. The comparative analysis
indicates that Fulgoromorpha possesses the largest
proportional wing dimensions, with forewings and
hindwings representing approximately 55% and
40% of body length, respectively. Such large wings
facilitate both efficient flight and controlled aerial
movement following jumping behavior. The
reinforced basal forewing further improves
mechanical durability during repeated take-off and
landing cycles.

Auchenorrhyncha  exhibits  relatively  large
membranous wings designed primarily for sustained
flight and rapid dispersal. Their forewings account
for approximately 50% of body length, while
hindwings contribute nearly 35%, providing
sufficient lift and maneuverability for movement
among host plants. The absence of heavy
sclerotization reduces overall wing mass and
improves aerodynamic efficiency.

In contrast, Heteroptera possesses specialized
hemelytra in which only the basal region is
hardened. Although forewings comprise
approximately 45% of body length, much of their
function involves protection rather than lift
generation. The membranous hindwings remain the
primary aerodynamic structures responsible for
flight. This combination represents an evolutionary
compromise between structural defense and
locomotor efficiency.

The most substantial reduction occurs within
Sternorrhyncha, where forewings and hindwings
represent only 10% and 5% of body length,
respectively. Numerous species possess vestigial or
absent wings because their ecological strategies
emphasize sedentary feeding rather than dispersal.
This progressive reduction demonstrates the strong
influence of ecological specialization on wing
evolution.

792



Journal of Animal Environment, Vol. 18, No. 1s, Spring 2026

Table 1 Comparative Analysis of Wing Size and Structural Characteristics Across Major Hemipteran

Suborders
Suborder Hindwing Type Forewing (% Body | Hindwing (% Body
Length) Length)

Heteroptera Fully 45 30

membranous
Auchenorrhyncha | Fully 50 35

membranous
Sternorrhyncha Reduced 10 5
Fulgoromorpha Fully 55 40

membranous

B. Comparative Analysis of Venation Complexity

Wing venation plays a fundamental role in
determining mechanical stability, flexibility, and
aerodynamic  performance. The comparative
evaluation demonstrates considerable variation in
venation density among Hemipteran families,
reflecting differences in habitat utilization, flight
behavior, and structural requirements.

Among the families examined, Gerridae exhibits the
highest venation density, approximately 15
veins/mm?,  providing  enhanced  structural
reinforcement required for aquatic locomotion and
resistance to water surface forces. Although their
flight frequency remains relatively low, dense
venation improves wing durability under
mechanically demanding environmental conditions.

Cicadidae displays moderately dense venation,
approximately 12 veins/mm?2, combined with

exceptionally high wing flexibility and flight
specialization.  This  configuration  optimizes
aerodynamic performance while maintaining
adequate structural stiffness for repeated long-
distance flights. The balance between flexibility and
reinforcement enables cicadas to achieve efficient
aerial movement with relatively low metabolic cost.

Pentatomidae exhibits intermediate venation density
(10 veins/mm?2) associated with robust forewings
and moderate flight capability. The venation system
supports both protective and aerodynamic functions,
complementing the mechanical role of the
hemelytra.

The lowest venation density occurs in Aphididae,
with approximately 8 veins/mm2. These simplified
networks reduce wing weight and support
occasional dispersal during unfavorable
environmental conditions.

Comparative Wing Characteristics Across Hemipteran Families

Venation Density
[veinaimm®)
85
80

Gerridae

Cicadidae

== (\:\zl;g Flexibility

Family

== ‘Sl:ludll'{]i Robusiness
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(%)

80

Pentatomidae Aphididae

Figure 3. Comparative Analysis of Wing Venation and Mechanical Properties
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The observed differences demonstrate that wing
venation has evolved according to biomechanical
requirements rather than taxonomic relationships
alone. High venation density contributes primarily
to structural robustness, whereas reduced venation
favors flexibility and aerodynamic efficiency. These
contrasting strategies illustrate the functional
optimization of wing architecture across different
ecological conditions.

C. Comparative Analysis of Flight Performance
and Functional Adaptation

Flight performance is determined by the integrated
interaction of wing size, membrane characteristics,
venation architecture, articulation flexibility, and
structural reinforcement. Comparative evaluation
indicates that different Hemipteran groups have
evolved distinct flight strategies corresponding to
their ecological requirements.

Species belonging to Auchenorrhyncha, particularly
cicadas and leafhoppers, exhibit the highest degree
of flight specialization. Their lightweight
membranous wings, high flexibility, and simplified
venation permit sustained flight, rapid acceleration,
and efficient dispersal between host plants. Such
characteristics enable these insects to exploit widely
distributed habitats while responding rapidly to
environmental disturbances.
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Fulgoromorpha combines flight with powerful
jumping behavior. Reinforced forewings provide
mechanical stability during take-off, whereas
flexible hindwings generate sufficient lift for
controlled aerial movement. This integrated
locomotor strategy allows rapid escape from
predators while maintaining effective dispersal
capability.

Although Heteroptera remains capable of active
flight, its structural emphasis is distributed between
protection and locomotion. The presence of partially
hardened forewings increases mechanical resistance
but slightly reduces aerodynamic efficiency
compared with fully membranous wing systems.
Nevertheless, this trade-off provides substantial
ecological advantages by protecting delicate
hindwings and internal organs.

The poorest flight performance occurs within
Sternorrhyncha, particularly among wing-reduced
and  wingless species. Here, ecological
specialization has largely replaced the necessity for
active flight, allowing energy to be redirected
toward reproduction and host exploitation. Wing
polymorphism within aphids further illustrates
adaptive flexibility, whereby winged individuals
develop only when dispersal becomes ecologically
advantageous.

Table 2. Comparative Functional Performance of Hemipteran Wing Adaptations

Hemipteran Group Flight Structural Habitat Dispersal
Efficiency Protection Adaptability Ability
Heteroptera Moderate Very High High Moderate
Auchenorrhyncha Very High Moderate Very High Very High
Sternorrhyncha Low Low Moderate Low
Fulgoromorpha High High High High

V. Conclusion

The comparative analysis of wing morphology
across the order Hemiptera demonstrates that wing
structures have evolved through continuous
adaptation to diverse ecological conditions,
locomotor  requirements, and environmental
pressures. Although all hemipteran insects share a
common evolutionary origin, significant differences
in forewing architecture, hindwing configuration,

venation patterns, membrane characteristics, and
articulation mechanisms have resulted in a wide
range of functional adaptations. These structural
modifications enable different groups to optimize
flight efficiency, mechanical protection, dispersal
capability, predator avoidance, and habitat
specialization, highlighting the close relationship
between morphology and ecological function. The
review shows that Heteroptera has evolved
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specialized hemelytra that provide both protection
and moderate  flight capability, whereas
Auchenorrhyncha possesses lightweight
membranous wings optimized for sustained flight
and long-distance  dispersal. In  contrast,
Sternorrhyncha exhibits extensive wing reduction
and polymorphism as adaptations to sedentary, host-
dependent lifestyles, while  Fulgoromorpha
combines reinforced forewings with flexible
hindwings to support both jumping and controlled
flight. Comparative evaluation of wing size,
venation complexity, and functional performance
further indicates that morphological diversity is
driven primarily by ecological demands rather than
taxonomic  differences alone. Advances in
microscopy, geometric morphometrics,
computational biomechanics, and image analysis
have substantially improved the understanding of
insect wing architecture and its functional
significance. Future studies integrating artificial
intelligence, machine learning, three-dimensional
imaging, and molecular phylogenetics are expected
to provide deeper insights into wing evolution,
species diversification, and adaptive mechanisms.
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