o

DO

5

1O
e}

1O

1O
e}

iy

Sele

oo aniBo anBo aniio ansie
o)

DO

N
IEu

o G

ﬁéj%@ Q
I
B

u%g%gb G

u?;ﬁ%@ F

o Qi it wite §
SE I

S

DO
o)

o &

[SACSIRS Y
Se

&
T

o) ué{fé} B
(o212

DO
o)

o &

%5,
(o)

Q

weo
o c?‘w?;gd@

6%;?(?
s

£ Qniteo

mﬁéﬁ

Jo,

SIEO
&

IR &

O

30C
e}

ﬁ 3ol C?\é?

JOC,
v Cg,“\@

N

an é YO Q
ol p
d%ﬁ‘w@ o7

S0
V3O

(=}

JOC,

200 pe
Tt G

& V’Tgfw

] té‘w@

TOC,

Q20 ansto as

3300
uﬁg@ G

oo anieo

J?é,‘w@ O

b utti 2‘” o

it

2o qnsis

TOC

O
J?@g‘wi) ez

T
et olie?

%
[}

S
DO

W$200 an
% 3

I OC

o o
o g

T
I8

i
oLe]
(o)

ans2ro an
.

puxefox

CW%N

GRI MAGAZINE

(International E-Magazine for Agricultural Articles)

Volume: 02, Issue: 06 (June, 2025)

Available online at http://www.agrimagazine.in
D blish with Pride & “Agri Magazine, ISSN: 3048-8656

The Rise of Insects: Unraveling Theories of Their
Ancestry and Wings

“Chandan Kumar Panigrahi’, Pravat Kumar Sarangi’, Satya Narayan Satapathy”,
Bhubanananda Adhikari® Anjali Verma? Prittam Das®, Rupali Shrivasini Parida®
and Debashree Sarangi*
1Department of Entomology, Faculty of Agricultural Sciences, Siksha ‘O’ Anusandhan
Deemed to be University, Bhubaneswar-751029, Odisha, India
’Department of Plant Pathology, BUAT, U.P., India
*Department of Plant Pathology Faculty of Agricultural Sciences, Siksha ‘O’
Anusandhan Deemed to be University, Bhubaneswar-751029, Odisha, India
*Project Coordinator, CDP-MLIP, WOSCA, Saharapada- Keonjhar, Odisha, India
“Corresponding Author’s email: cpanigrahi99@gmail.com

nsects, the most diverse and abundant group of animals on Earth, have a long evolutionary

history dating back over 400 million years. Understanding their origin is fundamental to
studying the evolution of life on land. Various theories have been proposed to explain the
ancestry of insects, based on fossil records, comparative morphology, and molecular
evidence. A particularly intriguing aspect of their evolution is the development of wings—a
key innovation that enabled insects to dominate terrestrial and aerial ecosystems. Multiple
hypotheses, such as the Paranotal, Gill, and Exite theories, have been suggested to explain
how wings may have evolved from pre-existing structures. This discussion explores the
major theories on insect origins and the evolutionary pathways that may have led to the
emergence of wings.

Theories on Insect Origins
Five major hypotheses have been proposed over the past 150 years:

Myriapod Theory Early naturalists like A.S. Packard proposed a link between insects and
(Symphylan myriapods, especially the Symphyla, due to similarities in body
Hypothesis): segmentation and mouthparts

H.J. Hansen and later E.R. Lankester supported the idea that insects
Crustacean Theory evolved from crustacean-like ancestors, based on embryological and

anatomical evidence.
A. Handlirsch suggested an origin from trilobites, implying that ancestral
insects may have been primitively winged.
R.J. Tillyard introduced a hypothetical ancestor, the "protapteron”, linking
myriapods and insects through a common larval form.

O.W. Tiegs resolved much of the debate by demonstrating, through

embryology, that the supposed major differences between insect and
symphylan reproductive systems were superficial, supporting a closer link.

Trilobite Theory
Protapteron Concept

Embryological
Resolution

Theories regarding Origin of WINGS

The origin of insect wings likely stems from a combination of anatomical, environmental,
and functional factors. While the paranotal theory remains traditional, the tracheal gill theory
has gained strong support due to fossil and developmental data suggesting articulated, aquatic
origins.
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Modern consensus tends toward PALAEGZOIC MODERN
a single evolutionary origin of
wings, probably in the i =Y
Devonian period, but whether n0—  sitroxa i ) [ e s ——2—wing
wings evolved from paranota, / X
gills, or coxal appendages

remains unresolved. A | l
multifaceted approach L patetis -titis
combining fossil,

maxillary palp —L tarsus

embryological, and genetic
evidence continues to refine our
understanding of this
evolutionary leap.

latual palp ,',
\ s

Paranotal Lobe Theory protnoracic winglet
The paranotal theory is one of _
the oldest and most widely cited =,

explanations for the origin of | . ..cwne / AAD J;:Z;:;"'Z,?’f;.‘i':w.m
insect wings. It proposes that ,‘,'Si;?’f,“.'i'x;<' A "=\

wings evolved from fixed, e VA ).

lateral extensions of the thoracic yA Ay 4 1

tergites, known as paranotal ¥ < e |—3) A

lobes. These structures are =[— ¥

|

> leglets & end les

— e of segments 4 9
developing as ovipositor

thought to have initially

functioned as gliding planes or

parachuting devices, which later £
developed articulation  and g & ‘3\
musculature, ultimately (b) ﬁ

enabling powered flight. Fossil

evidence from Palaeozoic orders  Figure 1: Appendages of hypothetical primitive Palaeozoic (left of each
diagram) and modern (right of each diagram) pterygotes (winged

like the PaIaGOd|Cty0pteraa insects): (a) thoracic segment of adult showing generalized condition of
Protodonata, and Protorthoptera appendages; (b) dorsal view of nymphal morph

supports this theory, as they show wing-like structures on the thorax and even the abdomen.
In living insects, similar structures (e.g., the paranota of Peloridiidae or Ephemeroptera
nymphs) are considered secondary adaptations. Over evolutionary time, the mesothoracic and
metathoracic lobes are believed to have enlarged and become modified, supported by changes
in the thoracic skeleton and musculature, leading to the evolution of true, flapping wings.
However, a challenge to the paranotal theory lies in the fact that wings of Palaeozoic nymphs
were often articulated and movable, indicating that the earliest wings may not have been
simple, immobile expansions, but more complex structures possibly mistaken for paranotal
lobes.

Tracheal Gill Theory

Originally proposed by the German biologist C. Gegenbaur, the tracheal gill theory suggests
that insect wings are derived from the leaf-like tracheal gills of aquatic nymphs, especially
those of mayflies. These gills share many structural features with wings: both are thin,
veined, and capable of vibratory movement. The articulation and vascularization of the gills
also mirror those of insect wings. While tracheal gills are today found only on the abdomen,
it's argued that earlier forms may have had similar structures on the thorax, which eventually
transformed into wings. The main objection to this theory is the prevailing belief that insects
are primitively terrestrial, not aquatic. However, more recent fossil evidence suggests that
early pterygote (winged) insects may indeed have had aquatic nymphs with articulated wings,
lending renewed support to the gill hypothesis. Importantly, this theory helps explain why
wing buds always develop near spiracles, as spiracles and gills both relate to respiration.

»

N
-l caudal filaments
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Coxal Stylus (Stylus) Theory

Another theory, sometimes associated with the gill theory, is the stylus theory, championed
by entomologist V.B. Wigglesworth. It posits that insect wings originated from coxal
styles—small, paired appendage-like structures found on the abdomens of primitive insects
like Apterygota, and considered homologous with the gill plates of mayfly nymphs. These
abdominal appendages, over evolutionary time, may have migrated and become thoracic,
developing into wings. While this idea supports a homologous link between appendages and
wings, critics argue that it lacks strong developmental and fossil support, particularly since
wing development appears to be independent of leg or stylus structures in many modern
insects.

Spiracular Flap and Fin Theories

There are additional niche hypotheses, such as the spiracular flap theory and the fin theory.
The former suggests that early wing-like structures evolved to cover and protect spiracles or
aid in respiration by generating air currents. The fin theory proposes that wings evolved from
fin-like structures useful in aquatic locomotion, allowing early insects to swim or glide
through water. These structures, once insects adapted to terrestrial habitats, may have become
airborne through selection pressures for dispersal or escape from predators. While
speculative, these theories align with an aquatic origin of wings, challenging the terrestrial
assumptions held by the paranotal theory.

Fossil Evidence and Modern Synthesis

Fossil evidence plays a crucial role in modern interpretations of wing origins. Studies of
juvenile wing pads in Palaeozoic fossils suggest that early wings were articulated, capable of
flapping, and reinforced by tubular veins. Research by Jarmila Kukalova-Peck (1978)
highlighted that these structures were likely ancestral wings, not fused lobes. This
undermines the classical paranotal theory, as articulated, movable proto-wings contradict the
idea of passive, gliding lobes. The fossil record suggests that major events in insect evolution,
including the origin of flight, likely occurred first in the immature stages of aquatic insects.

Selection Pressures for Flight

Regardless of structural origin, the function of wings was critical to their evolutionary
retention. Two dominant selective pressures have been proposed: dispersal and predator
evasion. Insects inhabiting temporary or arid habitats would benefit from aerial dispersal to
locate new environments. Alternatively, wings could have evolved as mechanisms for
escaping predators, especially if early insects were arboreal. If large in size, gliding may have
preceded powered flight; if small, passive dispersal might have been the initial function. Both
selection pressures are compatible with multiple structural origin hypotheses and are not
mutually exclusive.

Conclusion

The origin of insects and the evolution of their wings represent significant milestones in the
history of life. While no single theory has been universally accepted, the diversity of
perspectives—from the Paranotal theory emphasizing dorsal expansions to the Gill theory
proposing aquatic origins—reflects the complexity of evolutionary innovation. Recent
advances in developmental biology and genomics continue to shed light on these ancient
mysteries, suggesting that wings may have arisen from a combination of structures rather
than a single ancestral trait. Understanding these evolutionary theories not only provides
insights into insect biology but also enhances our knowledge of how complex adaptations
arise in nature.
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