
 

Agri Magazine 
(International E-Magazine for Agricultural Articles)  

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

Available online at http://www.agrimagazine.in   

  
Agri Magazine, ISSN: 3048-8656 

 

 
 

Agri Magazine ISSN: 3048-8656 Page 207 

Wings from Limbs: The Evolutionary Insights from Kukalova-

Peck and Kristensen Theory 
Anwesha Jena

1
, 

*
Chandan Kumar Panigrahi

1
, Pravat Kumar Sarangi

1
, Satya Narayan 

Satapathy
1
, Anjali Verma

2
, Manasi Maniska

1
, Prittam Das

3
, Rupali Shrivasini Parida

3
 

and Debashree Sarangi
4
 

1
Department of Entomology, Faculty of Agricultural Sciences, Siksha ‘O’ Anusandhan 

Deemed to be University, Bhubaneswar-751029, Odisha, India 
2
Department of Plant Pathology, BUAT, U.P., India 

3
Department of Plant Pathology Faculty of Agricultural Sciences, Siksha ‘O’ 

Anusandhan Deemed to be University, Bhubaneswar-751029, Odisha, India 
4
Project Coordinator, CDP-MLIP, WOSCA, Saharapada-Keonjhar, Odisha, India 

*
Corresponding Author’s email: cpanigrahi99@gmail.com

   

 

he Kukalová-Peck and Kristensen theory is a significant evolutionary hypothesis 

concerning the origin and diversification of insects, particularly focusing on the 

evolution of insect wings and body segmentation. It blends insights from paleontology, 

morphology, and phylogenetics. The Kukalová-Peck and Kristensen theory of insect 

evolution presents: A complex, multibranched appendage-based origin of many insect 

structures.A pleural (gill-derived) origin of wings that is supported by both fossil morphology 

and genetic evidence. A holistic integration of fossil, morphological, and phylogenetic data, 

which has been instrumental in shaping modern insect evolutionary biology. 

Jarmila Kukalová-Peck (1925–2020) was a   renowned Czech-

Canadian paleoentomologist who studied the fossil record of insects, 

particularly Paleozoic insects, using advanced imaging and detailed 

morphological descriptions. Her interpretations provided radical new 

insights into the evolutionary origin of insect body structures, 

particularly wings. 

Niels Peder Kristensen (1943–2014), a Danish entomologist, was 

famous for his contributions to the phylogenetics and classification of 

insects, especially Lepidoptera (moths and butterflies). He worked 

closely with Kukalová-Peck and supported her evolutionary 

reconstructions by incorporating them into modern systematics.  

Core Concepts of Their Theory 
Theory Origin Structure Description 

Paranotal theory 
Dorsal tergal 

extensions 

Wings evolved as passive gliding flaps from 

the back plate of the thorax 

Gill/exite theory 

(Kukalová-Peck) 

Lateral leg branches 

(gills/exites) 

Wings evolved from movable gill-like 

appendages that once served respiratory 

functions 

Dual origin theory 
Combination of tergal 

and pleural elements 

Wings may have originated from fusion or 

interaction of both tergal expansions and 

pleural appendages 

 

T 

mailto:cpanigrahi99@gmail.com


Jena et al. (2025) Agri Magazine, 02(06): 207-209 (JUNE, 2025)     

Agri Magazine ISSN: 3048-8656 Page 208 

Insect Wing Origin – Paranotal vs. Gill Theory also called as Modified Gill Hypothesis: 

Traditionally, the paranotal theory suggested that wings evolved from fixed, lateral 

outgrowths of the thoracic tergites (dorsal plates), used initially for gliding. Kukalová-Peck, 

with support from Kristensen, championed the gill (pleural) hypothesis, proposing that: 

Wings evolved from movable, articulated leg branches or gills, similar to the exites found in 

aquatic arthropods like crustaceans. These structures were originally respiratory gills in 

aquatic environments and later adapted for flight in terrestrial insects. Evidence includes 

fossilized winglets with articulated bases and tracheated structures. 

Segmental Appendage Homology: Kukalová-Peck argued that insects have retained more 

limb elements than previously thought. According to her, many insect structures like gills, 

wings, styli, and even certain internal organs (e.g., tracheae) are homologous with leg 

branches (exites and endites) from ancestral arthropods. This expands the view that insect 

bodies evolved through extensive modification of multibranched appendages, not just 

through simple limb loss or reduction. 

Reconstruction of the Ancestral Insect Body Plan: The theory reconstructs a 

polysegmented, aquatic ancestor of insects, with: Many thoracic and abdominal segments 

bearing appendages or limb remnants. Transition from aquatic to terrestrial life, with 

adaptations like wings for dispersal and tracheal systems for breathing air. Emphasized that 

fossil evidence, particularly from Paleozoic insects, shows transitional forms supporting this 

complex ancestral morphology. 

Insect Phylogeny and Monophyly: Kristensen contributed detailed phylogenetic 

frameworks, especially for modern insect groups (e.g., endopterygotes). He supported 

Kukalová-Peck’s interpretations by integrating fossil data into morphology-based cladistic 

analyses. Their combined approach solidified the monophyly of major insect groups and 

helped refine insect classification. 

Considerations by Kukalová-Peck’s: Studied Paleozoic insects such as Palaeodictyoptera 

and Megasecoptera which show paired lateral appendages on many body segments, not just 

the thorax. Found veined, jointed, and tracheated wing pads, indicating they were once 

functional and articulated limbs. Fossil wings had structures resembling articulation points, 

suggesting active movement. Gene expression studies in insect embryos (e.g., Drosophila, 

Tribolium) show that wing development shares gene networks with gill and leg development. 

This genetic evidence strengthens the idea that wings evolved from modified leg branches, 

just as Kukalová-Peck proposed. Many insect body parts—including styli, tracheae, gills, 

cerci, subcoxal plates, and even some internal structures—are derived from ancestral limb 

elements.Early arthropods had multibranched appendages on nearly every segment, which 

evolved into specialized structures over time. Her model suggested that insect segments still 

retain hidden or reduced remnants of these limbs. Example: Abdominal gills in mayfly 

nymphs or the styli on the abdominal segments of primitive apterygotes like Machilis are not 

novel but ancestral limb remnants. 

Considerations by Kristensen: Kristensen’s role was essential in integrating Kukalová-

Peck’s fossil evidence into a coherent phylogenetic framework, which included: Clear 

definition of monophyletic groups of insects.Refinement of insect orders, especially within 

the Endopterygota (holometabolous insects like beetles, flies, and moths). Development of 

cladograms that combined both fossil and living taxa, offering a more comprehensive view of 

insect evolution. He supported the idea that the apterygote insects (e.g., silverfish, bristletails) 

are not primitive but secondarily wingless and derived, reinforcing Kukalová-Peck’s notion 

that wing-bearing ancestors existed much earlier than traditionally believed. 

Evolutionary Timeline According to Their Theory 

Period Key Events 

Early Devonian 

(400 MYA) 
Ancestral aquatic arthropods with gill-like appendages 



Jena et al. (2025) Agri Magazine, 02(06): 207-209 (JUNE, 2025)     

Agri Magazine ISSN: 3048-8656 Page 209 

Late Devonian–

Carboniferous 

Development of articulated wing-like appendages from lateral 

gills 

Carboniferous Explosion 

(320 MYA) 

Emergence of giant flying insects; complex articulation and 

wing control evolved 

Permian 
Diversification of holometabolous insects and complete 

metamorphosis systems 

Significance of their work 
Their work bridged fossil and modern insect morphology, showing how fossil evidence can 

inform developmental biology and phylogenetics.The Kukalová-Peck model of wing 

evolution inspired further research using genetic and embryological studies (e.g., identifying 

genes like nubbin, apterous, and vestigial in wing development). Though some parts of her 

limb homology ideas are debated, her emphasis on appendage-based origin of wings is 

supported by modern evo-devo research. 

Criticisms faced by them 
Some critics argue that Kukalová-Peck over-homologized structures — i.e., interpreted too 

many features as derived from limbs without enough genetic or embryological evidence. The 

dual origin theory (combining both dorsal and pleural contributions to wing development) is 

now a widely accepted compromise. Recent genetic and developmental evidence (e.g., from 

Drosophila and Tribolium) supports aspects of both the pleural (gill) origin and paranotal 

expansion, validating parts of Kukalová-Peck’s model. 

Conclusion 
The Kukalová-Peck and Kristensen theory offers a transformative perspective on insect 

evolution by integrating paleontological evidence with modern morphological and 

phylogenetic frameworks. Their proposal—that insect wings evolved from movable, limb-

derived structures rather than static body wall outgrowths—has reshaped our understanding 

of how flight originated in insects. By tracing the evolutionary roots of wings and other body 

structures to ancestral, segmented appendages, they highlighted the deep homology among 

arthropod limbs, gills, and wings. Although some of their interpretations remain debated, 

especially regarding the extent of limb homologies, their work laid a critical foundation for 

modern evolutionary developmental biology (evo-devo). It emphasized the value of fossil 

data in understanding living organisms and underscored the evolutionary continuity across 

ancient and modern arthropods. Ultimately, their theory not only clarified major transitions in 

insect anatomy but also inspired ongoing research into one of evolution’s greatest success 

stories—the rise of insects as the most diverse and ecologically dominant animals on Earth. 
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