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 INSECT HISTOLOGY: 
HISTORICAL OVERVIEW & CURRENT PERSPECTIVES 

 Damien Laudier,HTL(ASCP),QIHC 
 

What makes things baffling is 
their degree of complexity, not 

their sheer size; a star is simpler 
than an insect. 

-Martin Rees,noted Astrophysicist 

 

ENTOMOLOGY 101 
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 Insects and Arachnid numbers 

•  Globally, there are an estimated 10 million species of  
insects, with only 1 million actually described.  

•  Estimated number of  arachnid species is around 600K. 

•  20,000 species of  bees 

•  13,000 species of  ants 

•  400,00 species of  beetles 

•  40,00 species of  spiders 

•  3,500 species of  mosquitoes 

Interesting Facts About Insects 

 

•  Adult mayflies live between 5 minutes and 24 hours. 

•  Houseflies have a lifespan of two weeks. 

•  Queen bees can live up to 5 years. 

•  Termite queens can live up to 50 years. 

•  The ant brain has around 250K cells, and the ant has the largest brain 
relative to its body size of any animal. 

•  The cockroach is older than dinosaurs. 

•  The most dangerous animal on earth is the housefly.  

 

 

Interesting Facts About Insects 

 

•  Some species of butterflies drink blood. 

•  Insects were the first organisms to fly and are still the best at it. 

•  Blowflies can smell “death” from 10 miles away. 

•  Insects were the first to produce antifreeze. 

•  Insects were the first organisms to develop chemical defenses. 

•  Caterpillars can have over 2000 muscles. 
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Black CARPENTER ANT 

ORDER
Hymenoptera

FAMILY
Formicidae

SPECIES
Camponotus Pensylvanicus

CLASS
Insecta

External Differences Between 
Insects and Arachnids 

           INSECTS 

•  Have three distinct body parts 

•  Have antennae 

•  Have six legs 

•  May have wings 

•  Compound and simple eyes 

  

       ARACHNIDS 

•  Have two body parts 

•  Have no antennae 

•  Have eight legs 

•  Never has wings 

•  Simple eyes only 

•  Spiders have a small endoskeleton 

Insect Anatomy 
(External) 
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Insect Anatomy 

 Insects have the following systems: 

•  Circulatory  

•  Respiratory  

•  Digestive 

•  Nervous (neuroendocrine) 

•  Reproductive 

•  Vision  

•  Cuticle 

-  These systems and their structures can vary in morphological 
complexity depending on the species. 

 

            

Insect Anatomy 
(Internal) 

          

 

Digestive System 

Insect Anatomy 
(Internal) 

          

 

Central Nervous System 
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Spider Anatomy 
(Internal) 

          

 

Spider Anatomy 

INSECT HISTOLOGY 

What Is Insect Histology? 

•  Defined the same way as vertebrate or traditional 
histology is: the study of microscopic anatomy except the 
samples are from insects. 

•  This specialty also includes arachnids 
(spiders,scorpions,mites and ticks). 

•  Techniques for millipedes, centipedes and annelids 
(segmented worms) are also included in this specialty. 
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Why Insect Histology? 

•  Insects are the most numerous and diverse group of animals on earth. 

•  There are around 32 orders with some orders containing thousands of 
species with heterogeneous morphology. 

•  Compared to insects and arachnids, vertebrates are relatively 
homogenous in morphology and physiology. 

•  Because of the sheer number of species, many insects and arachnids are 
considered morphological “black boxes”. 

•  What is known about insect microanatomy has come from a small 
number of species. 

•  There is a need for study/analysis of insect microstructure in many 
diverse fields. 

 

Insect Histology 
 

“The standard histological procedures of the zoologist, 
do not as a rule, give very successful results when 

applied to insects.” 
 

-H.P. Van Heerden,Entomologist 

 
 

    Insect Histology 
 

 
 
 Historical Overview 
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Insect Histology 
Historical Overview 

 

•  The recorded practice of insect histology dates back to the 17th 
century, and is as old as the practice of light microscopy itself. 

•  Compared to vertebrate histology, there is scant literature on 
histology of insects and arachnids. 

•  There is even less literature on the sub-specialty of insect 
histotechnology. 

•  Very little attention has been paid to its interesting history.          

 

 
 

The Pioneers of 
Insect Histology 

 
 17th Century 

Francesco Stelluti (1577-1652) 

Was an Italian microscopist 
who made the first know 
image of insects 
(honeybees) with a single-
lens microscope using 
observation and illustration. 

Melissographia 1625 
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Jan Swammerdam (1637-1680) 

•  Dutch microscopist was the first 
to carry out in-depth studies of 
insects using careful 
dissesction,experimentation and 
single-lens microscopy.  

•  He is widely regarded for laying 
the foundation of insect 
microstructure. 

*Not really Swammerdam 

Jan Swammerdam (1637-1680) 

 Among his achievements: 

•  Did not use any differential 
staining methods. 

•  Used rudimentary fixation to 
harden tissue and special 
chemicals to dissolve fat. 

•  Was the first to assign gender to 
bees.    

Swammerdam bee anatomy 
illustrations. 

Jan Swammerdam (1637-1680) 

 Among his achievements: 

•  Made the first descriptions of bee 
mouthparts, sting and poison gland. 

•  Described sex differences in compound 
eye anatomy and eye lamellae. 

•  Mouthparts, legs and antennae. 

•  He described similar structures in wasps 
and ants. 

 

Swammerdam male bee eye 
illustrations. 
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Jan Swammerdam (1637-1680) 

•  In 1669, Swammerdam produced 
a landmark book called “Historia 
Insectorium Generalis”.  

•  This book was expanded and 
translated into what is commonly 
known as  today: 

    “The Book of Nature” 

“The Book of Nature” 

 
 

The Pioneers of 
Insect Histology 

 
 18th Century 

Insect Histology 
18th Century 

•  During the 18th century, other scientists continued and 
built upon Swammerdam’s work, but not much really 
evolved until technology changed. 

•  The three big changes going into the 19th century were: 

   -Microscope technology 

   -Histology technique advancements 

   -Photography 



3/8/18 

10 

 
 

The Pioneers of 
Insect Histology 

 
 19th Century 

Insect Histology 
19th Century 

•  The 19th century brought histology techniques such as paraffin 
wax embedding,microtomy and section staining. 

•  Two important pioneers in insect histology emerged around this 
time: 

   -Johann Flogel 

   -Charles Janet 

Johan Flogel(1834-1918) 
(Background)  

 

•  Was a self-taught 
entomologist and 
microscopist who had a 
fascination with insect brains. 

•  He was the first to conduct 
comparative insect 
neuroanatomy studies using 
histology. 
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Johan Flogel  (1834-1918) 
(Achievements)  

 

•  Flogel was the first to use paraffin-
embedded, thin-sectioned serial 
sections to study insect CNS tissue. 

•  He was one of pioneers in the use of 
hematoxylin for section staining. 

•  Designed custom microtomes and 
microscopes for use in his research. 

•  Developed a nomenclature for 
insect neuroanatomy. 

Johan Flogel(1834-1918) 
(Achievements)  

 

•  Flogel made important comparisons 
of cockroach, wasp, butterfly, fly 
and beetle brains. 

•  His description of mushroom 
bodies, and the correlation with 
intelligence, was considered 
landmark at the time. 

•  Pioneered the use of 
photomicrography. 

Johan Flogel(1834-1918) 
(Histology Equipment)  
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Johan Flogel(1834-1918) 
(Insect Brain Histology)  

 

Histology sections of mushroom bodies from cockroaches and moths 

Johan Flogel(1834-1918) 
(Insect Brain Histology)  

 

Oriental cockroach brain 

Charles Janet (1849-1932) 
(Background)  

 

•  Is considered the French 
founding father of insect 
morphology/histology. 

•  Initially trained as an engineer, 
he left that field to study biology 
with an emphasis on 
entomology. 

•  He had a deep interest in social 
insects, particularly ants and 
wasps. 
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Charles Janet (1849-1932) 
(Achievements)  

 

•  Janet was an expert 
Histotechnologist,mastering the art 
of paraffin embedding, section 
staining and slide production. 

•  Unlike Flogel,Janet studied the 
entire internal structures of his 
specimens. 

•  His section slides were considered 
works of art and demonstrated 
exceptional technical proficiency. 

Charles Janet (1849-1932) 
(Achievements)  

 

•  Janet made precise descriptions of 
the digestive, respiratory and 
circulatory systems of ants. 

•  Discovered the metamorphosis of 
flight muscles in ant queens. 

•  Through histology, he discovered 
some previously unknown glands in 
the ant exocrine system. 

 

Charles Janet (1849-1932) 
(Achievements)  

 

•  Made invaluable contributions to 
pheromone science. 

•  Published 64+ papers on insect 
morphology, most all included some 
illustrative histology. 
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Charles Janet (1849-1932) 
(Histology Illustrations)  

 

Honeybee sting base morphology 

Charles Janet (1849-1932) 
(Histology)  

 

Ant microstructure / sagittal section / H&E staining 

Charles Janet (1849-1932) 
(Histology)  

 

Janet histology slides/Honeybee Honeybee head 
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Charles Janet (1849-1932) 
(Histology)  

 

Compound eye from a Wasp 

 
Charles Janet (1849-1932) 

(Histology)  
 

Wasp abdomen Bee thorax 

 
 

The Pioneers of 
Insect Histology 

 
 20th Century 
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Insect Histology 

20th Century 
 
 

•  The 20th century brought further technical innovations to the 
study of insect histology.  

•  Several important reference works were produced and 
knowledge of microstructure increased greatly. 

Max Knoll and Ernest Ruska (1931) 
(Transmission Electron Microscope) 

 

While not entomologists or histologists, their 
invention of the transmission electron microscope 
(TEM) forever changed the way insect 
microstructure would be studied going forward.  

Max Knoll and Ernest Ruska (1931) 
(Transmission Electron Microscope) 

 

•  Offered resolution 100 fold 
greater than the most 
advanced light microscope of 
the time. 

•  Structures previously unseen/
unknown were now able to be 
studied. 

•  Invention created an analysis 
“marriage” that continues to 
this day. 
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Pedro Barbosa (1974) 
(Insect Histology Technique Book) 

 

In 1974,entomologist Pedro Barbosa, wrote the first 
and only book exclusively devoted insect histology 
techniques. 

Pedro Barbosa (1974) 
(Insect Histology Technique Book) 

 

 The book covers: 

•  Fixation techniques 

•  Staining methods 

•  Processing 

•  Specimen mounting 

•  Preparation of various 
specialized anatomy. 

    

Pedro Barbosa (1974) 
(Insect Histology Technique Book) 

 

•  The book  is primarily focused 
on paraffin-related techniques 
and does not contain any 
photomicrographs or 
illustrations.  

 

•  Work is a collection of 
techniques pulled from various 
references. 
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2014 

Frederick K. Harrison (1998) 
(Insect Microanatomy Books) 

 

•  In 1998, invertebrate biologist Frederick K. Harrison, edited a 
masterwork three-volume set of books devoted to insect 
microstructure.  

•  The books were produced as part of a ten-volume set of books 
devoted to invertebrate microanatomy. 

Frederick K. Harrison (1998) 
(Insect Microanatomy Books) 

 

   The three volume set devoted to 
insect microstructure covered 
the following: 

•  Specialization of insect cells. 

•  Surface integument. 

•  Cuticle specialization. 

•  Sense organs. 

•  Nervous system. 

•  Muscle structure. 
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Frederick K. Harrison (1998) 

(Insect Microanatomy Books) 
 

•  Although the list of topics is 
impressive and informative, 
the volumes are lacking in 
light microscopy (histology) 
photomicrographs.  

•  Most of the photographs are 
from Transmission Electron 
Microscopy images.  

 
 

Insect Histology 

 
 Current Perspectives 

Insect Histology 
(Current Perspectives) 

 

Histology will continue to play an important 
role in advancing the understanding of 
insects and arachnids in the 21st century.  
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Insect Histology 
(Advances in Light Microscopy) 

 

• Laser scanning confocal microscopy. 

• Multi-photon microscopy. 

• Deconvolution microscopy. 

•   Super Resolution-Structured Illumination 
(SIMS) 

  

 
Modern Insect Histology 

 

Orb-weaver Spider  book  lung Anopheles Mosquito fat bodies and flight muscle 

American cockroach head and thorax muscle Tiger Beetle head with mushroom bodies 

Insect Histology 
(Microstructure) 

 

•  With up to an estimated10 million insects yet to be 
discovered,microstructural studies will continue to be 
vitally important to insect science and understanding 
morphological biodiversity.  

•  Even in known species, there are numerous structures 
that have not been studied in-depth and/or completely 
understood.  
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Insect Histology 
(Immunology and Genetics) 

 

•  Understanding insect immune mechanisms and immune responses 
are becoming increasingly important in the field of insect and 
arachnid science. 

•  Insect and arachnid genetics is a burgeoning area of research.  

•  Immunohistochemistry and in situ hybridization currently play as 
role in understanding these mechanisms. 

•  Skillful deployment of IHC and ISH techniques are, and will be, 
important in keeping Histotechnology at the forefront of these 
exciting areas of research. 

Insect Histology 
(Immunology and Genetics) 

 

•  One current example is the ongoing work being done to 
understand the disappearance of various honeybee colonies. 

•  Colony collapse disorder (CCD) is now being viewed as a 
problem of immunosupression,similar to HIV in humans.  

Insect Histology 
(Histopathology) 

 

•  Insect pathology is the study of disease in insects.  

•  This area also includes the the effects of toxins (such as 
pesticides) on cell and tissue structure. 

•  True histopathology (intact tissue) studies are not common, 
but are slowly growing. 

•  The Histotechnologist trained in insect morphology will be an 
invaluable ally to scientists studying disease, which has 
generally been relegated to molecular biology and cell culture 
assays. 
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Insect Histology 
(Mechanics and Biorobotics) 

 

•  High-quality two dimensional histology sections are used in 
conjunction with confocal and acoustic microscopy for 3-D 
reconstructions of insect tissue.  

-Developments: 

•  Ultra-thin cameras. 

•  Specialized terrestrial and flying robots. 

•  Adaptive fabrics. 

•  Biomaterials. 

-   All have been developed in part from the study of insect tissue 
structure.  

 

Insect Histology 
(3D Reconstruction) 

 

3D reconstruction from tissue section (cockroach trochanter) 

Insect Histology 
(Tools) 

 

•  Stereomicroscope (dissecting scope) 

•  Micro- surgical scissors 

•  Micro-scalpels 

•  Micro-forceps 

•  Silane or gelatin-coated slides 
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Insect Histology 
(Fixatives) 

 

•  Acidified formalin 

•  Bouins 

•  Zinc Acetate 

•  Carnoy’s 

•  Phenol-Formalin 

•  Good overall penetration 
of whole specimens. 

•  Insect eggs/embryonic tissue 
and eyes. 

•  Insect brain tissue. 

•  General,multi-purpose 
fixative. 

•  Cuticle fixative.  

Insect Histology 
(Dehydrants) 

 

•  2-Propanol 

•  Ethanol 

•  2-Ethoxyethanol 

•  Butyl Alcohol 

•  Benzyl Alcohol 

Insect Histology 
(Clearing Reagents) 

 

•  Cedar Wood Oil 

•  Methyl Salicylate 

•  Benzyl Benzoate 

•  Petroleum Ether 
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Thank you & 
Questions 


