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INTRODUCTION

General Entomology studies the main features of insects — the
structure of their bodies, the lifestyles, the diversity of forms and the
relationship with the environment. In accordance with this, general
entomology can be divided into morphology (with its division into
external morphology, and internal morphology — anatomy), physiology,
biology (in the narrow sense of the word), systematics and classification,
and ecology of insects.

The textbook on the discipline "Introduction to Entomology" is a tool
of theoretical and applied nature. It includes both theoretical materials
and practical recommendations for the formation of students' skills and
abilities to apply acquired knowledge of the discipline.

The textbook includes methodological development of practical
works, and their titles can be used as the titles of seminars in accordan-
ce with the programs of different courses when studying this discipline.
The above materials serve to consolidate and deepen the knowledge
gained by students during lectures, they provide the basis for the
formation of the scientific worldview, the mastery of the experimental
skills and methods of conducting experiments.

The textbookincludes the drawings and other illustrative material
with links to published sources.

A special feature of the use of the textbook is its theoretical and
practical orientation, corresponding to the main goal of the discipline
"Introduction to Entomology" on study insects as the most diverse and
numerous animals of the world. The workshop presents the main stu-

died objects in universities and secondary schools, as well as



recommendations on the use of collections and the animal preparations
of the collections of the region.

The textbook offers a glossary of specific terms along with
explanations of their meanings, in English as well as in Russian. Re-
commendations for the assimilation of the material and its study are also
set out in the preface to the topics. The textbook is divided into
educational sections in accordance with the systematics of the studied
groups of insects.

The textbook provides the necessary theoretical material and
recommendations on how to train students to consolidate the material.
The textbook encourages the use of effective methods of active
learning, including practical problem-based communicative, intensive
training and modeling with using the collection material, specimens and
information and communication technologies.

The textbook reviews the history of Entomology and external
structure of insects using different printed and electronic resources
named in the List of References. This is the first part of the planning
textbooks for the course “Introduction to Entomology”.

Some illustrations in the tables are used from internet-resource
“General Entomology” (source: https://projects.ncsu.edu/cals/course/
ent425 library/tutorials/).

The publications used to write this textbook and recommended

literature are given in the List of references.



SUMMARY OF THE COURSE

The aimof the courseis to obtain knowledge in the professional
biology teacher training at bachelor’s level on the diversity of insects,
the features of their origin, development, the current status in the animal
world, the role in the biosphere and human life.

Course Objectives:

- to appreciate the value and importance of insects;

- to obtain the knowledge about the external structure and anatomy
of insects;

- to learn about the classification, diversity, biology, ecology, behavi-
or, and characteristic features of the structure of the main insect orders;

- to study vital processes, peculiarities of reproduction and ontogeny
of the main groups of insects;

- to study of the distribution and significance of the main represen-
tatives of the most important orders of insects;

- to obtain practical skills in recognition of the basic orders of
insects, and the ability to apply these skills in professional activities;

- to acquire skills for collecting and preserving insects.

Forming competences

- obtaining systematic knowledge in the field of entomology;

- studying features of morphology and vital activity of insects;

- studying insect taxonomy;

- the ability to apply the acquired knowledge in professional work.

As a result of studying this discipline, students should know:

- the entomology as a science and history of Entomology;

- the external structure of insects, their mouthparts, legs, wings etc.;



- the internal structure and features of vital activity, metamorphosis,
lifestyles;

- the classification of insects to explain which order an insect
belongs to, the main characteristics of major insect orders;

- a variety of insects and basic methods of entomological research;

- phylogeny of insects.

Students will be able to...

- explain the importance of insects;

- describe basic insect structure and functions, compare the
morphophysiological features of different systematic groups of insects;

- work with the determinants of insects;

- work with preparations and collections, determinants, schemes of
the structure of insects to determine their systematic position;

- conduct observations of insects in natural and laboratory
conditions by modern methods of researches;

- acquire new knowledge, using modern information technology
education;

- develop such skills as:

- observation, description, and identification of insects, their
preparation, work with drugs, collections, animal structure schemes.

The study of the course involves the following types of classes:
lectures, practical, SRSP, CDS.

Pre-requisites: Zoology of invertebrates, general ecology, cytology

Post-requisites: Physiology of animals, histology, the biology of
individual development and comparative embryology, comparative
anatomy, ecology, ethology, zoogeography, biophysics, evolutionary

theory, and others, evolutionary teaching.



The topics of lectures deal with the above mentioned issues. For
each lecture, there are checklists — questions to serve for students’self-
check. To get answers to these questions, mandatory work with

literature is required.

THEMATIC PLAN OF THE COURSE
THE HISTORY OF ENTOMOLOGY. EXTERNAL STRUCTURE OF
INSECTS
1. The subject and objectives of Entomology. History of Entomology.
Diversity of insects.
2. The body of insects, skin and its derivatives.
The head of an insect and its appendages. The thoracic part and
itsstructure.
Types of legs of insects, a structure of wings.

The abdominal part of insects and its appendages.

INNER STRUCTURE AND DEVELOPMENT OF INSECTS. EVOLUTION OF

INSECTS

6. Body cavity. Digestive and excretory systems. Respiratory and
circulatory systems.

7. The structure of the nervous system, sense organs.

8. Reproductive system, reproduction and development. Life cycles,
types of metamorphosis.

9. The origin and evolution of arthropods. Primitive insects.



CLASSIFICATION AND DIVERSITY OF INSECTS

10. Classification of insects. Basic units. Protura (proturans), Collem-

11.

12.

13.

14.

15.

bola (springtails), Diplurans (diplurans), Thysanura (silverfish,
bristletails).

Infra-class Ancient-winged insects: Ephemeroptera (mayflies),
Odonata (damselflies, dragonflies). Infraclass new-winged Suborder
orthopteroid: Blattodea (cockroaches, Infraorder: Isoptera -—
termites), Mantoidea (mantises), Orthoptera.

Suborder Hemiptera (Suborder Coleorrhyncha -beetle bugs or moss
bugs; Suborder Auchenorrhyncha — cicadas, and leafhoppers; Su-
border Heteroptera — true bugs; Suborder Sternorrhyncha, Order
Homoptera — whiteflies, aphids, scale insects; Thrips.

Suborder Coleopteroides (Carabidae, Scarabaeidae, Tenebrioni-
dae, Chrysomelidae, Coccinellidae, and others). Suborder Neuro-
pteroides. Lacewings, Raphidioptera.

Suborder Mecopteroid: Caddisflies, Butterflies. Hymenoptera,
Diptera.

Life forms. Environmental groups of insects.



1 ENTOMOLOGY AS A SCIENCE. IMPORTANCE OF INSECTS

1. Entomology as a science.

2. Subject of Entomology.

3. Entomology sections.

4. Importance of insects.

Entomology as a science is a branch of zoology.It studies insects
and their interactions with other species,humans and environment.

Earlier (until the middle of the 19 century), all arthropods
(Arthropoda) were the object of study for entomology. Later, only
insectshave become the object of Entomology. By the number of
species, insects predominate over all animals.

Insects body is divided into threeparts (tagmas): head, thorax and
abdomen;one pair of antennae and compound eyes on the head; three
pairs of jointed legs;one or two pairs of wings.They have a chitinous
exoskeleton.

Entomology has three branches — General Entomology, Private
Entomology and Applied Entomology.

General Entomology studies the main features of structure, deve-
lopment, and evolution of insects.lt includes morphology, anatomy,
physiology, systematics, zoogeography, ecology (relationships with the
environment), genetics, paleontology, and phylogeny of insects.General
entomology is a theoretical basic scientific discipline for the private and
applied entomologies.lt is of the great importance for the knowledge of
the laws of nature in applied entomology and for using the discovered
principles in engineering and bionics (the science of using the principles
of operation of various organs of animals and plants in the industries).

Private entomology considers separate systematic groups of

insects, for example, Lepidopterology — Order of Lepidoptera (butter-
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flyes), Order of Diptera (dipterans), and Coleopterology — Order of
Coleoptera (beetles).

Applied entomology studies insects of practical importance and
includes medical, agricultural, forest, and veterinary entomology.

Agricultural entomologystudies insects as pests of agricultural crops
and develops methods to combat them, and also studies domestic and
other useful insects for humans,such as pollinators of plants, and
insects of practical importance (bees etc.).

Forest entomology studies the most importantinsects for forests and
bushes and their harmfulness. Studing the life styles of such insects we
could to develope the effective methods to combat them.

Medical and veterinary entomologydeals with insects dangerous for
life of people and domestic animals.

There are some subspecialties which named below: Apiology (or
melittology) studies bees, Coleopterology studies beetles, Dipterology
studies flies, Hemipterology studies true bugs, Lepidopterology studies
butterflies and moths, Myrmecology studies ants, Odonatology studies
dragonflies, Orthopterology studies locusta, grasshoppers, crickets, etc.,
Vespology studies wasps.

Insects have animportant role in nature and human life. In nature
ecosystems, they regulate the population densities of many species,
including potential pests; play a vital role in the biogeochemical cycling
of nutrients (as scavengers, consumers, and decomposers). They
dispose of wastes and dead organisms and recycle organic nutrients.
Insects redistribute nutrients within the soil, help aerate and retention of

rainwater. Flies and dung beetles decompose the manure from large
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animals and support a clean environment. The decomposition speed by
insects is more effective than bybacteria and fungi.

A number of animals feed on insects (invertebrate species, fish,
amphibians, reptiles, birds, mammals) — they are considered an
important element of the food pyramids.

Some species of insects are parasites and predators of other
organisms.

From another point of view, insectshave a great role as pollinators
of flowering plants.These plants (angiosperms) cannot reproduce
without insectswhich carry pollen (the male gametophyte) from flower to
flower, and it is a clear example of a close symbiotic relationship and co-
evolution.

For a long time, human population have used some insect species
and their products and even keep them as domesticated animals.

Since ancient times, honey bees (Apis mellifera) have been valued
for the honey and beeswax they produce as well as propolis and other
products.

Another of the wideknown domesticated species is silkworm
(Bombyx mori). These insects produce a natural fiber — the silk thread
used to make silk cloth and other things.

In some tropical countries, a tiny scale insect (Laccifer lacca)
produce a lac, a sticky resin (the ingredient of commercial shellac). This
insect grows on soapberry and acacia tree in India and Burma. Shellac
used as a protective coating for furniture, floors, photographs, etc.

Another useful insect is Dactylopius coccus (a scale insect). It lives
on prickly pear cacti in Central America and Mexico. People use cochi-

neal as a scarlet pigment extracted from these insects. In the 17th

12



century, this pigment became a staple of trade with Europe for
itsintensity and permanence color.

Many valuable products are produced by other insects: the varnish
chervets produce a wax-like substance used in electrical engineering;
caterpillars of an oak cocoon trimmer produce silk thread; carmine
chervets produce red paint — carmine; blister beetles produce
cantharidin, etc.

Some insects carry fungal bacteria, microbes, and other harmful
microorganisms, and they are dangerous pathogens of various
diseases. Some insects debug the larvae in food.

Other insects are the pests of agriculture and forestry, parasites of
humans and animals, carriers of diseases. Many insects have a big
direct impact on agricultural food production. They feed the leaves of
crop plants, lives within the roots, sucking out plant juices. They spread
plant pathogens. They destroy wooden materials, transmit diseases.

In nature, herbivorous insects feed on plants, and thereby regulate
their plant growth, eating the main part. And parasitic and predatory
insects are considered regulators of the number of representatives of
animals, which they also feed on. Thus, insects are of great importance

as consumers of animal and plant debris.

Questions for self-check:

1. What is Entomology?

2. What does entomology study apply?

3. What are the negative values of insects?

4. List domesticated insects.

5. Describe some negative rolesof insects in human life.
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2 HISTORY OF ENTOMOLOGY. CLASS INSECTA IN THE
SYSTEM OF ARTHROPODS

1. Development of Entomology during the antiquity period and
middle ages.

2. The development of Entomology in the XVII — XVIII centuries.

3. The development of Entomology in the XVII — XVIII centuries.

4. The development of Entomology in the XIX century and up to
modern times.

5. Class Insecta in the system of arthropods.

The very first people have their observation of animals, incuding
insects and their life, so Entomology is rooted in cultures from ancient
time.People have long been confronted with the harm caused by
insects, from one side, and used beneficial insects in human life. In
Assyrian cuneiform tablets and Egyptian papyrus of the 3rd millennium
BC devastating locust attacks are mentioned; in ancient Chinese
manuscripts of the same period, there are indications of the silkworm
breeding and the control of insects, the pests of vegetable gardens. In
the rock painting of bees were registered from approximately 13,000
B.C.E. Some images and jewelrywere founded about 1800 to 1700
B.C.E. with insect pictures (a painting of a Scarab beetle on a wall of
Rameses IX tomb around 1000 B.C.E) or insect forms (for examples,
two golden bees with a drop of honey from Crete). Some Roman writers
Virgil, Gaius Julius Hyginus, Varro, and Columella had discussionsabout
Ancient Egyptian beekeeping.

Development of Entomology duringthe antiquity period and
middle ages.The history of biology hasstartedin the Greek civilization
with Aristotle's observations of the natural world, especially animals.
Aristotle (384 — 322 B.C.) is founder of Zoology, his classification of

species was the greatest contribution to the biology development. His
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description and classification almost 500 species was the first known
attempt to animals into groups and species according to their construc-
tion, the similarities and differences between their physiologies. Aristotle
wrote a number of tractates for zoology science: “The History of
Animals”, “The Parts of Animals”, “The Movement of Animals” and
others. He created a hierarchy of animals, where he arranged the
species from simple to complex species with a man on the top.

In the 13th-century Albert Magnus studied Aristotle’s manuscripts
and enlarged this knowledge about the animal world.

Fragmentary information about insects in various manuscripts has
reached our days, but the first volume on the history of animals ("Histo-
ria animalium") was published in 1551 by Konrad Gesner. This date can
be considered the beginning of the scientific study of animals, but there
were only some references to insects.

The development of Entomology in the XVII — XVIII centuries.
Only at the beginning of the 17th century were published works devoted
to insects. Ulisse Aldrovandi’s “Animalibus insectis libri septem, cum
singulorum iconibus AD vivum expressis”’, published in 1602, was
devoted to insects and other invertebrates.

Jan Goedart published “Metamorphosis and historia naturalis”
between 1662 and 1667 with images of the metamorphosis of insects.

The use of a microscope made it possible to study in detail the
reproductive organs of insects and the transformations of insects during
metamorphosis. These data were summarized and published in 1669 by

Jan Swammerdam in “History of Insects”.

15



Marcello Malpighi studied the silkworm and published the descrip-
tion of its anatomy and the development in 1669. It was a very detailed
description of this species.

A number of detailed investigations of insects Anton van Leeuwen-
hoek (1632 — 1723) did with using the microscope. He studied some
specialized organs and the morphology of insects. He used insects as a
convenient object of scientific study.

In the 18th century, interest in insects was attracted by the wonder-
ful aesthetic illustrations, e.g.the detail colorful images of the metamor-
phosis of exotic Surinam butterflies and moths and description of the full
life cycle of them.prepared by Maria von Merian (Metamorphosis
Insectorum Surinamenis — “Transformations of the insects of Surinam,”
1705).

In the 18th century, there was great interest in the description and
systematics of insects. John Ray published in 1710 a work on the syste-
matic classification of insects "Historia insectorum”, which attracted the
attention of the scientific world.

In 1758, the fundamental work “Systema Naturae” was prepared
and published by Carolus Linnaeus (1707 — 1778) who introduced the
binominal nomenclature in Latin as a universal mechanism and means
for understanding scientific descriptions of species.He personally
described and gave names to a huge number of plant and animal
species, including insects.

In the same period, descriptions of the insect fauna of vast
territories appeared, including the fauna of Sweden (Carolus Linnaeus,
1746, 1761), some data about entomofauna of Russia (P.S. Pallas,
1771-1776), ltaly (P. Rossi, 1790), Austria (F. Shrank, 1781), Great
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Britain (Moses Harris book “The Aurelian or Natural History of English
Insects, namely Moths and Butterflies”, 1976), American insects fauna
(J.R. Forster., 1771), world lepidopterans (J. Hubner, 1761-1826).

In the 18th century, significant work was carried out in the field of
the physiology of insects, the biology of their development. Important
labor was published such as the “Book of Nature” (“Biblia Naturae” by
Jan Swammerdam, 1737) and “Memoires pour Servir a L’Historie des
Insectes” (René Antoine Ferchault de Reaumur).

The development of Entomology in the XIX century and up to
modern times.In the early 19th century, the biological sciences were
booming. The "System of invertebrate animals or general table of
classes, orders and genera of these animals" ("Systéme des Animaux
sans Vertébres ou Tableau Généraldes Classes des Ordres et des
Genres de ces Animaux") by Jean Baptiste Pierre Antoine de Monet de
Lamarck was published in 1801.

In the field of morphology and taxonomy of insects, Johann
Christian Fabricius worked and published a series of important works in
1801.

The first professor of entomology in the world was Pietro Rossi as a
professor in Pisa.

The most significant work in the field of entomology in the 19th
century was the book of William Kirby and William Spens “Introduction to
Entomology or Elements of the Natural History of Insects”, which was
prepared from 1815 to 1826 and published in four volumes in London.
This work has become an outstanding contribution to the science and
study of insects. William Kirbywas recognized in the scientific world as

the father of entomology.
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The first Entomological Society in the world was founded in
1832 in France by Pierre André Latreille.

In 1833 the Royal Entomological Society was founded in London
with help from William Kirbyand Jean Guillaume Audinet Serville(in
the 1740s the Aurelian society was established on the basis of which
some scientific societies of Great Britain were created), but earlier the
Entomological Club was established in 1826 in London.

The Russian Entomological Society was founded in 1859 by Karl
Ernst von Baer, Johann Friedrich von Brandt in St. Petersburg
(Appendix A).

The American Entomological Society was established in 1867 (it
was renamed from the Entomological Society of Philadelphia which was
established in 1859).

The greatest achievement in biological science of the 19th century
was the work of Charles Darwin "On the origin of species", which sub-
stantiated evolutionary theory. This theory explained how life evolved in
the past and is currently evolving on the planet.

From the 19th century to the present, entomology has developed
rapidly. In addition to scientific interest, it is in demand in the system of
control over the harvest of crops, the production of silk, honey, forest
resources, protection from dangerous diseases and in other spheres of
human activity.

Among the outstanding researchers — entomologists we can name
Jean-Henri Fabre, Karl von Frisch, E. O. Wilson and some famous
Russian scientists — V.F. Dogel, M.S Ghilyarov, G.Ya. Bey-Bienko,
O.L. Kryzhanovskiy, G.S. Medvedev and many others.

18



Class Insecta in the system of arthropods.

The appearance of the first arthropods belongs to the Cambrian
period of the Paleozoic era (about 600 million years ago). They inhabi-
ted the warm, shallow seas, dominated by bacteria and algae.

Insects make up a special superclass (Latin name Insecta; pre-
viously the name Hexapoda, i.e. six-legged) was also used in the type of
arthropods (Phyllum Arthropoda), and they appeared about 480 million
years ago (in the Ordovician).

Scientistsusually use the classification system created by Carolous
Linneas — Kingdom, Phylum, Class, Order, Family, Genus, Species as
the actual groups of the modern classification system, or eight levels of
classification: Domain, Kingdom, Phylum, Class, Order, Family, Genus,
Species.

Insects are in the Subphylum Tracheata as the insect respiratory

system is the tracheal system.

Dominion Eukaryota Moore, 1974 — [JOMUHNOH 3yKapuoThl
Kingdom Animalia — LlapcTtBo KnBoTHble
SubkingdomEumetazoa — lNoguapcTBo HacTosiLme MHOroKnNeToYHble
Section Triploblastica
Subsection Prostomia
Bilateria — [1ByCcTOpOHHE-CUMMETPUYHbIE
Group Coelomata — Llenomunyeckune
Ecdysozoa Aguinaldo et al., 1997 — 3k3yBnarnbeHble (NMMHAOWME)
Phylum Tun Arthropoda — YneHuctoHorme
Subphylum Tracheata (= Antennata) — TpaxenHogbiwailmne
Superclassis Hexapoda Latreille, 1825 — LlectuHorme
Classis Insecta Linnaeus, 1758 — Knacc Hacekomeble
(Ectognatha, HacekoMble, OTKPbLITOYENOCTHLIE)
Subclassis Apterygota (wingless insects) — Nogknacc Huswwue,
N nepen4HobecKpbinble
Infraclassis Entognatha (hidden-jaw) — IHdbpaknacc QHTOrHaTHbIe
Infraclassis Thysanura — IHgpaknacc LLleTMHOXBOCTKM (TU3aHypoBbIE)
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Subclass Pterygota (winged insects), or Ectognatha(higher insects, or
open-jaw) — [Nogknacc Beiclune, unu KpbinaTble, Un SKTOrHaTHbIE
All insects have a general appearance: exoskeleton (a hard outer
covering) that is non-living; it must be shed periodically. Theyhave body
with three sections (tagma) — head, thorax, and segmented abdomen;
one pair of antennae and pair of compound eyes; mouthparts perfected
for licking, piercing, crushing, or sucking; 6 jointed legs (3 pairs) all
found on the thoraxand one or two pairs of wings.
Phylogenetically, insects are closest to the classes of millipedes

(Myriapoda) and crustaceans (Crustacea).

Questions for self-check:

1. Where was the first entomological society organized?

2. When did the scientific study of insectsbegin?

3. Diversity and abundance of insects.

4. When was the Russian Entomological Society formed?

5. Who laid the foundations of the modern classification of higher
insect groups?

20



3 DIVERSITY OF INSECTS

1. The appearance of insects.
2. Diversity of insects.
3. The reasons for the high diversity and abundance of insects.

Insects are the largest class of the Phylum Arthropoda, most diverse
and abundant group of animals. They appeared about 480 million years
ago (in the Ordovician). Scientific evidence shows that insects evolved
from a group of crustaceans. About 400 million years ago (in the
Devonian period) one lineage of insects evolved flight.

Scientists have identified and named over a million species of
insect, but in total an estimated 6-10 million species. It is known that up
to 7-7, 5 thousand new species are described annually.

One of the features of insects is the numerous varieties of their
forms. Insects live in different habitats and may be found nearly
everywhere.

There are some reasons for the high diversity of species and life
forms of insects:

1) they have small body size;

2) they need minimal resources for their life and reproduction;

3) they have an exoskeleton which protects insects from physical
and chemical exposure andsupportsmuscles, soft tissues;

4) they have wings — effective protection from predators, to find
new habitats and food resources;

5) can live in various forms — they are found in every environment;

6) they have reproduction success — they often produce large

numbers of eggs (sometimes numbers in the thousands). For example,
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the queen of an African termite lives 20 - 25 year and may produce of
more than 10 million eggs;

7) they have relatively short life cycle (often 2 - 4 weeks);

8) they develop with metamorphosis — from immatures (larva) to
adults, and immatures and adults often consume different food, use
different environmental resources, and different habitats.

9) insects adapt quickly in the changing environment with their
genetic resources. Populations of insects must continually change as
new resources appear and old ones disappear. From the last century,
pest populations of insects have rapidly developed resistance to

chemical and biological insecticides.

Questions for self-check:

1. When did insects appear?

2. Why are the insects the predominant group of terrestrial
invertebrates?

3. Who founded the modern system of nomenclature?

4. What is the diversity of insect species?

5. What is the importance of short life cycle of insects?
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4 INSECT'S BODY SEGMENTATION. SKELETON AND
MUSCULAR SYSTEM

1. Parts (tagmata) of the body of insects.
2. Sceleton and general principles of its construction.
3. Muscular system.

Insects have segmented bodies. The segments of the body of insect
are organized into three parts (tagmata) — head, thorax, and abdomen

(Figure 1).
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Figure 1. Insect body parts
(source:https://i.pinimg.com/originals/35/f8/18/35f818de621fc27f68d7d4e16a541140.9if)
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The role of heads of insects is orientation, ingestion food and
sensory. On the head of an imago of insects, there are two sensory
antennae, two compound eyes, and, usually, one to three ocelli (simple
eyes) and mouthparts.A hard outer coveringof the head of an insect is
heavily sclerotized and unsegmented, — it is withouta distinguishable
border between the segments.The exoskeletal head capsule named
epicranium.

The second part of the body is thorax. Itsupports six segmented
(jointed) legs and wings and specializes for locomotion. The first pair of
legs is on the first segment of the thorax — prothorax. The second
segment of the thorax — mesothorax has the second pair of legs and first
pair of wings (forewings). The third segment of the thorax (metathorax)
has the third pairof legs and second pair of wings. The second and third
segments of the thorax with wings named pterothorax. In winged forms,
on the thorax, there is sclerotized inner fold of the cuticle named
fragma. It penetrates deep into the body as an internal plate
(invagination of the dorsal wall) for the attachment of muscles.

The abdomen of insects consists of eleven segments in most
orders but in many others the number of segments is reduced, and only
six or seven segments are visible. In the adult form of insects, the
abdomen has not any legs. Each segment of the abdomen consists of
two semiring — tergite (upper) and sternite (lower), between them there

is a thin elastic pleural membrane.
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Sceleton of insects

Insects have an external skeleton or exoskeleton (hard outer
covering) made mostly of chitin (a polysaccharide that binds with various
protein molecules to form a body wall). Chitin exosceleton may be
flexible and elastic or hard and rigid. An insect's skeleton provides
protection from any chemical and other attacks and minimizes the loss
of fluids and water. Exosceleton gives shape and serve as a mechanical
structure to muscles. Above skin layers exockeleton covers by an
impervious layer of wax that prevents desiccation. Some freedom of
movement is ensured by membranes and joints in the exoskeleton.

The endoskeleton (an internal frame of the body) has internal
outgrowths of the cuticle to attach muscles and support some internal
organs. The elements of an endoskeleton are called apodemes.

The most developed endoskeleton is in the head and thorax. It
ensures the strength of them for reliable fixation of the mouthparts and

wings. The endoskeleton of the head of insects is called the tentory.

Musculoskeletal system
All skeletal muscles attach to the inner surface of the integument.
Muscles that attach directly to the body wall combine maximum strength
with optimal mechanical advantage (leverage) (for example, an ant can
lift up to fifty times its own body weight).
In total insects have more muscles than vertebrates for a larger
surface area of an exoskeleton for muscle attachment than an

endoskeleton.
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Questions for self-check:

1.Explain the terms of "tagma", "fragma".
2.Explain the term “exoskeleton”.
3.Segmentation of an abdomen of insects.
4. What is “tentory”?

26



5 SKIN (INTEGUMENT) OF INSECTS.APPENDAGES AND
DERIVATIVES OF THE SKIN. SKIN GLANDS OF INSECTS

Integument (scin) of insects.

Cuticle formation and its sclerotization.

The colour of the covers.

Appendages and derivatives of the skin.
Types of sensilla.

Classification of skin glands, their main types.

DOk wWh =

The insect outer skeleton is named as an exoskeleton (integument)
or the cuticle. The exoskeleton (integument) is a protective covering
over the body, a water-tight barrier against desiccation, a surface for
muscle attachment, and it has a lot of sensory organs.

Exosceleton consists of two layers and epidermis (Figure 2). The

surface layer is called the epicuticle, the layer under it called the

L LA
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Figure 2. Skin (integument) of insects
(source: http.//d3e3jwjalbzk9x.cloudfront.net/content/jexbio/209/4/722/F1.large.jpg)
PucyHok 2. Koxa (uHmeaymeHm) HaceKoMbIx
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The epicuticle is a thin, waxy, water-resistant outer layer without
chitin. It reduces water loss and blocks the invasion of matter from
outside.The innermost layer of epicuticle is called the cuticulin layer. It
composed of lipoproteins and chains of fatty acids embedded in a
protein-polyphenol complex. Above the cuticulin layer, a layer of wax
molecules lies as the barrier to movement of water into or out of the
body. Some insects have a cement layer above the wax layer which
protects it from abrasion.

The chitinous thick procuticle lies between epicuticle and the
epidermis. Procuticle composes of thin lamellae with chitin microfibers
which oriented at a different angle in each subsequent layer. Procuticula
has numerous fine pore channels. They stretch from each cell of the
hypodermis to the epicuticle and include processes of plasma cells. For
1 mm?of skin they account for about 15 thousand to 1200 thousand and
more. Substances from the hypodermis to the epicuticle and procutikule
enter through these channels.

In some parts of the body of insects, procuticle divides into two
layers — the outer hard exocuticle and the inner endocuticle. The
endocuticle consists of microfibers of chitin surrounded by a protein.

The epidermis consists of a single layer of epithelial cells. It
produces all layers of cuticle and part of the basement membrane.

Under the epidermis is the basement membranewhich separates
the insect's body cavity (hemocoel) from the scin (integument). The
basement membrane consists of basal lamina from mucopolysaccha-
rides and reticular layer from collagen fibers. It is very thin and does

not have a cellular structure.
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The colour of the covers

Body colour in insects is diverse, and can be two types — pigment,
or chemical, and structural, or physical. The coloring substance may be
located in the cuticle, in the hypodermis, or in the blood and fat body.

The integument colours are produced by pigment molecules of the
cuticle (the pterines, melanins, carotenoids, and mesobiliverdin), or by
physical effects of the skin (scattering, interference, or diffraction of
light).

Cuticular colouring is stable and practically does not change after
the death of the insect, due to the fact that the cuticle itself almost does
not change; and, conversely, the hypodermal coloration changes very
much posthumously due to the decomposition of the hypodermis.

The colour of insects can change under the influence of daily and
seasonal changes in the environment, behavioral reactions, hormonal
influence.

Often, the actual colour of the insect is combined, that is, the result

of a combination of pigment and structural coloration.

Appendages and derivatives of the skin. Types of sensilla

The appendages of the scin of insects are diverse. They divided into
sculptural and structural.

Sculptural appendages include those appendages that have no
connection with the hypoderm. These include a variety of depresses
points and grooves on the cuticle, spines, tubercles.

Structural formations have a connection with the hypoderm.

These include hairs, thorns, bristles, spikes,scales, and spurs.
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The hairs and bristles are most common and united under the name
heta (chaetae, or seta) (Figure 3). They are secreted by trichogenic
cells and its base by another specialized hypodermis cell. The chaetae

become sensitive if the nerve cell comes to the base of the hair.

Mechanoreception

* Trichoid sensilla

— Conical setain a mobile
socket

hair (or seta)

— Tormogen cell
* Grows the socket
— Sensory Neuron

dendrite of sensory neuron

* Detects seta
movement

cuticle

receptor
lymph cavity

— Trichogen cell

epidermal cell

* Grows the seta : .

trichogen cell

tormogen cell j ~
axon

sensory neuron
{nerve cell)

Figure 3. Chaetae or seta of insects for mechanoreception (source:
http.//slideplayer.com/slide/1738570/7/images/14/Mechanoreception+Trichoid+sensilla+Co
nical+seta+in+a+mobile+socket.jpg)

PucyHok 3. Boriocok, unu wemuHKa HacekoMbix Orisi MexaHopeuenyuu

Spines are multicellular appendages of the exoskeleton. They are
called spurs, if movable. They contain of procuticle and epicuticle.

Sensilla are the basis of the sense organs.They are neuro-sensitive
units consisting of two components: the skin structure and the nerve
sensory cells adjacent to it, often among the one in each sensil-
lum.There are dividedinto two types — immersed and non-immersed

sensilla. The mmersed sensilla protrude above the surface of the skin in
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the form of a hair, bristle, cone or other formation. The non-immersed
sensilla are located under the cuticle or in the skin.

The hordotonal organs, as an aggregate of sensilla, are located on
the antennae, abdomen, legs, wings or another parts of the body of
insects. They are usually distributed symmetrically and metameric and
are found in large numbers.

A special form of the hordotonal organs is the Johnston organ
(Figure 4).
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Figure 4. Johnston organ (source:
http.//slideplayer.org/slide/666115/1/images/9/Das+JOHNSTON-
Organ+an+der+Basis+einer+Fliegenantenne.jpg
PucyHok 4. [JxoHcmoHo8 opeaH

It is located on the second segment of the antennae and is
considered an organ that perceives the movement and shaking of air or

water, as well as contact with a solid substrate.
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Skin glands of insects

Many insects have large, epidermal secretory cells which
specialized as exocrine glands. They produce pheromones, repellants
and other compounds. They are released on the surface of the skin
through microscopic ducts.

The main types of glands of insects are below:

a) allotrophic,

b) molar and lubricant,

c) odorous and poisonous,

d) salivary and silk-separating,

e) wax and lacquer.

Questions for self-check:

1. Describe the layers of the skin of insects.

2. What is a “cuticle™?

3. What are the main types of insect skin appendages?
4. What is the “Johnston organ”?

5. What are the “chordotonal organs™?

6. Explain the function of the hypodermis.
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6 STRUCTURE OF THE INSECT HEAD AND ITS APPENDAGES

Setting of the head (direction of the mouth parts).
Terminology of head capsule parts.
Tentorium and its mechanical meaning.
Types of heads.
Segmental composition of the head and the origin of the head
capsule.
4 Types and functions of insect antennas.

Whowph =

The head capsule named epicranium. On the head of insects are

eyes, antennas, mouthparts, mouth opening. It contains the brain.

Antenna —

Varay -

Lateral ocellus —
Compound eye —

Frons ——
Anterar tentenal pit ——

Frontoclypeal suture —
Clypeus —

Clypeaiabral suture =

(A

Frontal sutun

Figure 5. (A) - The head of a grasshopper (Orthoptera: Acrididae) - (B) - Larval pterygote
head showing epicra-nial and frontal sutures (Lepidoptera: Noctuidae) (source: http.//what-
when-how.com/insects/anatomy-head-thorax-abdomen-and-genitalia-insects/)
['onoea eyceHuybl ¢ anukpaHuasnbHbIM U J106HbIM weoMm (Lepidoptera: Noctuidae)
PucyHok 5. Nonosa ky3Heduka (Orthoptera: Acrididae).
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According the embryological evidence the head capsule of the
present-day insects was formed from the fused first six body segments
of primitive worm-like ancestory insects (three pre-oral and three post-
oral segments).

The surface of the head is divided into separate sections (regions,
or sclerites), sometime separated by sutures.

The uppermost part of the epicranium is represented by the vertex,
divided by the middle coronal suture into the right and left halves.

Going down to the front face of the head, the epicranial suture forks
into the frontal sutures, limiting the triangular forehead (frons) — it lies
between these frontal sutures.

The base of the frons separates from the clypeus by the epistomal
suture.

An occipital suture circumscribes the head capsule near the back of
the head. Behind the occipital suture, tiny sclerites lie. Maybe they are
the remnants of the fifth primitive segment form the head construction,
and the sixth primitive segment of the head capsule is located at the
posterior-most margin of the head and marked by a postoccipital suture
and a thin sclerite (the postocciput) that connects with the neck

membrane.
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The lateral sclerites are genae. They lie behind the frontal sutures

on each side of the head.

Below genae there are the subgenae, separated from the gena by a

subgenal suture.

A pair of compound eyes, one — three ocelli (simple eyes), two

front, or sides of the head.

antennae may be found on the top,
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An occipital suture circumscribes the head capsule near the back of
the head at the posterior margin of the genae and vertex, and marks the
internal sclerotized ridge (apodeme) that strengthens the head capsule

here.
The occiput and postgenae are located behind the occipital suture

Occipital suture —
3aTbINTOYHbIN LLOB
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The cervix is the neck of insects.It is a membranous area that allows

protraction and retraction of the head. After that, there is the cervical

membrane which extends from the posterior part of the postocciput to

the prothorax.It represents a transitional zone between the head and

thorax. Some points of attachment for muscles for the control of head

movements are small cervical sclerites.
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The inside structure of the insect's head is the tentorium. It cradles
the brain and provides a rigid origin for muscles of the mouthparts.
The origin of the tentorium is from pairs of apophyses (finger-like

invaginations of exoskeleton) which fuse internally to create a bridge.

The shape and setting (orientation) of the head
The shape of the head of insects is diverse: rounded (flies),
compressed laterally (locusts, grasshopper), elongated in the form of a
tube (weevils).
Different types of the head of insects setting and the orientation of
the mouthparts on the head are named as prognathic, hypognathic and

opistognathic (Figure 6).
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prognathous hypognathous opisthognathous

—1_...,-)"\-r".' —
;

Figure 6. Types of thesetting and orientation of the mouthparts of the insect head (source:
https://jscienceclass.blogspot.com /2011/06/orientation-of-insect-head-prognathous.html
PucyHok 6. Tunbl npukpernieHusi u opueHmauyuu pomosbix Yacmeu 20/108bl HACEKOMbIX

With the prognathic type of head, the mouthparts of insects are
projecting forward (horizontal). It is characteristic of predatory insects
(ground beetles, stafillins).

With hypognathic type of head, the mouthparts of insects projecting
downward at right angles. It is characteristic of the herbivorous insects
(locust, many species of bugs, beetles).

With opisthognathic type of head, the mouthparts of insects are
projecting at an acute angle down and back, approaching the front legs -

obliquely or posteriorly. It is characteristic of cicadas, thrips.

Antennae of the insects and their types

Antennae of insects are paired segmented mobile and well-deve-
loped appendages of various forms, but their composition is of the same
type — they have three basic parts. Antennae are located in a shallow
antennal fossa on the vertex, close to the eyes or mandibles of the
insect and consist of the main basal segment that articulates with the
head capsule segment (scapus), the second antennal segment (pe-

dicle or pedicellum) and multi-segmented remaining cord (flagellum).
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Scape — OCHOBHOM YneHuK Pedicel — Hoxxka  Flagellum — xryTuk

The antennae of insects are a pair of sense organs located on the
heads. The antennae are much more than just tactile receptors, they
covered with olfactory receptors and have the role of the smell sense
organs.

The antennae are the humidity sensors too because they detect the
concentration of water vapor. The antennae of mosquitoes detect
sounds. Some insects (e.g. flies) use the antennae to gauge airspeed

during their flight.

Types of antennae of insects
The antennae of insects have a different shape, length, thickness,
hairiness, etc.They have multiple functions and specialization — sensory
receptors, detecting sound vibrations, wind speed, air fluctuations, or
detection of humidity.

There are some common antennal types of insects:
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Filiform = thread-like.
HuteBuAaHbLIE.

Filiform antennae have a simple,
thread-like shape. They are common
among many groups of insects.

Moniliform = beaded.
YeTKOBUAHLIE.

Moniliform antennae have round
segments and shape as a string of
beads (e.g. many Coleoptera).

Serrate = sawtoothed.
NMunoBuaHbIe.

Serrate antennae have segments
that are angled on one side as in the
saw (in some species of Coleoptera)

Setaceous antennae
LLleTHKOBUAbIHbIE.

Setaceous antennae taper gradually
from the base to the tip (e.g
Plecoptera, Thysanura, Trichoptera,
Ephemeroptera, Blattodea)

Lamellate = nested plates.
NnactnHyaTble.

Lamellate antennae have segments
that have flattened and like-plate-
segments (e.g. Scarabaeidae sp.).

Pectinate = comb-like.
peGHeBUAOHLIE.

Pectinate antennae have are longer
segments on one side as a comb
(Hemynoptera — Symphyta sp. and
some Coleoptera).
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Plumose = long hairs.

MNMepucTtble.

Plumose antennae have a number
of fine, thread-like branches on each
segment, and the antenna is as a
feather (some Diptera — Mosquitoes)

Clavate = gradually clubbed.
bynaBsoBuaHbie.

Clavate antennae are wider towards
the tip by gradual along its length, or
a sudden increase (capitate), giving
the appearance of a club (e.g.
Lepidoptera and some Coleoptera),

Geniculate = elbowed.
KoneHuyaTble.

Geniculate antennae have an elbow
part of the antenna — with a long
main segment to which the pedicle
and flagellum is attached at an angle
(e.g. Hymenoptera — Formicidae sp.
and some Coleoptera — Weevils).

Aristate = pouch-like
LLleTUHKOHOCHHBIe.

Aristate antennae have a lateral
bristle (e.g. flies).

Capitate = abruptly clubbed
FonoBuyaTthle.

Capitateantennae have a head at
the end of a thin antenna (Butterflies
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All of these antennae types are below.

Questions for self-check:

1. What kind of insect has a prognathic type of head?

2. What are main appendages of head of insects?

3. Explain the name of "tentorium".

4. How many types of head setting and orientation do insects have?
5. How many dorsal eyes are on the crown of many insects?

6. Why do some males have antennas larger than females?

7. List the types of antennae of insects.
8. Name antennae E and J.
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7 TYPES OF MOUTHPARTS OF INSECTS

Main types of mouthparts of insects.
Chewing mouthparts.

Modified mandibulate mouthparts.
Haustellate mouthparts.

i e\

Insect’s mouthparts are adapted to their modes of feeding (Figure
7). At the base of the insect mouthparts is chewing, or gnawing. The
evolutionary transformations associated with adaptations to one or
another type of food and the method of its consumption led to the
transformation of the original chewing (gnawing) type to the variety of

oral devices.

Insect Mouthpieces

Chewing Piercing-sucking Siphoning Sponging

Pann State
Extension

Figure 7. Main types of insect mourthparts (source:
https://i.pinimg.com/originals/f6/88/c0/f688c0a9341e1c6d26b45185e70015b9.jpg
PucyHok 7. OCHO8HbIe muribl POMO8bIX arnapamosg HaceKoMbIX
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According to some scientific data the ancestors of present-day
insects were worm-like arthropods. They had a simple mouth opening
near the front part of a body. Over many millions of years, the
appendages near the mouth opening have changed into mouthparts for
the feeding of solid food, gathering and manipulating its parts and
adapted to new resources of food.

According to such adaptations and morphological changes, the

structure of mouthparts allows using solid or liquid, dead or alive food.

Gnawing and chewing mouthparts
(TpbI3yWwMn poTtoBOoM annapar)
The mouthparts in “primitive” insects are adapted for pinching,
grinding, chewing, or crushing particles of solid food. Such kind of
mouthparts is known as chewing (mandibulate) mouthparts because

they have chewing mandibles (Figure 8).

4 : Labrum
Mandible l

Hypopharynx

272

Labium

Maxilla

Figure 8. Head of an insect with chewing (gnawing, mandibulate) mouthparts(source:
https://genent.cals.ncsu.edu/bug-bytes/mouthparts/)
PucyHok 8. ['orioga HaceKkoMoz0 ¢ epbI3yuwUM pomoebkIM arnapamom
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The gnawing and chewing mouthparts of insects have five basic

components:

1. Labrum - a front lip, simple plate-like
sclerite. It helps to contain the food.

4
L

-

I! l
=

r.
5

Y Lo Nabpym — BepxHsasa ryba, npocTon nnacTuH-
TS T A yaTbli ckneput. OHa NomoraeT yaepxvBaTb
e | § .
= ] | == MALLY.
ra 7 L ! 1 1
i L]
[ ]
w

l\l

!

1l<
\'-n-i'/

)

v

I,gu-m.'

N, -

2. Mandibles — upper jaws. They crush
or grind the food moving from side to side.
Mangnbynel — BepxHue 4entocTn. OHK
pasfgaBnuBaloT UM nepemMansiBaioT nuLly,
nepemeLlasiCb U3 CTOPOHbI B CTOPOHY.

Mandibles

3. Maxillae — lower jaw. They consist of the
following parts:

a) Cardo — basal sclerite connected with
the head capsule; b) Stipes(stem) — medial
sclerite with a sensory palp (organ of taste);

c) Galea and Lacinia — distal sclerites to
Lo manipulate the food.

Makcunnbl — HuxHME 4YemnmocTn. OHu
Gdea  Locia COCTOSAT M3 CNeAyLNX YacTen:
Madliae a) Kapao — basanbHbIN CKIIepUT, CBA3AHHbIN

C rofloBHOW Kancysnou; ©) ctunec (CTBOMUK)
— MeanarbHbI CKNEPUT C YyBCTBUTESTbHbLIM
LLIYNUKOM (OpraHoM BKyca);

B) ranes n nauuHus — guctasnbHble cKnepu-
Tbl AN MaHUNYMPOBaHNA NULLIEN
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4. Hypopharynx — it protrudes into the pre-
oral cavity in the form of a thick and soft
tongue. It divides the pre-oral cavity into the
anterior (cybarium) with the oral opening
and the posterior (salvary), where the ducts
of the salivary glands flow and food is mixed
with saliva.

'MnodapuHKC (NOArMOTOYHUK) — OH BbICTY-
naeT B npegpanbHy MOMocTb B BuAe
TONCTOr0O W MArkoro ssblka. OH  genut
NpeapoTOBYHO MOMNOCTbL Ha nepegHo (Um-
Gapuin) ¢ poToBbIM OTBEPCTUEM U 3aLHIOK
(canbBapun), Kyga BnagatoT NMPOTOKN CIHOH-
HbIX >Xene3 M nuuwa CcMewmnBaeTca Co
CINIOHOWN.

5. Labium — a back lip.The lower lip origin-
nates from the second pair of lower jaws,
merged together at the base. The labium is
consists of basal plates — submentum,
mentum, and palpiger. The palpiger carries
the segmented labium palp as a chemo-
receptor. On the tip of the labium, there are
paired glossa and paraglossa with the
function like a tongue (but the true tongue is
hypopharynx).

HwxkHaa ryba. HukHaa ryba nponcxogut oT
BTOPOW Napbl HWKHUX YemniCTEW, CNUTbIX
BMecCTe Yy OCHoBaHus. HmxHsAs ryba coctont
n3 6GasanbHbIX NIAacTUHOK — cybmMeHTyma,
MeHTyMa u nanbnurepa. lNanbnurep Hecet
CErMEHTUPOBAHHbLIN TYOHOW LLYMNUK — XeMo-
peuentop. Ha KOHYMKE HWXHeW ryb6bl
MMEIOTCS MapHble rfocca M naparnocca C
dyHKUMen, nogobHom A3blKy (HO UCTUHHLIN
A13blK — 3TO rMnoapuHre).
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A numberof insects have the mandibulate (gnawing and chewing)
mouthparts (e.g. cockroaches, grasshoppers, ground beetles, lepidopte-
ran caterpillars, and beetle larvae have chewing mouthparts). All of them
have two mandibles, one on each side of the head. They open to the

sides of the head and come together medially.

Modified mouthparts of insects
The mouthparts can be modified. During evolution, insects evolved
and feed on a wider variety of food resources (e. g. nectar of flowered
plants or blood of animals). Mouthparts were adapted (Figure 9, Appen-

dix A)to new food resources.

(B) ()

Figure 9. Evolution insects mouthparts: a, antennae; ¢, compound eye; Ib, labium; Ir,
labrum; md, mandibles; mx, maxillae. (A) biting and chewing. (B) Ticking and biting. (C)
Sucking. (D) Piercing and sucking: (source: http.//www.newworldencyclopedia.org
/entry/File:Evolution_ insect_ mouthparts.png)

PucyHok 9. 3sornoyusi pomogbix op2aHo8 HaceKOMbIX
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The carnivorous chewing insects have knife-like mandibles, but
herbivorous chewing insects have the broad and flat mandibles. In some
species of beetles, the mandibles of males do not serve to feed but used
to defend mating sites, or the mandibles in ants also serve a defensive
function (soldier castes).selection and specialized for new food and

function.

Chewing and lapping type of mouthparts
(rpbI3yLe-nmXKyLLMiA TUN POTOBbLIX OPraHoB)

In these mouthparts (Figure 10), the upper lip and jaw, forming
mandibles did not change principally but mandibles are well developed

with teeth for biting and chewing pollen and wax.

Figure 10. Chewing and lapping type of mouthparts (honeybee, source: http://cdn.
biologydiscussion.com/wp-content/uploads/2016/08/ image_thumb1_thumb-2.png)
PucyHok 10. pbi3ywe-nuxyuwuti pomoeou arnnapam (n4yena)
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The labium is elongated to form a tube and retractile tongue—like
structure with a small labellum (or honey spoon) at its tip and elongated
labial palps; the glossa is an organ of touch and taste and used for
gathering honey.

The galea and labial palps form a tube enclosing the glossae. It
moves up and down to collect nectar which is sucked up through the
tube by the pumping action of the pharynx.

Chewing and lapping type of mouthparts is available in bees, wasps

and appeared with the connection of the evolution of pollinated plants.

Mouthparts adapted for ingesting liquid food

Mouthparts adapted for ingesting liquid food realize different
function such as sponging, piercing and sucking, probing and sipping.
Such mouthparts are found in dipteran insects (mosquitoes), hemipteran
insects (bugs, aphids), butterfly, moths, fleas etc.

Siphoning insects — sucking insects, which not pierce prior to
sucking (most of moths and butterflies; some moths have no
mouthparts, but few species have fully developed mandibles).

All Lepidoptera (but a few adults’ forms) lack mandibles, heavily
modified maxillae (specifically the galea) formed an elongated sucking
tube (the proboscis) (Figure 11).

The proboscis is held coiled under the head when not in use, but

during the feeding, it is extended to reach the nectar of flowers.
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Maxillary
palp

Figure 11. Siphoning mouthparts of Butterflies
(source: https://genent.cals.ncsu.edu/bug-bytes/mouthparts/)
PucyHok 11. Cocywut pomoeou annapam 6aboyek

Piercing and necking insectspierce food items (the tissues of ani-
mals and plants) to sucking of internal fluids — the blood or plant juice.
Such mouthparts are found in mosquitoes and some herbivorous insects
like bugs, aphids or some insectivorous, like assassin bugs.

Hemiptera's mouthparts have the mandibles and maxillae modified
into a straight, fleshy proboscis sheathed within a modified labium; it
piercing tissues and sucking out the liquids.

The labial palps form two conical lobes at the tip of the proboscis,

called labella which bear tactile bristles.
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The labrum is long needle-like, and the epipharynx is fused with the
labrum thus, covers the labial groove dorsally from inside.

The bedbug has a three-jointed proboscis where the mandibles and
maxillae are modified to form stylets; the mandibular stylets possess
blade-like tips, and maxillary stylets possess saw-like tips. The labrum
covers the labial groove at the base only.

Piercing and sucking mouthparts.The female mosquitoes have a
stylet (Figure 12). Their mandibles and maxillae form the stylet, which

are used to pierce the skin.

maxillary palp

galeas

salivary groove

labium

laballa

Figure 12. Piercing and sucking mouthparts of mosquitous, female (source:
http.://cdn.biologydiscussion.com/wp-content/uploads /2016/03/ clip_ image006-77.jpg)
PucyHok 12. Konrowe-cocywuti pomoeou arirnapam KoMmapa, caMmka

When piercing, the labium remains outside the skin of food animals,
folding away from the stylet. When the insect starts to feed, it sits on the
substrate, touches it with the tip of the proboscis; presses it, making a
forward movement of the head. In this time the outer part of the

mouthparts, the proboscis, is slightly bent and it may slightly stretch and
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shrink as a corrugated hose. The ends of the needles move forward and
pierce the integument, penetrating into the food items — plants tissue or
animal skin.

The labium encloses all other mouthparts like a sheath. Ithas such
way: the connected two lower jaws have two longitudinalgrooves on the
inner surface (each of which) and form two channels in a contiguous
position. The lower lip surrounds the needles and plays the role of a
durable case that does not allow the needle to bend. Saliva is introdu-
ced into the substrate (at the bottom).It contains digestive enzymes that
partially digest food. Also saliva contains anticoagulants which inject into
the food animals and blood sucked out. The upper channel absorbs of a
liquid substrate saliva-primed. The labrum is reduced — it is a part of the
base of the proboscis.

Muscoid (licking) type of mouthparts are typical for insects feeding
on liquid food (e.g. houseflies) (Figure 13). Mandibles and maxillae are
much reduced and non-functional. The labium forms a long proboscis-
like structure which is used to channel liquid food to the esophagus. The
rostrum is the basal part of the proboscis and is proximally articulated
with the head capsule and distally articulated with the haustellum by a
hinge joint. The rostrum encloses pharynx and salivary duct and pha-
rynx communicated with the food canal. The middle part of the probos-
cis and the proximal part of labium is haustellum. The apical part of
labium forms a broad bilobed sponge-like apparatus called labellum.
When the proboscis is unfolded, labelums have the special mobility,
having the form of two semicircular suckers with a food opening located
in the center. Pseudo-trachea submerged beneath the surface of the

labellum — thin tubules with small pores, reinforced by semicircular
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sclerites. When housefly eats solid food, it secrets saliva which
dissolves the solid food (e.g. sugar), the solution is drawn up into the

mouth as a liquid food.

clypeus fulorum phanyn:

A B
P -
e L---‘Il"' salivary
i
:,:-:: i| Il

auct

labrum faod aral

epipharynk  channel groove
rostrum R g

hyoid
sclarite

hypopharynx
aral groove

Tl wille o

Figure 13. Muscoid (licking) type of mouthparts (housefly, source: http://cdn.
biologydiscussion.com/wp-content/uploads/2016/03/ clip_image009_thumb-20.jpg)
PucyHok 13. MyckouOHbItU murn pomoego2o arnapama (0omosas Myxa)

The labellum's surface is covered by small food channels, formed
by the interlocking elongate hypopharynx and epipharynx, which form a
tube leading to the esophagus. This food channel draws liquid and
liquified food to the esophagus by capillary action that quickly absorbs
fluid.

Questions for self-check:

Which type of mouthparts do “primitive” insects have?

What are chewing mouthparts adapted for?

Name insects with chewing mouthparts and their main parts.
Describe the structure and role of hypopharynx.

Which structure of chewing mouthparts do sensory palps have?
Describe the mouthparts of mosquitoes female.

Describe the mouthparts of housefly and butterfly.
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8 THE THORACIC PART AND ITS STRUCTURE. LEGS OF
INSECTS, STRUCTURE AND MAIN TYPES

1. Torax and its structure
2. The legs of insects and their structure.
3. Types of legs of insects and their functions.

The thorax is the second (middle) tagma of an insect's body
adapted for locomotion. It consists of three body segments (prothorax,
mesothorax, and metathorax) and contains six walking legs and one

or two pairs of wings in many adult insects (Figure 14).

Mandibles

Mesothorax  Metathorax 5
Thorax . MLF2011

Figure 14. The thorax of insects
(source: https://wiki.bugwood.org/uploads/Grasshopper_anatomy.jpg)
PucyHok 14. [pyOb HacekombIx

The thoracic three segments are joined together rigidly and contain
the musculature for the legs and wings.

The dorsal sclerite of the thorax segments named the notum
(pronotum, mesonotum, and metanotum) may be subdivided into an
anterior scutum and a posterior scutellum (Figure 15). The ventral
sclerite of thorax segments named the sternum (prosternum,

mesosternum, and metasternum).
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The side of thorax segments are called the pleurons (usually
theyare divided by a pleural suture into at an anterior episternum and a

posterior epimeron).

Wing

Pleuron

Sternum

Figure15. Sclerites of the torax (source:
https://projects.ncsu.edu/cals/course/ent425/images/tutorials/external/thorax/furca01.gif)
PucyHok 15. Cknepumbi epyou

An internal ridge of exoskeleton (an apodeme) strengthens the
sides of the thorax and forms a point of articulation with the basal
segment of legs of insects — the coxa. In segments that bear wings, the
pleural apodeme runs dorsally into the pleural wing process (a finger-
like sclerite) that serves as a pivot or fulcrum for the base of the wing.

The ventral corners of each thoracic segment are reinforced as a
rigid site for attachment of leg muscles and ventral longitudinal muscles.
This structure is called the furca which similar in structure to the
tentorium which serves a related function inside the head capsule.

Legs of insects. Insects have six walking legs (three pairs). Each
thoracic segment has one pair of legs consist of five segments that

articulate with one another by hinge joints (jointed legs) named below.
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1. Coxa (Ta3uk)

2. Trochanter (BepTnyr)

3. Femur (6eapo)

4. Tibia (roneHb)

5. Tarsus (nanka)
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Tarsus is markedly different in structure in various insect species. It
may consists of a different number of segments (their number is usually
from two to five, but sometimes there is one, like in caterpillars) and

have special appendages (Figure 16).

‘ | Tarsal Claws

"”f’“j Femur

Trochanter
Coxa

Tarsi (Tarsus)

Figure 16. Leg of insect (source: .wp.com/www.johnmuirlaws.com/wp-
content/uploads/2014/06/insect-leg-parts.003.jpg)
PucyHok 16. Hoza Hacekomoz20

The terminal segment of the tarsus is pretarsus. On the last
segment of the leg there are claws and a special sucker — arolium.
Instead of a wide sucker on the leg, there may be another, narrower
one, which is called anempody. Some insects at the tips of the legs
have located pads — pulvilly. Some insects, for example, flies on their
legs have special glandular hairs that secrete a sticky secret that helps
them to hold onto objects even in the “upside down” position.

Insects have different kinds of legs and different types of movement:
many beetles are running, moths are flying, diving beetles are
swimming, fleas are jumping, etc.

Walking and Running (Cursorial) legs. This is the two most

common types of insect legs — they have the usual structure. The
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running legs are distinguished by a longer femur and tibia, an elongated,
narrow tarsus. Parts of the walking leg are somewhat shorter and wider,
at the end of the foot, the extension is the sole. Running legs are
characteristic of fast insects (ground beetles, ants). Lot of insects have
walking legs.

Some adapations and modifications of insect’s legs:

Names and
Constructions Examples
characteristic

Ground beetles
Cursoriallegs — they are
Cockroaches

adapted for running Ant
nts

Raptoriallegs — they are o
_ Praying insects —
adapted for catching and _
mantids
holding their prey

Natatoriallegs — they are Diving bugs

adapted for swimming Water beetles
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Fossoriallegs — they are Mole crickets

adapted for digging in soil Dung beetles

Saltatoriallegs — they are Grasshoppers

adapted for jumping Cricket

Raptorial legs. Usually, it is the front pair of grasping legs of some
predatory insects such as mantis. They have elongated and powerful
femur and tibia for capturing prey.

Swimming (Natatorial) and Skating legs. Many aquatic insects
(beetles, bugs) swimming or diving by using their middle and hind legs
as oars which are usually flattened or equipped with a fringe of long, stiff
hairs to improve their efficiency in the water. Some aquatic insects (e.g.
water striders) have a whorl of hydrophobic hairs on the tips of their legs
and it allows them to skate on the surface of the water.

Digging (Fossorial) legs. The first pair of digging legs are
transformed into short, thickened limbs, equipped with powerful muscles
and ending with a rounded, flattened tibia with serrations; the tarsus
may be underdeveloped.

Jumping (Saltatorial) legs. These legs have powerful, markedly
thickened femur, containing the main muscles acting when jumping.This
construction allows a grasshopper to jump vertically 10 times its body

length and | horizontally 20 times its body length.
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Questions for self-check:

1. List the parts of insect legs.

2. What is the name of the insect leg between the tarsus and the
femur?

3. What are the most powerful parts of an insect leg?

4. Explain the name "tarsus".

5. Give a name to a pair of lobe-shaped pads for some dipterans,
located under the claws.

6. What type of legs do ground beetles have?

7. What type of legs do grasshoppers have?
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9 THE STRUCTURE OF THE WINGS OF INSECTS.
TYPES OF WINGS. LOCOMOTION

Origin of wings.

Wing morphology.

Kinds of wings.

Number and design of wings.
Adapations and modifications of wings.
Wing venation.

Principales of fly of insects.

Nookhwn =

Insects have active flight, and they are only invertebrates with such
ability. It is one of the most important factors have played an important
role in their life success. Most insects have two pairs of wings.
Forewings are located on the mesothorax and hindwings on the
metathorax. Wings play a different role but first of all, they are organs of
flight. In addition, they have some other additional functions in some
insects such as the protective heavily sclerotized covers (Coleoptera
and Dermaptera), gyroscopic stabilizers (Diptera), thermal covered
collectors with scales and visual cues for species recognition and sexual
contact (Lepidoptera), sound producers (some Orthoptera). The wings
have fully functions only in the adult stage.

The wings of the insects are a two-layer fold of the integument,
which come together, harden and form a thin elastic lamina and develop
as evaginations of the exoskeleton during morphogenesis. Between the
folds are tubular nodules (veins), which form the supporting skeleton of
the wing. Their muscles can contract multiple times for each single
nerve impulse, and the wings to beat very fast.

All wings of insects are classified according to three characteristics:

by consistency, density, venation and pubescence.
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Names

Elytra

Hemelytra

Tegmina

Halteres

Wing adapations and modifications

Constructions

64

Examples (Orders)

Coleoptera, Dermaptera
They have hard, sclera-
tized front wings. They
are the protective covers
for membranous hind

wings

Heteroptera

They have leathery or
parchment-like at the
base of front wings and

membranous near the tip

Orthoptera, Blattodea,
Mantodea

They have leathery or
parchment-like front

wings

Diptera
They have small, club-like
hind wings as gyroscopic

stabilizers during flight



Thysanoptera

They have slender front
Fringed wings

and hind wings with long

fringes of hair

Lepidoptera

They have covered with
Scaly wings
flattened setae (scales)

front and hind wings

Lepidoptera

“\ They have bristle
Emﬂm — near base of hind wing
— — that holds front and hind

wings together

Frenulum

Hymenoptera

They have tiny hooks on
Hamuli
hind wing that hold front

and hind wings together

Trichoptera

Hairy wings They have front and hind

wings clothed with setae
Wing Venation
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According to scientific hypotheses, all winged insects have evolved
from a common ancestor, and wing venation can represent the
"template" that has been modified by natural selection for 200 million
years. The venation is diverse in different groups of insects and is an
important feature in their determination. The main sign of the structure of
the wings are the number and characteristics of the location of the veins,
or venation.

There are three angles on the wing plate: the base, the back angle,
the top. The sides of the triangle formed by the edges of the wing also
have their names. The anterior, or costal, edge is located between the
base and the top of the wing, the outer edge is between the apex and
the posterior angle, the posterior, or inner, edge is between the base
and the anterior angle of the wing such below:

Costa (C) — runs along the
front edge of the wing
KoctanbHass xwunka (C) -
NpOXoAUT BOONb NepeaHero
Kpasa Kpblnia, nepegHero kpas
Kpblna

Subcosta (Sc) — leaves the
root of the wing and merge
with the costal beyond the
middle of the front edge of the
wing, second longitudinal vein
behind the costa.
Cy6kocTtanbHaa (Sc) — BbIXo-
AUT N3 KOPEHA Kpblfla U Crnu-
BaeTCd C KOCTallbHOMW >XUJTKOW
3a cepeanHOW nepenHero Kpas
Kpblfla, BTOpas nNpOAosSibHas
XXUnkKa rnocne KoctasnbHOMn
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Radius (R) — third longitudinal
vein extends from the wing
root, restricts the central cell
from the top, one to five
branches reach the wing
margin

PagnanebHas (R) — TpeTbs npo-
AONbHas >XWMKa BbIXOOUT U3
KOPHA Kpblna, orpaHuynBaeT
LEeHTparnbHyl0 S4YelnKy CBepXy,
OT OAHOW A0 NATU BETBEW O0C-
TUraroT Kpas Kpbina

Media (M) — fourth longitudinal
vein starts from the middle of
the wing and gives one to four
branches reach the wing
margin

MeananeHasa (M) — yeTBepTas
NpoaONbHAA XWUMKa HaynHaeT-
Csl OT cepeauHbl Kpbina n gaet
OT OAHOW A0 YeTblpex AOCTuU-
ratoLmx Kpas Kpbliia BeTBeu

Cubitus (Cu) — fifth longitudinal
vein extends from the wing
root, restricts the central cell to
the bottom and gives one to
three branches reach the wing
margin

KybutaneHaa (Cu) — nsaTas
NpoaosibHada Xurka npocTtupa-
eTCsA OT KOPHSA Kpblfia, orpaHu-
YnBaeT LEHTParbHYl0 SYEenky
CHM3Y U [OaeT OT oJdHoM [0
Tpex AoCTuUrarLwmx Kpas Kpbl-
na seTBeu



Anal veins (A1, A2, A3) -
unbranched veins behind the
cubitus extending from the
wing root

AHanbHble (A1, A2, A3) -
Hepa3BeTBIIEHHbIE KUMKW 3a

KybutanbHon, wuaywme ot
KOPHS Kpbifia
There are some crossveins named according to their position rela-
tive to longitudinal veins (e.g.crossveins run between the costa and sub-
costal are c-sc; bewteen adjacent branches of the radius - r; between
the radius and media - r-m; between the media and cubitus - m-cu).
Flight
The insect's wings have the freedom to move up and down through
an arc of more than 120 degrees by a complex hinge joint. The wings
move up and by contraction of dorsal-ventral muscles, but they have not

direct contact with the wings (Figure 17).

Figure17. Horisontal and vertical muscles for moving the wings of insects (source:
https.//i.pinimg.com/736x/55/3b/67/ 553b67746fe 180293be349626f154272--wind-power-
sustainable-living.jpg)

PucyHok 17. opu3oHmarbHble U 8epmukarsibHble MbIlUUb,
obecniequsarouwue 08UXXEHUS KPbITbe8 HaCEKOMbIX
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The elasticity of the thoracic sclerites and hinge mechanism
conserve 85% of the energy involved in the upstroke of the wings as
potential energy during force down of the wing.

Insects of the orders Odonata and Blattodea (and some another
primitive insects) have another principle of the downstroke which
initiated by basalar muscles that attach directly to the wing's axillary
sclerites and the contraction of these flight muscles pulls the wings
down. Other insects have dorsal-longitudinal muscles attached to
apodemes at the front and back of thoracic segments and by their
contraction the wings to snap down.

During flight, upstroke and downstroke muscles must contract in
alternating sequence. There are different mechanisms controlling for
upstroke and downstroke muscles during flight: 1) neurogenic
(synchronous) when each contraction is triggered by a separate nerve
impulse 10-50 beats per second; 2) myogenic (asynchronous), when
flight muscles for upstroke (dorsal-ventrals) and downstroke (dorsal-
longitudinals) contract spontaneously if stretched beyond a certain
threshhold, each in response to stretching by the other, after the signal
of the nervous system, in some insects (e.g. flies and bees) it may be
500-1000 beats per second.

Questions for self-check:

1. What is the origin of wings?

2. To which segments of the thorax of insects are the elytra
attached?

3. Characterize the wings of the bug.

4. Characterize the wings of the grasshopper.

5. Describe the flight of insects.
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10 ABDOMINAL PART OF INSECTS AND ITS APPENDAGES

1. Abdominal part of the insects.
2. The segmental composition of the abdomen.
3. Types of abdomen of insects.

An abdomen of insects is located just behind the thorax. The
maximum number of abdominal segments is 12, including the tail
component — telson, which carries the anus and is devoid of
appendages. However, in this form, the abdomen was preserved only in
representatives of the order Protura. Due to abdominal oligomerization,
the number of visible segments in other insects is reduced to 9-10
(orthopterans), and in the higher groups (some hymenopterans, two-
winged) even 4—6.

Often the correspondence between the numbers of tergites is lost in
the abdomen, and it is not uniform, for example, the male black
cockroach has 10 tergites and 9 sternites, and the female has 8 and 7,
respectively.

In some of the hymenopterans (wasps, bees, horsemen), the first
segment of the abdomen is included in the thorax, forming an
intermediate segment, or propodeum. Ants include the 2nd and the 3rd
segment.

By the nature of the articulation with the thorax, there are three
types of abdomen (Figure 18):

- sessile (attached to the metathorax with all its base, without
forming constriction — typical of most insects);

- hanging (has a short constriction due to the propodeum — bees);

- hanging (has a long constriction — ants, wasps, horsemen).
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Figure 18. Insect abdomen attachment types: 1 - sessile; 2 - stalked; 3 — hanging
(source: http://biofile.ru/pic/bio170b-023.png)
PucyHok 18. Tunbl npukpenneHusi bprowKa y HaCeKOMbIX:
1 — cudsuee; 2 — cmebenbyamoe; 3 — sucsiyee

Each segment consists of a dorsal sclerite (tergum), and a ventral
sclerite (sternum), joined by a lateral pleural membranes.On side of the
first eight abdominal segments there are openings to the respiratory

system (spiracles).

Tergum
Teprut
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Pleural membrane TV U T
i [} i L n [ B 3 —/

[NpeBparnbHas LU T R T T A =
mMeMbpaHa f e S e

71



Spiracles
[bixanbua

On the 8th and 9th abdominal segments, the external genitalia, or
genitals, are located. In this regard, these segments are called genital,
the preceding 1-7th segments are pregenital, and the last two
segments, the 10th and 11th, are postgenital.

In the pregenital abdominal segments, the appendages are found
only in the most primitive Insecta-Entognata. Thus, in the case of
proturans (Protura), rudimentary legs remained on the 1-3 segments of
the abdomen. Some of the springtails (Collembola) have a collophore
(abdominal tube) on the 1st segment, on the 3rd segment there are
retinaculum and on the 4th one - furcula (‘jumping forks”). Many
diplurans (Diplura), and bristletails (Tizanura) on various segments of
the abdomen including postgenital, there are retractable sacs and
elongated non-segmented appendages — stylus.

Among the appendages of post-genital segments of Insects-
Entognatha, one can find a pair of cerci on the 10th and 11th segments
of the abdomen. The representatives of the Family Campodeidae from
the Order Diplura, they are long and articulate, in the Family Japygidae -
short, non-jointed, mite-like. Many Tyzanura, in addition to the long
segmented cerci, have multi-segmented caudal filaments.

Among the appendages of the post-genital segments, there are

styles and cerci. The one pair of styles are preserved in male of
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cockroaches and grasshoppers. Long articulate cerci are present in
mayflies, short ones in cockroaches. In earwigs, cerci turned into large,
unsegmented mites.

The tergite of the 11th segment forms the anal plate, or epiprokt,
lying above the anus, and the sternite residues — a pair of plates on its
sides — paraprocts. In cockroaches, however, the epiproct is called the

anal plate.
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Insects have external genital appendages (genitalia). The copulatory
organ in the male has name aedeagus, located on the eighth and nine
segments of the abdomen. The genital opening of insects is located just
below the anus. The paired external appendages of the eighth and ninth
segments of the abdomen of females joined together and form the

ovipositor — the egg-laying structure.

73



= k=

FEMALE FEMALE FEMALE
Ovipositor Valvifers
Qi Valvulae
nueknag, [eHnTanbHbIE
nonacTtu

These appendages consist of four valvifers (basal sclerites with
muscle attachments) and six valvulae (apical sclerites which guide the

egg as it emerges from the female's body).

Aedeagus (claspers) W

damaryc -

i "

W

MAILE

In males, the genital opening is usually enclosed in a tube-like
aedeagus which enters the female's body during copulation (like a
penis). The external genitalia may also include other sclerites (e.g.
subgenital plate, claspers, styli, etc.) that facilitate mating or egg-laying.
The structure of these genital sclerites differs from species to species to
the extent that it usually prevents inter-species hybridization and also
serves as a valuable identification tool for insect taxonomists.

Other abdominal structures presented in some insects are below:

Abdominal gills — respiratory organs of the naiads (nymphs) of

some aquatic insects (paired gills along the sides of each abdominal
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segment in mayflies (Ephemeroptera); the gills attached to the end of
the abdomen in damselflies (Odonata),

Abdominal prolegs — fleshy, locomotory appendages found only in
the larvae of some orders (Lepidoptera, Mecoptera and some
Hymenoptera).

Collophore — a fleshy, peg-like structure on the ventral side of the
1st abdominal segment in Collembola to maintain homeostasis by
regulating the absorption of water from the environment (Figure 19).

Furcula — the jumping organ ("springtail") on the ventral side of the

fifth abdominal segment in Collembola(Figure 19).

Figure 19. Collophore, furcula and retinaculum in Collembola (source:
https.//bugwoodcloud.org/bugwoodwiki/thumb/Collembola.jpg/350px-Collembola.jpg)
PucyHok 19. bprowHas mpybka (Kosnirnoghop), npbleameribHas suroydka (¢pypkyna)
u 3auerika (meHakynym) y Konnemborn

The tenaculum (a clasp) on the third abdominal segment which
holds the springtail in its "cocked" position (Figure 19).

Median caudal filament — some "primitive" orders Diplura,
Thysanura, Ephemeroptera (Figure20) have a thread-like projection

arising from the center of the last abdominal segment between the cerci.
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Figure 20. Median caudal filament of mayfly (Ephemeroptera) (source:
http.//bugwoodcloud.org/bugwoodwiki/thumb/Ephemeroptera.jpg/350px-
Ephemeroptera.jpg)

PucyHok 20. CpeduHHasi xeocmosgasi Humeb rnodeHku (Ephemeroptera)

Pincers-representatives of order Dermaptera (earwigs) have
heavily sclerotized and forceps-like cerci, which used for defense.
(Figure 21).

Figure 21. Pincers (cerci) on the abdomen of insects (earwigs) (source:
https.//bugwoodcloud.org/bugwoodwiki/thumb/Dermaptera.jpg/350px-Dermaptera.jpg)
PucyHok 21. Knewju (uepku) Ha bprowke HacekoMbix (yxosepmka)

Sometimes they help in folding the wings or during courtship.
Sting — a modified ovipositor in the females of aculeate Hymeno-

ptera (bees, predatory wasps, and ants) (Figure 18).
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Figure 22. Sting in insect (source: http://Iclawyers.com.au/wp-
content/uploads/2016/08/1405313696585-1892-768x1149.jpg
PucyHok 22. XKarno y HaceKoMblix (neperoH4amoKphblribie)

Cornicles — paired of the secretory structures located dorsally on
the abdomen of aphids. They produce substances repeled predators or
for stimalation the care-giving behavior of symbiotic ants.

The ovipositor of the representatives of the Order Orthoptera
consists of three pairs of differently developed valves: the first pair
departs from the first paired egg-laying plate of the 8th abdominal
segment, the second and third pairs from the base and the top of the
second paired egg-laying plate of the 9th abdomen. All three pairs of
valves, folding together, form different ovipositors. In the grasshopper
females, it has a saber-shaped form, in crickets it is spear-shaped, etc.
(Figure 23).

In other insects (Coleoptera, Diptera), a secondary, or false, oviposi-
tors. It is formed from reduced in diameter of the last segments of the
abdomen, moving into each other, for what is sometimes called

telescopic.
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pronotum

Acrididae Yy e Tettigoniidae . —: :
(Grasshopper) (Katydid) ovipositor

Gryllidae
(Cricket)

Gryllotalpidae '
(Mole Cricket)

Figure 23, Ovipositors in some Orthoptera (source:
https.://s3.amazonaws.com/classconnection/592/flashcards/1859592/jpg/450px-orthoptera-
14C2FD6DCF634FCAESE.jpg)

PucyHok 23. Hliyeknadbl HEKOMOPbIX MPAMOKPbIIbIX

Questions for self-check:

. What is the origin of ovipositors?

Which insects have the median caudal filament?
Characterize the wings of the bug.

Characterize the wings of the grasshopper.
Describe the flight of insects.

R N
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CONCLUSION

This textbook includes materials on the external structure of insects
— the most diverse class of the animal world. The covers of insects
(integument, or exoskeleton) and their structure, the main parts of the
body of insects and their appendages are considered step by step.

In addition, the students could learn a brief history of entomology —
an important branch of zoology and its main division. For more detailed
study, at the end of each section, questions and tasks are set. The
students can check how much they have understood and may be
motivated to learn more about the topic. A glossary at the end of the
textbook could be found useful by students as well as a list of references
and recommended literature, appendices and illustrations.

This textbook is the first part of a series about the structure and

diversity of insects, which is planned to continue.
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GLOSSARY

Abdominal filaments — thread-like processes located at the end of the
abdomen ofsome insects (Ephemeroptera).
bprowHbie ¢bunameHmbl — HUMEBUOHbIE OMPOCMKU, PacrosioXeHHbIe

Ha KOHUe bprowka HeKomophbix HacekoMbix (Ephemeroptera — nodeHku).

Aedeagus — male copulatory organ of insects.

A0eaeyc — KornynsamueHbIl opa2aH y caMuo8 HaceKOMbIX

Analogous - structures with similar functions but different evolutionary
origins, such as the wings in birds versus insects
AHarioau4yHble - cmpyKmypbl CO CXOXUMU (bYHKUUSIMU, HO pasiu4yHo2o

380/TIOULUOHHO20 [POUCXOXO0EHUS, maKue KakK Kpblibs y nmuuy u

HaceKoMbIX.

Cerci — paired sensory projections from the terminal abdominal
segment.

Llepku — napHble CEHCOpPHbIe rpudamKku KOHEYHO20 O6proWHO20
ceamMeHmMa

Elytra (Elytron) — Hardened, protective forewings of Coleoptera.
Halkpbinbsi — meepdble, 3awumHble repedHUe KpbiibS XXeCmKo-

Kpbinbix (Coleoptera).

Halteres (Halter) — knob-like reduced hindwings of Diptera and
forewings in Strepsiptera, its function is as gyroscopic instruments in
flight:
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XKyxokanbya — YMEHbWEHHbIe 3a0HUe Kpblibs O8YKPbIIbIX  UMU
rnepedHUEe Kpbiibsi Y 8€€POKPbINbIX, UX OYHKUUS KaK 2UpOCKOMUYECKUX

npubopos 8 rionieme.

Hemelytra — half-hardened, half-membranous forewings of Hemiptera
(Heteroptera)
[emenumpa — nonymeepokie, rnosnyrneperioH4amsie rnepedHuUe Kpbirbs

rnepernoH4YamoKpabinbix Hemiptera (Heteroptera).

Homologous — structures with similar evolutionary origin but different
function, such as the different forms of mandibles in insects.

'omMonoauyHble — CcMPpyKmMypbl C [NOXOXUM 380/1FOUUOHHbBIM pouc-
XOXO0eHUeM, HO pa3HoU yHKuuUel, makue Kak pas/fiu4dHble hopMbl

MaHOUbyn y HaCeKOMbIX.

Hypopharynx — tongue-like, bears openings of salivary ducts.
[unogapuHkc — A3bIKOMOOOBHKIU, Hecem 0meepcmusi CITHOHHbIX

MPOMOKOB.

Labium — lower lip.

HuxxHsisi eyba.

Labrum — upper lip, a flap-like structure that lies immediately in front of
the mouth.
BepxHsisi 2yba — rioxoxasi Ha rnaacmuky cmpykmypa, Komopas fexum

HerocpedcmeeHHO reped pmom.
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Mandibles — jaws. Their function is typically to grasp, crush, or cut the
insect’s food, or to defend against predators.

MaHOubynel — eepxHue 4denocmu. WX yHKUUS, Kak rpasursio,
3aKsiro4aemces 8 momM, 4mobbl cxeamumb, pasdasume UU ropes3ams

rnuwly HaceKkomMoeo usnu 3awumumb Om XUWHUKOS.

Mandibulate mouthparts — used for biting and grinding solid foods.
MaHOubyrnspHble pomoebie Yacmu — ucronb3ytomcs Ons KycaHusi u

usmersnib4yeHUss meepdou nuwju.

Maxillae — situated caudal to the mandibles, paired maxillae manipulate
and, in chewing insects, partly masticate, food. Each maxilla consists of
two parts, the proximal cardo, and distal stipes. At the apex of each
stipes are two lobes, the inner lacinia and outer galea more jaws.

HuxHue dernrocmu — napHbie Yesrocmu MaHurnynupyrom u, rnpu xeeaHuu
HacekoMbIX, 4Yacmu4Ho Xyrom, nuwly. Kaxdasi 6epxHsisi 4esrocmb
cocmoum u3 08yx Yacmel: rpoKcumMasilbHo20 KapOo U OucmarsibHbIX
HoXeK. Ha sepuwiuHe Kaxx0ou HOXKU rno dge 00siU, 8HYMPEHHSIS rnayuHusi

U BHeWHSsIS1 2anesi bonbuwe Jyenocmed.

Forewing.

[MepenHee KpbISio

Hindwing.

3al0Hee Kpblro.
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Notum - dorsal plate or sclerite, dorsal portion of an insect's thoracic
segment.
Notum — OopcanbHasi nnacmuHKa usnu ckriepum, dopcasibHasi 4acmeb

apyOHoao ceeMeHma HaCeKomMoeo.

Ovipositor — egg-laying apparatus (may be modified for other purposes)

Alueknad.

Piercing-sucking mouthparts — have stylets, and are used to
penetrate solid tissue and then suck up liquid food.

Konrowe-ocywuti pomoeou arnrnapam — uMmeem cmusembsl U UCosib-
3yemcs 05151 MPOHUKHOBEHUSI 8 meepdble mKaHU, a 3amemM 8cachl8aHUsl

XKUOKOU nuwju.

Pleuron - a lateral sclerite of thoracic segment of an insect between the
tergum and the sternum, often membranous.

[netpoH — nameparnbHbIl cKriepum 2pyoOH020 ceaMeHma HaceKomMoz0
MeX0y mepaumom U CmepHUMmMoM, Yacmo rieperioH4yamsili (MembpaH-

HbIU).

Pronotum - the dorsal sclerite on the prothorax.

[NepedHecriuHka — OopcaribHbIU CKepum Ha riepedHezpyou.

Sclerotization — hardening of insect exoskeleton to make a strong,
armor-like 'skin'.
Cknepomusauussi — omeepOeHUe 3K30cKeriema HacekoMbIX C

obpa3osaHueM rpo4YHoU 6poHen0OOBHOU «KOXUY.
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Siphoning mouthparts lack stylets and are used to suck liquids, and
are commonly found among species of Lepidoptera.

Cocywuu pomoeou  annapam — omcymcmeyrm  cmunemel,
ucrionib3yemcsi 0515 ecacbkleaHusi Xudkocmeul u 0bbIHHO ecmpedyaemcsi

cpedu 8UO08 YelyeKpbIbiX.

Sternum - the ventral portion of a segment of an arthropod thorax or
abdomen
CmepHym — 8eHmpasnbHass 4Yacmb CeaMeHma Yr1eHUCMOHO2020

epyOHo20 omaoersa unu bprowHouU rnonocmu

Tarsus (pl. tarsi) — last section of insect legs. It consists of several
segments (tarsomeres).
Tapcyc (nanka) — nocnedHUl y4acmoK HOXeK Hacekomozo. OH

cocmoum u3 HeCKOJIbKUX ceeMeHmaos (tarsomeres).

Thorax — middle section of the insect's body,

Topakc (epydb) — cpedHsIsi Yacmb meJjia HaCeKoOMO&2o0.
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APPENDIX A

The labeles of some Entomological Societies
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APPENDIX B

Mouthparts of insects (source: http://cdn.biologydiscussion.com/wp-
content/uploads/2016/03/clip_image002_thumb-146.jpg)
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Fig. 82.3. Mouth parts of insecls
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APPENDIX C
Lifecycles of some insects
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Source: http://modernservantleader.com/wp-content/uploads/2013/04/butterfly-lifecycle-

w.jpg

adult
~95 days

Slele)
~12 days

oo

1st instar grub
~19 days

Source: https://plantheroes.org/sites/default/files/coconut_rhinoceros_beetle_life_cycle
small_1.jpeg
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