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Brief Introduction

Insect Physiology and Biochemistry ia an important
course of entomology subject. It developed very well
recently. Educational circles of insectology get more
and more contacts with overseas parties. Biligual
education was proved to be an effective approach to
culture students for opening their view points, adjusting
the strucutre of professional knowledge, understanding
frontier of the subject and acting on international
convention.

The book is divided into 16 chapters. To promote
innovation, it begin with brief history of researches in
insect physiology, systematically introduce the structure
and chemical components and process of integument,
digestion and nutrition, fat body and intermediary
metabolism,respiration system, hemolymph and
circulatory system, insect hormones, excretion system,
sensory system, light and visual sensory, neuroanatomy
and neuropeptides, insect nerve system and physioloy,
muscle and movement, pheromones, reproductive
system and its biochemical process, insect diapause,
and insect immunity. The contents is arranged by the
sequence of organization structure of insect apparatus,
physiological processes and biochemical reactions.
They will be deployed from section to chapter with
bilingual contrast. In additon to the essential speculative
knowledge, it emphases the advanced researches and

developmental trend of the subject.
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The book will be suitable for bilingual education in ABEHTEA&EFRWE
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PREFACE

Insects (from Latin insectum) are a class of living
creatures within the arthropods that have a chitinous
exoskeleton, a three-part body (head, thorax, and
abdomen), three pairs of jointed legs, compound eyes,
and one pair of antennae. They are among the most
diverse groups of animals on the planet, including more
than a million described species and representing more
than half of all known living organisms. The numbers
of extant species is estimated at between six and ten
million, and potentially represent over 90% of the
differing metazoan life forms on Earth (Fig.1). So far,
fossilized insects of enormous size have been found
from the Paleozoic Era, including giant dragonflies
with wingspans of 55 to 70 cm. Insects may be found in
nearly all environments, although only a small number
of species occur in the oceans, a habitat dominated by
another arthropod group, crustaceans.

The life cycles of insects vary, but most hatch from
eggs. Insect growth is constrained by the inelastic
exoskeleton and development involves a series of
molts. The immature stages can differ from the adults
in structure, habit and habitat, and can include a passive
pupal stage in those groups that undergo cosmpléte
metamorphosis. Insects that undergo incomplete
metamorphosis lack a pupal stage and adults develop
through a series of nymphal stages.

Insects typically move about by walking, flying or
sometimes swimming. As it allows for rapid yet stable
‘movement, many insects adopt a tripedal gait in which
they walk with their legs touching the ground in
alternating triangles. Insects are the only invertebrates
to have evolved flight. Many insects spend at least part
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(modified from Labandegia et al.,

of their lives underwater, with larval adaptations that
include gills, and some adult insects are aquatic and have
adaptations for swimming. Some species, such as water
striders, are capable of walking on the surface of water.
Insects are mostly solitary, but some, such as certain
bees, ants, and termites, are social and live in large,
well-organized colonies. Some insects, such as earwigs,
show maternal care, guarding their eggs and young.
Insects can communicate with each other in a variety of
ways. Male moths can sense the pheromones of female
moths over great distances. Other species communicate
with sounds: crickets stridulate, or rub their wings
together, to attract a mate and repel other males.
Lampyridae in the beetle order Coleoptera communicate
with light.

According to the Chinese legend, the technology of
raising silkworms was invented and created by Leizu
(Fig.2), which indicates the long history of Chinese
sericulture, in the middle of Neolithic Period, dating from
3000 B.C. It witnessed the rising of many variations of
this insect in the voltinism, the molting character,
markings, body size and shape of the larvae, and the color,

e Do
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Fig.2 Chinese silkworm God, Leizu,
who was a legendary empress and wife
of Huangdi. According to tradition, she
discovered silk and invented the silk

loom.
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shape and silk quality of the cocoons.

Insect parasitism was known in China for a long time in
the form of parasitic tachinid flies of silkworms (B. mori
L.). These tachinid flies were first mentioned in the
Chinese literature around 300 AD. The developmental
cycle of this tachinid (possibly a species of the genus
Exorista) were clearly described in 1096. This antedates
the first descriptions of insect parasitoids from Europe by
600 years. Another parasitic fly, a flesh fly (possibly B.
lapidosa Pape) was noted as the main parasitoid of L.
migratoria manilensis Meyen in 1196. In 1578, a famous
Chinese medical book, “Compendium of Materia Medica”
recorded a numbers of insects were used as Chinese
Medicine, such as cordyceps sinensis and stiff silkworm.
The first Chinese record with a correct description of the
life cycle of a hymenopteran parasitoid dates from 1704
(Cai et al., 2005).

Ancient Sumer, the civilization near the river Euph-
rates, is the cradle of beekeeping, created about 3000-
3500 BC. In ancient Egyptian poetry honey was used also
as a symbol of love. In the few poems written between
1100 and 2000 BC and transmitted into our times.
Archaeological finds relating to beekeeping have been
discovered at Rehov, a Bronze and Iron Age archaeolo-
gical site in the Jordan Valley, Israel.Thirty intact hives,
made of straw and unbaked clay, were discovered in the
ruins of the city, dating from about 900 BC. In ancient
Greece, aspects of the lives of bees and beekeeping are
discussed at length by Aristotle. The art of beekeeping
appeared in ancient China for a long time and hardly
traceable to its origin. In the book “Golden Rules of
Business Success” written by Fan Li (or Tao Zhu Gong)
during the Spring and Autumn Period there are some parts
mentioning the art of beekeeping and the importance of
the quality of the wooden box for beekeeping that can
affect the quality of its honey.

It was not until the 18th century that European natural
philosophers undertook the scientific study of bee colonies
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and began to understand the complex and hidden world of
bee biology. Preeminent among these scientific pioneers,
Swammerdam and Réaumur were the first to use a
microscope and dissection to understand the internal
biology of honey bees. Réaumur cbserved queens laying
eggs in open cells, but still had nc idea of how a queen
was fertilized; nobody had ever witnessed the mating of a
queen and drone and many theories held that queens were
“self-fertile,” while others believed that a vapor or
“miasma” emanating from the drones fertilized queens
without direct physical contact. Huber was the first to
prove by observation and experiment that queens are
physically inseminated by drones outside the confines of
hives, usually a great distance away. Huber confirmed that
a hive consists of one queen who is the mother of all the
female workers and male drones in the colony. Together,
he and Burnens dissected bees under the microscope and
were among the first to describe the ovaries and
spermatheca, or sperm store, of queens as well as the
penis of male drones. Huber is universally regarded as
“the father of modern bee-science” and his “New
Observations on Bees” revealed all the basic scientific
truths for the biology and ecology of honeybees.

In 1906, Morgan (Fig.3) began his work on D. melano-
gaster and reported his first finding of a white (eyed)
mutant in 1910 to the academic community. He was in
search of a model organism to study genetic heredity and
required a species that could randomly acquire genetic
mutation that would visibly manifest as morphological
changes in the adult animal. His work on Drosophila
earned him the 1933 Nobel Prize in Medicine for identi-
fying chromosomes as the vector of inheritance for genes.
This and other Drosophila species are widely used
in studies of genetics, embryogenesis, and other areas.

Malpighi, the founder of comparative physiology, Ital-
ian physician and biologist who, in developing experimen-

tal methods to study living things, founded the science of

4.
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microscopic anatomy. He conducted many studies of
insect larvae, the most important of which was his
investigation in 1669 of the structure and development of
the silkworm. The Malpighian tubule system is a type of
excretory and osmoregulatory system found in some
Atelocerata (Insects and Myriapoda), arachnids and
tardigrades. The system consists of branching tubules
extending from the alimentary canal that absorbs solutes,
water, and wastes from the surrounding hemolymph. The
wastes then are released from the organism in the form of
solid nitrogenous compounds. The system is named after
Malpighi. In 1762, the French anatomist, Lyonet, describ-
ed as “granulated vessels”, a pair of minute organs located
within the thorax of caterpillars. This description was soon
forgotten and for 187 years has been buried among the
literature pertaining to insect anatomy. Meanwhile, within
the twentieth century, the very same organs have been,
and apparently continue to be, rediscovered by various
investigators (William, 1949). These organs, now known
as “prothoracic glands” are among the most important

endocrine glands in insects.

ey

) b
%~

P& 3 Morgan Flfth (P77 SR w8 (HER SRR (R LA KD
Fig.3 Morgan and his work on D. melanogaster white (eyed)

mutant(synthetic figure from internet).

A thread that runs a tortuous course from Aristotle’s
time through the 19th century, visualizing the insect larva
and pupa as active embryos was broken by Darwin, who
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saw the relationship of larva and pupa to the adult insect,
with the pupa as a bridge passage. That concept of meta-
morphosis as sequential polymorphism finally crystallized
out to a spare sentence: “Metamorphosis is merely one
type of polymorphism” in V.B.Wigglesworth’s (Fig.4)
slim monograph “The Physiology of Insect Metamor-
phosis” (1954).

Weismann (1864), who first fully recognized the
function and significance of the imaginal discs, illustrated
100 years earlier by Lyonet (1762), who proposed the
“germplasm” theory of heredity. The germplasm theory
states that an organism’s cells are divided into somatic
cells (the cells that make up the body) and germ cells
(cells that produce the gametes). But the mechanisms of
molting and postembryonic development remained
mysterious even long after the importance of hormones
had been recognized in the vertebrates. Kopéc’s (1922)
experiments, leading to the then heretical proposal that
the insect brain secreted a hormone responsible for
metamorphosis, opened the book to the final chapter in
the endocrine physiology of postembryonic development
of insects, and yet it was to take another thirty years
before a coherent theory emerged. The subject had
attracted many skilled experimentalists in the years
following that first postulate that nerve cells could secrete
and that hormones might regulate postembryonic
development, but it was Wigglesworth who brought
together his own brilliant experiments with the work of
others, from the 1930’s to the 50’s. By 1939 he had
completed the first edition of what was to become the
bible of a new discipline: “The Principles of Insect
Physiology”. With Rhodnius he first showed by implanta-
tion experiments that protocerebral neurosecretory cells
were the source of the hormone that initiates the molting
cycle (Wigglesworth, 1939). This finding, building on
Kopéc’s, was the first experimental demonstration of an
endocrine role for neural cells in any animal. But molting
and growing are not the only processes to need explana-
tion: what regulates maturation and metamorphosis in
insects? The first indication that the assumption of adult
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