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Foreword

If a student is found looking out of the window rather than listening to the
teacher, this would be a bad sign in a maths class but not necessarily so in a
biology class! This is especially true in India where biology, which is supposed to
be the study of living organisms, has been degraded into the study of preserved,
dead specimens under the best of conditions, and into the study of caricatures
drawn with a chalk on the blackboard in the worst of conditions. This has to
change. At least half the biology classes in all our schools and colleges should be
held not in the confines of the classroom but cut in nature, in gardens, on the
roadside, in open scrubland, in the forest, on the banks of streams and lakes,
anywhere in the outdoors. Here the teachers and students should together learn
to locate, identify, observe and develop a relationship with worms and insects,
butterflies and wasps, frogs and snakes, birds and bats, herbs and shrubs, lichen
and fungi, trees, flowers and fruits...

This method of teaching and learning will inspire both student and teacher to
explore nature and take to the study of biology and will make them better
educationists and scientists, better citizens and human beings. There is little
doubt in my mind that it will not only give a fillip to areas of organismal biology
such as ecology, behaviour and evolution but will also provide a strong
foundation to those students who wish to pursue more reductionist areas of
biology such as genetics and molecular biology. 1 am therefore confident that it
will spawn a new generation of internationally competent researchers in all
areas of life sciences and will spell the beginning of the end of the era in which
Indian scientists largely play second fiddle to the developed world and generally
pursue a rather insignificant and imitative research agenda. But such a
revolutionary change in the philosophy of biology education is not easy to usher
in. It requires a major change in the mindset of administrators, teachers, students
and parents. Hard as these are to achieve, I am aware that even they are not
enough. We need the technical means to do so - we need knowledge and books
about life in our own outdoors and backyards and roadsides and believe me, we
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rarely have them. In a country as biologically diverse as India, it is not enough
to have a general knowledge of the plants and animals of our country and guide
books about insects or birds of India, of Andhra Pradesh or even the of Western
Ghats. We need very specific knowledge of local flora and fauna and guide books
written by experts who have firsthand knowledge of our backyards.

How can this be made possible? Who will spend their time acquiring firsthand
knowledge of our backyards and write guide books for us? In an ideal world the
students and teachers of each school must turn their biology classes into outdoor
research laboratories to personally acquire a deep and authentic knowledge of
the biology of their backyards and write their own guide books. But as the cliché
goes, we don't live in an ideal world. Nevertheless, there may be a ray of hope. I
believe that The Rishi Valley School comes as close as we might get to the ideal
world I described above. I have had the personal pleasure of meeting the
administration, teachers and students and indeed the biodiversity of Rishi Valley
School. Here it is possible - you have all the required ingredients - a rich and
interesting backyard, amazing students (who live on the grounds and can
therefore watch ants and bees even while brushing their teeth!), committed
teachers and an enlightened administration.

The present book “Satpada Our World Of Insects” by Rebecca Thomas and Geetha
Iyer is a direct consequence of the rare coming together of all these unusual
ingredients. The book truly provides a glimpse into the world of insects in a
simple, friendly and colourful way. Perhaps the most promising part is Part III,
which has a section entitled "Entomology as a pastime” and also contains tips
for student activities, and checklists of insects and plants in the school's grounds.
I hope that the book will be inexpensive, will be read and used widely and become
a success. And by success I mean that the book should inspire teachers and
students of Rishi Valley School to teach biology outdoors and to produce in the
next five years, a field guide to the insects of Rishi Valley on the lines of "Birds of
Rishi Valley and Regeneration of their Habitats" published in 1994. I am sure
your success will spawn similar efforts in many other schools. So here's your
challenge and I wish you all the very best.

— Prof. Raghavendra Gadagkar
Centre for Ecological Sciences and Centre for Contemporary Studies
Indian Institute of Science, Bangalore



Preface

‘Guess what? The hornets are building again! How do we save the nest this
time?’ questioned Krishnan, then in class 12, the gleam of discovery and the
anxiety of a possible loss simultaneously reflecting in his eyes... and thus began
a journey into the world of insects , a journey that was so fascinating that it
soon had a large number of adults and children on the bandwagon. As adults
witnessing the enthusiasm of children and their lookouts, discoveries, queries,
collections, sensitive responses and wonderous sighs,we were prompted to bring
out a book on insects.

This is not the work of trained entomologists, but of two biology teachers who,
along with their students were attracted to the insect diversity that existed in the
campus of Rishi Valley. Insects became the subject of study in many different
ways, and soon they were instrumental in heightening the awareness in children
and adults alike, of the need to conserve the environment. Often its the fear and
not their beauty that seem to bring insects into our sphere of attention. The loss
of our wellbeing is so etched in our consciousness as also the thought that insects
can only harm that, more often than not the uniqueness of their appearance or
lifestyle seem lost on humans.

But for many at Rishi Valley, insects could appear on a different level altogether
— as beautiful and colourful as birds, as challenging as snakes, as diverse as the
flowers that draw our attention, as engaging as a spy-thriller movie and finally
as creatures that both kindled the curiosity of some and frightened the life out of
others. Why else would a bunch of active, cricket- crazy boys agree to suspend
their game in their favourite place for a full term and let the hornets build their
nests? Why else would a twelve year old donate his towel so that the eggs of a
moth could remain undisturbed and hatch ? Why else would a principal of a
school carefully lift a dying insect and leave it in the care of a teacher? Why else
would eight and nine year olds walk carefully so that they do not step over the
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ants as they shifted their colony, or spend endless hours watching an ant save
itself from an antlion nest {or be consumed by the antlion larva)? Insects, seemed
to have a special place in our consciousness and life at Rishi Valley.

Insects are too many and too varied to be dealt within a few pages of a book.
Our intention in writing this book was twofold. First, to bring about a different
viewpoint in addressing insect life — to move away from the dull and drab
stereotypical, biclogy classroom approach of harmful and useful insects (as it
always is featured in a school textbook); second to provide a resource for teachers
and students of environment studies— a tool that will help them understand the
concepts related to environment education. We have tried to address these two
issues through a series of descriptions and activities. It is by no means thorough,
but if it enthuses someone to undertake a detailed study of insects or to be able
to look at insects without an instinctive recoiling, our aim would have beeen

fulfilled.

— Rebecca Thomas and Geetha Iyer
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INTRODUCTION

The material found in this book has evolved out of the fieldwork undertaken by
us along with our students at Rishi Valley, a residential school where people live
close to nature. ‘RV’, as it is fondly referred to by its students, is essentially a
scrubland with dry deciduous vegetation. A valley surrounded by ancient rocks
of volcanic origin, water can often be a scarce commodity here. This is essentially
a drought-prone area of the Eastern ghats. Therefore the community of people
living at Rishi Valley have made conscious efforts to conserve water. This has
resulted in a series of percolation tanks, check dams and relentless efforts at
reforestation of the hills. Thus although a scrub jungle is what one sees, there
are wetlands, small wooded areas on the hillslide, and grassy patches — habitats
in which insect diversity thrives. If insects thrive, then, naturally, so will other
members of the living world, as insects form such an important link in the food
web. One of the major requirements in today’s world is habitat conservation,
allowing for species diversity to if not flourish, at least to prevent their slow
extinction. The process of regeneration is an important aspect of life at Rishi
Valley.

The field study started in the early nineties and between then and now, Rishi
Valley has gone through its cyclic periods of drought, of late, more serious than
the previous years which no doubt has effected a change in the insect profile
and the ecosystem of the place. However with some rainfall that has come in
subsequently and the water conservation efforts undertaken by the school, it
has been noticed that certain insect diversity has returned. In a way the
reappearance of some insects and the continued presence of many others is a
statement of the resilience of these animals and a lesson in survival. Insect
diversity in this place is marvellous. This book, we hope, will serve as a guide for
teachers or students interested in insects, ecology or the environment. We are
yet to catalogue all of the insects found here, for that is an ever-continuous
process. We hope that this book may interest some to take up the study of insects
whose diversity is simply remarkable.
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Ants easily outlasted the dinosaurs, and they will outlast
humanity should we stumble.

— E.O0.Wilson

The Diversity of Life



1. Why Study Insects?

Insects form the largest group of animals and makes
up almost 75% of the animal kingdom. In terms of
numbers and diversity, insects are the acknowledged
winners of in the animal kingdom. They occupy every
available niche on the earth’s surface barring the sea,
because of their inability to tolerate the high salt
content of the seas. The Latin word insecta means
‘notched’ because of the characteristic indentation
in the body which separates the posterior ‘abdomen’ Grasshopper
from the more anterior “ thorax”. However this is a

very generalised description and is also the reason

for a number of unrelated creatures quite often being

dubbed as ‘insects’.

Eggs of lacewings Mantis egg case
But insects are interesting in a strange way— strange because they do not -
subscribe to those features we are familiar with or take for granted. The skeletons
of all insects are outside their bodies some insects smell with their long feelers;
others hear with their legs for the ears are placed in their knees, legs (or
sometimes in their abdomen); they have no vocal cord yet speak (produce
sounds) by rubbing one part of their body with another; the salivary glands in
the caterpillars of some moths produce silk; and the hind wings have become
balancing organs in flies. They are so amazing at adaptation that their body
parts have transformed according to their needs for survival. So, how do they
do this?

5
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Smaller
Diptera Insect
2,40,000 Orders Arachnida
Lepidoptera 1,00,000

Hymenoptera
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Hemipt
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Phyla
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7,000
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Biodiversity density compared

The unmatched ability of insects to adapt to a variety of living
conditions has gained them an entrance to the most diverse habitats.
It is a remarkable feature that they can live anywhere on the earth:
under the soil, inside caves, inside other organisms, within the crevices
of, or high up in, trees. They owe their success to a number of
important features, some of which we list below. (You will find these
features in greater detail in the chapters that follow.) As they evolved
over the last 400 million years they have managed to survive where
other forms of life have perished. This is due to adaptive strategies
unique to the insect world. Some of these are:

» their body size which rangs from minute (scil beetles and small
body lice) to large (moths and the massive Goliath beetle);



+ their feeding mechanisms—be it on diets liquid
or solid, soft or hard, rotting or fresh, blood or
water;

+  their diverse reproductive strategies to the extent
of varying their gender based on environmental
parameters.

Similarly, several other physiological features
contribute to their success. These include a tracheal
system of respiration, haemocoel, a flight
mechanism with a unique wing design and function,
and the success achieved in reproduction and
development.

Last but not least is the biological interest these
creatures have evoked. Their beneficial as well as
their destructive roles have always been highlighted.
What has not been given the same attention is the
ecological role played by insects in maintaining the
balance of life and holding the fragile web of life
together.

Why Study Insects? 7

i
11

leaf roller

The Ecological Significance of Insects

Ecology is a branch of biology that studies the
relationship between living worlds and their non-
living habitats. These studies are undertaken with

the central focus being either individual organisms,
or populations and communities. Autecology, which
is not as popular as community ecology, has
individual organisms as the focal point. This branch
of biology along with ethology has brought to light
several fascinating facets of hitherto unknown
organisms, thebehavioural quirks of known ones,
and the survival tactics adopted by many. Several
such studies by autecologists have increasingly
brought to light the role of insects as ‘ecological

guardians’, the most notable one being the study of
Bagworm larva in its case  Ants by Bert Hélldobler and E.O. Wilson.
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Closer home there have been several entomologists who have looked at the
ecological importance of insects. The work done by Prof Raghavendra Gadagkar
with wasps is noteworthy.

Despite this, insect ecology still seems to be in the hand of agricultural
entomologists, confined to the narrow realms of a limited anthropocentrie view
point. There is a larger role that insects perform. It is only recently that they
have begun to be seen differently, but even then their ecological significance
receives limited or no recognition

This is what the renowned myremecologist E.O. Wilson has to say of insects

So important are insects and other land dwelling arthropods that if all
were to disappear humanity probably could not last more than a few
months. Most of the amphibians, reptiles birds and mammals would crash
to extinction about the same time. Next would go the bulk of flowering
plants and with them the physical structure of most forests and other
terrestrial habitats. Land surface would literally rot. As dead vegetation
piled up and dried and closing channels of nutrient cycles. Other complex
forms of vegetation would die off and with them all but a few remnants of
land vertebrates. The free living fungi after enjoying a population explosion
of stupendous proportions would decline precipitiously and most species
would perish. The land would return to approximately its condition in
early Paleozoic times.

They create and conserve habitats.

Organisms while deriving sustenance from their habitats also create for
themselves a certain environment most favourable for their survival. Every
organism performs this function. Trees draw nutrients from the soil, but also
shed their leaves for decomposing organisms to recycle. What do insects do?
They do very many things. They create houses—termite homes are not just for
themselves but also for others, like reptiles, ants, ete. They turn the soil, dig it,
eat the decaying vegetation and thereby create fertile soils as good as the soil
worked on by earthworms. They feed on other organisms, helping to keep a
chek on the population of other insects. Thus insects are like other animals,
plants or humans—constantly adding or removing materials from their habitat
in their attempt to improve their chances not merely for survival but also for
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procreation. Insects do it in a manner that, by virtue of their diversity and
presence in all habitats, has a great significance to the Earth and the life it
holds.

AR
g

I
&)

Termites at work

Insects have a lot of interaction not only amongst and between them, but also
with the widest range of organisms—from the simplest of viruses, bacteria, fungi,
plants, to other animals. These interactions shape and mould, and bring twists
and turns into the biosphere which is indicative of significant ecological potential.
The scientific community is increasingly coming up with evidence of the positive
ecological impact of insects, but even as a layman, one can observe in nature
some of these processes.

Insect-Plant Interaction

More than 50% of the insect species being herbivorous, their relationship with
plants is a remarkable example of a single type of biological interaction on this
earth.

Feeding on the aerial parts of plants requires specialization and also the ability
to overcome dehydration. And as these insect communities perfected their
adaptations, so did the plants to ensure that they are not so readily and easily
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available to them. An evolutionary scientist would perhaps find that there must
have ensured, what we can call in modern day parlance, an ‘arms race’ between
plants and insects as one tried to outsmart the other in their efforts to survive.
The variety of aromatic compounds plants possess were (at least in some cases)
probably the chemical weapons secreted to combat the onslaught of insects.
What a boon it is. The pharmaceutical companies, the cosmetic industry, and
coffee and tea drinkers owe a salute to the insect; without them plants may not
have produced such a variety of chemicals!

Describing the secretions as simply arsenals for chemical warfare would be being
very unfair to insects. Plants have adapted well to take advantage of insect-
plant interactions. Some plants secrete chemicals because they want to attract
insects—to use them as food as in several genera of insectivorous plants (sundew,
bladderwort, etc.) or else to use them as pollinators. For example, there are
some pitcher plants that allow the larvae of flies to live unharmed on their
digestive juices. These larvae feed on the mixture of water-decaying insects and
provide the plants with nutrients, saving them the job of even digesting the
insects. Insects are efficient pollinators, a vast majority of the world’s quarter of
a million or so species of flowering plants depend on them. So good are they in
this process, so vital it is for the survival of the plants that the fascinating
pollination biology is a subject for specialized study. Both the benefactor and
beneficiary have evolved wonderful and sometimes spectacular features to make
pollination a successful venture. In the case of the fig tree-wasp relationship lies
a story of the survival of two species so very closely dependent on each other
that the interaction has remained exclusive. Figs cannot be pollinated by any
insect other than a particular species of wasp and then these wasps can reproduce
nowhere else except within the fig! This is an example for understanding the
term ‘niche’.

Insect and Others of the Animal World

Insects are of importance to the survival and maintenance of several ecosystems
in the world. Without insects several higher order of species would simply not
exist at all! The anteaters are superspecialised to feed exclusively on a diet of
ants. The ants in turn cater to the needs of termites, another insect group. That
there is a group of birds that are known as ‘insectivorous birds’ is a facet of
insect evolution.
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There are insectivorous hirds, reptiles and mammals. In Rishi Valley as in several
other places in the Southern Peninsula of India, bee-eaters and drongos are
gquite common! One can spend the entire evening watching the acrobatic
behaviour of the drongo as it preys upon insects in mid-air! The beaks of the
bee-eaters are specialised to prise out the bees from their hives!

The spiny anteater, as the name itself suggests, is specialized to feed exclusively
on ants! It is a measure of their success that despite being a prey to a host of
animals, herbivorous insects are still able to maintain populations that can cause
heavy harm to agriculture crops and other plants.

The larvae of beetles and butterflies are a rich food source for animals. Chimps
love to gorge themselves on termite queens. Small birds such as tits, or even
seed-eaters, like buntings, feed their young ones with caterpillars or on a
nutritious diet of insects.

Despite a large number of animals, plants and humans feeding on them, and
the innumerable control measures adopted by us, insects have not failed to
proliferate,

Architects and Farmers

To a common man termites are pests eating away
his furniture, destroying his woodwork etc; but this
lifestyle of searching for dead wood on which to feed
has a tremendous impact on many habitats. In Rishi
Valley as the month moves from February to March,
one can see brown patches appear and begin to move
from the base up the trunk of tress. The brown
patches snaking their way upwards are termite
houses made by termites as they feed on the dead
bark. They save trees from other insect predators
which look to the barks of trees for their homes, They
may attack the live tree, but at the same time they
also recycle the dead wood back to the soil!

Termites can consume upto one-third of the annual
production of dead wood, leaves and grass. They are |
present in numbers unimaginably large, sometimes inslds & termite monnd
exceeding Boo/ft. :
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Although very small in size, their total biomass per unit area can vary from
1-5 g/m’ to 22 g/m’. Rishi Valley can easily recycle its NEWSpApPers in a compost
pit thanks to these termites. Their ability to digest cellulose is largely due to the
symbiotic association with bacteria and protists in their guts and through
cultivating symbiotic fungus in their nests. All termites, except the fungus-
growing ones, use bacteria for cellulose digestion.

The termite mounds of Rishi Valley, though not reaching such spectacular
heights as seen in Africa, are reasonably diverse; in different shapes and sizes
they provide shelter for snakes and rodents. In certain cases animals seem to
compete to have the cool air-conditioned interiors of the termite nests as homes
for themselves. Although termites are prey to some species of ants, they have
symbiotic relationships with others. We have observed at Rishi Valley that some
ants defended the termatariums, perhaps in return for shelter and food. Several
questions spring to one’s mind as one looks deeper into the termites' lives: How
did they manage to evolve these architectural wonders so full of chimneys and
tunnels that lead to an air-cooled interior? Is there a lesson here that can be
learnt by our modern-day architects so steeped as they are in a cement and
mortar culture? In human societies, where a caste system is seen as a barrier to
leading a qualitative life, what evolutionary advantage has the termites
discovered? But from a sociological viewpoint, is it an advantage for organisms
that are social/live in social groups?

When one says, ‘beetle’, the very name makes a
person recoil in disgust. Yet they are, from an
ecological point, a group that have a significant
impact on the earth.

Laboriously rolling the soil and the dung together,
the dung-beetles quietly give back valuable nutrients
to the soil. And what's more, they have been doing
this for a very long time; fossil evidence is available
of these dung beetles working away on herbivorous
dinosaur dung! Eggs are laid in dung, so that the
larvae that emerge have a ready-made food source,
Their importance as recyclers cannot be belittled. In
Australia, the introduction of cattle that are not
native to the area caused enormous problems! The

The dung-heetle
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dung-beetles that existed locally could not handle the large quantities of dung,
excreted by the introduced-cattle and, so, finally a large number of European
and African species of dung-beetle had to be introduced to recycle the dung!
Dung-heetles come in different shapes and sizes. Look for them in the soil. They
are not always big; they are quite diverse and can be seen in places which are
not manicured by pesticides and fertilizers.

Ladybird-beetles have been extolled in verse, become part of folk tales, and
depicted as symbols of happiness and health. Epilachna are predacious beetles
which are phytophagous, and serve to keep the pest population in check.

This might sound very human-centric, vet it is true that
insects, for their survival, do everything that humans =
do but without the aid of any machines or apparatus,
but by simply modifying their own body parts or by
using the natural materials around them. They build .
air-conditioned chambers (termites), use underwater-
breathing apparatus (waterboatmen), construct
acoustie equipment (grasshoppers, moths, cicadas,
crickets), cause explosions (bombardier beetles), make
paper (wasps and hornets), take slaves to cultivate
gardens or farm other animals (ants). They have Water-seorpion
extraordinary relationships with other animals. There are moths that suck
mammalian blood, flies whose larvae develop only in the tracheal passage of
kangaroos, and lice that inhabit the throat pouches of certain cormorants and
pelicans.

Insect-Insect interaction

Insects have evolved to oceupy many more ecological niches than large
organisms could ever manage. Insects have managed to live even between the
tissues of leaves, in the narrow spaces between the upper and lower epidermis
as in the case of leaf-miners. The interaction between different insects is quite
interesting.

Insect-insect interactions are quite fascinating as insects perform vital ecological
roles through these relationships. For example they keep a check on each other's
populations, provide food for and protect one another.
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Wasps and mantids prey upon insects and insect larvae. Wasps use insects as
food for their larvae. Mud wasps paralyse caterpillars, spiders and other insects
and store them in the nests in which they lay their eggs. When the eggs hatch
into larvae, these insects serve the larvae with the nutrients they need in order
to develop into adulthood.

The adult mantids are carnivorous and prey upon insects for food.

How Do We Conserve Insects?

This is a more difficult question because at a basic, functional level the conditions
for survival are different for each insect species. In order to conserve insects we
need to make sure that everything they need to live is available for them and at
those time when they need it. This is quite a difficult task to ensure, because
many insects use one habitat as a food source in the juvenile form, another for
a food source as an adult while maturing, yet another for meeting mates and
laying eggs and perhaps still another as a place to spend while wintering,

Unfortunately, we do not know of all the various requirements that are needed
by many insects. ‘Insect Conservation’ therefore involves ‘Habitat Conservation’.
This works on the hope that if we preserve enough of each type of habitat it will
allow the dependent insects to survive. As there are a million known species of
insect on the planet, and perhaps as many as 30 million yet to be discovered, we
will need to have a lot of data on the species of insects that are alive and their
requirements if we wish to conserve them. This is a task easier said than done.

Biodiversity Conservation is an important buzzword in many political circles
these days and it is a fact, though many would not agree, that ‘Biodiversity
Conservation’ is in fact ‘Insect Conservation’. The big problem though is how to
convince politicians, businessmen and bureaucrats that this is important.

There are many examples and much more that can be said about insect
conservation; if you are convinced that it is important then you can be a part of
habitat conservation. You may want to read more books to learn more. Some
you should be able to find in your local library, others are definitely worth buying.



2. Biology Of Insects - A Brief
Overview

Insects along with erustaceans (prawns, crabs, and
lobsters), arachnids (spiders, ticks, scorpions and
mites) and myriapods (centipedes and millipedes)
constitute the phylum Arthropoda, which is
characterised by

» A segmented body covered with chitinous
exnskeletal plates

* Jointed appendages
« Compound eyves

Insects can be distinguished from other members of
arthropods by observing whether the following
features are present:

» Body divided into three regions, viz. head, thorax
and abdomen; head bears a pair of compound
eyes, ocellus/ocelli, a pair of antennae variously
shaped, and chitinous mouth parts adapted to
their feeding habits.

+ Thorax made of three segments, each segment
ventrally bearing a pair of jointed legs, and where
present a pair of wings each on the second and
third thoracic segments

»  Abdomen consisting of 4-10 segments, with the
last segment bearing genitalia and the sensory
CEncl.
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Prothorax Femur

Mesothorax

Antenna Metathorax

Head Thorax Abdomen

External features of an insect

« If yvou carefully observe an insect on its lateral
ends, you will notice a pair of pores laterally on
each thoracic segment, extending posteriorly
towards the tip of the abdomen, which are
spiracles, the openings of the tracheal system,
which takes air directly to the tissues, unique only
to insects.

Because the majority of insects are small, ranging in
size from 6 mm to 16 cms, and some even microscopic,
it is natural for a layman to mistake any small
ereature for an insect. Thus from an earthworm to a
mite, spider or a tick seen on dogs, a variety of
creatures are mistakenly labelled as ‘insects’. The
features listed above should serve as an easy guide to
identify them correctly. For a greater understanding,
the figures given are those of beings that are NOT
INSECTS but which are often mistaken for one.

In order to understand the existence of such diversity
in the insect world, one needs to know a little about
the body parts of the insect and the way the parts are
arranged. So here is a brief description of what the
biologists call the external morphology of insects.

Wings

d

Arthropods

that are not insects
a Crustacea

b-¢ Myriapoda

d Arachnida
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The insect body is divided into three regions, namely, the Head, Thorax and
Abdomen. As mentioned above, since the entire body of an insect is segmented,
the head, too, is no exception. The segmented head bears organs for feeding,
sensory perception, and neural integration.

Bultterily

Cockroach

Mouth parts

The head consists of the antennae (feelers), eves and
mouth parts. The antennae and the mouth parts
show great variation. The antennae are variously
shaped and sometimes differ on the male and female
of the species. Their structure is unique to different
groups (orders) of insects, and is one of the key
characters in identification. They are mainly
concerned with the sense of smell and touch. The
figures on the right will give you an idea of their
shapes. The antennae are also jointed in nature.

There are two types of eves. The simple eves or ocelli
and the compound eyes. The ocelli are simple, light-
receptive cells, usually three in number and are found
bhetween the bases of the antennae. Some insects,
such as mosquitoes, do not have ocelli. Compound
eyes, the main visual organs are so called because
they are made up of a number of individual lenses—

Shapes of antennae
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ommatidia—arranged together in a honeyeomb like fashion into
a single unit. Each of these lens is hexagonal in shape, The number
of individual lenses varies in different families. A D. Imms in his
book Insect Natural History (1947) has said that there are 4,000
lenses in each compound eve of the House-flv. Some ants have
not more than two, There are two compound eves, one on each
side of the head. Colour vision is said to oceur in all orders of the
insects, they are better at the blue than the red spectrum of light.
Some carry sensitivity for the ultra violet too.

4
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The mouth parts are another significant adaptation contributing to
the success of insects as the dominant denizens of the animal world.

Just as there is diversity in insect form and structure so, too is there a
diversity in insect mouth parts. Except for the mandibles and labium,
other mouth parts are jointed appendages. The basic plan of the
mouth, and its parts, is shown on pages 18 and 19.
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The mouth parts comprise of:

The “upper lip’ or labrum; two ‘jaw-like strctures’,
or mandibles; the maxillae (sing. maxilla) and the
‘lower lip', or labium.

A variety of mouth parts modified from the basic
plan can be seen in the insect world. There are the
sucking, chewing, the biting etc., but all of these
different kinds can be categorized under two main
groups namely the Mandibulate or the chewing—
and the Haustellate or the sucking type. Mandibulate
mouth parts adhere to the basie plan shown in the
figure on page 18 and are considered the most
primitive, Haustellate mouth parts have evolved
through modifications of these, Thus there are
sucking mouth parts of the kind seen in mosquitoes
and flies where there is a stylet, and the kind seen in
butterflies and moths which do not have any stylets,
It is this knack for adaptation of a flexible blueprint
of original parts that have made insects such
successful survivors.

Mouth paris seen in insects

Mouth parts of a botterfly

Mouth parts of a fly

Mounth parts of a mosquite
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Membranous wings
of dragonfly

Wing & halters in a fly

Wings In a bug &
haltere in a fly

The thorax bears the organs of locomotion. From
anterior to posterior the three segments of the thorax
are called prothorax, mesothorax and metathorax.
Wings are attached to the meso and the metathorax
only. The inner wings are hindwings protected by
the outer forewings. Some insects do not have wings
at all, while others have only one pair—such as the
flies. All the three thoarcic segments have a pair of
jointed appendages called legs. The primary presence
or absence of wings is the key criteria in insect
classification. The vein pattern on the wings are
important when identifying insects to the level of the
species, Both the legs and the wings have undergone
modifications to suit the lifestyle of the insect. The
figures on the left give you an indication of the diverse
nature of the things of insects.

Membranous wings are thin and more or less
transparent. This type of wing is found among the
Odonata and Neuroptera. Halteres are modification
among the order Diptera (true flies), in which the
hind-wings are reduced to a small protrusion and
used for balance during flight. In beetles the outer
wing is hardened to form the elytra, the inner one
being membranous, and in hemipteran bugs the
forewings are partly hard and partly membranous,
the wing then described as ‘hemielytra'.

The forelegs are located on the prothorax, the mid-
legs on the mesothorax, and the hindlegs on the
metathorax. Each leg has six major components,
and from proximal to distal they are: coxa
(pl. coxae), trochanter, femur (pl. femora), tibia
(pl.tibiae), tarsus (pl. tarsi), pretarsus.
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The femur and tibia may be modified with spines.
The tarsus appears to be divided into one to five
‘pseudosegments’ called tarsomeres.

Leg modifications seen amongst insects are termed,
Cursorial (Beetle), Raptorial (Mantis), Fossorial
{Mole-cricket), Saltatorial (katyid) and Natatorial
(Water beetle).

Typicle leg Appendage

Beetle - walking Mantis - grasping

katydid - jumping
There are usually anywhere from 4-10 segments

forming the abdomen. The 8th and gth bear
reproductive structures.

The dorsal and ventral abdominal segments are
termed terga (singular tergum) and sterna (singular
sternum), respectively. Spiracles, openings of the
breathing organ trachea are seen on terga, on sterna Mole-ericket - digging
or between the terga and sterna of abdominal
segments 1-8. Sometimes not all abdominal segments
may have spiracles. Reproductive structures are
located on the gth segment in males (including the
aedeagus, or penis, and often a pair of claspers) and
on the 8th and gth abdominal segments in females
(female external genitalia, copulatory openings and
ovipositor). The interesting feature in the abdomen
is the various modifications of the ovipositor, as for

water beetle - swimimng
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Ovipesitor of ichneusmon

eg, in wasps these are the organs that deliver the
painful sting!

We have given you a brief account of the external
features of insects. If it has caught vour attention a

more detailed account can be had by reading some |

of the books given in our bibliography. For a keen |
student of entomology, the book, The Insects —

Structure and Functions by R. F. Chapman is an
excellent one to learn from.

Looking into an insect’s body:

Just as the outside of the insect is so fascinatingly

l

diverse, 5o is the way its organs are located inside for |
the metabolic feats. There are some physiological

features that are unique to the arthropods which have
also contributed to the success of insects. We give
you a brief account of some of these features.

Haemocoel: Coelom in biological langnage is a
term that refers to the body cavity of animals. The

=78 hody cavity holds the visceral organs like the heart,

Ovipositor of katydid

lungs, liver, etc., and in some perform specialized
functions.

In insects the digestive canal and all other organs
which lie in the body cavity are immersed in blood.
{Haemblood). This is because the body cavity has
expanded to become associated with the blood system,
and there are few true blood vessels.

Insects in this respect seem at first to have a great
advantage over vertebirates—the digested food
percolates through the walls of the stomach directly
into the blood and thus speedily reaches the different
organs in the body. In vertebrates it has to pass
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through lymphatic vessels and pass into the general circulation to reach
arteries to be transported to different parts. But the disadvantage is that
insects cannot therefore grow into large sizes.

Reproductive strategies of insects

The journey of an insect from the time it is conceived till its adulthood or
birth is a story of marvel, sometimes strange and bizarre. We have detailed
some of these bizarre reproductive styles and developmental quirks in
our chapter titled ‘Insect Marvels'. We give you some descriptions here,

Metamorphosis is a process of transformation — in stages — from an
egg through to an adult or imago. Each stage is entirely different in
appearance within the same species. This process is another criteria
important for classification of insects. In many species the feeding, larval
or nymphal stage comprises the major part of their entire life span, with
adults commonly extremely short-lived—being little more than
reproductive entities. In some species adulthood spans a considerable
time.

An extreme example of the seemingly rather alien phenomenon is
presented by mayflies which spend 2-3 years feeding and growing as
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nymphs at the bottom of a lake or stream and then live only for a day
as adults. Many beetles have equally long-lived larvae, among them |
a few orders of wood-feeding beetles and waste—consuming scarabids,
while the adults last just a few months. One species of glow-worm
spends 3-4 years as a larva, hibernating each winter, whereas the
adult glowing and mating period is rarely more than a week or two,
The lengthiest development period is spent by the Cicada, One
population develops in a 13 vear cvele and a second population in a
17 year period. The adults of these two populations rarely meet because
an adult cicada's life span is sometimes just a day. On the other hand
you have some moths that live for anywhere from a few hours to a
few days after they hateh from the pupa. These moths do not eat,
living only long enough to mate and lay their eggs, after which they
die.

It is the social insects—the ants, bees and termites which tend to
produce the longest lived adults. It is thus one of the paradoxes of
insect life that an often extremely lengthy larval development produces
adults whose active sexual life is extremely brief in some cases only a
few hours, Therefore, insects have devised a wide variety of methods
to enable the sexes to find each other with the minimum of effort and

expenditure of time.

Courtship: Rapid recognition of a potential sexual partner is of
paramount importance and, therefore, sexual dimorphism is
manifested in a wide variety of forms. Males are more brilliantly
eoloured or have strange shapes in order to attract females.

Conrting  damselflies i
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Male butterflies exude a female beguiling scent or
pheromone.

For fireflies and glow-worms belonging to the beetle
family light is a means of bringing the sexes together
after dark.

While the urge to mate is a great driving force in the
insect world as in most animals, there is evidence to
suggest that the male of the species may have been
something of an afterthought in their evolution. This
is evident from the fact that the accepted males tend
to have a shorter life span than the females and in
some groups males scarcely appear on the scene at
all. Parthenogenesis a unique feature (reproduction
by means of unfertilised eggs) occurs in a great many
insects from bees, wasps, ants, moths, crickets, most
stick insects, aphids, etc.

In social bees, it seems deliberately engineered, since
the colony-founding queen has a supply of sperm
from the short lived male, but is able to use or
withhold it according to the need. Thus, for a greater
part of the time, she allows some of the sperm to
fertilize her eggs while they are still in the oviduet
and thus produces females (workers or new queens),
while at other times she closes off her sperm retaining
sac¢, preventing fertilisation of the eggs, which
consequently produces only males or drones.

In stick insects, males are rare or non-existent so
that parthenogenesis is obligatory and almost an
unending sequence of females is produced, each of
them capable of reproduction without mating. It is
clear, therefore, that the two forms of
parthenogenesis in bees and stick insects differ widely.
In some cases parthenogenesis alternates with a

2
i
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Yarious casts of a
termite  colomy
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sexual phase and the whole cycle involves another short cut to reproduction—
vivipary or given birth to young ones as in gall wasps and aphids.

The form of asexual reproduction has obvious advantages—no time or energy is
wasted in seeking mates and the young can begin to feed and grow straightaway
and take the fullest advantage of optimum feeding conditions. (The lack of generie
variation is an obwvious disadvantage.)

Paedogenesis is an interesting reproductive phenomenon displayed by some
insects the ability to eggs or given birth to young before they themselves have
attained full adult growth, e.g. primitive springtails, certain gall midges, beetles.

Polyembryony is particularly a characteristic of
various parasitic hymenoptera. A single fertilised egg
laid within the tissue of a host divides to produce a
number of separate embryos.

Caring for young: The ovipositing female displays
little or no regard for the future welfare of her young,
Apart from positioning the ova where they are less
likely to be discovered by predators, often the female
dies soon after these activities are completed.
However, direct care, protection of eggs and larvae
are by no means unknown in the insect world. It
reaches its height in the social bees, wasps, ants and
termites where the nest community is totally geared
to ensure the survival of the greatest possible number

Potter wasp mest Potter wasp with pray
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of new adults. For this a separate worker caste of
non-breeding females have evolved, especially
programmed to care for the immature stages of
insects right up to their adulthood. Because of their
elaborate organisation and display of ways of life,
this appears analogous to our own, but such
comparisons are out of place as the selfless care
bestowed on the young by worker bees, wasps and
ants is instinctive and robot-like. If there is any
altruism apparent, it is probably the result of an
inbuilt genetic programme.

Yet another instance of parental care is the example
of single parents selflessly devoted to their progeny.
The female earwig does not leave her batch of 40-
60 eggs during the 2-3 weeks it takes for them 1o
hatch; she licks and regularly turns the eggs to
prevent possible fungal infection and defends them
against intruders. She also feeds the tiny nymphs on
her own saliva and regurgitated food. There are other
examples of bugs, beetles and crickets which feed
their larvae mouth to mouth,

Stick insect

As descendents from the relatives of millipedes, insects were originally land
dwellers. But they developed wings at an early stage and so became pioneers in
conguering air, which they alone ruled for more than 150 million years, into
the jurassic period. Some insects left land and adapted to water. Some remained
there for larval stages, others spent their entire life in water. Oceans are the
habitats where insects are yet to adapt to.

Size in the success of insects:

The maximum size of the insect body is limited by
the non-living exoskeleton that cannot grow, and
by the limited circulatory system that does not permit
a large size. At one extreme we have the body mass
of a few tropical beetles—the Hercules and Goliath
beetles exceeding by far those of smallest birds—and

Hopper
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at the other end we have certain tiny parasitic wasps and the fireflies with body
mass smaller than that of some paramecia—a medium sized protozoan.

At Rishi Valley the largest insect in terms of length is the stick insect; in terms
of size and the wingspan, the Atlas Moth; some of the smallest seen (observable
by the naked eye) are the ‘eye-flies’, the drosophilla and a species of paper wasp.

The small size of insects gives them many advantages in the struggle for existence.
The quantity of food needed to nourish them individually is in itself very small
and, therefore, many are able to live on such insignificant amounts of food
materials that would be of no use to larger animals. Their small size also enables
them to occupy niches in their surroundings that affords security from a whole
range of enemies and, often, provides them with food at the same time.

Most insects seem to avoid being too small, and they also apper to avoid the
other pitfall of being too big. This is because the smaller an animal becomes, the
greater in proportion its surface area which causes the smallest of insects to
become helpless if they become wet; the weight of the encompassing water
speedily exhausts its effort to free itself. With larger insects with its relatively
smaller surface area this complication has less consequence. It is not just chance
that so few have bodies more than ¥2" - 34" in thickness. This is to enable, the
internal air-tubes that end in extremely fine tubules to convey oxygen to the
tissues by diffusion. Should an insect become too large, diffusion becomes
ineffective; diffusion rapidly slows down when the tubules lengthen and the
distance the air has to travel from the outside exceeds a certain limit.

It is very interesting to note that the largest insects are creatures with very long
bodies or a relatively big wingspan. Stick insects are creatures with very long
bodies or a relatively big wingspan. In the tropics stick insects are nearly a foot
in length and small-bodied moths measure 11" across the wings. Large dragonily
fossils from the carboniferous periods show that nature has stopped
experimenting with such sizes in insects. It is very rarely that an insect has the
massive proportions of the African Goliath beetle with a length of 4" and a
breadth of 2".

Colour in insects:

The colours of insects are just as diverse as their shapes. Nature has endowed
them with a full palette of pigments to produce various hues. Look among the
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thorny scrubs, and vegetation and you will find a colourful array of beetles,
bugs, butterflies and moths. Although red, yellow and earthen colours are
predominant, green and blue are not far behind. The colourful butterflies need
no introduction; but the myth that moths are dull and drab should once and for
all be scorched. Keep a white light burning at night and watch the moths that
assemble! Their colours—varying hues of pink, green, yellow blue—would give
the butterfly a run for its money. The beetles and bugs again would amaze any
observer with their colourful parade! The shiny jewel beetles have been a
collector’s item and the colour has nearly lead many to the verge of extinction.
Read more on these in the chapters that follow.

Though disastrous to many plants, the green june beetle, and Chrysocoris bug
are brilliantly green in colour and therefore a feast to the eye. The lygaeid bugs
are orange and red. The small ladybird beetles are a delight to watch and have
been immortalized in stories and books.

The pigment that produce these colours is mainly melanin which ranges from
yellow-brown to black and white, yellow or red pterines. Red carotene is derived
from food-plants, but the green pigments in the skin and bleood of green
caterpillars and grasshoppers are made by the animals themselves and not the
same as the ones found in the leaves they eat. Many effects of colours and lustre
are brought about not by the pigments but by the fine structure, and the
magnitude of the wavelength of light that is reflected in the outer layers of the
cuticle. That the colours are due to optical effects is evident if one were to sprinkle
a little benzene on the cuticle of a dead insect. The colour disappears. It reappears
when the benzene evaporates away.

The more insects are studied, the more unique they are found to be and the less
they have in common with many other animals. They are among the most
permanent and persistent kinds of animals nature has evolved. The description,
naming and classification of species is not the final goal of entomology, but
rather a prequisite for research; entomology should not be confined to
laboratories. Nature lovers of all sorts have contributed to the present
understanding of insect life and may their number increase.

2
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3. Insects In Our Culture

As human populations flourished and became
urbhanized, one of the predominant development in
the mind has been an intolerance for anything that
was felt to be unpleasant. The response to such a
context was to discover ways and means of
eliminating the unpleasant. This seems to have been
the predominant cultural evolution in the last few
centuries and the organisms to suffer the most have
been the insects. It's a paradox of our times that the
researches and discoveries undertaken to produce
materials and machinations to destroy insects are
actually not doing them as much harm as they do to
us, the propagators. No Rachel Carson or Nelson
Mandela could do anything to change this psyche of
humans.

However if one were to examine old texts and artifacts found preserved in
museums, or listen to the tales and observe the practices of native people of
the forests, indigenous tribes, and aborigines, then one would understand
that there is a whole different way in which insects were looked at by ancient
civilizations and cultures. It is fascinating to know that although insects
are treated by layman as lowly organisms, they find a very important place
in ancient civilizations, culture and literature. That their role in nature is an
irreplaceable one has been acknowledged through ages, and we find them
immortalized in art and architecture and in the rites and rituals of many

civilizations.
i
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We share with you some of the practices of various cultures which reveal the
relationship they had with insects.

Dragonflies in mythology:

The ancient Mesopotamian civilization has citations of Odonata in the ancient
poems of Gilgamesh. These citations clearly show that these people, regardless
of their scientific awareness, were touched enough by the wonders of insects,
including dragonflies, to refer to them within the literature of their time.

The dragonfly, now called ‘tombo’ in Japanese, used
to be called ‘akitsu’. Japan was once called
Akitsushima meaning. ‘"The Island of the Dragon- €
fly'.

Insects make sounds and these have caught the
fancy of composers in olden days. Josef Strauss, son
Of Johann Strauss 1, was one such composer whose
inspiration is revealed in the polka-mazurka dance
composition ‘The Dragonfly'.

Dragonfly

Here are a couple of lovely stories on dragonflies

« A Zuni Myth: The Boy Who Made Dragonfly (adapted from the story written
by Tony Hillerman). Zunis are a Native American community, descendents of
Pueblo People from New Mexico, This story describes the time when the tribe
abandon their village in hard times to find food. A father and mother miss
noticing that their children are fast asleep. These children, a boy and a girl, are
left behind in the village. As time passes, the voung boy to comfort his distressed
vounger sister constructs a toy insect out of corn and grasses. They amuse
themselves with the toy. As time pass by, the toy comes to life. It begins to
function as a messenger between the children and the gods. The insect later on
is given the name of Dragonfly. This story used by Zunis to teach the young was
first recorded in 1883,

= This is a story from Bellona Island which is a raised atoll in the Solomon
Islands. Onee upon a time a firefly wanted a drink. But it wouldn't go to the
water during daytime. It called its friend the dragonfly to accompany it at night.
As they went the dragonfly lit the way with his lantern. The firefly drank first,
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while the dragon fly held the lantern and then it was time for dragonfly to take
its fill, the firefly holding the lantern. As the dragonfly was drinking, the firefly
ran away with the lantern, leaving it in the dark. So it is believed that with the
lantern gone, the dragonfly now sleeps at night, and lives in and near the water.
The firefly meanwhile is believed to roam at night, its way lit by the stolen
lantern. (Source: Animal Stories from Bellona Island
[Mungiki] by Rolf Kuschel, 1975; published by
NationalMuseum of Denmark.)

Beetle Elytra (forewings) in Art history

The eolourful and vibrantly-structured beetles have
fascinated humans from time immemorial. One of
an earliest documented examples of the use of beetle
wings can be seen in the Tamamushi shrine dating
from 650 A.D in the Treasure Museum of the Horyu-
ji in Japan. The wings of a beetle called ‘tamamushi’
were placed under bronze filigree ormaments on the

Scarab  beetle

shrine. This masterpiece is dedicated to the Buddhist deity Shaka. Exquisite
carving of insects are to be seen on Japanese swords.

In India some of the oldest documented uses of beetle wings are found in early
Basohli School miniature Paintings from the Pahari Hills, an area which now
lies within parts of the northern states of Himachal Pradesh, Jammu, the Punjab
hills and Uttar Pradesh. Heavily ornamented figures with beetle wing encrusted
jewels can be seen in several series of Basholi paintings.

India has been a rich source of beetle-wing embellished textiles and ormaments
for many centuries. Well known objects such as ‘desert jewelry', dolls and
playthings, decorative fans, Jain sacred book covers, and forans decorated with
beetle wings have been made by Rajasthanis.

Some of the finest and most elegant examples of beetle wing work come from
the Mughal era in various costumes and garments (small pieces of the beetle
elytra were often incorporated with heavy precious metal work). Many of these
pieces were owned by the Royalty and were highly priced. The Bharat Kala
Bhavan at Benaras Hindu University and the National Museum, New Delhi
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house in their collections splendid examples of Mughal style sashes and Turban
cloth. These patkas were crafted in the late seventeenth century.

Because of their brilliant metallic colouration, beetle wings are treated as if they
were jewels much like emeralds. The Mughal enameling tradition of red or green
on white, so well developed in Jaipur suggests a connection between the use of
beetle wing textiles with heavy metallic work and green enameled jewelry. Several
later textiles using beetle elytra embellishment can be found in the Maharaja
Sawai Man Singh 11 Museum of the City Palace, Jaipur. These are dated in the
18th - 19th century. Maharaja Pratap Singh is reported to have worn on his
wedding day in 1790, a garment utilizing beetle wings.

The people of Nagaland are of many varied groups where one group’s language
is incomprehensible to another group; also each group has different customs,
beliefs and way of dressing. But with various Naga groups, ornaments and dress
have been used for centuries as a language to communicate bravery and prowess,
wealth, rank and prestige in completing various social obligations. Various Naga
groups have used beetle elytra incorporated with other decorations to provide
some of these social cues about the person’s status in society.

In primitive and traditional cultures beetles are symbolized with Shamanic
culture because beetles were observed to fly in the sky and dive into the ground
in the same manner as shamans (medicine men) are able to “fly’ in the sky (in
dreams or trances) and descend to subterranean hills where they act as mediators
between infernal powers and ordinary people. Among Shamanic societies, there
are series of myths relating the creation of the world to beetles.

In a more remarkable myth, an aquatic animal plunges down to the bottom of
the original liquid chaos, manages to grab and bring back to the surface some
amount of matter to form the terrestrial world; thus the primeval diver and
maker of the world is a beetle. This myth is especially prevalent among the pre-
Aryan people from India and S.E. Asia. The myth probably combines two
different sorts of beetles: Dysticid, which has the ability to plunge and dive, and
a scarab grabbing and pushing his dung ball. A number of hard-stone pendants
dating back from prehistoric Egypt are often in the shape of Buprestid beetles. A
small alabaster case in the shape of a scarab was designed to be attached to a
necklace and might have been made to contain a true beetle.
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In Egvpt, the primary symbolism associated with the scarab was solar; this
symbolism came from the association of the dung ball to the sun; the scarab
rolling its dung ball represented the sun's movement in the sky. They selected
the scarab as a symbol of their sun God, Kherpa. Egyptian priests thought that
what happened to the sun in the ground at the end of the day was not essentially
different from scarab mentamorphosis in which the old scarabs buried their
balls of dung,/eggs into the ground. Egyptian scholars or priests further developed
their beliefs: the last stage of metamorphosis, the pupa, inspired the invention
of the complicated process of mummification. The scarab became the most
powerful symbol of the victory life wins over death. Painted on the wall of
Tutankhamen's tomb, behind the Pharaoh's head is the ark of the sun sailing on
nocturnal waters: the sun is represented as a beetle. This held out the promise
of his rebirth the next morning, as well as the young Pharach's resurrection. A
large ‘heart scarab’ was suspended from the mummy’s neck with a gold chain,
as a token of resurrection. The scarab has remained a favourite amulet
throughout history, and hundreds of thousands of these tiny figures have been
found in the Egyptian soil.

In Greece the insect was etched on coins, especially those of Ephesus.

Ants in our culture:

Ants go where humans go or perhaps the vice-versa should be true. There is a
belief that the kolams, a kind of design which the women in Southern parts of
India draw on the entrance to their homes using rice flour, served not merely
to beautify/sanctify their homes but also serve as
food for ants. Unfortunately today the kolams are
no longer made from rice flour!

C LT

L In Japanese language the word ‘ant’ is intricately
written by linking two characters: one meaning
‘insect’, the other ‘lowalty’. Perhaps it's an
acknowledgement of their altruistic and cooperative

o hehaviour towards one another, nestmates readily
going to war to protect their colony.

Ants  feeding from'kolam’
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As ants and termites are seen in the soil, the Ancient believed them to be guardians
of what was in the ground, as creatures who knew what lay below; they therefore
revered them. The Greeks went to the extent of believing that the ants were
responsible for the wealth of India, giving them gold from the soil.

But of more interest is the association one sees in these modern times, between
the women of the Amazon Kayapo tribe and the red ants. For both, the red ants
and the kayapo tribe, an important source of food is the manoic plant. The
women of this tribe cultivate the plant and the ants visit their garden to sip
nectar from it. While coming to the garden, the ants snip through several vines
that would otherwise hinder the growth of the manoic and other plants. The
women therefore revere these ants and there exists a svmbiotic relationship
between humans, plants and ants.

It's a pity that we do not learn from the solidarity and unified purpose of an ant
colony which is a civilization in itself. Their cooperative and collobarative
life style is lost on humans for whom there is only competition and individual
concern; the team spirit of the ants is completely lacking in most humans.

Other insects:

An American Indian myth has it that butterflies were created because the Great
Spirit wanted to love nature and seek ont its beauty. They don't sting or bite and
their beauty has elevated them above other insects, making them one of the few
groups of insects to be immortalized in poetry and cared for with love, But their
close cousins, the moths, who can parallel them in beauty and eolour have
found their place in our cultures only in a negative way. The beautiful iridescent
blue Morphos were known in Central America as
Roval blues. The Hopi and the Arapho use the
triangle to represent a butterfly.

Bees find mention in many sacred works such as the
Rig Veda and the Quran. Honev was alwavs
described as sacred in all mythological stories.

The ancient Chinese regarded cicadas as symbols of
rebirth or immortality.

Crimson  rose
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Grasshopper motif on
pottery from BMew Mexico

For the Bushmen of Africa, the Preying mantis was
God. They prayed to the mantis. From what has been
recorded by Sir Laurens van der Post, the Bushmen |
chose the mantis as their God for in it they saw an |
amalgamation of the characteristics of the human
and the Divine.

The Austrian scientist Rudolf Steiner maintained that
insects are a vital link between the physical world
and the wave length of supportive energie,s especially
the fire spirits.

It's a never ending story ... about how civilizations,
tribes and people then and now have perceived and
still perceive insects which we are now slowly and
grudgingly beginning to accept as co-rulers of our
world!



e PART TWO

“What's the use of their having names,” the Gnat said, “if they won't
answer them?'.

‘Mo use to them,” said Alice, ‘but it's useful to the people that
name them, | suppose’.

— Lewis Carrol

Alive Through the Looking Glass



4. Taxonomy Of Insects

Taxonomy is the field of biology that deals with the classification and
nomenclature (naming) of living organisms. Systematics, another modern term
used in this connection, may be defined as the study of the diversity of organisms
and the way they relate to each other, as well their connection with evolutionary
lineage. Modern Systematics is therefore also called phylogenetics/cladistics
and is goverened by a set of well defined rules. However our objective here is to
take those first tentative steps towards identifying the insects that we are
observing,.

But a word of caution. Taxonomy is full of contentious criteria, where different
schools of thought decide the taxons differently — especially the general hierarchy
of groups and the species. Arthropod classification, too, is in this nebulous field.
Our research has taken us to different schools which propound different ways
of classifying these organisms.

We have chosen the one given below for its simplicity and ease of usage for a
layman wanting to study inseects. It may or may not meet with the rigors of
scientific standards, but it should certainly be of help to the amateur entomologist
embarking on an observation in order to identify and study insects. This
classification begins at the level of the Phylum Arthropoda— the reason being
that there are so many organisms that are often mistaken for insects that, should
doubts arise, this classification could then help in clearing them.

39
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Given below is an outline classification of arthropods:

(No. of species is world-wide and not a measure of the locatity this book covers.)

ARTHROPODA
(The True Arthropods)

Super Class

Trilobita  Chelicerata  Pyncnogonida Crustacea  Mpyriapoda
Hexapoda

Super Class Class Example
Trilobita: (Trilobites) Extinet marine arthropods
—— Merostomata 4 sp. Horseshoe crabs,
king crabs
Chelicerata —

—— Arachnida 1, 00, 000 sp. Spiders, scorpions,
ticks and mites



Super Class

Crustacea —

Myriapoda—

Hexapoda —

Class

Remipedia 2 sp.
Marine and primitive

Branchiopoda 900 sp.*
Filter-feeding and marine

Malacostraca 22, 0600 sp.
Marine and some freshwater

Cephalocardia 9 sp.
Small and marine

Ostracoda 13,000 sp.
shrimps,
Bivalvate, marine/freshwater

Maxillopoda 10,000 sp.
marine and some freshwater

Pauropoda 500 sp.
soil-dwelling, blind < 2 mm

Diplopoda 10,000 sp.
filter-feeding and marine

Chilopoda 8,000 sp.
Marine and some freshwater

Symphyla 200 sp.
soil-dwelling, blind, 1-8 mm

Taxonomy Of Insects 41

Example
Fairy shrimps
Crabs, shrimps, krills,

lobsters and
hermiterab

Bottom-feeding
planktons

Mussel

and seed shrimps

Scavenging
pauropods

Millipedes

Centipedes

Herbivorous
symphylans

Collembola Springtails

Para insecta Protura

Diplura

Insecta

Proturans

Diplurans

Insects
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Considering that there are over a million species of insects (56.3% of all described
species are insects), any attempt to study them would necessarily require a basic
understanding of their specialized features and, hence, some knowledge of
classification.

Insect classification has undergone several changes over recent times as more
and more species have begun to be studied in detail and described. Advances in
molecular biology have provided taxonomists new insights into insect
morphology, anatomy and physiology which has led to greater refinement in
classification.

Units of hierarchy in  We provide below one of the current classifications
classification of insects at the level of their orders. It is quite possible
that by the time this book goes to print, the current
classification would have undergone further
Phylum: modifications. The basic pattern followed here is
drawn from Insect Natural History by A.D. Imms.
However we have incorportated some changes that
Class: have been subsequently brought into insect
classification.

Kingdom:

Super Class:

Sub Class:

The class Insecta is divided into two Sub Class:
Apterygota and Pterygota, based on the primary
Order: absence or presence of wings. The pterygotes or the
winged insects are further subdivided into
Exopterygota and Endopterygota. In exopterygotes
the wings develop externally and the metamorphosis
is incomplete (as in cockroaches and grasshoppers).
Genus: In endopterygotes the wings develop inside the body
and the metamorphosis is complete (as in butterflies).
The insect orders with examples are listed below,
alphabetically, for easy reference.

Super Order:

Sub Order:

Family:

Species:



Plate [

Lepidoptera: Butterflies

B

Pansies (Junaoria sp.) 1. Lemon pansy (J femonias) 2. Blue pansy (Lorithya) 3. Yellow pansy (J, hierta)
4. Grey pansy (Latlites) 5. Chocolate pansy (J.iphila) 6. Peacock pansy (Lalmanac) 7. Evening brown
(Melonitis sp.) UN 8. Tawny coster (Telehinia violae)



Plare 2

Lepidoptera: Butterflies

-

+ : ) . : 8

1. Blue mormon (Papilio polgmnestor) 2. Commaon banded peascock (Poerino) 3. Common Hme (P, demoleus)
4. Common morman (P.polytes) F 5. Common pierrot (Castalius rozimon) 6. Angled pierrot
(Caletal 7. Plain tiger (Danais chrysippus) 8, Duniad egefly (Hypolimnoes misippus) 0



Plate 3

Lepidoptera: Butterflies

—

L0 11

1. Indian cupid (Everes sp) 2. Southern grass jewel (Chilades trochylus) 3. Tiny grass blue (Zisula gaika)
4. Common Sailer (Nepiis hyla) 5. Grass yellow (Eurema sp) 6. Nigger (Orsotricena medus) 7. Gladeve
bushbrown {Mypealesis perseus) 8. Common fourring (¥pthima hubneri) . Common fivering {Ypthima
baldus) 1. Golden-angle skipper (Caprona ransonnetti) 11, White orange tip



Plate 4

_ A
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1. Tasar silk moth (Antheraea sp.) O 2. Tasar silk moth (Antheraea sp.) O 3. Allas moth (Attacus taprobanis)
4. Lunar moth 5. Humminghird hawk moth 6. Hawk moth {Marumba dyras)



Plate 5
Lepidoptera: Moths

]

- Monkey moth (Eupterote undata) 2. Owl moth (Erebus sp.) 3. Hyperlopha sp. 4. Amraica sp,
- Agathin sp. 6. Emerald moth (Pelagodes sp.) 7. Heltevastegane sp. 8, Prablepsis valgaris

L |



Plate 6
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1. Cirrhochrista brizoalis 2. Glyphodes stolalis 3. Entomogramma sp. 4. Mocis undata 5. Clostera sp.
@ Plume moth 7. Zeneera sp 8, Neoserura ltorate o, Xyleutes persona 1o, Lymaontriidoe moth



Plate 7

Lepidoptera: Hawk Moths (Family Sphingidae)

2

1. Death's head hawk moth (Acherontia styx) 2. Convolvulus hawk moth (Agrins convolouli) 3. Hippotion
s, 4. Oleander hawk moth (Daphinis aecil) 5.6. Yam hawk moth {Theretra nessus) 7,8, Leucophiebia

limeata



FPlete &

Lepidoptera: Moths

b 9
1-9 Family Arctiidae 1. Creatonotos gangis 2. Aloa lactinea 3. Amata passalis 4. Argina astrea

5. Unidentified tiger moth 6,7, Froit plercing moth (6. Endocima homaena; 7. Eudocima materns ) 8, Asota
sp. 9, Arging argus 10, Syntomid moth



Plete @

Coleoptera: Beetles

a
L. Sternocera sp. 2. Jewel beetle (Chrysochroo sp.) 3. Buprestidoe indet 4. Mylabris pustula 5-7. Blister

beetles 8. Lema sp. 9, Chlaerius quadricelor



Plaee £

Coleoptera: Beetles

9

1. Prionoma attractem 2. Lenghorned beetle 3. Apomecyna sp. 4. Aristobia octofasciculata
5. Trictenotomia childreni 6. Platynotus excavatu. 7. Macrocheilus niger 8. Anthio sex-guttata
4. Net-winged beetle 1o, Firefly



Plate 1

Coleoptera: Beetles

H

1. Tortnise shell beetle (Apsidomorpha milioris) 2. Tortoise shell beetle 3. Odontopus aigricornis
4. Chrysomelid beetle 5. Zygogoma conjugeta 6. Henoseptlochna viginticcto punclate 7. Nisolra
semmicoernleo B, Water beetle {Dytiscus sp.}



Plate 12

Coleoptera: Beetles

A : 0
1-# Family Scarabaidae 1.Dung roller. 2. Rhinoceras beetle (Heliocopris tyranna) 3. Onitis philemon
4. Holotvichaie gp. 5. Protetio alboguttate 6- 7 Heterorhing elegans B, Holotrichio sp. 9. Chrysomelid

beetlel Nodostoma sp.)



Plate T4

Coleoptera: weevils

2. Mating weevils {Myllocerus discolor) Curculinnidae



Plate 14

Hymenoplera: Wasps

1. Eumenes confca 2, Chelybion sp. 2. Rhynchinm sp. 5. Sceliphron modraspotaonum 5. Digger
wasp 6, Broaconid wasp 7. fehnewman sp. O 8, lehiernmon sp.g)



Plaie 15

Hymenoptera: Wasps

o, B i ) %

1. Bvanie sp. 2. Sphex sp. 30 Kopalidic sp. goarding an active nest 4. Ropalidia margineta. 5. Vespa
tropica 6. Unfinished nest of Vespa fropica 7. Nest of Polistes sp, 8, Nest of Ropalidic montana



Flate o

Hymenoptera: Ants

7 8
1,2, Mest of Phetodel sp. 3. Dorglus sp, 4-6. Different species of Componotus7. Qﬁnen with wilnp,n
(Decophplla smaragdina) &. Nest of Qeeophyllo smaragdina



Plate 17

[ Mamoneniyrm 41

Tetraponera ruforigra 3. Cremotogaster sp. 4. Xylocopa verticaliz
5. Megachlie hera G Apis dorsala 7. Apis flovea



Plate 18

Heteroptera: Bugs

¢ 3 F i .
1. Ceanton ovellate 2. Bark bug (Halys sp.) 2 Leptocorise oratorius 4,5. Assassin bugs of Reduviidae
. Hlaematochophns marginafus 7. Leaffooted bug 8, Tea mosquito bug (Helopelfis antohiil

-



Plare 10

Heleroplera: Bugs

5

1, Graptostethus sevons 2, Lygoeuas milterius 3. Leplocorizs auger 4. Chrysocoris grandis 5. Water
strider 6, .‘.jﬂmnﬂ.rfus indicus
&



Plote 20

Heteroptera: Pentotomid Bugs

8 o
1.2, Pentatomid nymph on the 1" & 2" doy of hatching 3. Shieldbug nvmph 4. Nymph & immature pentatomid
3. Erthesing sp, 6. Coridins fomes 7. Menfdo histrio . Pentatomid bog 0. Cyclopelta siccffolia













































































































































































































































































































































































































































