THE ABDOMEN

Along with thesexual, digestive and
excretory organs, the abdomen also
holds the insect’s breathing mecha-
nism, its heart and, among wasps, & HEART
stinger—its modified egg depositor. AIR SAC

SPIRACLE (OPENING TO TRACHEAE)

FAT BODY

OVARIAN TUBES

HEART MUSCLES

MALPIGHIAN TUBULES (KIDNEYS) = —~—
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HIND-GUT ———7

DS === 4
POISON GLAN STONAGH

THE HEAD

Linked to the insect’s tiny, primitive
brain are both compound and sim-
ple eyes; a pair of antennae, or feel-
ers,which aresensitive to chemicals;
and its complicated mouth parts.

ANTENNA

JAW MUSCLES

THREE SIMPLE EYES

ANTENNA NERVE

ANTENNA MUSCLES

VALVE o4
POISON SAC \ WING MUSCLES SHRAGAT
\\TRACHEAL (AIR) TUBES COMPOUND
LENS
LATERAL NERVES SYSTEM !
MANDIBLES
POISON TUBE
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ACCESSORY POISON GLAND

THE THORAX

; The thorax is the locomotion cen-
e ‘ tre. It is packed with powerful mus-
cles which operate the insect’s six

. P !Cgs, as well as its wings—one pair
: In the fly order, two in all others.
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The Anatomy
of an Insect

The adult insect, illustrated by the Polistes wasp, has a tough
external skeleton comparable to a segmented suit of armour. Its
body is divided into three distinct sections (head, thoraxand ab-
domen) which are connected to each other by flexible joints. The
head contains the feeding apparatus and the main sensory or-
gans needed to make contact with the environment; the thorax
bears the three pairs of legs and, if present, the wings; the abdo-
men houses the respiratory system, digestive and other organs.
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AN APHID’S BIRTH takes place on
the stem of a goldenrod. This is a
virgin birth; in the summer there
are many generations of short-lived
females, each of which can produce
up to 100 young without fertiliza-
tion. In autumn, however, aphids
mate and lay eggs which survive the
winter and hatch the next spring.

The Marve
of Metamorphosis

N Alice’s Adventures in Wonderland, Alice complains to the Caterpillar that she
I is very confused by the changes in size she has undergone. The Caterpillar
finds nothing confusing about it at all. “Well, perhaps you haven’t found it so
yet,” said Alice; ‘“but when you have to turn into a chrysalis—you will some
day, you know—and then after that into a butterfly, I should think you’ll feel it
a little queer, won’t you?”

“Not a bit”, said the Caterpillar.

“Well, perhaps your feelings may be different,” said Alice: “all I know is, it
would feel very queer to me.”

“You!” said the Caterpillar contemptuously. “Who are you?”

The human mind has long been unable to comprehend the strange growth
and development of most insects from an egg to wormlike larva, then to an inert
pupa, and from that to emergence as a winged adult. More than 2,000 years
ago, the Greek philosopher Aristotle explained this mystifying series of trans-
formations very simply—although inaccurately. “The larva ‘while it is yet in
growth”, he wrote, “is a soft egg.” A more accurate understanding of the com-
plex life history of insects did not develop until the past few decades: as recently
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THE MARVEL OF METAMORPHOSIS

continuously and the generations overlap. But many insects at some stage of
their lives can enter a state of arrested growth called diapause.

This arrested state is often immensely more complicated than the simple dor-
mancy of an insect during the cold of winter. For many insects, diapause has
great survival benefits. An example is the yearly cycle of the silkworm moth:
these insects pass the winter as eggs and then hatch in the spring, with the larvae
quickly changing into pupae and then to adults. These adult moths then lay
eggs that hatch immediately, in early summer, The moths that result from this
second set of eggs, in turn, lay their eggs in the autumn. It is this final set of eggs
that survives the winter and does not hatch until the following spring.

Why do eggs laid during the summer hatch almost immediately, while those
laid during the autumn go into diapause for the winter ? This is obviously a sat-
isfactory arrangement for the silkworms, since eggs can endure the cold winter
but adults cannot. One wonders, though, what has informed the silkworm moth
that it is time to lay special, winter-surviving eggs. It has been shown that the
explanation lies not in some mystic silkworm forcknowledge but in the varying
degrees of sunlight and darkness in each day as the summer passes. The key to
this is the fact that the moths that deposit these special eggs grew to maturity
at a time of year when the days were longer than the nights. Females raised to
maturity when periods of light exceed periods of darkness are able to pass on a
subtle difference, which delays hatching, to the eggs they eventually produce.
This influence, investigators have proved, is still another hormone produced
in the head of the ferale. It seems to have no effect on larva or adult; its influ-
ence is only on the eggs and on their time of hatching.

ue life and growth of insects are thus seen to consist of the intermeshing
Tof many delicate mechanisms. Constantly affected by hormones, responding i
to such stimuli as temperature and light, influenced by the presence of other
species, insects at every stage of their lives must follow exacting rituals that
have evolved over millions of years. Turning the complexities of the insect’s
life cycle against itself may be man’s best hope of eventual control over insect
pests. Much research is currently under way in this field. ' e

The juvenile hormone, for example, has great potential: it could prevent ¥E
larvae from turning into adults and reproducing themselves. If some method i Vi
could be developed to manufacture this hormone in large quantities and spray ‘
it on immature insects, they might die before metamorphosis. Similarly, if the THE TRANSLUCENT PUPA OF A MONARCH BUTTERFLY HANGS DORMANT ON A TWIG. IN 12 DAYS ITS CELLS REORGANIZE INTO A WINGED ADULT
swarming hormone could be counteracted, the build-up of locust hordes might
be prevented. The screw-worm fly has already been eradicated as a pest in the
south-eastern United States and elsewhere by interfering with its reproductive -
habits. Because the female fly mates only once in its lifetime, this pest’s life Fo rms I n FI ux
cycle was easily disrupted. When males, sterilized in the laboratory by radia-
tion, were released in immense numbers, they competed with fertile males for

the available females. Where irradiated males were successful, only sterile 'S All but a few in _ :
eggs resulted and the next generation was greatly reduced in numbers. The . thei s sects undergo the l:emarkable tranéformatlon of
i same technique was then used with this smaller generation and with the even ' eirbodies known as metamorphOSIS. The fat, creeping Caterpillar
smaller one that followed until, finally, no more females were born. g —a veri : i P . .
There is an additional advantage in turning the insect’s own mechanisms ] r_ltable eatlng machine—turns .into a grac_erI’ Wlnged moth
against it. Insects could scarcely become resistant to their own life processes which isableto ﬂy far outwards from its cocoon shelter in search of
as they so frequently do to insecticides. Perhaps it will be in these exquisite in- i C B . .
tricacies of insect lives that their ultimate vulnerability—and the means for g mate ora p!'omISIng SpOt to Iay ltS €ggs. Recent delicate experi- |
future control—can be discovered. : ; ments have disclosed how some of the changes are brought about.
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Mystery in the Making of a Moth.

The metamorphosis of caterpillar to moth is one of
the most familiar of all biological phenomena, yet
until a few years ago it was one of the least under-
stood. An egg, laid by a moth, hatches into a tiny
caterpillar which feeds voraciously for six to eight
weeks until it reaches maturity as a fat, four-inch
worm. The sated larva then spins a cocoon and with-
in it the mummylike pupa forms. During a period

of dormancy the pupa is somehow rearranged to
form the body of the mature moth which will find
a mate and repeat the cycle. But what brings about
this incredible change of body form and function?
What mechanism controls its timing so that the frail
moth leaves its cocoon only in the warmth of spring ?
Within the last two decades, some elegant experi-
ments (next pages) have explained these mysteries.
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‘FROM EGG TO PUPA in thelife cycle of a cecropia mothisshown
above. An egg hatches after 10 days (1). The caterpillar, turned
green tomatch its background, grows enormously, splitting out
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of four skins in the process (2). A cocoon is spun of liquid silk
extruded from glands near the caterpillar’s mouth (3). Pictures
4, 5 and 6 show the developing pupa with the cocoon removed.

§ Al Vel

A MOTH ESCAPES from the dry skin of the pupa. The skin be-
gins to split at the head end and the moth' pokes its head cut.
Then, using its legs, the moth pulls its body free and exposes

Ed

velvety, tightly folded wings. Blood expands the wings, enabling
the moth to fly. The mature moth is solely a reproductive crea-
ture; it is unable to eatand lives onlyjongenough to find amate.
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A LACE WORK OF GILLS decorates a caddisfly larv:a, seen out-
side its usual hiding place in a tubular casing. Its gills are con-
tinuously fanned through the water, absorbing oxygen from it.

Gills and Snorkels

Some of the most ingenious of all insect adaptations
are devoted to the problem of breathing under water.
Small though they are, all insects need plenty of
oxygen to support their high rates of metabolism.
Aquatic species employ three methods—the breath-
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A PENCIL-SHAPED NYMPH of the furtive damselfly b}‘eathes
like a fish but has two sets of gills: a triple affair growing out
of its abdomen and a row of small, tuftlike gills along its sides.

ing tube, the gill (both shown above) and the air
bubble (page 153)—to supplement an air-intake sys-
tem common to all insects. This is a network of
branching tubes called tracheae reaching to every
cellin the insect’s body. Although insects are able to

\

HANGING HEAD DOWN, a culicine mosquito larva siphons air
through two spiracle openings. The malaria mosquito larva
has breathing tubes flush with its body, and lies horizontally.

“breathe” when they have to by muscular action of
the abdomen, pushing air in and out of the tracheae,
this does not penetrate the finest inner tubes, and
these must get their oxygen through a process known
as diffusion: the drifting of oxygen molecules into

A SPEARLIKE AIR LINE, actually a long double tube, attached
to tracheae at the rear of its abdomen, provides the water scor-
pion with an air pipe to the surface. The tube is unretractable.

the tubes to replace those absorbed by the tissues.
However, oxygen molecules diffuse very slowly in
narrow tubes, and will not travel at a useful rate
for more than a few millimetres. It is this that ulti-
mately limits most insect body sizes to under an inch.
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