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“When the moon shall have faded from the sky and the sun shall
shine at noonday a dull cherry red, and the seas shall be frozen
over, and the ice-cap shall have crept downward to the Equator
from eitber pole, and no keel shall cul the waters, nor wheels
turn in mills, when all cities shall have long been dead and
crumbled into dust, and all life shall be on the very last verge
of extinction on this globe, then, un a bit of lichen, growing on
the bald rocks beside the etermal siows of Panama, shall be
seated & tiny insect, preening its antennz in the glow of the
worn-out sun, repregentiug the sole survival of animal hie ou
this, our esrth,—a melancbely ‘bug.'”
W. J. HovLrann, Moath Book.
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1
INTRODUCTION

“ THERE is a certain school of biologists who regard any
work which can at all be applied as something very
inferior to the enumeration of the bones of some animal's
skull, or a technical description of a new species. Such
work has its place, but I certainly think thab equal praise
and reward are due to the man who can seize bold of the.
results of his or others’ ressarches and weave them into
the daily life of a nation or a community for their benefit.”
These words, uttered by an eminent scientist during an
address at Bristol University, express, in some measure,
the indifference, amounting almost to opposition, which has
been meted out to tbe applied biologist by his confréres,
The man who has attempted to use his knowledge of insect
babit and babitat for the benefit of his fellow-men has been
looked upon as a dabbler in science rather than as a gerious
worker. Underestimated by scientists, misunderstood by
the very sections of the community who should have
received him with open arms, the spplied biologist has
“ploughed bis lonely furrow ” till at length his work has
come to be recognised.

A disintegration of opposition is taking place, or has
taken place, in every civilised country. In America, the
applied biologist has long been a power in the land;
generously sasisted by his government, he has not wasted
his opportnities of showing that there is “something in
it.” In this country, at least, it is to such men as Manson,
Ross, and Sambon, workers in the medical field gf ento~

17



18 INSECTS AND MAN

mology, that the credit must be given for breaking down
the barrier of prejudice. Their brilliant researches into
the part played by insects in the spread of disease have
appealed more strongly to the popular imagination than
equally important discoveries in the domain of agricultural
entomology. There is work to be done in the agricultural
field every whit as important and far-reaching as anything
that has been accomplished on the medical side. Insects,
adapted to every climatic and topographical condition of the
world, have developed into an incredible number of species
—ten million it is said,—and, excepting microscopical
plants and animals, they far outnumber all the other living
beings put together.

It is fortunate for man that the insect world is a house
divided against itself ; except for this check the human race
would be extinet in five or six years. The fecundity of many
insects is enormous; Huxley estimated that, mishaps apart,
a single green fly would, in ten generations, produce a mass
of organic matter cquivalent to five hundred million human
beings, or as many as the whole population of the Chinese
Empire. From the earliest times man has suffered from
insect damage to his crops, his livestock, and himself.
Locust plagues, rivalling those of Egypt, have cowme to
man from time to time. Pliny mentions them ; they visited
Ukraine in 1645, and America at the close of the civil war;
a vast swarm two thousand miles in extent crossed the
Red Sea in 1889, and eight years previously one thousand
three hundred tons of locust eggs were destroyed in Cyprus
alone. But thisis not all; the United States suffers damage
annually to the extent of $40,000,000 owing to the depre-
dations of the Hessian fly; the cotton-boll weevil causes
an annual loss of $30,000,000; the codling moth $15,000,000,
and the chinch bug $7,000,000; add to this the damage
done by gipsy and brown-tail moths, and the San José
scale, to say nothing of a host of minor pests, and the
totsal assumes alarming proportions. Turning to our own
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country, an approximate valuation of the livestock in
Great Britain alone amounts to £450,000,000, whilst the
area under crops of all descriptions is probably 32,000,000
acres. Every insect that is injurious to stock or crops is
a factor, and a serious one, on the debit side of “the one
industry that never dies” The damage occasioned by
what way be termed agricultural insects is often not fully
realised by the farmer himself; but doubly truo to-day is
the statement made more than fifty years ago by John
Curtis in his Farm Insects, when he wrote: “They (in-
sects) annually consume an amount of produce that sets
calculation at defiance; and indeed if an approximation
could be made to the quantity thus destroyed, the world
would remain sceptical of the-r6sults obtained, considering
it too marvellous to be received as truth.”

How insects control the destinies of nations, how they
render some of the fairest parts of the earth nigh unin-
habitable, is perhaps not fully realised by the man in the
street, who is apt to consider the insect world too insignifi-
cant and unimportant to concern him very much. But
unity is strength, and the fact remains ‘that insects and
insects alone have held up great engineering schemes, and
have been the cause of the abandonment, temporarily at
any rate, of undertakings of world-wide importance. Even
our horoes are not free from the attentions of this tirelessly
industrious underworld. Countless hosts of insects seek
their livelihood on man himself, in and about his dwellings,
his food, furniture, and clothing, whilst even his drugs and
cigars pay toll to this insidious foe.

Not every insect, however, must be considered in the
light of a potential enemy, far from it. Honey bees which
give us honey, silkworms which spin our silk, lac insects
from whose excretions we prepare shellac and sealing-wax,
are cases in point. Add to these 8 number of insects that
destroy. noxious plunts, act as scavengers, work the soil,
carry pollen and provide food for mankird, and others
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that have been and, to a limited cxtent, are still used as
drugs, and we obtain quite a respectable total on the credit
side, though hardly a balance, it mnust be admitted, even
when we include an enormous number of predatory and
parasitic insects, which, by waging ceaseless warfare on
their harmful relatives, serve to keep them in check.

That the struggle for supremacy between insects and
man ig a very real oue the world over it is hoped that
these pages will show.

In the words of a celebrated American entomologist :
‘ Man is but one of the forms of life struggling for existence,
at continual warfare with surrounding formns, but by virtue
of his surpassing intelligence—itself as gradually evolved
as have been the physical characteristics of any given
Apecies—he has overran the earth, has accommodated him-
aelf to the most unnatural environments; he has dominated
all other species in nature ; he has turned to his own uses
and encouraged or hastened the evolution of species useful
to him or of useful qualities in such species ; he has wiped
out of existence certain inimical forms and is gaining the
control of others. He is the dominant type, and types
whose existence or methods of life are opposed to his
interests are being pushed to the wall It is the culmina-
tion of a history which has many times repeated itself in
past ages. The struggle of other forms of life to accommo-
date themselves to the conditions brought about by the
rapid development of the dominant type is ome of the
interesting fields of study open to the biologist to-day. It
would seem as if in man’s efforts to make the face of the
earth his own, all the complicated clements of life were
arrayed against him; and the great and ultimate result of
‘the labour of the biologist in his study of the relations of
the different forms of life, and the laws which govern their
development, will be to bring about the absolute control
of all other life by man. Thus, it is not only the economie
worker who looks for result of a practical kind from his
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labour—the scientific agriculturist, tho horticulturist, the
economic zoologist, the medical bacteriologist, who should
command the respect of even the practical-minded man—
but the biologist in whatever field, however restricted it
may be, whether he is working towards the understanding
of broad principles and general laws, or whether in some
narrow corner of research he is accumulating material
which will help ultimately to lead to wider understandings
—all are working helpfully and practically towards the
perfect well-being of the human race.”

To the theories, the actualities, and the discoveries
enumerated in this book the author makes no claim what-
ever. The work is the work of others, and has seen the
light.of day only, for the most part, in the scientific journals
of Europe and America: here, for the first time, an attempt
has been made to compile, in non-technical language, a con-
cise summary of the varied relations of insects and man,
A vast amount of literature has been consulted of necessity,
and, as far as possible, every publication to which reference
has been made is included in the bibliography at the end
of the book. Details of anatomy, which are of interest
only to the systematist, have been eschewed, as also have
purely medical questions, except in so far as they concern
the entomologist. In a book of this nature, despite every
care, errors are liable to creep in unawares, and sins of
omission are bound to occur: for these the reader’s pardon
8 craved.

Before embarking on a consideration of the thousand
and one ways in which the activities of man and insects
harmonige, to their mutual benefit, or result in & war to
the death for supremacy, it may be well to consider, for a
moment, exactly what position insects occupy in the animal
kingdom, and, having done 8o, to give a brief ~dsumé of the
various orders of insects dealt with in the ensuing pages.
The animal kingdom as & whole is divided into two great
divisions—Vertebrates and Invertebrates In the former
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division is mankind, in the latter the insects. The *nverte-
brates are still further divided into a number of \groups
or phyle; the members of one phylum being known as
Arthropods, that is to say, animals whose bodies, enclosed
in a firm cuticle or exoskeleton, are composed of a series
of segments or rings, and whose appendages are jointed.
In all Arthropods, some of the anterior segments are fused
to form the head, and in some members of the phylum
the segments, posterior to the head, are fused to form
the thorax. The appendages eomprise the legs, mouth
parts, and sensory organs—antenns or “feelers.” It is un-
necessary in a book of this nature to enter into anatomical
details, and the reader who desires to further his knowledge
in this direction is referred to one of the general text-
books of entomology mentioned in the bibliography. It is
sufficient for present purposes to notice that the Arthropods
are further subdivided into classes, namely, the Crustacea,
comprising crabs, lobsters, ete.; the Myriapoda, comprising
centipedes, ete. ; the Arachnoidea, still further subdivided
into (a) Araneida—spiders, and (b) Acarina—mites and
ticks, and the Hexapoda or Insecta, true insects.

The ensuing pages deal, for the most part, with the true
insects, that is to say, animals usually terrestrial or aerial,
with bodies, in the adults, divided into three distinct parts,
head, thorax, and abdomen, provided also with a pair of
antennee, three pairs of legs, and, as a rule, two pairs of
wings. Many important diseases of man and beast, how-
ever, have been definitely proved to be carried by ticks, and
the mites are not without interest in their relations with
man, so they have been included, although, strictly speaking,
they do not come within the scope of this book. The ticks
and mites may be distinguished from the true insects by the
fact that they have a fused head and thorax—cephalothorax,
—no antenns, and, when adult, four pairs of legs.

Insecta with similar general characters are arranged in
orders as follows:—
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(a) Aptera (no wings), diminutive, wingless insects pro-
vided with three pairs of legs and often large antenne.

(b) Orthoplera (straight wings), locusts, cockroaches, ear-
wigs, etc., have four wings, the front pair usually lesthery,
with comparatively straight veins, the hind pair fan-shaped
with radiating and concentric veins. They have biting
mouths.

For the most part, the members of this order are exceed-
ingly active, jumping and flying well; but some of them,
on the other hand, are sluggish and also wingless. The
grasshoppers and locusts, Locustide and Acridiides, are
very similar in habit, though, as a rule, the former lay
their eggs on foliage, the latter in holes in the ground.
The crickets, Gryllide, and earwigs, Forficulide, usually
frequent damp places and are fond of hiding under stones,
wood, ete. The cockroaches, Blatfide, are household insects
in this country, but, in other countries, Australia, for
example, many species are found far from any habitation.
The mantids, Mantid®, and stick insects, Phasmide, have
many points in common; both have a coloration adapted
to their surroundings; the green species frequent green
foliage, the brown species hide on dead leaves. The
mantids, however, are carnivorous, whilst the stick insects
are strictly vegetarian.

The termites, Termitide, form a connecting link between
the Orthoptera and (¢) Neuroptera (nerve wings), lace
wings, ete. Their two pairs of wings are more or less
uniform and much veined, whilst their mouths are adapted
for biting.

This order is comprised of insects with very dissimilar
habits, especially in their early stages. Larval ant-lions
hide at the bottom of funnel-shaped pits, which they dig
in the ground and there await their prey—some luckless
insect that falls into the pit. Lace-wing fly larvae crawl
about among foliage sesking their prey, which cousists of
aphides and scale insects. Many members of the order are
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aquatic, and, among them, we may mention the dragon flies,
May flies, and stone flies.

(d) Hymenoptera. (membrane wings), bees, ants, wasps,
efc, with four membranous, slightly veined wings, and
biting and sucking mouths.

This is a large and important order, and a review of all
the families is impossible, 50 we will mention some of the
groups more frequently encountered. The bees, Apide, are
tho most important members of the order, and, in addition
to the honey bee, there are many equally interesting, though
less important, insects, such as the leaf-cutter bees, Mega-
chile. They form burrows and line them with pieces of
leaf which they cut from plants. The carpenter bees,
Xylocopa, are also of great interest, their nests being a
series of chambers in some plant stalk, in each one of which
they place bee bread and an egg.

The ants, Formicide, have been the subject of much
research, mainly on account of their remarkable intelli-
gence ; but they must not be confounded with the related
“cow ants,” Mutillide. Other members of the order are
the sand wasps, Pompilide, which form burrows in the
ground and store them with insects, previously rendered
unconscious, but not lifeless, by a sting, so that their larvee
when they appear may have living food. The Vespide, of
which the common wasp is a member, are well known to
everyone. The saw flies, Tenthredinide, are so called be-
cause the females are provided with a curious saw-like
appendage with which to cut leaves of plants, preparatory
to ovipositing therein. Of the other Hymenoptera we may
mention the Chalcidide and Proctotrypide—gall-producing
and gall-destroying insects,—and the Braconide and Ich-
newmonide—parasites, with a habit of laying their eggs in
the bodies of other insecta. .

(¢) Coleoptera (sheath wings), beetles, have four wings,
the upper pair horny; their mouth parts are designed for
biting.
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This, too, is & large and curiously varied order. The tiger
beetles, Cicindelide, and the ground beetles, Carabide, are
carnivorous, and therefore of some economic importance;
many of them are aboreal and seek their prey in trees.
The rove beetles, Staphylinide, have shortened wing covers
that look as if they had been broken off in the middle; they
exist on decaying animal and vegetable matter and do &
certain amount of good as scavengers. The leather beetles,
Dermestide, are household or warehouse insects, and they
do considerable damage to hides, bacon, and dried foods.
The stag beetles, Lucamide, are many of them exceedingly
handsome, though not of great economic importance, for
their food is dead or dying wood. The scarab or dung
beetles, Scarabeide, live on excrement and on decaying
animal matter; the Cetonide or rose-chafers, on the other
hand, are commonly met with on the blossoms of rose trees.
The testes of beetles are varied in the extreme. Other
flower-frequenting families are the Buprestide and the
Elateride or click beetles, though the latter are chiefly
notorious on account of the damage done to the roots of
various plants by their grubs, commonly known as “wire-
worms.” The Tenebrionide are a funereal-looking family,
mostly black or dark brown, of which the meal-worm, men-
tioned elsewhere, is a common and destructive member.
The weevils or Curculionide are a very distinctive group,
on account, of their characteristic anouts, which have earned
them the name of elephant beetles. Many of them sre
exceedingly destructive to crops. Another beautifal, though
barmful, family is the Cerambycide or Longicorn beetles,
remarkable for their extraordinarily long antennse and the
wood-boring habits of their larve. The Chrysomelide are
brightly coloured beetles, and many of them are very de-
structive to plant foliage. Somewhat resembling them, on &
small scale, though of course there are constant and impor-
tant differences, are the Coccinellide, known to all as lady-
birds, and, with few exceptions, as exceedingly useful insects.
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(f) Lepidoptera (scale wings), butterflies and moths, have
four pairs of wings, usually covered with scales and mouths
adapted for sucking.

Of the butterflies, the most important families are the
Papilionide, containing the largest and handsomest species
in the world: our swallow-tail butterfly belongs to this
family ; the Pieride or cabbage butterflies, of which the
destructive “cabbage white” is an example; the Lyce-
nide or “blues,”’ remarkable for the eccentric forms of
their larve, and the “skippers” or Hesperide, curious in-
sects forming a connecting link between the butterflies
and moths, of which the best known families are the Sphin-
- gifde or hawk moths; the Bombycide or silkworm moths;
the Nociuide, usually sombre-coloured moths, and, as a
family, exceedingly destructive in the larval stage; the

Tineide, of which the clothes moths are examples; and the
Tortricide, harmful, in the main, to cultivated plants, the
larvee of the majority being leaf rollers.

(9) Diptere (two wings), house fly, tsetse fly, gnats, etc,
provided with two wings only, the second pair being reduced
to club-shaped stumps, known as halteres or balancers ; their
mouths are piercing or suctorial.

The flies are the most important order, from the medical
standpoint, so many of them are carriers of disease in man
or animals. There are two sub-orders, the Orthorrapha and
the Cyclorrapha. Some importent families of the former
order are, the Culicide or mosquitoes, a cosmopolitan
family of blood-suckers; the Tipulide or crane flies, with
erop-destroying larvee known as “leather jackets”; the
Cecidomyidee, minute gall-producing flies, for the most part,
and, for the rest, enemies of the husbandman ; Psychodidee
or owl midges, of which one species transmits diseass;
Ohironomide or midges, and Simulide or buffalo gnats,
some species of which are looked upon with suspicion, at
the present time, by medical entomologists; the Myceio-
philide or fungus gnats, with a predilection for ovipositing
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in fungi; the Tabanide or gad flies, many of them annoy-
ing and even harmful to stock—in fact they are proved
carriers of disease in animals ; and the robber flies or Asilide,
alnost bee-like insects which earn their livelihood by killing
other insects, often much larger than themselves.

Of the Cyclorrapha, we may mention the Syrphide or
hover flies, common objects as they remain, apparently
motionless, though in reality with rapidly vibrating wings,
over some favoured flower which they are visiting for the
sake of its pollen or nectar: some of the ayuatic larve of this
family have curiously long breathing tubes, hence their name
of rat-tailed larvee. The best-known member of the family
Sepsidee is the cheese skipper, whilst the families Oscinide
and Trypetide supply many enemics of the farmer and
gardener. The Estride or bot flies comprise species
attacking man and animals; the Tachinide are all parasitic
in the larval stage on other insects, particularly lepidopter-
ous caterpillars; the Sarcophagidw or flesh flies and the
Anthomyide live on carrion and vegetable matter respec-
tively: to the latter family belongs the lesser house fly.
The Muscidce is the most important family of all ; it is sub-
divided into blood-sucking and non-blood-sucking flies. To
the latter division belong the house fly, the blow fly, the
green-bottle fly, the screw-worm fly, the Congo floor maggot,
and the Tumbu fly; among the hlood-sucking flies of the
family the most notorious are the tsetse fly and the stable
fly. Other important dipterous families are the tick flies
or Hippoboscide, of which the best known is the sheep
tick ; all the members of the family are parasitic on mammals
or birds, whilst the parasitic flies of the bats all belong to
the family Nycteribiide.

(k) Thysamoptera (tassel wings), thrips, ete., with four
very narrow wings fringed with hairs. Their mouths,
though weak, are adapted for biting.

(%) Rhynchota (beaked insects), bugs, scale insects, etc.,
with four wings, of which the upper pair may be leathery
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at the base, as in the bugs, quite transparent, as in the plant
lice, or absent, as in the scale insects. Their mouths are
adapted for piercing and sucking.

This j& & varied order, its members assuming every im-
aginable shape and form, from the large-winged cicadas to
minute forms, having the appearance of flakes of bran. To
the uninitiated they resomble beetles, butterflies, and even
stick insects, according to their species. Mostly vegetable
feeders, some, however, the Reduviide, are carnivorous,
certain species going so far as to attack man, whilst one
at least is known to transmit disesse. The Membracide
are remarkable for possessing horn-like projections of

. the thorax; the Psyllide are called manna insects: they
resemble miniature cicadas. The Pentafomide, Coreide,
Lygaide are as varied in habit as they are in form. The
Coceideg or scale insects are, collectively, the most important
family in the insect world, from an economic point of view,
and, incidentally, the most harmful. As their popular name
implies, they cover themselves with a scale which acts as a
necessary protection from their cnemies.

This brief survey of the insect world makes no preten-
sions to completeness, but is given as a guide to the better
understanding of the ensuing pages.

" The orders are comprised of sub-orders and families, and
these again are made up of genera, each genus containing
one or more species. Taking the human flea, known in
scientific parlance as Pulex irritams, as an example, and
studying its relationship to other animals, we find that it
belongs to the division of Invertebrates, becanse it is pro-
vided with an exoskeleton, a8 opposed to an internal or en-
doskeleton ; it is an 4+thropod on account of its segmented
body, to which are attached jointed appendages; seeing
that it has a distinct head, thorax, and abdomen, six legs
and antennm, it is & true insect; being wingless and pro-
vided with a characteristic arrangement of its mouth parts,
together with other anatomical details, which do not con-
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cern us here, it is placed in the order Siphonaptera ; more
detailed specific characters apportion it to the genus Pulex
and finally to the species 4rritans. Certain orders have
been omitted from the classification, not necessarily be-
cause they are unimportant, but because their members
from one cause and another are not of great economic
import to man,

An insect, unlike a man or a rabbit, does not, as a rule,
begin its separate existence as a miniature replica of an
adult, nor does it hatch from the egg in a form resembling
its parents, as in the case with the barnyard fowl; it passes
through several changes, or metamorphoses, in the course
of its life. Taking the common house fly as an example '
and studying its life-cycle, we find that the eggs give rise
to grubs or maggots, properly called larvem, and bearing no
manner of resemblance to the winged, six-legged mother
fly. Needless to say the larve are small at first, but, as
they are voracious feeders, they grow rapidly, and their
skins, loosely fitting to begin with, are quickly filled out
and made & good fit ; then the larva moults, gets a new loose-
fitting coat, which is agajn similarly filled; thus growth
takes place, though it is not so noticeable in the house fly
as in some of the lepidopterous larva. When fully fed
the maggot changes into the chrysalis or pupa—it is said
to pupate. No food is eaten, and to all appearances this is
an inert, resting stage, though, ss a matter of fact, great
and important changes are taking place within the pupsl
skin, for the insect is passing from the larval form to that
of the perfect insect. When pupation is complete the adult
fly emerges from its prison and is fully grown. It is &
popular error to imagine that flies grow, a remark that also
applies to butterflies and moths, bees, wasps, ete. Some-
times & newly emerged moth appears small by comparison
with the same individual after the lapse of an hour or two,
but this is simply due to the fact that the wings, moist and
erumpled at first, have had time to dry and expand. Such
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a series of changes is known as complete metamorphosis,
and this always occurs in the Coleoptera, Lepidoptera,
Hymenoptera, and Diptera.

Now Jet us examine the common cockroach, popularly
but erroneously called the black beetle. Needless to say the
larvee arise from eggs, but, unlike those of the house fly,
they bear a very considerable resemblance to their parents.
As the life-history of the cockroach is fully described else-
where, there is no need to do more than mention here that
the larva undergoes several moults, and that, at each one,
it becomes larger and darker in colour, in fact more and
more like the adult. When the penultimate moult is reached,

- the insect assumes the rudiments of wings and is then known
a8 & nymph; the final moult produces the adult cockroach.
In such a life-cycle there is no quiescent or pupal stage,
and metamorphosis is accordingly said to be incomplete, and
it is the rule in the Orthoptera, Newroptera, Rhynchota,
Thysanoptera. In the Aptera a third variety of life-cycle
occurs ; the young are similar to the adults, except in size,
and attain maturity by a succession of moults, in other
words, there is no metamorphosis. The life-cycles of all
insects are not always quite so straightforward as in the
selected examples ; sometimes, for instance, the larve emerge
within the body of the parent and are brought into the
world in an active state; this is the case, on occasion, in
the sheep bot fly, which for this reason is said to be vivipa-
rous. The length of time required for the completion of a
life-cycle, whether metamorphosis be complete or incomplete,
varies considerably in different insects; in some species
the time may be reckoned in hours, whilst, in the periodical
cicada, metamorphosis extends over a period of seventeen
years. External conditions such as food supply and tem-
perature exert a powerful influeuce on the duration of the
various stages; too high or too low a temperature will
influence the egg and pupal stages; a scarcity of food may
also prolong the larve stage. In the case of the ticks,
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which also undergo a metamorphosis, such a shortage
arrests this stage to an almost incredible extent.

During the varied changes that take place in the life-
cycle of an insect, it is extremely rare for the parent to
take any interest whatever in his or her progeny; in many
cases, in fact, the sole duty of the adults is to incresse
their kind, and frequently the female dies after ovipositing.
How then, one may ask, do the young fare so well, on the
whole, in the struggle for existence? How do they know,
without experience or parents to guide them, what food
will be good for them and what harmful, for every herbi-
vorous insect Lias its appointed food plant or, at most, two
or three food plants and will not eat of all green things in-
discriminately. The mother insect lays her eggs on the
proper plant, one may airily reply, without advancing far,
for something must guide the parent in its choice, and most
people would call that something instinet, though another
word, Chemotropism, is more correct. Chemotropism has
been called “the guiding force perceived by an animal
through its olfactory sense ”; it.isa very important force in
insects, because it instructs them where to lay their eggs;
it helps them in their search for food and for mates. Most
people know that if the females of certain species of moths
be confined in a gauze-covered cage, males of the same
species will seek them out as swiftly and surely as a vulture
seeks carrion. Verschaffelt, in 1910, puhlished some inter-
esting results of his experiments on the choice of food in
insects. He studied the larvee of the large snd small
cabbage butterflies and discovered that they would only
feed an plants that contained a certain chemical known as
a glucoside, in this case one of the mustard oils—nothing
would induce them to feed on any plant which did not con-
tain this substance; so he made a dough of the glucoside
and smeared it on the leaves of a plant which the larves had
previously refused, with the result that they now greedily
partook of the proffered food, being misled by the presence of
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the mustard oil. Further experiments of a similar nature
were made with a hymenopterous insect, Priophorus padsi,
which will only feed on plants of the rose family, because
they contain a glucoside known as amygdaline.

Another scientist, Howlett, published confirmatory,though
even more atriking, results in 1912. His experiments with
‘the flesh flies, Sarcophaga, were exceedingly interesting.
The larves of these flies, as their popular name implies, live
on decomposing animal matter: the eggs therefore are
always laid on some substance that will provide suitable
food. Howlett, however, prepared a substance known as
sketol from decomposing slbuminous matter, and, placing
it in a bottle, cansed the flies to oviposit in its vicinity.
With the stable fly, Stomoxys caleitrans, which deposits its
eggs in horse dung and decaying vegetable matter, the same
observer performed a like experiment. Closeted with a
rag moistened with valerianie acid—a product of decompos-
ing vegstable matter—the befooled flies at once proceeded
to the business of egg-laying, being, evidently, ignorant of
the fact that there was not a morsel of food for their pro-
geny. Speaking of this powerful guiding force, which
must have an all-powerful effect on the survival of insect
life, Dr Trigardh says “the ovipositing of the females is
guided, even in those cases when the larve has o diet
different from that of the adult, by Chemotropism.” These
discoveries have & valué that is almost incalculable to the
economic entomologist, for if, as their sequel, injurions
insects can be induced to oviposit in places other than on
the larval food, their ultimate eradication is only a question
of time.



II
INSECTS AND PLANTS

LET us consider, for a moment, what effect insects have
upon plants. Their action may be direct or indirect; in the
former case inseets may do actual damage to plants, or they.
may cause definite diseases to arise as a result of their,
injuries; in the latter case they may introduce fungoid
disenses.

In the case of direct injury, various parts of the plant
may be destroyed, either in the process of feeding, nest-
building, or ovipasition. The loss of an organ js not such
& serious matter to a plant as to an animal, nevertheless,
growth is seriously impaired when large numbers of insects
devour the leaves, which carry on carbon assimilation.
Other insects, such as grain beetles and moths, destroy
seeds and therefore impair reproduction, and this function
may also be impaired, at an carlier stage, by insects eating
the pollen. Others, also, interfere with the reproductive
parts of plants, but are mainly noxious, because they damage
parts of more use to man than to the plants concerned ; as
examples we may mention the damago to apples by the
codling moth and to cotton bolls by the cotton-boll weevil.

Insects also cause direct injury in other ways, by ab-
strmtmg from the plant the hquld food so necessary for
its nourishment, or by removing so much material from
root or stem as to interfere with the plant’s stability.

Various physiological troubles may ensue as a result of
injury. Roots or stems may be 8o damsged that the plant
cannot obtain water, and wilting then takes placs, or the

83 ) 3
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leaves may turn red or yellow, and finally dry up, from the
same cause. Plants often hold out signals of distress, as it
were, when suffering root or stem injury. Cabbage leaves,
for imstance, become more thickly coated with bloom, as
protection against excessive transpiration, and the same
result is achieved, in other plants, by a gradual shedding
of leaves.

Not only is the passage of water and raw plant foods
interrupted by insect damage, the elaborated foods, also, are
often prevented from reaching the growing points, where
they are most needed.  Various leaf-mining insects prevent
the passage of starch from those organs; other insects so
damage certain stems that the organs below the wounds are
starved, while swellings arise above the wounds owing to
the accumulation of claborated foodstutfs.

Buds may be damaged, with the result that branches,
abnormal in number and position, are formed, or, in the
cage of the terminal buds of some pines, severe distortion
follows insect injury. The excessive exudation of gum in
certain trees, such as peaches and cherries, is often the
result of damape by insects, and many trees are much
weakened, and even killed, after defoliation by insects,
owing to the strain imposed upon them by the production
of new crops of leaves to take the place of those lost.

Of the injuries and diseases due to the presence of insects
and their products, front rank must be given to the work
of gall midges. Other allied injuries are those of the
Hessian fly, which causes a dark green colour and swellings
in wheat; the apple weevil, causing apples to swell and
tarn brown; leaf hoppers and thrips, causing leaf curl, ete.
Diseases, due to the indirect agency of insects, may enter
planta at the point of insect injury, or may even be carried
to the plants by the insects themselves. A few examples
of plant diseases, introduced by insects, may not be without
interest. Potato rot is caused by s bacillas known as
Bacillus sol wm, and, experimentally at any rate,
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potatoes may be infected with the diseaso by means of the
Colorado beetle. Similarly, Bacillus tracheiplilus, the cause
of wilt disease in plants of the cucumber family, can be
and has been transferred from plant to plant by the beetle
Diabrotica vittate, and the bug, Anasa {ristis. A common
disease of plants of the genus Prunus results in the leaves
curling to such an extent that they are unable to carry on
their proper functions, and the fungoid cause of the disease
thrives on the sugary secretion of aphides. The scale
insects, in the Florida citrus groves, are often attacked by
a fungus, Ophiomectria coccicola. As these insecta pierce the
orange twigs with their sucking beaks, the plants become
inoculated with the fungus, which sets up a discase ealled
gunimosis, and gu, in considerable quantity, cozes from
various parts of the tree, much to its detriment. A boring
beetle, Xylcborus perforans, and a weevil, Sphenophorus
sericeus, are given to making holes in sugar canes, thereby
enabling the spores of a troublesome disease to enter the
plants. The wood of a certain species of fir tree, Pinus
ponderosa, is often rendered almost valueless owing to the
fact of its being turned blue by a fungus, Ceratostomelia
pilifera, and it has been discovered that the fungus enters
the tree through the borings of a beetle, Dendroctonus
ponderose. Some very common and destrnctive plant dis-
eases are known as “smuts,” because of the coal-black-
coloured. spores of the causative fungus. In one such
disease, Ustilago violacea, the spores take the place of
pollen in certain flowers, and are carried from flower to
flower by insects. Other similar examples, in plenty, could
be given, but enough has been said to show, in & general
manner, how closely related plant diseases are to insect
damage.

Aphides, too, apart from direct damage, are injurious to
plants indirectly, for their sugary secretions, called honey-
dew, form- an excellent medium for the growth of fungi,
which, while not parasitic on plants, injure them consider- _
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ably, by covering the leaves densely and blocking out air
and light. That insects do a vast amount of direct damage
to plant life is & commonplace fact, but their indivect effect
is 1o less potent and is often more difficult to remedy.

A considerable amount of damage is done to forest and
fruif trees by various boring beetles, and those belonging to
the family Scolytide are perhaps of the greatest interest.
One of these beetlus, Xyleborus dispar (fig. 1, B), deserves
special mention on account of its habits. Trees of various
kinds may be attacked, though, in justice to this industrious
little insect, it should be mentioned that the trees most
usuelly attacked are those which have previously suffered
some injury. In the spring the fertilised femsles, having
discovered & suitable tree, begin operations by boring a
horizontal tunnel for a short distance into the wood, and
from this a vertical tunnel is bored (fig. 1, 4). That tunnel-
ling operations are going on may be seen by the white
frass, or sawdust, trickling down the tree from the hole
made by the beetle. Having completed the horizontal
tunnel and the irst vertical tunnel, the mother beetle de-
posits her eggs in the latter, and closes the entrance with a
wad of damp frass; she then proceeds to excavate a regular
tunnel system, ovipositing, the while, in each vertical branch
and closing each entrance with a damp wad. The eggs are
laid in clusters of six; the total number, depending on the
nature of the wood, varies from six to forty-five, and as
they hateh in = few days, many of the tonnels contoin
larvie long before the mother has completed her tunnelling.
The larvas have relatively weak mouth parts and no gizzards,
80 that they are unable to obtain any nourishment from
the tree in which they begin life,

Unlike the majority of insects, this little mother beetle
lavishes a considerable amount of forethought on her off-
spring. Through the walls of the tunnels a considerable
amount of sap oozes and forms a moist living, the moisture
being retained by the wad of frass, carefully placed at the
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entrance to cach tunnel by the mother beetle after she has
deposited her eggs. This layer of sap forms a suitable
putrient medium for a fungus, Menilia candida, which,
with the exception of two or three millimetres near the
outer opening, completely fills the burrow by the time
tunnelling operations are complete. The mother beetle
then removes the wads, placed at the entrance of each side
chamber, and the larvee emerge to feed on the fungus fare
provided for them. It must not be supposed that this
fungus growth arises from the sap, or that it comes into
being in some inexplicable manner; it is taken into the
tunnel by the mother beetle. KFungi do not form seeds like
the flowering plants, but they are propagated by exceedingly
minute structures, called spores. These spores have resistant
coats, so that they can bo earried in the gizzard of the
mother beetle for as long as two and a half months without
suffering any damage, and this, in fact, is the way they are
carried. When the larvee are fully fed they pass into the
pupal stage, which extends over ten to fourteen days, when
the young beetles emerge to pass the winter in the tunnel.
A burrow, opened in the winter, will show no eggs, larvee
or pups, but a number of hibernating adults, both male and
female, all lying with their heads towards the inner part
of the burrow. In the spring mating takes place, and the
females, their gizzards stored with fungus spores for the
nutriment of the future gemeration, sally forth in quest of
a suitable tree in which to rear their young.

Beetles of the Cerambycide family are also notorious for
their wood-boring propensities, as are also some of the
Lepidoptera. Plate IL shows the msle of one of our
commonest boring moths, the wood leopard moth, Zeuzera
sculi; he is resting at the end of a twig, drying his wings,
for he has just emerged from the pupa case, which can be
seen projecting from the twig below him. Of & greyish-
white eolour, spotted with bluish-black markings, this moth
is a besutiful, though, withal, destructive insect. The large
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yellow, black-spotted larva lives within the branches of
many species of trees, and, in doing so, destroys them. The
goat moth, Cossus ligniperda, is an even worse offender in
this direction. Its larva, when full-grown, attains a length
of ten centimetres, is reddish-brown above and crearay-
yellow below, and has an evil “goaty ” smell. As these
larvee Jive within the trees, willows for the most part, for
three years and feed all the time, the amount of damage
they do may be easily imagined. Other destructive, wood-
boring Lepidoptern. arve, the currant clearwing, Sesia
tipuliformis, and the apple clearwing, Sesic myopiformis,
damaging currant bushcs and apple trees respectively.

Locusts

The majority of people, unscientific people that is, when
questioned as to the most destructive econowmic insect, would
asguredly reply, the locust. The reply might not be
absolutely correct, but it would show that the locust is,
by tradition, one might say, fixed in men’s minds as an
injurious insect. One of the plagues of Egypt took the
form of a swarm of locusts, and, from that day to this,
thesc insects have been the cause of very considerable
financial loss to mankind. What is a locust? The name
is loosely applied : in some countries grasshoppers are called
locusts ; elsewhere, locusts become grasshoppers; and again,
af times, iusects of other orders are named locust, apparcatly
for the sole reason that they appear in swarms—the periodi-
cal cicada is o case in point.  Strictly speaking, the locusts
comprise about six species of the Acriduide, o, family of the
Orthoptera.

We will not attempt to describe the various species
of locust, but will devote a few words to the habits of
these insects in South Africa, where they have done more
damsage and hindered agricultural progress to & greater
extent than anywhere else in the world. In our intro-
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ductory remarks, one or two noted locust swarms have
been mentioned, but these were of exceptional magnitude;
it is quite & common occurrence, however, for a South
African Jocust swarm to have a frontage of fifteen to
twenty miles, and a length of sixty to seventy miles,
taking several days to pass a given point. One of these
swarms is a sight never to be forgotten : the air is alive with
a geething mass of ingect lifo; now the sky is blackened
and the sun almost blotted out, now tho light, reflected
from & myriad wings, resembles nothing so much as a
violent snowstorm. As these insects pass over the country
they devour practically every living green leaf. The veldt
is stripped of grass in the dry season, and every winter
crop cut down; trees are weighed down and broken by
the sleeping locusts, and even washing hung out to dry
has beon devoured by these insects with insatiable appetites.
Every inch of ground is covered with a thick carpet of
their excrement; trains are stopped and delayed by the
grease their erushed bodies exude on the rails; horses as
a rule refuse to face a swarm. One swarm is capable of
doing immense damage, but when there are dozens of such
swarms in & country, the results to agriculture can easily
be imagined—in the winter of 1906 the locust damage in
South Africa was estimated at £1,000,000.

The adult, or flying locusts, usually appear in ('Jm dry
season, when there are few growing crops and when the
majority are in small plots and so easily protected ; with
the first rains come the immature forms, or “hoppers,”
called by the Dutch “voetgangers,” a word meaning
infantry. The “hoppers” often appear in swarms of some
miles in extent, and so thick as to make the veldt appear
brown. Nothing will turn them from their course; they
go their way, like a relentless army, devouring every green
thing in their path. There are two species of locust in
South Africa, differing widely from one another in habits
and distribution. The more destructive of the two is the
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brown locust, Pachytilns sulcicollis, a small insect of a
general brown or straw order. The permanent habitat of
the brown locust is in the Kalahari Desert and in German
South-West Africa, whence winged swarms spread out
over Central and Eastern Cape Colony, Orange River
Colony, Basutoland, and Southern Rhodesia, from March
to July. At certain scasons the genersl direction of the
swarms is south-easterly, at others north-easterly, though
the direction of flight scems little affected by winds.
Oviposition (fig. 2) takes place about the first week in July,
and each female perishes after laying two or three egg-
pouches or packets, cach containing about forty egga: the
males live & mouth or two longer. These eggs remain in
the ground, where they are laid, till the first rains come,
early in October, and two weeks hence, unless the tem-
perature has been low, the first hoppers appear. The
larvee closely resemble the adults, escept that they are
wingless; the swarms remain in compact formation, and,
from time to time, adjacent swarms amalgamate, till miles
of veldt are covered. By day they advance in columns,
crossing rivers if necessary by swimming and forming
bridges of their massed bodies; by night they sleep in grass
and serub.  After moulting, the larvas become nymphs,
and in six to eight weeks the latter become adult, obtain
their wings, and immediately fly back to the Kalahari
Desert. Sometimes the females lay their eggs in regions,
such as certain parts of Cape Colony, where rain only falls
every six or seven years; in this event the eggs remain
dormant, though fertile, for several years, and, when the
rains come eventually, the larvese emerge none the worse for
their long developmental period.

The second South African species is the red locust,
Cyrtacanthacris septemfasciata, so called because the newly
mature insects are of o reddish-brown colour, whilst in the
hreeding season the hind wings are of & bright claret hue.
This insect is considerably larger than the brown species,
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but is less destructive, being less widely distributed and
ocenrring in smaller swarms. It'is a coastal locust, and
is, for the most part, confined to the warm humid districts
at or near sea level, whilst its winter quarters are in Natal
and Zululand, About the beginning of December cach
female deposits an egg-packet containing, approximately,
ninety-five eggs, and then dies, but the males survive a little
longer. In their choice of site for egg-laying these locusts
are much more particular than the brown species, o newly
formed sugar plantation being a favoured spot, and, as
showing the enormous numbers of even these less numerous
locusts, there exists an suthentic record of twenty tons of
eggs having been dug from ground of less than one hun-
dred acres in extent. Sometimes these insects do not ovi-
posit till after the rains have come, and then the hoppers
appear in two or three weeks: another eight weeks sees
themn mature, winged, and returning to winter quarters.

One reason why locusts have, in the past, been such a
power in the land in South Africa is because of the diffi-
culty of eradicating them, a matter rendered doubly hard
because the “old Boer was indolent enough to accept a’
locust plague as a punishment for his sins, and resorted to
prayers and days of fasting, like our half-civilised ancestors
of the middle ages, in the hopes of seeing a miracle wipe
them out.”

Now all this is changed; the Government have estab-
lished a ecentral bureau, from which and to which reports
are constantly travelling. A well-organised postal system
keeps the officials in touch with all the latest events in the
loeust world of the colony; the result is, that flights can
often be predicted, and farmers, in the districts likely to be
favoured with a visit, warned beforehand. This, however,
is but & small portion of the work of the bureau, though,
perhaps, the most interesting.

Needless to add, South Africa is not alone in suffering
loss from locmsts; in other parts of Africa, Asia, Australia,
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and America they do inecalculable damage, and, on account
of their extensive geographical range, there still remain
districts where the losses they cause may be reckoned in
millions of pounds. Take the case of the Philippine Islands
as an example: in the latter half of 1912 locusts did damage
to the amount of £2,083,000 in the island of Visaya, the
northernmost of the group. Their breeding grounds were
found to be in the extensive arcas of uncultivated land in
Mindanao. In these islands the imnmature locusts are called
“lectones,” and, as in other parts of the world, they attack
practically every green plant in their path, thongh at times,
for some unexplained reason, they will pass potatoes, sugar-
cane, tobaceo, and beans. When mature these insects give
off & characteristic odour, which is more pronounced in the
breeding season, and, with a favourable wind, it is often
possible to detect o swarm at a distance of five to eight
kilometres hy scent alone.

SoME ENmMIES OoF COTTON

Of the various insects that have made themselves
notorious by their attacks upon plants of economic import-
ance, few have wrought more havoc than the Mexican
cotton-boll weovil, Anthonomus grandis (fig. 8. The
early history of this insect, which, being a weevil, belongs
to the order Coleoptera and the family Curculionide, is
somewhat obscure. It was first described by Boheman, in
1843, from specimens received from Vera Croz; in 1871 it
appeared in Cuba. In 1885 the beetle appeared, in force,
in Northern Mexico, and in this year it was associated with
cotton for the first time. In 1892, or probably a little
earlier (the date of such events is difficult to determine), the
weevil invaded the United States, effecting a landing at
Brownsville, Texas, and in its first year became known as
a serious pest of cotton. In less than three years the out-
-look had become so serious that the Federal Department of
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Agriculture had advised the CGovernment of Texas to
prohibit the cultivation of cotton, for the time being, along
a belt coincident with its southern border, in order to pre-
vent the advance of the invader. No notice was taken of
this sage advice, with the result that the weevil spread
northward and eastward, till it reached the margin of a
rich eotton-growing district. The next two yecars saw the
advancing tido stemmed somewhat by unfavourable climatic
conditions ; but the season of 1898 was very favourable to
the insect, and the richest cotton-growing lands in the
United States began to be invaded. As a result, a state
entomologist was appointed, and a grant voted towards the
control of the cotton-boll wesvil. All efforts to prevent
the insect gaining s firm footing in the American cotton-
fields appesred unavailing, and in 1903 the weevils entered
Louisiana. At last, a general realisation of the enormous
damage done by this minute insect led to the commence-
mont of energetic work ; with a view to its control, 250,000
were voted, to enable the Secretary for Agriculture to meet
the emergency caused by its ravages. In 1904 the insect
became still more extensively dispersed in Texas and
Louisiana. In 1905 observations were limited, owing to re-
strictions on travel imposed by the yellow-fever quarantine ;
but in the following year the area of infestation had reached
to Oklahoma and Arkansas, and almost to the Missiesippi
river in Louisiana. The year 1907 marked the crossing of
the Migsissippi river into the state of Mississippi; the two
following years saw & further spread of the weevil; but in
the winter of 1909-10 it received & check, owing to the
severity of the weather, and, although 1911 began with
a low infestation, the lost ground was made up in Texss
and Oklahoma, whilst remarkable gains were witnessed -
in Arkansas, Mississippi and Alabams, and Florida wasa
invaded. In short, the Mexican cotton-boll weevil has
conqueted almost the entire cotton-growing section of the
United States. “And there it stands to-day, now advane-
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ing a little, now losing ground, in the face of a sudden
frost or a concerted display of destructive work by the
slowly awaking farmers, but probably the most harmful
plant pest, and the heaviest tax upon the farmers of the
South.” Some authorities go farther and say that the pest
is the most serious danger that has ever threatened any
agricultaral indunstry.

The financial loss caused by this insect is difficult to
estimate ; cotton-growers are, somewhat naturally, prone to
exaggerate the damage and to attribute losses to the insect
which should more correctly be put down to bad caltiva-
tion or other sources. A careful estimate by the American
Government officials, however, shows the difference in the
average yield per acre in Texas, between the periods 1893
1901 and 1903-11, to amount to a loss of $2:7 per acre,
not counting the valae of the seed, or, for the total cotton
acreage of the state, $27,000,000 per year! And this for
Texas alone! “Out of evil comes good,” and it is some
compensation to know that the advent of the weevil has
literally forced crop rotation upon the farmers of the
afflicted districts, So profitable had the cotton-growing
industry proved that the growers were loth to abandon,
even temporarily, an industry that paid them so well.
Before the coming of the weevil, the Texas growers believed
they could keep pace with the ever-growing demand for
cotton the world over, and at least double their normal
production. The fertility of the land was so great that
such important matters as seed selection, fertilisers, and
rotation had received little or no consideration; hut the
boll weevil bas put a different complexion on these affairs,
and more seientific methods of cultivation must prevail if
the insect is to be kept within reasonable bounds, for the
only nataral barrier to its spread is the cold of the more
northerly states. As the same conditions regulate the
northern limit of the cotton-growing districts, there is little
comfort to be derived from the fact.
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So much for the history of the invasion of the cotton-
fields of the United States by the cotton-boll weevil As for
the insect itself, there are more than thirty different species
of weevil to be found in the vicinity of the American cotton-
fields, so it is little to be wondered at that cases of mistaken
identity occur, giving rise at times to local panics and a
massacre of the innocents; for these other weevils do no
harm to the cotton, though some of them visit the cotton-
flowers in search of nectar. Our subject, however, is not
the only weevil that does damage to cotton, for another
species, Anthonomus vestitus, has recently been discovered
in Peru and Ecuador, where it is & serious cotton pest,
though, fortunately, it is ab present unknown outside those
countries; three other species, in addition, are also known
to do more or less serious damage to this useful plant.

Very careful observations have been carried out by
American entomologists with a view to discovering the
food plants of the Mexican cotton-boll weevil, and, accord-
ing to their researches, the cotton plant is the original and
only food plant of this weevil. The importance of this dis-
covery may not be apparent at first glance, but, supposing
that the cotton-planters of a whole region should abandon
the cultivation of the plant,in order to escape the attentions
of the boll weevil, their eflorts would be unavailing, if the
insect could subsist on some other plant or plants during
the period and then attack the cotton with renewed vigour
when its cultivation was resumed. If only on account of
the fact that the weevil appears to have but one food plant,
there is hope that crop rotation will materially decrease
the pest in time.

The life-history of the cotton-boll weevil is not without
interest. The female weevil bores o cavity, either among
the immature anthers of & cotton square, or on the inner
side of one of the carpels of a boll or bud, and there de-
posits & pearly-white egg. The covering of each egg’is
unmarked and soft but tough, thus allowing for consider-*
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able changes in form; and, to a certain extent, it assumes
the shape of the eavity in which it is deposited. In a few
days the young larva hatches from the egg, and, at first,
it is as inconspicuous as the egg from which it came, except
for its brown head aud mandibles. About % of an inch in
length, this legless grub (fig. 4, &) is crescentic in form and
white in colour, modified, however, by the dark-coloured
body contents, which show through the almost transparent
body wall. As the larva feeds and grows it enlarges the
cavity in which it dwells, and, at the same time, the larval
castings are spread thickly over the walls of the cavity,
and, becoming firmly compacted by the frequent turning
of the grub, form a cell in which, after the third moult,
pupation takes place. The pupa (tig. 4, B) is creamy or
pearly white in colour, gradually becoming darker as the
adult stage is neared. When the final moult is about to
take place, the pupal skin splits open over the head and
slips down over the proboscis and thorax, but it adheres
to the antenns and tip of the proboscis, till the back has
been laid bare and the legs kicked free. Then the skin is
violently pulled with the fore legs, and so the tip of the
spout and the antennz are freed; finally, with the hind
legs, the shrunken and crumpled skin is kicked off the tip of
the abdomen. The whole operation lasts for about half an
hour. The newly emerged adult is soft, helpless, and quite
unable to walk, so it remains for a time within the cavity
where it emerged. It is light coloured, the proboscis,
which is the darkest part, being yellowish brown, and the
elytra or wing cases pale yellow. After about two days
the beetle (fig. 3) has become hard and more active, and has
also attained its normal colouring, so it escapes from its
voluntary prison by cutting with its mandibles a hole just
the size of its body. The coloration and size of the adults
vary considerably. As a general rule, the greater the
supply of larval food, the larger the size of the adult, and
the larger the adult, the lighter its colour. The largest
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adults are light yellowish brown, and the smaller ones are
much darker in colour, whilst weevils that have hiber-
nated are darkest of all.

This, in short, is the life-cycle of the weevil, but, before
dealing with the exploits of this pernicious pest in the
cotton-fields, it may be of interest to describe the process
of oviposition in the words of the actual observers, Messrs
Hunter and Pierce. They say that, “while engaged in
making egg punctures, the favourite position of the weevil
is with its body parallel to the long axis of the square and
its head towards the base. 'The tip of the weevil’s body is
thus brought near the apex of a medium-sized square. It
may be that the position described is especially favourable
forobtaining a firm and even hold, and this may have some-
thing to do with the regularity with which it is assuned.
Having selected their location, the female takes a firm hold
upon the sides of the square and completes her puncture
while in this position. The female begins drilling a hole
by removing with the mandibles a little flake of the outer
epidermis. Then, with her feet strongly braced by gnaw-
ing and pushing with an auger-like motion, she thrusts her
back into the tender portion of the square. At the bottom
of the puncture she makes a small cavity by gnawing, at
the same time moving about the hole with the beak as a
pivot (fig. 5). Withdrawing her beak, she turns about
with the centre of her body as a pivot. This places the tip
of her abdomen divectly over the puncture, into which she
thrusts her ovipositor. The ovipositor is protruded to the
bottom of the cavity, in which it appears to be firmly held
in position by the two terminal papillz and the enlarged-
terminal portion. Slight contractions of the abdomen occur
while this insertion is being made. In a few moments
much stronger contractions may be seen, and often a firmer
hold is taken with the hind legs as the egg is passed from
the body, and its movements may be seqn as it is foreed
along within the ovipositor down into the ptineture. Only
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a few seconds are required to complete the deposition after
the egg enters the opening to the cavity. Having placed
the egg, the ovipositor is withdrawn, and just as the tip of
it leaves the cavity a quantity of mucilaginous material,
usually mixed with some solid excrement, is forced into the
opening and smeared around by means of the tip of the
abdomen. This seals the egg-puncture, and the act of
oviposition becomes complete. Sometimes the weevil fails
to Jocate the puncture immediately with her ovipositor.
In this event she searches excitedly, moving the tip of the
abdomen about, feeling carefully over the surface of the
square. In this search, however, she never moves her front
feet, apparently using the position of these as & guide to
the distance through which she should search. Failing
to locate the puncture in this way, she again turns around
and searches for it with her beak and antennsze. When the
cavity has been found again the female invariably enlarges
it before turning agein to insert the ovipositor. If the
search with the antenn@ does not prove suceessful, the
female generally makes another puncture in the same
manner as at first. The usual habit of the female in
puncturing through the calyx enables it to seal the wound
more thoroughly because of the healing power possessed
by the calyx tissue. Punctures made in the corolls must
remain open, or are closed only by the slight filling of
mucilaginous excrement by the weevil Punctures through
the ealyx will, in most cases, be healed by the natural out-
growth of the tissue so as to completely fill the wounds in
a manner analogous to the healing of wounds in the bark
of a tree. The custom of the weevil in sealing up its egg-
punctures with & mixture of mucous substance and excre-
ment is of great advantage and assistance to the plant in
the healing process. While undoubtedly applied primarily
a8 a protection to the egg, it seems to keep the punctured
tissue from drying and decay, and this promotes the process
of repair. As a result of the growth thus stimulated in
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the calyx, the wound is healed perfectly in a short time,
and & corky outgrowth appears above the general surface
plane. This prominence has been termed a ‘wart’ The
healing is completed before the hatching of the egg takes
place, and thus both egg and larva partake of the benefit
of its production. Occasionally wartas develop from feed-
ing punctures which were small, but the exact conditions
under which this takes place have not been determined.
Nevertheless, the presence of warts is the most certain
external indication of oviposition in squares. In a series
of observations they were found to follow oviposition in
eighty-four per cent. of the cases.”

An important factor in the development of all economic
ingects is their capacity for rapid development. And an
interesting experiment has been carried out to test the
powers of the boll weevil in this direction. A hibernating
weevil, laying one hundred and thirty-nine eggs by 10th
June, would probably bring half that number, say seventy,
to maturity by 20th June. There are at least four genera-
tions in & season, and, allowing for the same rate of increase
in the succeeding generations, the second generstion would
number gbout two thousand four hundred and fifty; the
third eighty-five thousand seven hundred and fifty; and
the last and final generation, three million one thousand
two hundred and fifty, or & total of three million eighty-
nine thousand five hundred and twenty individuals, as the
progeny of a single pair of weevils and their descendants
in one season. Put in other words, the progeny from one
fertile hibernated female might, in the course of four
generations, that is to say in a single seagon, number one
weevil for every square foot of area in & seventy-five acre
field. As over fifty per cent. of the weevils are destroyed
})y natural conditions, it is doubtful if the actual increase
In one season, from a single pair, ever exceeds two millions.
Alarming figures in all conseience ! )

The Mexican cotton-boll weevil is a strong flier, ti:arefore
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ite rapid distribution is not the cause of wonderment even
to the least observant, as is the case with those essentially
stationary insects the coccids, or such sewi-stationary ones
as the gipsy moths. A certain amount of dispersion takes
place in the spring and summer, but it is in the autumn
that the more or less annual advance over the cotton belt
takes place. The dispersion may be put down as an over-
flow from territories so overcrowded that there is a scarcity
of food, and no opportunities for breeding, combined with
a strong instinct to invade new regions. The direction of
this great autumn Hight is usually governed by the pre-
vailing winds, and the distance travelled is regulated by the
occurrence of uninfested cotton. If the first short flight
reveals cotton as yet unattacked, the weevils will settle
there; if, on the other hand, infested cotton is found or
none at all, & series of flights will take place, till the beetles
find the cotton they are seeking. Sometimes these flights
will carry them as far as forty miles. In the cotton-fields
the boll weevils are well protected from their enemies by
their colour, which barmonises well both with the dry
cotton squares and the soil on to which they frequently
fall. When the plant on which the weevil is feeding is
disturbed, or even if a large object moves in its vicinity, the
insect becomes all attention, remaining motionless, with its
antenne raised. If the disturbance continues, the weevil
falls to the ground, withdraws its antennzw agsinst its beak,
which, together with its legs, are drawn close to its body.
Thus it remains “shamming dead” for some timo, unless
further disturbed, when it will take to its legs and run a
short distance before repeating the performance.

It is only natural that a considerable amount of attention
has been paid to the control of such a pest as the boll
weevil has proved jtself. Climatic conditions have, so far,
proved the most effective agency in keeping the insect
within anything approaching reasonable bounds. Winter
oold and summer heat alike are injurious to the insect, the
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former, by directly reducing its vitality, resulting eventually
in death; the latter, achieving the same result indirectly,
by interfering with the fruiting of the cotton plant and so
dopriving the weevils of food; but winter cold is, on the
average, twice as effective as summer heat.

With regard to parasitic and predatory enemies of the
Mexican eotton-boll weevil in the United States, the Ameri-
can entomologista say that “it is known to be the host of
twenty-nine species of parasites, of which four are mites,
twenty-one belong to the order Hymenoptera, and five are
porasitic flies. In addition to these true parasites, there
are six predators which kill the adult boll weevils, and
twenty-two predators which attack the immature stages.
These include a mantis, a predatory bug, eight beetles, a
leaf-feeding caterpillar, and seventeen species of ants. In
all, the boll weevil is known to have fifty-eight species of
insect enemies, and probably many more species will be
found as the weevil enters new regions.” A goodly host
of enemies, it must be admitted ; but the weevil apparently
thrives, despite themn all. Space permits the mention of
one only of these weevil foes: the moth, dlabama argil-
lacea, known in America as the cotton-leaf worm. For
many years the larvee of this moth did an enormous samount
of damage among the American cotton-fields; in fact, in
some parts, it attracted almost as much attention as the
boll weevil does now. Changes in the cotton cultivation
and the use of an effective insecticide—Paris green—have
combined to reduce the damage done by this insect, and it
is one of the most extraordinary coincidences in the history
of economic entomology, that this formerly dreaded pest
is now regarded by farmers, in weevil-infested regions, as
decidedly beneficial. ‘The cotton-leaf worms defoliate the
cotton plants, thereby checking their growth, with the result
that the opportunities for the breeding of the weevils are
lessened, and, as a consequence, their numbers are much
reduced at the end of the season. Again, after depriving
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the plants of their leaves, the caterpillars often devour the
squares and small bolls in which the immature stages of
the weevil occur. Furthermore, the defoliation of the
leaves allows the sun to exert its full force on the fallen
squares, thereby withering them up, together with their
contained weevil larves and pupa. At the present time, as
the result of the beneficial work of Alabama argillacea,
farmers in infested regions are rapidly giving up the
practice of poisoning the formerly much dreaded caterpillar.
Will the Mexican cotton-boll weevil ever come to be looked
upon as beneficial —who knows ?

It must not for & moment be imagined that the American
cotton crop was free from serious pests before the advent of
the Mexican cotton-boll weevil ; indeed, we have mentioned
one enemy of this useful plant, in the shape of Alabama
argillacea. A more widespread and destructive pest is the
so-called cotton-boll worn, Chloridea obsoleta ; in fact, till
the weevil went north from Mexico, this so-called worm,
which is in reality the larva of a moth, of the family Noc-
tuidee, was the chief destroyer of cotton in the United States.
So nearly cosmopolitan is this insect, that it would be easier
to detail the countries where it does not occur than to
mention the places where it is found ; its origin is obscure,
but in all probability its original home was somewhere in
the New World. Though we are here only considering
Chloridea obsoleta in the light of a cotton pest, it is equally
destructive to maize, tomatoes, and tobacco, and, in its wild
state, has been known to feed on seventy different plants,
a pumber that is materially increased if we add a con-
siderable number of other plants on which it has been
artificially fed.

As & rule, these insects only turn to cotton when the
maize begins to harden; then the moths feed on the nectar
secreted by the flowers, and lay their eggs indiscriminately
over the plants. The smount of damage done to the
cotton plants depends on the age of the maize in- the
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neighbourhood ; if all the crops of maize ripen simul-
taneously, then Chlorideo will migrate en masse to the
cotton-fields, but, so long as there is maize to feed on,
damage to the cotton crops will be relatively light. Care-
ful computation puts the annual toll of the boll worm, in
the cotton-fields of the United States, at four per cent. of
the value of the erop.

The female moth lays from five hundred to three thou-
sand eggs, usually on cotton or maize, sometimes on
tobacco or tomato, and the early evening is the most
favoured time for so doing. In favourable weather, only
two or three days elapse beforc the larve emerge; in
arder to escape from the shell, the larva bites vigorously
at the hard membrane of the egg, till it has weakened a
spot sufficiently to get its head through. When once this
is accomplished the hole is quickly enlarged to allow the
larva to crawl out. The whole operation takes about a
quarter of an hour. A very constant and curious habit of
the newly emerged larves is worthy of mention. Unlike
the majority of caterpillars that have just come into the
world, the young boll worms do not immediately seek out
food, at least not vegetable food ; they turn their attention
to the shells they have just left, and begin once more to
eat them. Sometimes the entire shell is eaten, at other
times only a portion; but, whatever the extent of this
curious habit, it is uncertain what benefit is derived from
it by the caterpillars. When replete, after their initial
meal, the larves wander afield in search of more nutritious
food ; should ill success attend their efforts and food be
scarce, the caterpillars, becoming cannibal, will eat any, as
yet, unhatched eggs which they may encounter. When
first hatched the larve are about one and a half millimetres
in length, and by a series of from four to six moults, when
they again show their cannibalistic natures by eating their
shed skins, they attain their full growth and a length of -
over forty-two millimetres. The most remarkable feature
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of the full-grown larve is their wide colour variation, even
when they have been reared under similar conditions; some
are quite dark brown, others of a rose shade, and larve of
yet a third type are green.

We have mentioned that the young boll worms are
cannibalistic; but the habit is not confined to the early
larval stages, for when half grown, or rather older, they
are exceedingly vicious and are slways ready to attack
one another. If the paths of two larvee, feeding in
proximity to ome another, accidentally cross, they become
irritated and snap at one another. The larger one usually
kills and eats the smaller one, but if they are of approxi-
mately the same size, both may be mortally wounded. With
rare exceptions, whenever larva meet accidentally on a food
plant they fight, though their antipathy to their fellows
does not go so far as to cause them to hunt one another
out with evil intent. “The boll worms appear to relish the
bodies of their unfortunate fellows, but soon sicken and
die if compelled to suhsist for & long time on this sort
of food.”

When full grown, the larva leaves its food plant for the
soil, in order to pupate; when on the ground it at once
proceeds to work its way below the surface, pushing its
head against the soil, and, swinging it slightly from side
to side, it throws up a pile of loosened earth. The hole
(fig. 6) is about twice the diameter of the larva, though
it rapidly becomes filled with soil particles. The time
required to burrow beneath the surface depends largely on
the texture of the soil, and varies from five minutes to
nearly an hour. When buried, the larva still burrows, in
a slanting direction, to & depth of from one to seven inches,
then it turns upwards and forms a curved tunnel, with
smooth walls which it coats with silk. About an eighth
of an inch below the surface of the ground the tunnel stops
abruptly, and the larva, its burrowing operations completed,
pupates in the tunnel with its head towards the surface.
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It is of interest to note that in dry sandy soils the tunnels
pass much deeper into the earth than in clay soils; also,
in the autumn, the insects which are destined to winter as
pupa pass considerably further into the ground than their
relatives earlier in the season: by doing so they are pro-
tected against frost.

The duration of the pupal stage varies from rather more
than ten days, in the summer, to over six months in the
cage of the individuals which hibernate as pupm. When
emergence takes place, the moths push aside the layer of
earth at the top of the silk-lined burrow and come to the
surface with their wings still unexpanded; although un-
able to fly for several hours, they are able to run with
considerable agility. In colour they are even more
variable than the larve, and no good purpose would be
served in attempting to describe all the varietiea. During
the day the moths rest with their wings folded tightly
over their backs and never move from their position unless
disturbed, when they usually fly rapidly to another resting
place and quickly seek cover.

Feeding and oviposition rarely take place by day; it is
not till about four o'clock that the adults begin to become
active, and often they are not on the wing till much later.
In the case of the females, it appears to be absolutely
essential for them to feed before they are in a condition
to oviposit. Anthonomus grandis, Chloridea obsoleta, and
Alabama argillacea are a notorious trio, but, with them
out of the way, the cotton plant would not be immune from
insect attack; what, for want of a better term, may be
styled pests of second rank, in the shape of the cofton
stainer, Dysdercus suturellus ; the cotton-leaf bug, Calocoris
rapidus; and the cotton-square borer, Uramnotes melinus,
do an incalculable amount of damage to this essential plant.

The periodical cicads, Cicada septendecim, is “un-
doubtedly the most anomalous and interesting of all the
insects peculiar to the American Continent.” The most re-
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markable featare about this remarkable insect is the extra-
ordinary duration of its immature stages. From the time
the larva emerges from the egg to the time the perfect insect
appears, no less a period than seventeen years elapses—in
one race it is thirteen years. During the whole of this time
the very existence of the insect is unsuspected and unindi-
cated. No less remarkable is the regularity with which, at
the end of every generation, millions of individuals attain
maturity at practically the same moment. * Without
warning this cicada suddenly emerges over greater or
smaller areas, flling the ground from which it issues with
innumerable exit holes, swarming over trees and shrubs,
and making the air vibrate with its shrill, discordant notes.
During its short aerial life it leaves very decided marks
of its presence in the egg slits which thickly fill all the
smaller twigs and branches, the killing or injury of which
causes some temporary harm and a sort of general twig
pruning not especially injurious to forest trees, but more so
to fruit trees, and very undesirable and disastrous to young
trees and nursery stock.”

“Following briefly the history of the insect, the young
ant-like larva, hatching from the eggs a few weeks later,
escapes from the wounded limbs, falls lightly to the ground,
and quickly burrows out of sight, forming for itself a little
subterranean chamber or cell over some rootlet, where it
remains through winter and summer, buried from light,
air, and sun, and protected in & manner from cold and frost.
It lies in abeolute solitude, separated from its fellows, in
its moist earthen chamber, rarely changing its position, save
a8 some accident to the nourishing rootlet may necessitate
its seeking another. In this manner it passes the soventeen
or thirteen years of its hypogeal existence in a dark cell
in slow growth and preparation for a few weeks only of
the society of its fellows and the enjoyment of the warmth
and brightness of the sun and the fragrant air of early
summer. During this brief period of aerial life it attends
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actively to the needs of eontinuing its species, is sluggish
in movement, rarely taking wing, and seldom, if ever, takes
food. For four or five weeks the male sings his song of
love and courtship, and the female busies herself for a little
longer period, perhaps, with the placing of the eggs which
are to produce the subsequent generation thirteen or seven-
teen years later. At the close of its short aerial existence
the cicada falls to the ground again, perhaps within a few
feet of the point from which it issued, to be there dis-
membered and scattered about, carpeting the surface of the
ground with its wings and the fragments of its body. Such
in brief is the life round of this anomalous insect. . . . If
we cannot satisfactorily explain the reason for the long
larwal life of the periodical cicada or the conditions which
led to the origin of this peculiarity, assuming it to be
abnormal, we can at least see certain advantages coming
to the species therefrom. Among these are the protection
from attacks of parasitic enemies, since we can hardly
conceive of a parasite limited to this cicada which could
possibly extend its existence over an equal term of years.
Its occurrence, also, in overwhelming numbers at almoat
the same moment everywhere within the range of the
brood prevents its being very often seriously checked on its
aerial existence by the attacks of birds and other vertebrate
enemies, which fatten on it in enormous numbers. For
this species this is 8 most important consideration, for it is
naturally sluggish and helpless, and seems to lack almost
completely the instinct of fear common to most other
insects, which leaves it an easy prey to insectivorous
animals, The almost entire absence of fear and consequent
effort to save itself from danger by flight or concealment is
apparently a consequence of the long intervals between its
aerial appearances.”

The clearing of woodlands and the increase of settlement
acts as a serious check on the insect, and: the writer, whose
words we have already quoted at length, continues: “To



58 INSECTS AND MAN

the lover of nature there is something regrettable in this
slow extermination of an insect which represents, as does
the periodical cicada, so much that is interesting and
anomalous in its habits and life-history. During the long
periods of past time the species has recurred with absolute
regularity, except as influenced by notable changes in the
natural topographical conditions and the despoliation of
forests which has followed the path of white settlement.
It is interesting, therefore, taking as time measures its
periodic recurrences, until in retrospect it is possible to
fancy its shrill notes jarring on the ears of the early
colonists or listened to in the woodlands bordering the
ocean by the still earlier discoverers and explorers. Still
more temotely one can picture its song causing wonderment
to the savage Indians, who attributed to it baleful influences,
and yet, less dainty than their white followers, used the
soft, newly emerged cicadas as food; or further back in
time, when it bad only wild animals as auditors. With
these long-time measures our brief periods of days, weeks,
months, and years seem trivial enough.”

The early study of this peculiar insect was one of great
difficulty, till it was discovered that two distinet races
existed : the one, limited to the northern half of the renge
of the species, with a seventeen-year developmental period ;
the other, hailing from the southern half, with a develop-
mental period of thirteen years. The latter race has been
called Cicada tredecim, and, by many, it is considered
simply as the seventeen-year form with an accelerated
metamorphosis, owing to more favourable atmospheric eon-
ditions. In colour, form, and habit, in fact in every respeet,
except for the length of the developmental period, the two
resemble one another. In both races, however, there are
two distinct types: a large form, comprising the majority
of each brood, and a raver, small, or dwarf form. The large
form (fig- 7) measures about one and a half inches from
the head to the tip of the closed wings, which have an
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expansion of three inches. The under side of the abdomen
is & dull orange colour, and, in the male, four or five of the
segments on the upper side are of the same colour. The
smaller form is about two-thirds the size of the larger, and
it appears and disappears some ten days later in the season
than its larger brethren.

It may reasonably be inferred that, early in its existencs,
the periodical cicada of America was represented by a
single brood ; in that event, it would have appeared every-
where over its range at the same time. In the long course
of ages this original brood would have become broken up,
with consequent divergence of the dates of appearance, so
that, at the present time, practically every year has its
brood or broods, upwards of twenty baving been differen-
tiated, studied, and recorded, with the result that the Ameri-
can Bureau of Entomology can foretell when and where &
brood may be expected to appear.

The periodical cicada belongs to the order Rhynchota
and the sub-order Homoptera, therefore it is closely related
to the scale insects and aphides; they are the largest and
most striking insects of their sub-order, and, because they
possess the power of “song,” have been invested with great
popular interest since the time of Homer. Black in colour,
for the most part, it has beautiful orange-red eyes and
limbs, and the principal veins of its four, almost transparent,
wings are similarly coloured. )

Contrary to our usual practice, we will give some atten-
tion to the structure of two of the insect’s organs, viz., the
organ of song and the ovipositor, for they are of special
interest. With regard to the organ of song possessed by
this insect, it is curions and interesting to note that the
fullest and most accurate description was given by Résumur
as long ago as 1740, in his Histoire des Insectes, and
although the organ has been studied by many later entomo-
logists, little has been discovered that escaped the notice
of the celebrated French naturalist.
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The organ of song (fig. 8) is found in the male insect only,
“and the true sound apparatus consists of two small ear-
like or shell-like inflated drums situated on the sides of the
basal segment of the abdomen. These drums are caused to
vibrate by the action of powerful muscles, and the sound
is variously modified by adjacent smaller discs—the so-
called ‘mirrors’ or sounding boards —and issmes as the
peculiar note of the species, which, once heard, is never
likely to be forgotten, or, if heard again, mistaken for that
of some other insect. The true sound organs are entirely
exposed in the seventeen-year-old cicads, except for the
covering afforded by the closed wings of the resting insect.
In other cicadas these drums are usually protected by over-
lapping valves or expansions of the body wall. The sound-
ing drum, or ‘timbal, as Réaumur termed if, of the peri-
odical cicada is a tense, dry, crisp membrane numerously
ribbed or pleated, with the convex surface turned outward.
The ribs are chitinous thickenings or folds in the surface
of the parchment-like drum, and strengthen the drum, while
perbaps rendering it at the same time more elastic. The
sound is produced by the rapid vibration, or undulation,
caused by the springing or snapping in and out of these
corrugated drums., Two powerful muscles of very peculiar
structure situated within the base of the -abdomen set these
drums in motion, producing the rattling, so-called song of
the cicada, very much, as has been suggested, as sound is
produced by pressing up and down the bottom of a tin pan
which is somewhat bulged. Beneath each ‘timbal’ in the
base of the abdomen of the insect is a large sound or air
chamber, and a third oceurs in the thorax joining the first
two. These are closed by the body walls and membranes,
and the two abdominal ones beneath by the very peculiar
‘mirrors’ or ‘spectacles’—the tense, mica-like membranes
situated at the base of the abdomen and protected and
covered by the semicircular rigid dises projecting from the
thorax. These transparent membranes are often mistaken
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for the true sound organs, but they are rather sounding
boards, or drums, to increage and transmit the sound vibra-
tions induced by the play of the timbals. That they are
not essential to the production of sound can be shown by
slitting them or removing them altogether without there
being any cessation of the note. Much more important
modifiers of sound are the semicircular discs projecting from
the thorax over the ‘mirrors,’ which, if closed artificially
or by the insect, deaden the sound very much, or, if opened
or cut off, allow it to escape in greater volume. In singing
also the insect modifies its song notes and their volume by
raising and lowering the abdomen, thus opening and closing
these discs; and the act of singing is also accompanied by
a sort of trembling of the thorax. The position assumed
by the male when singing is always with the head upward.
The abdomen is then elevated and apparently inflated, and
with the beginning of the sound is slowly brought down
against the limb, when the note ceases. After a rest of a
few seconds this operation is repeated. These abdominal
movements vary in different species of cicada and determine
in & measure the peculiar notes of each.” Each species has
& distinctive note, so that anyone used to the song of these
insects can at once recognise their note as we can recognise
the song of certain birds.

The ovipositor (fig. 9), es its name implies, is the organ
for depositing eggs; but in the periodical cicada it serves
another purpose as well-—it is & boring organ,—for the eggs
are always laid in the twigs and younger shoots of trees,
When at rest, this organ is almost concealed by the over-
lapping sides of the eighth abdominal segment ; it is also
protected by two valves, which form a sort of sheath or
scabbard. Within this sheath is the ovipositor proper, a
very tough, spear-shaped instrument serrated at the ex-
tremity, and consisting of three pieces, also a back portion
which acts as s support for the lateral blades, These blades
slide up and down, alternately, on tongues projecting from



62 INSECTS AND MAN

the supporting piece, and their sorrated edges are the chief
agents in piercing the twigs preparatory to oviposition.
The blades ave operated by powerful muscles, in making
incisions in the twigs, and the eggs pass through the tube
formed by the three pieces of the instrument, till they
reach their resting place in the twig.

The act of oviposition may easily be observed in these
insects; when about to oviposit, the female always takes
up a position with her head towards the end of a branch, of
such a size that she may firmly clasp it with her legs. The
ovipositor is brought into operation at an angle of about
forty-five degrees, and it is thrust slowly into the bark and
wood. When fully inserted, the ovipositor is raised up-
wards, in order to prise up little wood fibres, which form &
sort of covering for the egg-fissure. Space is made to hold
ten to twenty eggs; then the female returns to the starting
point and inserts the eggs in the twigs, in pairs, separated
by a tongue of wood which has been left undamaged. The
whole operation of filling a double nest lasts about forty-
five minutes. As many as fifty egg-neats may be found on
a single twig ; in fact, the female continues making the nests
till she hag exhausted her store of eggs, which may number
from five to six bundred, then, worn out with her exertions,
she falls to the ground and dies. The eggs are exceedingly
delicate and slightly curved ; so thin and transparent is the
shell that, before hatching, the larva can be plainly seen
within. A certain amount of nourishment is absorbed by
the eggs from the juices of the plant cells, resulting in an
increase in size. In about six or seven weeks the larva
(fig. 10, A), by dint of much wriggling and twisting, frees
itaelf from its shell and a delicate membrane which covers
it, and then, after the manuer of an ant, runs rapidly about
the tree. Before long it deliberately loosens ite hold of the
branch, and, being very light, falls to the ground as gently
as a feather and receives no injury. “The peculiar instinet
which impels this newly hatched larva to thus precipitate
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itself into space without the least knowledge of the distance
to the ground or the result of its venture has been often
commented upon, but it is not more remarkable than other
features in the life-history of this species.” At this stage
the insect is yellowish white in colour, except the eyes and
claws of the anterior legs, which are reddish ; its total length
is about one-sixteenth of an inch, and it is chiefly remark-
able for the structure of its lobster-like front legs. On
reaching the ground, the larvs at once enters some erack or
fissure, passes from sight, and begins its long subterranean
existence. Concerning this underground life, we can only
give the veriest outline. There are four larval stages, and
by the time the fourth stage is reached the insect has
completed its eighth year; from three to four years are
passed in this stage, which is succeeded by two pupal stages.
All the time the insect is below ground it dwells in a little
earthen cell, which encloses some portion of & root, from
which nourishment is derived; in the early stages these
cells are very small, but the larve enlarge them as they
grow. When the time has almost come for the emergence
of the adult insects, the pupw usually burrow upwards till
they are just below the surface of the ground, though some-
times they come out of the ground and hide under stones,
etc. Sometimes, too, when they reach the surface of the
ground before they are prepared to leave it, they build
huts or cones (fig. 11), little chimneys of earth above the
surface of the soil which form continustions of their
burrows, though with what object is doubtful: from the
top of these cones they emerge in due course.

When the time for transformation arrives, one of the
most remarkable events of the whole life-cycle occurs—
after seventeen years of waiting these pupm emerge from
t.he ground with remarkable unanimity, and make a bee-
line to the trunk of the nearest tree, covering the ground
8o thickly that it is impossible to walk without treading
on them. Once on the tree, they crawl out on to all the
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branches and transform $o the adult stage. Professor
Riley says: “ There are few more beautiful sights than to
see this fresh-forming cicada in all the different positions,
clinging and clustering in great numbers to the outside
lower leaves and branches of a large tree. In the moon-
light such a tree looks for all the world as though it
were full of beautiful white blossoms in various stages of
expansion.” The adult stage only lasts for a period of
about six weeks, and, as & rule, their disappearance is as
sudden as their appearance. In this short period, however,
the females contrive to do a considerable amount of damage
to various trees, by reason of their peculinr egglaying
habits, oak, hickory, and apple being especially favoured.

The gipsy moth, Porthetria dispar, is an insect that is
worthy of mention wherever the subject of economic
entomology is moobed, not 8o much on account of its doings
in its native country or countries, but because of the
enormous havoe it has wrought in the land of its adoption
—America. Well known in Central and South Europe, the
range of this moth also extends over the temperate regions
of Asia to Japan. Though rare in England, it is & serious
pest in some parts of France, Germany, and Russia; its
southern limit seems to be Algeria, where no doubt it has
been introduced from France. As a forestry pest the insect
is notorious, and as long ago as 1720 it and its m_)unea
were well known.

The history of the introduction of this moth into America,
especially in the light of subsequent events, reads more
like some wild romance than the entomological tragedy
which it was. In 1869, Professor L. Trouvelot was con-
nacted with the astronomical observatory at Harvard
University, and he combined with his astronomical pursuits
a taste for entomology, his special hobby being the cultiva-
tion of wild silkworms. At that time the silkworm disease,
* known as pébrine, was decimating the inmates of the
gericnlbure establishments of Europe, and the Professor, by
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cross-breeding of allied species, hoped to produce an insect
that would be more resistant to disease. His charges em-
braced & variety of species from many countries, and among
them the European gipsy moth. According to one version,
the eggs of one of these moths were blown from his study
window. Anotheraccount says that the caterpillars crawled
out. Whatever may be the correct story matters little, the
tragedy lies in the fact that Porthetria dispar was at large
in the woodlands neighbouring on Medford, Massachusetts.
Though the accidental introducer of a very serious pest that
eventusally cost his country thousands of dollars, in an
attempt at eradication, eredit must be given to the Professor
for bis foresight in at once giving notice that a dangerous
insect was at large; but his warning fell on deaf ears.
Probably the people took no notice, because, at first, the
insects were seldom seen; they increased very slowly by
reason of the fact that they were accommodating them-
selves to the severe climate to which they were un-
accustomed. Porthetria dispar remained very much in the
background, or apparently so, for about a dozen years, when
some of the trees about Medford were defoliated by cater-
pillars, whose identity was not at the time revealed. An
energetic but unavailing onslaught was made on the pest,
for, by the summer of 1889, “it had multiplied to such an
extent as to become a notorious pest. Its numbers were so

epormous that the trees (woodland and fruit) were com- ;

pletely stripped of their leaves; the crawling caterpillars
covered the side-walks, the trunks of the shade trees, the
fences, and the sides of the houses, entering the houses, and
getting into the food and into the beds. They were killed
-in countless numbers by the inhabitants, who swept them
. up into piles, poured kerosene over them, and set them on
“fire. Thousands upon thousands were crushed under the
feet of pedestrians, and a pungent and filthy stench arcse
from their decaying bodies. The numbers were so great

that in the still summer nights the sound of their feeding
. .
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could be plainly heard, while the pattering of their excre-
mental pellets on the ground sounded like a shower of
rain. . . . So great was the nuisance that it was impossible,
for example, to hang clothes upon the garden clothes-line,
as they would become covered with caterpillars and stained
with their excrement. Persons walking along the streets
would become covered with caterpillars spinning down from
the trees. To read the testimony of the older inhabitants
of the town . . . reminds one vividly of one of the biblical
plagues of Egypt.”

At this time the insect was thought to be a native
Americap species, but Mrs Fernald recognised the cater-
pillars from a description in a Europesn book, and
announced that the insect was none other than the noxious
gipsy moth. During the ensuing ten years every effort
was made to eradicate the pest, and a sum of $1,175,000
was spent in the attempt. During these years the affliction
remained a local one, and legislators, in districts where the
moth had never been encountered, combined successfully
to put a stop to further expenditure, This—the greatest
tragedy of all in the history of the gipsy moth in America—
saved the situation as far as the insects were concerned,
for, unharassed by man, and free from attacks by the
parasites and predatory insects whieh had kept them in
check in Europe, the moths had, by 1906, muitiplied and
spread to such an alarming extent that $75,000 was voted
at once, and $225,000 in 1907, in “frantic attempts to
overcome the results of those five years of rash idleness.”
‘What was formerly a local pest had now spread throughout
New England, and to-day the expenditure of millions of
dollars and vast amounts of time and energy are rewarded,
solely, by the belief that the advance of the pest has been
checked, and that the infestation of new territory has

' become preventable.

It has been mentioned that the gipsy moth caterpillars
are inveterate enemies of trees, and they show a partiality
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for apple trees, ouks, willows, and elms. The eggs, each of
the size of a pin’s head, aro laid in 1nasses of about six
hundred, during July and Aogust. Bach cream-coloured
egg-mass is covered by yellowish hairs from the abdomen
of the female, and has the appearance of a piece of sponge.
The caterpillars emerge in May, and, at first, are salmon-
coloured, becoming darker as they grow older; when full-
grown they are soot-coloured, and their heads are con-
spicuously marked with yellow. On their backs are a
double row of blue spots and a double row of red ones, and
from these spots arise greyish and yellowish hairs. In
July, by which time the caterpillars are fully developed,
they spin a silken cocoon, within which they change into
chocolate-coloured pupm». Towards the end of July and the
beginning of August the moths emerge, and the two sexes
are so dissimilar that they would never be taken for the
samo species by the unentomological. The male, about
thirty-eight millimetres long, is of a general brownish
colour, the darker brown upper wings being marked with
still darker brown and black, whilst the lower wings are
paler brown and unmarked. Owing to its peculiar jerky
flight, the male has received the popular name of “zig-
2ag.” The female (fig. 12) is ncarly twice the size of her
partner, being about sixty-two millimetres long; in general
colour she is cremmy white, and the upper wings are
marked with sinuous brown lines. Possessed of a large
aud heavy abdomen, the fersale is unable to fly, her aerial
locomotion being limited to a few struggling flaps which
serve {o break her fall when she finds herself, probably
accidentally, falling to the earth from one of the upper
tree branches where she first came into the world. Flight
is not the onJy funetion denied to the females, for they are
unable to eat, and after laying their quota of eggs they die.

The American naturaliste have, not uunaturally, been
somewhat puzzled to account for the rapid, spread of the
gipsy moth, since its introduction into their country.
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Were the females blessed with the power of flight, their
distribution over large areas would follow, as a matter of
course ; but, as they are practically confined to the spots
where they are born, the question of their travels has been
the subject of much experiment. Into the details of all
these researches we cannot enter, but one of thewm, at least,
is of special interest; it concerns the caterpillar in the first
stage of its existence, that is to say, before the first moult.
In 1893 two Austrian scientists, Wacht] and Kornauth,
published the results of some experiments they had earried
ont regarding the distribntion of the first-stage larva of
the non moth, Psilura monacha, and, at the same time,
they described some peculiar hairs to be found on these
caterpillars, and stated that similar ones were to be found
on first-stage gipsy moth larvee. These hairs only ocenr
on the earlier stages of the caterpillar, and, as they are
furnished, mear the base, with globular en]argements,
which were supposed to be filled with air or gas, they
were called aerostatic hairs, and the globules were called
aerophores. Experiments conducted in the forests of
Austria showed that the nun moth larve were carried
long distances by the wind, and, by analogy, it was assumed
that the gipsy moth larves, being similarly furnished, would
be carried like distances. Microscopic examination of a
first-stage larva revealed two kinds of hairs, arising from
each of the tubercles which are arranged along the body
(fig. 18). Of these hairs a few are slender and nearly half
as long as the caterpillar, and & considerable number of
much shorter ones are furnished with globular swellings
near the base. Whether these serophores actually assist
the young larves in their distribution, by making them
more buoyant, is not actually known, but experiments in
America show that the larves can be carried, by the wind,
a third of & mile, from & point less than six feet above
the ground, and that the most favourable time for the dis-
persion is when the temperature is above sixty-five degrees
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and the velocity of the wind over fifteon miles an hour. In
gusty weather one may observe leaves caught by the wind
and carried several hundred feet into the air; there they
may be, and often are, brought into contact with the strong
currents of the upper air and carried several miles before
falling to earth. Observers are agreed that the same
thing occurs to the first-stage larves, when they are sus-
pended from the trees by the silk which they spin, though
actual proof is wanting. If the surmisc is correet, it would
account for the, at present, unaccountable spread of the
gipsy moth to new territory.

Though probably every family of insects contains one or
more Species that have earned an unenviable notoriety, on
account of the havoe that they cause, cither among man's
crops or his livestock, certainly none contains so many
injurious species as the family Coccide, or scale insects,
the most notorious member of which is the San José scale,
Aspidiolus perniciosus.  Although of Chinese origin, as
we shall see later. this insect was first encountered in
America, at San Jogé, California, in the early ’seventies.
In less than twenty years, from the time of its first
appearance in Western America, it had spread to the
Atlantie seaboard and into Canada, and there are now very
few fruit-growing districts in the North American conti-
neut, within the climatic range of the insect, where it has
not gained a permanent foothold.

With the thoroughness that is characteristic of the
Anericans, in all matters appertaining to economic ento-
mology, it was decided to discover, if possible, the original
home of the scale with the object of finding some control
ingects, either parasitic or predatory. Suspicion having
fallen on Japan and China, Mr C. L. Marlatt, of the United
SMbes Buareau of Entomology, décided to visit these countries
in 1901. Japan was first explored, and in spite of the fact
that practically every house in that country has a little
gorden in which are single examples of cherry, plum, or
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peach trees, and the roads, temple grounds, and streets are
lined with cherry and plum trees, planted for their blossom
and not for their fruit, no San José scale occurred, except
where recent stock had been imported from America.

An extensive exploration showed that Japan could not
be considered responsible for the scale; accordingly the
investigator’s attention was turned to China. After various
detours Pekin was reached, and, as this city is the centre
for all the region lying to the north and west, the streets
devoted to the sale of frait proved of considerable interest.
All the fruit is brought into Pekin in little two-wheeled
carts, or on camel back, and in the markets there is always
a representative collection of the fruits of Northern China,
principally from the hill region leading up to the mountains
separating China from Mongolia and Manchuria. Great
quantities of these fruits, native apples, pears, and a little
haw apple were examined—peaches were out of season,—
and a scanty but general infestation of San José scale was
discovered. As no foreign stock had been introduced, the
presence of the scale indicated that it was of native origin,
and jts scattered nature pointed to the probability of its
being kept in check by natural enemies. Further investi-
gation showed that the special region where the scale
thrives is a region leading up to the mountains, comprising
the northern and north-eastern frontiers of China, and
bounded, on the north and north-east, by the vast Desert
of Gobi, and, on the south and east, by the great alluvial
plain of the Yellow River, where only cereals are grown.
The region, it will be seen, is much shut off, a fact that
probably explains why the scale has not become a world-
wide pest ages ago. It is thought that the insect was
introduced into California on the flowering Chinese peach,
probably imported from the nurseries of Dr Nevius, a
missionary who introduced apple-growing into the pro-
vince of Shantung.

A tree badly invested with San José scale appears to be
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covered with a greyish, rather rough, scurfy deposit, or an
equally good description is to say that the tree appears to
be coated with ashes, stem, branches, and fruit alike attacked.
The leaves also are not immune, but on them the tendency
is for the scale insects to arrange themselves in two or
mare quite regular rows on either side of the midrib. A
characteristic feature, though one which occurs sometimes
in other scales, is o peculiar reddening effect which it pro-
duces on the skin of fruit and tender shoots; in fact, the
quite young scales would be most inconspicuous, when
present in small numbers, were it not for the striking
reddish-purple circling ring around each onme. The scale
insects pass the winter in a half-grown state, so small as
to be only just visible to the naked eye, tho male scales
preponderating to the extent of ninety-five per cent.

Early in April, in America, the winter males (fig. 14)
pupate and emerge; being winged, they are able to travel
from tree to tree, and mate with the winter females, after
which they disappear, for their work is donme. About a
month later these females begin to produce living young,
and in this respect they differ from most other scale insects
which deposit eggs. The production of the new genera-
tion extends over a period of six weeks, when the winter
females die. The newly arrived, orange-yellow, six-legged
larva is at first soft, and remains stationary, with its legs and
antenns folded agaiust its body ; soon, however, it hardens,
escapes from its mother’s protecting scale, and runs about
the plant, on which it finds itself, in search of a suitable
place to settle (fig. 15, o). When the resting place is
selected, the larva works its sucking beak through the
bark, and folds its legs and antennz beneath its long ovoid
body, which then becomes nearly circular in ontline (fig.
15, B). Very minute fibrous, waxy filuments are then
secreted all over the body (fig. 15, ¢), and, as they becorme
more and more dense, the insect, within two days, becomes
entirely concealed by a pale grey shell or scale, with &
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prominent central nipple or tuft (fig. 15, p). This scale is
formed by the matting and fusion of the waxy filaments.
Twelve days after the larva has emerged the first moult
takes place, and, up to this time, the males and females are
exactly similar to one another in size, colour, and shape.
After the moult an examination of the insects, beneath the
seale, shows that both sexes are light lemon yelow and
devoid of legs and antenns; but, whilst the males are
elongate and pyriform and possess large purple eyes, the
females have lost their eyes and are almost circalar, being
in fact practically flattened sacs, each with a long sucking
bristle springing from the central ventral surface. Eighteen
days from birth, the males change to the first pupal stage
and assume an elongate oval form, characteristic of the
sex. The legs and antenn® reappear, together with two
wing pads. Two days later, the true pupal stage is
reached, and the shed skins are pushed out from beneath
the scale. In four to six days more, or from twenty to
twenty-six days from birth, the mature males make their
esit backwards from the rear end of the scale, beneath
whieh they have rested for a day or two before emerging,
To return to the female scale, we find that she moults, for
the second time, in about twenty days, and with each moult
the cast skin is retained within the scale, the upper half
adhering to the scale and the lower half forming a kind
of subsidiary scale, next to the bark. Thirty days from
birth the females are mature (fig. 16), and if they have
then mated, embryonic young may be seen within their
bodies, each one enclosed in a membrane. At the thirty-
third to the fortieth day the young larve appear. The
whole life-cycle of this insect is passed beneath the seals,
with the exception of a few hours’ active larval life and
an equally brief existence of the fly-like, orange-coloured
male.

Fortunately for fruit-growers, considerable headway
against the San José scale has been made by artificial
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means—by various washes and insecticides,—and this fact
has led to less attention being paid to natural methods
of control. Eight species of true parasites are known in
America, and of predaceous insects, practically all the
native ladybirds devour the scale.

One species of ladybird was introduced from China and
Japan by Mr Murlatt, and, although he imported a large
number, all but two died on the voyage or during the first
winter. The two survivors, however, nobly rose to the
occasion, and, during their first summer in America, re-
warded their sponsors with a brood of five thousand
individaals, a sufficient stock from which to rear colonies
for despatch to various states in the three succeeding years.
A small colony, sent to Georgia in 1902, increased to &
number estimated approximately at forty thousand by the
following summer, and, incidentally, materially lessened
the numbers of the San José scale: a consummation not to
be wondered at, for although the adult Chilocorus similis,
for that is the ladybird’s name, feeds actively on the scale,
its larvie are apparently never satisfied, feeding incessantly.
Five or six scale insects a minute is what may be termed
the eating rate of a Chilocorus larva, and an average of
only one a minute would give a total of one thousand four
hundred and forty a day. Chilocorus simailis, however,
was not destined to repest the triumphs of its Australian
relative, Novius cardinalis, against the cottony cushion
scale. The suceess of artificial remedies against the scale
placed Chilocorus in an invidious position, and, as if that
were not sufficient, & native parasite arose, after its first
year in America, and practically exterminated it in some
parts,

CopLiNG Mora

Wherever apples are grown—and where in the temperate
regions do they not occur 2—* wormy apples” are known.
They and their contained grubs are familisr to everyone,
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but how many know the history of these destructive little
maggots, which are more serious enemies to this fruit than
all the other apple pests combined? The familiar maggots
are the larvee of the codling moth, Carpocapsa pomonella,
whose popular name is derived from the old English word
“ quordlying,” which means an immature or half-grown
apple. The original home of this moth probably coincides
with the original home of the apple, that is to say, South-
East Burope; it is now almost cosmopolitan, having been
recognised in America in 1819, Australia in 1855, in
Tasmania about 1861, New Zealand in 1874, South Africa
about 1885, and South America in 1891. Needless to say,
it has spread all over Europe and even into Siberia.

In many fruit-growing districts the codling moth causes
an annual oss of from forty to seventy-five per cent. of
the crop. Although the apple is the most infested fruit,
pears are also attacked, and, to a lesser extent, peaches,
prunes, plums, cherries, quinces, and apricots. No insect
of economic importance has received so much attention
from entomologists; it bas been studied in nearly every
country in the world, and boasts a literature far beyond its
deserts, yet, in spite of all, there are one or two points in
its Jife-history that remain undetermined.

Although the codling moth was mentioned by Goedaert
in his Metamorphosis Naturalis so long ago as 1635, it
is a remarkable fact that the eggs were never accurately
described and figured till almost two hundred and sixty
years later. In size about the dimensjons of & pin's head,
the egg is oval-shaped and flat, with s surrounding flange ;
its surface is much ridged, the ridges forming & network
of varied mesh, being smaller towards the centre and rore
open towards the edge. The eggs, which are glued to the
apple fruit or leaf by the mother moth, are pearly white
when first laid, becoming darker with advancing age; they
possess & peculisr power of reflecting light, which renders
them somewhat conspicuous. In many countries where
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the codling moth abounds, there are two broods in each
year; when this is the case, the majority of eggs of the
first brood are laid on the upper surface of the leaves,
whilst the greater number of the second-brood eggs are to
be found on the fruit. The number of the eggs laid by
each female moth is a debatable point, but they probably
average about thirty-five, deposited over a period of four
or five days. After about ten days, under favourable cir-
cumstances, the larves emerge.

At first they are semi-transparent and whitish in colour,
marked with regularly arranged rows of dark spots, from
which a few hairs arise. Their heads are large, black, and
shiny. When they attain their fnll growth, the caterpillars
measure nearly three-quarters of an inch in length, and, on
their dorsal surface, at any rate, have changed to a pinkish
colour. The spots, which were conspicuous when they first
emerged from the eggs, are now a little darker than the
body, their heads are brown and armed with conspicuous
mandibles, whilst below the lower lip may be seen the
spinneret from which silk is drawn. Of the five pairs of
fReshy legs, the first four pairs are provided with circles
of minute hooks, and the last pair have semicircles of hooks.
When the larvee are hatched on the leaves, they probably
feed, for a time, on the leaf tissues, though the point is one
that requires further observation; at any rate, the majority
oventually reach the fruit, which they enter, for the most
part, by way of the calyx, and sometimes near the stalk, or
where there is a scar, or even where two fruits touch one
another.

The second generation, which, as we have stated, mostly
come into the world on the surface of the apple, enter the
fruit at the side; in fact, they may often be seen crawling
rapidly about the fruit, seeking for some rough spot, or,
better still, a scar. The reason for this eager search is that
the caterpillars jaws can make little impression on the
smooth apple skin. To help in bringing about this con-
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sunumation the insect spins & silken web as it wanders over
the fruit, and, using this as a foothold, it is able to make
some impression on the skin. When once the skin is
broken, progress is more rapid; chip after chip of apple is
bitten out and dropped into the web, till the larva is partly
hidden, then it backs out of its burrow, bringing pieces of
apple out with it. This process is repeated till the insect
is quite hidden, when, turning round, it spins a silken door
over the hole. Unless the larva has partaken of a leaf diet,
its first meal is eaten when hidden within the burrow, for
none of the fruif is eaten during the tunnelling operations.
By the time it is a week old, the larva has reached the
core. As it travels towards this point, it pushes its ex-
crement and frass through the entrance hole, and the
brown powdery mass which gradually collects there is
cbaracteristic of infested fruit. When nearly foll-grown,
tbe caterpillar tunnels its way out of the apple, travelling
as a rule away from the entrance hole, then, leaving the
fruit, it usually erawls along the hranches to the stem, where
it spins its cocoon heneath some rough bark, or in a con-
venient crack, if one be at hand, or, should the tree have a
smooth bark, it passes to the ground and pupates beneath
some hiding place ut its foot. Occasionally, though this
is not the normal procedure, the larva will lower them-
selves to the ground by means of a silken thread; this
probably only occurs when the larvza slip from the fruit by
accident, in which event the thread is spun to save them-
selves in falling. Should the apple be on the ground before
the caterpillar is ready to pupate, it will, on leaving the
frait, simply erawl into the nearest hiding place to spin
its cocoon. Whatever the method selected by the insect,
one thing is certain, and that is, that after abandoning the
fruit it wastes no time in spinning its cocoon. If the larva
is one of the first brood, it changes into a pupa in about
six days, and about three weeks later the adult moths
emerge. If, on the other hand, it is a second-brood larva,
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no immediate change into a pups takes place; in fact, the
insect passes the winter as a hibernating caterpiliar, hidden
from inclement weather and its enemies by its silken cocoon.
Within this cosy shelter the insect remains about eight
months, very solicitous the while for its own safety and
comfort; for, if the cocoon be broken, it is at once repaired
by the ever-vigilant larva.

The moths are variable in size, but never exceed three-
quarters of an inch from tip to tip of their wings. In
genoral colour they are greyish brown, of u shade that
renders them particularly inconspicuous against the bark
of apple trees, on which they are fond of resting. The
front wings are marked with two irregular rows of metallic,
copper-coloured scales, which, in certain lights, appear as
if formed of pure gold; a very dark brown, somewhat yri-
sngular-shaped band also crosses each wing, the remainder
of whose surface is traversed by irregular light and dark
bands, The greyish-brown hind wings have fringed mar-
gins—at the base of the fringe is an unbroken black line,
whilst from this line towards the body, the eoloration
gradually becomes more and more pale, s0 that the lightest
portion is nearest to the body. These moths, although so
destructive, are not seen very frequently, unless in exeep-
tionally badly infested orchards. They spend most of their
time vesting, either on the leaves or tree trunks, against
which, as has been remarked, they are almost invisible
except to the trained eye. When disturbed, their flight is
so rapid and erratic that it is almost impossible to observe
them.

For an insect, the codling moth is particularly fortunate
in having few enemies. This is largely acconnted for by
its habits, for practically the whole of the larval stage is
passed within apples or other fruit; the pupa is well pro-
tected by its silken cocoon, and the moths are strong fliers,
and, when at rest, their protective coloration causes them
to be easily overlooked by marauding birds and insects.
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HessiaN Fry

One of the most destructive insects, if not the most
destructive, taking all the world over, is the Hessian fly,
Cecidomyia destructor. A noted pest of wheat, this minute
gnat-like insect, less than one-tenth of an inch in length,
does pot disdain rye and barley when wheat is not to
be found. In America alone, it takes toll of the cereal
crops, in some parts, to the extent of fifty per cent., and, in
1900, its total damage in that country was estimated at
$100,000,000. In England this destructive pest is not un-
known, but is fortunately rare. Its debut in this country
occurred, in 1886, in Essex. The name Hessian fly was
given to Cecidomyia destructor in America, because it was
thought that it had been introduced, during the war of the
Revolution, by the Hessian soldiers, and the belief was
probably well founded. Its European range extends from
France to Russia, and from Norway to Italy. In 1888, too,
it spread to New Zealand. How, one may ask, can such a
minute and apparently helpless insect reach America and
New Zealand, separated as they are from Europe by thou-
sands of miles of ocean? We shall see that the pups of
this fly, popularly called “flax seeds,” are deposited on
wheat, which may eventually be converted into straw and
used as bedding for horses, or packing for merchandise.
The Hessian troops landed near New York in 1776-77,
used straw as bedding, and, as the introduction of the fly
took place at the same time, it is highly probable that the
flax seeds found their way into the country on this bedding.
Similarly, it is believed that the.pupm were conveyed into
New Zealand on straw used as packing material, which
was carelessly scattered, instead of being destroyed.

The fly (fig. 17) belongs to the order Diptera, or two-
winged flies, and to the family Cecidomyide, or gall gnats,
80 called because the majority attack living plants, with
_the consequent formation of galls. The female fly is
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slightly longer, stouter, and lighter-coloured than the
male. The abdomen of the female is black, banded with
red; the thorax is provided with two rows of long bristles,
curving backwards; the legs are long, and the wings are
smoky black. The males, in addition to the differences
already mentioned, have larger antenns than the females.
According to Herrick, the female lays her eggs “in the
long creases or furrows of the upper surface of the leaves
of the young wheat plant (fig. 18, B). While depositing
her eggs, the insect stands with her head toward the point
or extremity of the leaf, and at various distances between
the point and where the leaf joins and surrounds the stalk.
The number found on a single leaf varies from a single
egg up to thirty or even more. The egg is about a fiftisth
of an inch long (fig. 18, a), cylindrical, rounded at the ends,
glossy and translucent, of a pale red colour, becoming in a
few hours irregularly spotted with deeper red. Between
its exclusion and its hatching, these red spots are continu-
ally changing in number, size, and position ; and sometimes
nearly all disappear. A little while before hatching, two
lateral rows of opaque white spots, about ten in number,
can be seen in each egg. In & few days, more or less,
according to the weather, the egg is batched.” When the
larva emerges from the egg it travels down the leaf, then,
passing within the leaf sheath, it takes up its position near
the base of the culm, a position that varies according to
whether the infested plant is spring or autumn wheat.
If the former, it will be above the first or second node; if
the latter, close to the root and probably below the surface
of the ground. When the larva has taken up its position,
it moults and passes to its second stage, & sedentary, feed-
ing form, with a definite feeding period, during which it
takes up all the nourishment necessary for growth. After
about twenty days the larva shrinks in size; its outer skin
forms a rigid sheath, within which it sagumes the third
larval form. This last-mentioned change is quite foreign
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to most members of the family, and is probably an adapta-
tion to varying climatic conditions, No nourishment is
taken during this stage, but moisture is absolutely necessary.
Within the third-stage sheath or puparium, the larva turns
into a pupe (fig. 18, ¢), and remains as such for a variable
time, depending on the temperature. When the adult is
about to emerge, the end of the puparium is forced off, and
the pupa, by sctive wriggling, not only frees itself from
its covering, but also from the leaf sheath, and almost
immediately the pupa case splits and the fly appears. The
length of life of the adult stage is one of hours rather than
days, lasting only so long as is necessary for mating and
the deposition of eggs.

The accurate study of the life-history of the Hessian
fly presents many difficulties — few insects show auch
variations during the life-cycle; and this is not to be
wondered at, for it is rdre to find an insect so well able
to adapt itself to varying climatic conditions. Its annual
broods vary from one to six, depending on the latitude,
and, in addition, it possesses the power of scceleration or
retardation, according to the conditions of the year, some-
times appearing early, sometimes late.

The Hessian fly is extensively parasitised, a fact which
of course tends to keep it within reasonable bounds, in
most seasons. Curiously enough, its most deadly enemy,
a minute Hymonopteron called Merisus destructor, occurs
naturally, both in Europe and in America, that is to say, it
is not a species that has been introduced with the object of
controlling the fly, and it is usually when the Hessian fly
resches a new wheat-growing district ahead of its parasites,
80 to speak, that the greatest damage occurs.

MEDITERRANEAN FrUIT FLY
Why are 80 many of the insects, described in this chapter,
either native or introduced American species ¢ The question
is sure to be asked, so let us answer it now. The reason
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is that & great many insects, like far more highly developed
animals — mankind —have discovered that America is a
country of huge possibilities. We in Britain have our
insect pests, it is true, and very annoying and, at times,
exceedingly destructive they prove to be; but, at the worst,
they are & mere drop in the ocean compared to the comnt-
less hordes of six-footed beings that lay waste the erops
of the United States. In these pages we recognise no
horizon, so our examples have been chosen with the object
of showing that wan’s conflict with the insect world is
a stern reality, and no better means are available for so
doing than by laying bare some of the insect problems of
the great American Continent.

In conversation with an American scientist some few
months ago, the writer, commenting on the fact that far
greater strides had been made in economic entomology
in America than in this country, was told that the science
had been forced on the American Government from very
urgency. In 1904, and the case is more desperate at the
present time, a writer in the Year-book of the United
States Department of Agriculture said: *In no country in
the world do insects impose a heavier tax on farm pro-
ducts than in tho United States. The losses resulting
from the depredations of insects on all the plant products
of the soil, both in their growing and in their stored state,
together with those on livestock, exceed the entire expendi-
ture of the National Government, including the pension
roll and the maintenance of the Army and Navy.” Seven
years later the same writer stated, in the Jowrnal of
Economic Entomology, that « very careful estimates, based
on crop reports and actual insect damage over a series of
years, show that the loss due to insect pests of farm pro-
duets, including fruit and livestock, now reaches the almost
inconceivable total of $1,000,000,000 annually.” Small
wonder, then, that we turn to snch a country when we wish
to study these economic questions in their most acute form.
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It is small consolation to the Americans to know that
most of their worst pests have been accidentally introduced,
and so effectually have they taken the lesson to heart, that
the most stringent quarantine regulations are enforced to
prevent the introduction of other world-famous, or, better,
notorious insect pests, and against none are these regulations
more earnestly directed than the Mediterranean fruit fly,
Ceratitis capitata. This insect is one of a number of two-
winged flies, or Diptera, which prefer fresh fruit to a diet
of decaying vegetable matter, or of fresh or putrid animal
substances. Itsoriginal home is probably Spain, though it
was first recorded in 1826, when it was brought to London,
in the larva) stage, in some oranges from Azores. Though
widely distributed, being found in the Mediterranean
regions, including Malta; in the Azores, Canary Islands,
Natal, Cape of Good Hope, Bermuda, Australia, the
Hawaiian Islands, China and Brazil, it is very rare in
England, and as yet unknown in the United States. The
English specimens have probably all been brought into
the country in foreign fruit. The insect is catholic in its
tastes, such diversified fruits as peaches, limes, figs, mangos,
avocado pears, guavas, and tropical almonds being relished
by the larves. In Europe, at any rate, peaches, nectarines,
and apricots appear to be the favoured plants, so much so
that their cultivation has been abandoned in Spain, solely
on account of the ravages of this fly.

The destructive stage of this insect occurs, as is so often
the case, from the time of the hatching to the pupation of
the larvie. The female fly is furnished with a long, needle-
like ovipositor, with which she pierces the fruit, thus
meking a small chamber within which she lays eggs, vary-
ing in number from one to over forty. Sometimes the
fruits are “stung” by the ovipositor, without the deposition
of eggs, with what object is unknown. After oviposition,
the mother fly secretes, over the eggs, s substance having
the property of converting the surrounding tissues of the
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fruit into & brown jelly which often exudes from the
puncture and hardens. This, at least, is the usual happen-
ing, though all fruits are not similarly affected: green
oranges ripen prematurely around the puncture, but, in
some unripe fruits, the secrotion of the female fly prevents
further ripening around the puncture, with the result that
a depression is formed on the exterior of the fruit.

Swift retribution sometimes overtakes the mother fly,
for she is not always able to withdraw her ovipositor from
vhe fruit; then she falls an easy prey to marauding lizards,
or, worse case still, she dies of starvation. The duration of
the egg stage varies, according to whether oviposition has
taken place in ripe or unripe fruits; in the latter event the
eggs take longer to hatch. Sometimes, too, the eggs hateh,
but the larve promptly suecumb to the effects of the acids
in the fruit juices; this is the case in the Chinese hanana,
whose unripe juices are rich in tannic acid. Inu the event
of no such fate overtaking the maggots, they bore their
way into the pulp of the fruit, which begins to deeay and
eventually falls to the ground. After a variable number
of days spent in the fruit, the maggots eat their way out
of the rotting fruit and enter the ground to pupate. The
seriod of the larval stage varies with the temperature,
noisture, kind of fruit, its hardness, rate of decay, and
scidity. The pupal stage lasts for rather more than a
fortnight, after which the adnlt flies emerge. Egg-laying
loes not begin at once; a period of ten or twelve days is
2ecessary for the adults to attain maturity, and during that
iime they subsist on various sugary substances.

Whilst America is indebted to Europe for a large number
f her most destructive insect pests, accounts have been
jomewhat balanced by the introduction of the grape vine
ohylloxers, Phyllozera vastatriz, from the United States.
This noxious insect is a ‘native of the United States, east
f the Rocky Mountains, where, for years, it had lived
most unnoticed on the wild vines. About the year 1859
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the pest was accidentally conveyed to France on some rooted
vines, and commenced activities in its new home at two
points, near Bordeaux and near Gard. Urfortunately, the
nature of the mysterious failure of the vines was not under-
stood for some years, with the result that the insect spread
rapidly in all directions, and, by 1884, nearly two million
five hundred thousand acres, or more thon one-third of the
French vineyards, had been totally destroyed, and all the
others were more or less affected. In many places the
vines, which had once yielded so rich a harvest, being
reduced to stumps, were used for firewood.

Measures taken to eradicate the pest have not proved very
effectual, so that, to-day, there is no vine-growing district
of any importance in Southern Europe that is exempt from
Phylloxera; furthermore, it has spread through South
Russia to the adjoining countries in Asia, to Algeria, South
Africa, and New Zealand. About 1874 it was introduced
into California, on vines imported from France, where it
wasted little time in destroying thirty thousand acres of
vineyards. Here we come to a very interesting and im-
portant point with regard to this insect-—its behaviour and
mode of life differs according to whether its food plant is
the American or European vine. Phylloxera exists in four
forms ; one of these forms is found upon the leaves, another
on the roots. The leaf form, though causing considerable
disfigurement to the plant, is not of great importance in
itself; but the root form, working ubseen, is the really
harmful stage, rendered the more so because its presence
may never be detected till the plant is killed; in fact,
during the first year, the vine may be apparently benefited,
as we shall see later. For some unexplained reason, the
leaf form is found, for the most part, on American vines,
and the root form on European ones—a fact which amply
explains how an unconsidered insect, in its nn,hve home,
became & great pest in Europe.

The life-history of this dreaded vine pest is excaedmgly
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complicated, and was only fully worked out, after years of
painsteking study, by French and American entomologists.
During the winter the eggs may be found singly on old
wood, ete., and, from these single eggs, the young insects
hateh in the spring : in every case they are females, provided
with sucking mouths. The newly emerged young at once
proceed to the vine leaves, into the tissues of the upper
surface of which they insert their beaks and begin to im-
bibe the plant juices. The injury to and irritation of the
leaf results in the formation of a hollow sac, which almost
encloses the insect and appears on the under surface, like
a small tumour—a gall, in fact. In about fifteen days the
female is full-grown. She is a wingless, plump, orange-
yellow creature, and is able to produce her eggs partheno-
genetically, that is to say, without recourse to a male, and
this she does to some purpose, filling the little leaf sac, in
which she dwells, with minute yellow eggs, and then she
dies. In a little more than & week these eggs hatch, pro-
ducing, in every case, females only, which promptly find
their way from the gall and infest other parts of the leaf,
or other leaves, in exactly the same manner as their parent.
This process is repeated again snd again, six or seven times
during the summer, till the leaves become thickly studded
with galls: always the eggs are laid parthenogenetically,
always the young are females, and this form of Phyllozera
has been called the form of multiplication. When winter
approaches, the insects pass down the vine stems to the
roots, where they remain dormant till the spring, then they
awaken to activity and begin what is termed the form of
devastation (fig. 19). Astacking the roots, as they did the
leaves, with the formation of galls, irreparable damage is
done to the vines. At first the attack has the same effect on
the plant as root pruning, and, s a result, a very large erop
of grapes may be produced. The continued root injury,
coupled with the strain of bearing an exceptionally heavy
crop, tells ite tale on the plant—its leaves turn yellow, and
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death cnsues. Before the death of the host plant takes
place, however, considerable progress has been made in the
life-cycle of Phylloxert. During the late summer and
early autumn of the second year, some of the eggs, laid by
the root insects, give rise to winged females (fig. 20), in
place of the wingleas forms that bad been thus far produced.
These winged females find their way to the surface of the
ground and then fly to neighbouring vines—that they are
carried by the wind would be a more correct statement,
perhaps, for they are frail creatures, and their powers of
flight are feeble in the extreme. They are short-lived: in
two or three days their mission in life is accomplished, and
they die. Their one object is to lay eggs, and this they
do like their mother, parthenogenetically; there the re-
semblance ends, for, instead of depositing a large number
of eggs, they lay at the most two to four beneath the
loose bark on the old vine wood. Now we arrive at one
of the most curious phases in this wonderful life-history.
The eggs laid by the winged females are of two sizes; the
smaller ones, which, by the way, are in the minority, give
rise to males, whilst the larger and more numerous pro-
duce females, and this stage, which is sometimes termed the
stage of regeneration, is the only one in which males are
produced. In about ten days the two sexes emerge. Both
have rudimentary mouth parts and take no food ; their sole
mission in life is, probably, to imbue their progeny with
repewed vigour. How far this stage is necessary to the
continuance of the race is a debated point, for all the while
the root forms continue to exist and carry out their de-
structive work; and that they can do without help from
their sexually produced relatives for at least four yeats
has been proved. But to return to the sexual forms; after
mating, the body of the female is rapidly occupied with a
single egg of relatively enormous size, and this winter egg,
which is laid within three or four days, completes the life-
cycle. These changes, as described, extend over a period of
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two years; but, in exceptional circumstances, all the stages
may be completed in & single year. Poasibly, too, the
young insects do not sll await tho approach of winter
before passing to the roots, but continue to do so through-
out the summer. One [act, however, has been definitely
proved, that the young from the leaf galls may easily be
colonised on the roots; but the process is not & reversible
one, for the insects have never been observed to pass from
the roots to the leaves.



II1
INSECTS AND HUMAN DISEASE

ONLY insects that are closely associated with man, and
normally have every opportunity to suck his blood
repeatedly, can be considered as potential diseasc-carriers.
The fact that & species occasionally bites man is not suffi-
cient. Take the case of forest mosquitoes; they may bite
an infected person, but the chances are remote that they
will survive to develop the blood parasites and then have
an opportunity of biting and infecting another person.
By the same line of argument, most mosquitoes, also the
gadfiics, or Tabanide, and the buffalo gnats, or Simulide,
and many other blood-sucking insects may, probably, be
dismissed from consideration as disense-carriers. Most of
these insects, too, appear only for a time each year, so
they would have to survive long intervals, when there
could be no propagation of disease.

All insects that have been found to transmit human
blood parasites are closely associated with man, and
habitually suck his blood. Two tropical mosquitoes,
Stegomyia fasciata and Culez guinguefasciatus, bave only
become effective transmitters of yellow fever and filariasis
respectively by a combination of circumstances. They are
always closely associated with man, and prefer his blood
over other food ; they are abundant and comparatively long-
lived ; their meals are taken at frequent intervals, and, as
breeding is practically continuous, individuals are always
present to act as intermediary hosts for the blood parasites.
Under these conditions, the ehain in the life-cycle of the
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parasite is continuous and the result is an endemic disease.
A second, and more striking example, is afforded by the
large Brazilian bug Lamus megistus, which transmits a
dangerous human trypanosome disease. It is the only
American member of the genus which shows a close
association with man. It lives in houses, lays its eggs
there, and never, naturally, occurs apart from man, on
whose blood its young feed from birth. A curious circum-
stance is, that nearly all the wild species of the genus
to which this discase-carrying bug belongs have very
poinful bites, but this species is specially adapted for
giving such painless bites that they will not awaken a
sleeping man.

At first sight the malaria mosquitoes do not appear to
fulfil this condition of close association with man. A
study. of the habits of the various species of Amnopheles,
however, reveals the fact that they differ widely, and that,
whilst some species do not habitually seek man's blood,
for other species it appears to be a necessity ; moreover,
it is only those species which habitually associate with
man, “domestic” species they have been called, that
transmit malaria. Let us consider the mosquite question
in the tropics, and see how much more dangerous, from a
health point of view, the “ domestic ” species of mosquitoes
are than the wild ones. In the Isthmian Canal zone of
Panama, we have a country eminently suited to a mosquito
fauna, as is evinced by the fact that no less than one
hundred and twenty-five species are found there. This
district is cheracterised by a typicelly tropical climate,
high humidity, & short dry season, and a rich virgin soil,
clothed with dense, luxuriant vegetation. Under these
favourable conditions the mosquitoes breed continuously
throughont the year, oviposition taking place whenever
opportunity, in the shape of water, is to be found. Of
the economieally important mosquitoes to be found in this
region are nine species of Amnopheles, Stegomyia fasciaia,
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and Culer quinquefasciatus. Stegomyta is exceedingly
domestic in habit, and is never found, except by accident,
away from man’s dwellings. Anopheles albimanus is the
most abundant of the Isthmian speeies of Anopheles, and
it shows greater porsistence in biting man and entering
his houses than any other species. Needless to say it is a
vector of malaria; in fact, it has been shown that a greater
percentage of the females of this species become infective,
and capable of transmitting the malaria blood parasite,
than do those of any other species. Another mosquito of
similar habit is Anopheles tarsimaculata, and it, also, is &
transmitter of malaria. Anopheles pseudopunctipennis is
not 8o common as albimanus and tarsimaculata, nor is it
8o closely associated with man ; it is, however, a malaria-
carrier, though experiments have shown that, under similar
conditions, only one individual of this species becomes
capable of transmitting malaria, to five of albimanus.

It will be gathered that considerable effort is required to
keep this host of disease-carrying insects under control in
the Canal zone. The work is carried out by the Division
of Sanitation, by whom a chief sanitary inspector and
his assistant, three division inspectors, and twenty-five
inspectors are employed and apportioned among seven-
teen districts. “Each district inspector is held respousible
for the physical condition of his station as it affects the
breeding of mosquitoes, and indirectly for the ‘malarial
rate,’ or cases of malaria occurring each week as expressed
in terms of percentage of population.” A regular pro-
gramme of oiling is drawn up by him, and executed by
the foreman of oilers; native and American towns are
inspected for Stegomyia and Culex breeding places, and
most detailed reports are forwarded to headquarters each
week. It was not till the Americans began the cutting
of the Panama Canal that the work of controlling and
eradicating the twin pests of tropical America—yellow
fever and malarian—was taken in hand. At the time of
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the French work in this district, the discovery of the
relations cxisting between these dread diseases and mos-
quitoes had been made known, and were certainly not
gonerslly available. The American efforts were at first
directed against the yellow fever mosquito, and, when it
had been practically eradicated, attention was turned to
the malaria mosquito, with equally successful resuita.
But a permanently mosquito-free territory, through arti-
ficial means, is impossible in such a climate as that of
Panama. “The battle with nature is unending, and the
slightest relexation means reversion. . . . Special and
exceptional problems are being constantly presented, due
in many instances to the engineering work connected
with canal construction. Swamps of large area are some-
times unavoidably created, and before drainage can be
effected, breeding of Amopheles has assumed formidable
proportions. . . . The great Gatun lake, with its approxi-
mately two hundred square miles of area and hundreds
of miles of rugged shore line, bids fair to offer many
problems as its level continues to rise. In the sheltered
bays and indentations of its shore line, aquatic vegetation
riots, and, as the waters inundate the tropical forest, a
condition is created, ideal for the most prolific breeding of
Amopheles and other mosquitoes: a tangle of living and
dead vegetation, with floating debris from the dying trees,
among which water plants flourish. A large part of the
breeding areas formed will probably affect only scattered
habitations and ranches, but, wherever settlements and
towns are contiguous to the permanent shore line, correc-
tion of these conditions will be imperative. It is obviously
impracticable to thoroughly clear and control square miles
of territory, covered with heavy timber, and soon to be
buried beneath the waters of the lake, but until the per-
manent level is reached the uncleared and shallow margins
of the lake will supply myrieds of mosquitoes to the
adjacent regions.”
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THREE DISEASES TRANSMITTED BY MOSQUITOES

There is one family of insects, a large and cosmopolitan
family certainly whose members, collectively and individu-
ally, have probably done more than any other group in the
animel kingdom to impede man’s progress in the universe,
have certainly brought upon man more iliness and disease
than any other insects, and have actually “held up” some
of the greatest human undertakings. The mosquitoes, for
these are the obnoxious individuals, belong to the family
Culicide which, it is almost unnecessary to state, is one
of the families of the order Diptera, or two-winged flies.
All the mosquitoes, with the exception of the members of
two geners, are provided with piercing mouths; and every
female mosquito, with the exceptions mentioned, is probably
a sucker of blood; certainly the majority imbibe this food,
whilst the males subsist on plant juices. Here, again, we
appear to be faced with an exception, for in Stegomyia—the
yellow fever mosquito—~both males and females are said to
suck blood, but as a matter of fact only the females do so.
Let us consider, for the moment, what crimes must, of a
certainty, be attributed to the mosquitoes or gnats,—the
pames arc synonymous, though this is not generally known.
As o matter of fact, every mosquito should be eyed with
suspicion, though, as yet, only a comparatively small
number of species are proved disease-carriers, but this
small percentage is responsible for the spread of such
terrible and widely distributed diseases as malaria, yellow
fever, and filariasis.

Many parts of the tropics have been and are practically
uninhabitable by civilised man, owing to the ravages of
malaria, and this is especially the case in West Africa and
parts of India. Sir Patrick Manson, to whom medical
entomology owes so much, says that in the tropics “ malaria
canses more deaths, and more predisposition to death, by
predisposing to other affections, than all the parasites affect-
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ing mankind together.” Sir Ronald Ross says: * Malaria
fever is important, not only because of the misery whieh it
inflicts upon mankind, but because of the serious opposition
which it has always given to the march of civilisation in
the tropics. Unlike many diseases, it is essentially endemic,
& local mnalady, and one which unfortunately haunts more
especially the fertile, well-watered, and Juxuriant tracts—
precisely those which are of the greatest value to man.
There it strikes down not only the indigenous barbaric
population, but, with still greater certainty, the pioncers of
civilisation—the planter, the trader, the missionary, and
the soldier. It is therefore the principal and gigontic ally
of Barbarism. No wild deserts, no savage races, no geo-
graphical difficulties have proved so inimical to civilisation
as this diseaso. We may also say that it has withheld an
entire continent from humanity—the immense and fertile
tracts of Africa. What we call the Dark Continent should
be called the Malarious Continent; and for centuries the
successive waves of civilisation which have flooded and
fertilised Europe and America have broken themselves in
vain upon its deadly shores.” Creighton, in the Encyclo-
pedia Britannica, says that malaria “has been estimated
to produce half the entire mortality of the human race.”
The disease has devastated Mauritius and Réunion.

Turning from the tropies to Europe, we find that the
industrial and agricultural development of Italy is hindered
by the presence of malaria in the southern half of the
peninsula and in the Po valley; and, in 1900, owing to
this disease, five million acres of Italian agricultursl land
remained very imperfectly cultivated. The depopulation
of the Roman Csmpagna, too, was probably due to the
sudden introduction of malaria by the mercenaries of
Seylla and Marius.

Greece, too, has paid its tribute to the ubiquitous
mosquito, and, in this respect, we cannot do better than
quote from Sir Ronald Ross’s address on malaria in Greece,
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delivered to the Oxford Medical Society on 29th November
1906. 1In the course of this address he said: “ Now what
must be the effect of this ubiquitous and everlasting
incubus of diseasc on the people of modern Greece?
Remember that the malady (malaria) is essentially one of
infancy among the native population. Infecting the child
one or two years after birth, it persceutes him till puberty
with a long succession of attacks, accompanicd by much
anemia. Iinagine the effect it would produce on our own
children lere in Britain. It is truc that our children
suffer from many comnplaints—scarlating, measles, whooping
cough,—but these arc of brief duration and transient. But
now add to these, in imagination, & malady which lasts for
years and may sometimes attack every child in a village.
What would be the effect on our population—upon their
nurbers and upon the health and vigour of the survivors.
It must be enormous in Greece. . . . We now come face to
face with that profoundly interesting subject, the political,
economical, and historical significance of this great disease.
We know that malaria must have existed in Greece ever
since the time of Hippocrates, about 400 B.c. What effect
has it had on the life of this country? In prehistoric
times Greece was certainty peopled by successive waves of
Aryen invaders from the north,—probably a fair-haired
people—who made it what it became, who conqjuered Persia
and Egypt, and who created the sciences, arts, and phil-
osophies which we are only developing further to-day.
That race reached the climax of ity development at the
time of Pericles. Those great and besutiful valleys
were thickly peopled with a civiligation whieh in some
ways has not been excelled. . . . Lake Kopais, now almost
deserted, was surrounded by towns whose massive work
remains to this day. Suddenly, however, a blight féll over
all. Was it due to internecine conflict or to foreign con-
quest ? Scarcely; for history shows that war hurns and
ravages, but does not annihilate. Thebes was thrice
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destroyed, but thrice rebuilt. Or was it due to some cause,
entering furtively and gradually sapping away the energics
of the race by attacking the rural population, by slaying
the new-born infant, by seizing the rising generation, and
especially by killing out the fair-haired descendants of the
original settlers, leaving behind chiefly the more immunised
and darker children of their captives won by the sword
from: Asia and Afrieca? . . . Causes such as malaria,
dysentery, and intestinal entozos must have modified history
to a much greater extent than we conceive. Our historians
and economists do not seem even to have considered the
matter. It is true they speak of epidewic diseage, but the
endentic diseases are really those of greatest importance. . . .
The whole life of Greece must suffer from the weight which
crushes its rural energies. When the children suffer so
wuch; how can the country create the fresh blood which
keeps a nation young?”

Not health alone, but man’s very pockets sre affected by
this overmastering incubus. The mosquito plague has been
responsible for arresting the development of the whole
state of New Jersey: real estate has fallen in value, on
account of the depredations of these insects; milch cows
have been so worricd by their sttentions that their milk
yield has been seriously impaired; horses at work in the
field have to be covered with sheets, lest the attacks of
innumerable gnats should drive them to distraction; in
fact, without wishing to be facetious, it may be said that
they anticipated the grandmotherly efforts of the American
Government in attempting to put a stop to horse racing
by making a whole-hearted attack on the race-horses at
the Newmarket of America—Sheepshead Bay,—resulting in
so impairing the condition of the valuable animals trained
there, that thousands of dollars were. spent in efforts to
abate the pest.

Malaris is a country, rather than a town disease. It
was once supposed to be caused by dwelling in damp and
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warshy places, and even now the beliel dies hard in the
wminds of many people, but it has been proved beyond
dispute, as we shall see later, that by the bite of infected
mosquitoes, and by that means alone, can this dread disease
be trunsimitted from man to man. In studying the life-
history of the madaria mosquito we shall see that pools of
still water are an essenbial to the inscet’s existence, hence
the association of walavie with ill-drained districts. A
humid atmosphere, of itsell. can oo more introduce the
wmalaria parasite into one's system than can an evil odour
jufeet one with the germs of typhoid fever: nor, for that
matter, cau heulthy wosquitoes, even walaria mosquitoes,
infeet their viethus with malaria, unless they have previ-
ously sucked the blood of o malarvin patient.

We have meutioned that malaria is not a city disease;
nevertheless it does, at times, occur in certain cities. Ip
such cases it will usually e found that the town or city
is situated on the borders of & so-called malarial belt, that
is to say, & marshy district where roalarin mosquitoes
breed.  Even then. the prevalence of the disease in the
urban districts depends largely oo the direction and force
of the prevailing evening breezes of the suminer season;
depends, in short, on whether the mosquitoes are carried
towards the town by tlie wind when they become active
at nightfall, for all mosquitiw= avoid the sunlight and heat
of the day as wuch as possible. Washington is a case in
point. At one time wmalaria, though essentially a rural
disease, was rife in the city; to the south lay a marshy
area of cousiderable cxteut, known as the Potomac Flats,
where malaria mosquitoes abounded. During the summer
the prevailing night breezes were southerly, so that herc
were found all the essentials requisite for the spread of the
disease in the city. The mosquitoes on the Flats, hungry
for huwan blood, and rendered energetic by the relative
coolness of the evening air, were gently wafted towards
the sleeping people of Washington. Some, perchance, took
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their fill of healthy blood and did no harm; although
it does not require the imagination of a Jules Verne to
conceive that they caused their quota of annoyance, as any-
one who has ever provided a meal for even one hungry
mosquito will readily believe. Others, perchance, alighted
on someone harbouring blood parasites of walaria, some
traveller, maybe, who had contracted the discase in the
country and returned to the town to be pursed back to
health and strength. Woe betide the individuals who later
on fell victims to the “bites” of the latter insects, for, after
a developmental period, each mosquito would spread infec-
tion at every stab of its lancet-like mouth parts. All this
is history now; for with the reclamation of the Potomac
Flats, Washington, figuratively speaking, shook itself free
from the disease.

Before proceeding to the study of the malaria mosquito,
let us make a few observations on the breeding habits of
mosquitoes in general. Certain mosquitoes may be aptly
termed pool mosquitoes; these are the individuals respon-
sible for the spread of malaria. They breed in ditches
filled with herbage,in muddy, slime-covered water-holes, in
abandoned clay pits, which become waterlogged in winter,
and other similar situations, as often as not in the neigh-
bourhood of villages. Other mosquitoes breed in marshes
of larger area, and they, as befits their more lofty tastes
with regard to their breeding places, are relatively large
mosquitoes ; they are named Mansonoides, after Sir Patrick
Manson. Other mosquitoes, again, like brackish water,
and seek their breeding places in crab-holes and similar
situations: these, too, are amnoying, but the majority are
harmless, as far as disease-carrying is concerned. The
only other mosquitoes which we need mention breed in
domestic utensils such as rain-water tubs, cisterns, old cans
in which rain water has collected, and broken bottles—any-
where, in fact, where even & temporary puddle can be
found (Plate 1II). As may be surmised, these mo;quitoee
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frequent inhubited places; in fact, their name Stegomyia is
derived from two Greck words meaning, collectively, a
house fly. As carriers of yellow fever they are of the
utmost importance, but we shall deal with them later.

Into the clinical aspects of malaria in its three forms,
malignant, quartan, and tertian, we cannot enter here, but
a few words concerning the blood parasite causing the
digsease may make the role of the malaria mosquito a little
wore easy to understand. Let us suppose that a female
malaria mosquito has just imbibed a drop of blood from
an infected man: along with the blood, and in the blood
corpuscles, several exceedingly minute structures, known
as gametocytes, pass into tho stomach of the insect (fig.
21, A). These blood parasites are not all of the same size,
the smaller ones, called microgametocytes, carry out male
functions, whilst the larger macrogametocytes may be re-
garded as females. Numerous other forms may be taken
up along with the blood, but, as they perish, we will dis-
miss them for the moment. The female parasite undergoes
various changes, which we need not detail, and eventually
sends out a small bud-like structure, in which is enclosed
some of the original cell contents : at this stage the organism
is ready for fertilisation (fig. 21, ¢ §). The male parasite,
meanwhile, has also undergone changes, resulting in the
formation of several thread-like omtgrowths (fig. 21, ¢ 3),
which eventually become free and wriggle about actively.
One of these free-swimming thread-like bodies, micro-
gametes, foses with the female parasite (fig. 21, D), and the
resulting body is an active organism, with worm-like move-
ments, hence called & vermiculus (fig. 21, E). The vermi-
culus penetrates the wall of the mosquito’s stomach and
pesses to the external muscular layers, where it becomes
stationary, but grows rapidly, and its nucleus becomes
much divided (fig. 21, G), so that eventually the whole
structure is filled with & large number of somewhat rod-
like bodies known as sporozoites. These sporozoites are
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liberated into the wosquito’s body eavity by the bursting
of the envelope in which they were formed (fig. 21, n), and
about ten days after the meal of infected blood, they find
their way to the salivary glands of their host, which is
now in a position to infect the first human being on which
it feeds. With the first puncture of the human skin,
countless numbers of the sporozoites are injected into the
wound along with the mosyuito's seliva. Each sporozoits
cnters a red-blood corpuscle, loses its elongate form, and
_ assumes & “signet-ring” form (fig 21, ). After various
changes, accompanied by & deepening of colour, the parasite
appears to have assumed the form of a rosette within the
blood corpuscle (fig. 21, L); in reality, the original organism
has divided up into a number of smaller ones, known as
merozoites. At this stage the wall of the corpuscle bursts
once Bgain, setting free the parasites in the blood stream.
Not long, however, do they remain at liberty; they soon
attack healthy red corpuscles, and the process is repeated,
further rosette formations appear, and further organisms
are set free, as the parasitised blood corpuscles burst.

Only when a large number of blood corpuscles have been
destroyed does the patient fecl any ill effects; the inter-
vening period is the incubation period of the disease.
Eventually this form of increase by division, asexual re-
production, as it is called, gives place to sexual repro-
duction, and this can only take place in the body of a
mosquito, and & malaria mosquito at that. If no mosquito
of the requisite species comes along to taste the blood of
the malaria patient at this stage, the parasites perish, as
they do, too, if imbibed by some non-malarisl mosquito.
The sexual changes of the malsrial blood parasite can only
take place within the bodies of certain mosquitoes, though
why they should not be able to live within every species
of blood-sncking mosquito has never been satisfactorily
explained. It is one of nature’s secrets, destined some day,
perhaps, to be learned as a result of careful research, or
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maybe by lucky chance. At any rate this cursory con-
sideration of the malarial blood parasite shows us that two
hosts are essential to its well-being—a human host for its
asexual forms, and a mosquito host, of the sub-family
Amnopheles, for its sexual forms. We learn, too, that the
malaria mosquitoes cannot, at once, infect mankind; aftor
a meal of infective blood, ten days or so must elapse
before they are able to do so—till the sporozoites are
formed.

We will not attempt to detail the eclassification of the
mosquitoes, for tho subject is one of great complexity, a
state of affairs that is not made easier by the fact that
the classification is at present undergoing revision. Al
the malaria-carrying mosquitoes, however, belong to the
sub-family Anopheles, a name that means harmful, though
certain mosquitoes of the genus Stegomyia are equally
noxious. Approximately, twenty species of Anopheles are
known to transmit malaria from man to man: four species
are European, two North American, two tropical American,
one Australian, four tropical African, while no less than
eight species hail from Southern Asia. 1t is cold comfort,
perbaps, to know that the members of the sub-family Ano-
pheles are, in many ways, the most easily recognised of all
the mosquitoes. Let us compare a typical malaria mosquito
with, say, the common gnat of this country, Culex pipiens.
At rest, these two mosquitoes may be easily distinguished.
Anopheles assumes an attitude with its head and beak in
the same plane as its body, and its hind legs often stretched
straight out, either stationary or gently waving to and fro
(fig. 22, ). Culez, on the other hand, shows a hunch-backed
silhouette; its head and beak are not in the same plane as
its body, and its hind legs rest on the support (fig. 22, B).
The resting position of mosquitoes forms a ready means of
rough distinction. Some Amnopheles, when resting on a
wall, project almost at right angles; other genera lie nearly
parallel to their support; others again, like Culex, appear
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hunch-backed. The wings, too, show marked ditferences,
those of Anopheles being more or less spotted, and in Culex
they sre clear. But it is in the egg and larve that the
most striking differences are observed. Anopheles lays
its oggs eingly and often, as will be described later; they
take up almost geomotrical positions on the surface of the
water. Culexs, on the other hand, lays groups of eggs glued
together to form rafts. The Amnopheles larva, when un-
disturbed, lies almost parallel with the surface of the water
(fig. 23), whereas the Culex larva hangs head downwards,
ahnost at right angles to the water level (fig. 24). There
are other important differences, of course, but we have
quoted sufficient to show how the ordinary observer may
recognise the two mosquitoes.

The life-histories of all mosquitoes are of the greatest
interest. The mother insects lay their eggs on or at the
edges of watar, or sometimes on floating objects; the larval
and pupal stages are spent in water, and the adult stage
only is passed away from this element. The eggs of all
mosquitoes, when first Jaid, are white in colour, but in a
short time they change to dark brown or black. When
laid upon water some provision is always mado for keeping
the eggs afloat, for if they become submerged they fail
to hatch. The malaria mosquitoes (Anopheles), and some
species of the yellow fever mosquitoes, lay their eggs in
piled-up masses on the surface of the water, or on floating
substances, whilst the eggs of the common gnat are laid
on the water, in groups of from two bundred to four
hundred, cemented together in such a manner that each
egg floats perpendicularly with its broader end pointing
downwards, the whole mass forming an oval-shaped raft.

Let us examine these eggs and egg masses in some
detail. When the Anopheles egg mass is laid on the
surface of water the eggs separate, and, on account of
purely physical causes, assume at times very regular and
besutiful patterns; sometimes they are arranged in star-
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shaped groups, somectimes in equilateral triangles, and at
other times in regular rows. If the water in which these
free-floating eggs are found be disturbed, their arrange-
ment is of course upset, but, when the surface is once
more quiet, they will re-arrange themselves in the original
designs. With one exception, the cggs of these malaria
mosquitoes arc boat-shaped —their upper swrface is flat,
and the lower one deeply convex. Running round the
margin of the upper surface is a gleaming white frill,
forming, as it were, the gunwale of the boat; whilst, on
either side of the egg, there is a remarkable structure,
oval in shape, and transversely corrugated; this structure
contains air cells and acts as a float (fig. 25, A). We have
mentioned that the cggs of one Amnopheles species differ
from the typical form. In this species the eggs are devoid
of floats and exhibit only a rudimentary frill; they are
always deposited on floating objects, never on the water; in
fact, if they accidentally fall into the water they sink and
perish (fig. 25, B).

From the larval stage we pass to the nymphs. They have
relatively large globular bodies made up of head and thorax
with small tails; roughly, they are comma-shaped (fig. 26).
From the globular part of the body—the thorax, to be exact
—two breathing tubes arise, and the shape of the orifices
of these tubes forms the easiest means of distinguishing
our exaniples. Those of Anopheles have square, truneated
ends; in Stegomyia they are broedly triangular; and in
Culex, in addition to being longer and narrower than in
the other species, they have slit-like openings. The differ-
ences between the nymphal stages of the various mosquito
species are not nearly so marked as they are in the egg and
larval stages. The nymphs, when undisturbed, like the
larva, lie with their breathing tubes out of water; on the
slightest alarm they rapidly dart sway from the surface,
but they do not stay away from it for long. Some of the
darker-coloured nymphs are less active than the others,
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their tails are more extended. and they exhibit silvery
markings, due, in reality, to air beneath the nymphal skins.
When they stretch their tails out in a straight line, or
nearly so, the skin splits down the back and the perfect
insect emerges (figs. 27 and 28). Unlike some small flies,
the Stmulidee or bufinlo gnats, for instance, the adult
mosquitoes do not at once fly awny, but rest for a while
on the floating nymphal skin, till their legs and wings are
dry. When able to fly, they at once turn their attention
to the increase of their kind. In the ecase of the malaria
mosiyuitocs, it is necessary for the females to have a meal of
blood before’ they ean lay fertile eggs.  Observations show
that they feed every might, chiefly in the carly night, and
just before dawn, their stomachs never becoming empty,
and, as the length of life of the adult may extend to several
months, it is clear that these insects are an intolerable
nuisance to mankind, quite apart from their disease-carry-
ing propensities.

The eggs of the yellow fever mosquito (Stegomyia) form
an intermediate stage bebween the ones just described and
those of the common gnat. Sometimes, as in the case of
Amnopheles, they are lsid singly, and at other times, as in
the case of Culex, they are laid in rafts (fig. 20). Each egg
is of an irregularly oval shape, somewhat like a minute
hen’s egg, and its surface is much corrugated. In the
corrugations are entangled numerous air bubbles, which
keep the egg afloat. As in the case of Anopheles, these
eggs, at times, assume varied patterns on the surface of
the water. The egg rafts of the common gnat are from
one-fifth to one-third of an inch in length, and are roughly
boat-shaped. If a single egg be detached from the mass,
it will be seen that it is devoid of floats, or any other con-
trivance to keep it on the surface of the water, a condition
of affairs that continues only so long as the eggs are glued
together to form the raft. One end of the egg is much
thicker than the other, and to this end is attached a trans-
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parent globular body; the thick end floats downwards in
the water, and through it the larva emerge.

So much for the eggs; and now, turning to the larvas, we
shall see that they also show striking differences. With
anatomical details we are not concerned, but we may
mention that each larva is composed of three parts, a head,
thorax, and abdomen, divided into segments, at the tail end
of which is & tuft of gills; and there may, or may not,
according to the species, be a breathing tube. The larva
of Amopheles is easily distinguished from all others,
because, when at rest, it lies flat along the top of the water,
and some of its hairs actually pass into the air, so that the
larva appears as though it had its back out of water. The
reason for this position is, that Anopheles has no breathing
or “gpiracle” tube, respiration taking place through a pit,
on the eighth abdominal segment. With one exception, it
is only when about to pupate that the Anopheles larvem
forsake their horizontal resting position for a more vertical
one; the excoptional species is the one whose eggs are
unprovided with floats, and these larvz, although they rise
to the surface in & horizontal position, then slowly sink till
their tails alone touch the surface. As in the egg, so in
the larval stage, the yellow fever mosquito (Stegomyia)
exhibits an intermediate structure between Anopheles and
Culew. The former has no siphon tube; tbe latter has a
relatively long one, whilst Stegomyia has a short, thiek
one. When at rest, at the surface of the water, this larva
assumes an almost vertical position, hanging head down-
wards, with the tip of its siphon tube projecting into the
air. Unlike the majority of mosquito larva, however, it
spends a considerable time at the bottom of the water, and
then it usually lies horizontally. The gnat larva at rest
does not assume quite such a vertical position as the pre-
ceding example, nor is it so long and worm-like, although
provided with a longer siphon tube. A word may here be
said about these structures.



Fac 270 ADULT dimpks o0 REGINNENG T EMLEGE TROS ETS FU AT CAsly

b 2h ALY Arephelcs ALMUST FREE OF Vs PUPAL U



INSECTS AND HUMAN DISEASE 105

Inseets do not breathe by means of lungs, like the higher
animals, nor even, in the adult stages, at any rate, by means
of internal gills, like the fishes, or external ones, like the
tadpoles, but by means of a network of fine tubes called
trachesm, which ramify within their bodies. The siphon
tube of a mosquito larva is composed of a eylindrical piece
of chitin, a very tough and resistant substance, of which
the hard parts of insects are composed; within the tube
are the starting points of the two main trachem. The
trachesm, as we have said, are tubes, and they have mo
power of opening and elosing ; how then do the larva, which
always forsake the surface of the water when disturbed,
prevent themselves from being choked? When a seal or
sea-lion i8 about to go beneath the surface of the water,
its mostrils are always carefully closed, to prevent the
ingreas of any liquid to its respiratory organs; in a similar
manner, when the mosquito larva leaves the surface, flaps
of chitin close up the end of the siphon tube, thus serving
the same end. Though the functions of tbe chitin flaps
are similar to those of the specially modified nostrils of the
seal, anatomically, of course, they bear no relation to one
another whatever.

We have said that malaria can only be contracted as the
result of a bite by an infected mosquito. Certain Italian
physicians, by name Bignami, Bastianelli, and Grassi, had
shown this, but, from one reason and another, their findings
did not earry conviction to the world at large. In 1900,
at the instigation of Sir Patrick Maneon, and with the
assistance of the Colonial Office, two strictly scientific
experiments were carried out, with the object of proving
the truth of the mosquito malaria theory, in the most
striking manner possible. In brief, for one experiment,
two men who had never suffered from malaria were to
live in a severely malarious region, throughout the fever
season, taking no measures against the disease, except
protection from mosquito bites, For the other experiment,
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two men who had never suffered from wmalaria, nor beeu
out of England, were to be bitten with infective mosquitoes,
sent from abroad.

The Roman Campagna, “a district so well known as
the classic land of malaria, not only on account of the
ravages of the endemic, but also because of the noble work
accomplished by the Romans during their long struggle
with the disease,” was selected, and, by the middle of July
1900, the two scientists entrusted with the experiment,
Drs Sambon and Low, together with Signor Ters, were
ensconced there in a mosquito-proof hut, of which more
anon. The actual site chosen was at Fumaroli, in the
district of Ostia, on the low, swampy, alluvial soil at the
mouth of the Tiber, and noted for being intensely malarious ;
so much so, that it has been said “that it is sufficient to
sleep one single night in Ostia, during the fever season,
to contract the disease” The district has no indigenous
population ; agricultural labourers arrive in the midde of
October, but depart again in June, before the malarial
season begins; their place is taken hy other workers for
the wheat harvest, who in turn are succeeded by the
maize barvest workmen, in September; these peasants
suffer very severely from malaria.

In describing the experiment to the writer, Dr Sambon
said: “ We not only intended to corroborate a fact already
scientifically demonstrated, hut also to overthrow a number
of fallacies and prejudices which prevented the full ap-
preciation of the new discoveries in malaria, and impeded
the advantages which would undoubtedly accrue from their
practical application. The routine of our life in the
Campagna was therefore greatly influenced by the object
the experiment had in view. We had to prove that
malaria was not carried by a vitiated condition of the air,
a3 the name of the disease implies, and therefore we always
slept with oor windows wide open, although the stench of
the decaying vegetation and putrefying animal matter
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from the drying-up canals was very unpleasant at times.
The people of the neighbourhood were greatly amazed at
what they considered our temerity in exposing ourselves
freely to the night air, and many in Ostia who heard of
our mode of life would not believe it, until they had seen
it with their own eyes. The habit of the Romans of sleep-
ing with hermetically closed windows probably originated
on account of malaria, and is, of course, a perfectly con-
sistent one, especially if viewed in the light of our present
knowledge of the mtiology of this disease.

“QOur food came chicfly from Rome, with the exception
of bread, eggs, and sometimes milk and fowls, which were
obtained in the neighbourhood. The people of the
Campagna attach great importance to the food question
in regard to malaria, and therefore it was not to be
regretted that the difficulties of our commissariat obliged
us to partake of a fare very similar to that of our malaria-
stricken neighbours,

“We never took quinine, arsenic, or any other kind of
remedy which might be considered prophylactic as regards
malaria.

“The turning up of the soil is another condition which
has heen looked upon as a source of malarial infection,
on the erroneous supposition that the germ is capable of
saprophytic life. The soil all round our hut was constantly
being turned over for a number of reasons, amongst which
was that of a possible archmological find. We were
encouraged in this hope by the fact that while digging
for the foundations of the hut we had come upon a tomb
of the time of the Roman Empire. It was formed of large
terra-cotta slabs, and contained the skeleton of a young
woman. Close to the base of the skull was a coin of the
Emperor Commodus, evidently toll-money for the passage
of the Styx, which the old Romans used to place in the
mouths of their dead.

“Qur neighbours were certainly surprised at our im-
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munity and good health, and they watched our experiment
with keen interest; but when we advised them to adopt
our simple and easy method of protection, they shook their
heads and invariably answered, - Wait till the rains come.’
The poor creatures spoke from cruel experience, because &
drenching is always followed by relapse in those who have
latent malarial organisms. More than once we were
thoroughly soaked by torrential showers, but no fever
ensued, because we had no malarial parasites in our systemn
that a chill might rouse into activity.

“ Long experience in the Roman Campagna and in other
malarial regions of Southern Europe has taught that the
most dangerous time for contracting malaria is during the
evening twilight and at dawn. This fact agrees perfectly
with the feeding habits of the mosquitoes of the genus
Amnopheles peculiar to these regions. We proposed there-
fore to retire an hour before sunset, and not again to Jeave
our mosquito-preof hut until ap hour after sunrise. But
we very soon found that it was not necessary to retire so
soon as an hour before sunset, because the Amnopheles
appeared very punctually a few minutes after sunset and
disappesred again a few minutes after sunvise.”

During the whole of this time the two scientists and
their companion remained in perfect health; by day they
went about the country quite freely, but always retired to
their hut in the evening, before the mosquitoes became
active. The hut (Plate IV.), which was made of yellow fir,
consisted of five rooms, one of them serving as laboratory
and mess room. The windows and double door were pro-
tected with copper wire gauze, whilst the whole of the
interior was painted white, so that stray mosquitoes could
he easily detected; as a further precaution, each bed was
provided with mosquito curtains.

So muceh for the proof of the mosquitc malaria theory
by negative inference. With regard to the direct positive
proof, Dr Sambon says that “ the mosquitoes were collected
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on the margius of the Porto Swamp, which had been at
one time the famous hexagoual dock, huilt by the Emperor
Trajan. They were all specimens of Anopheles maculi-
penmis, and were carefully examined to see that they bad
only just emerged from their pupal cases and had not yet
fed. They were then infected on cases of tertian fever,
this type of malaria being selected because it offers no real
danger, snd is easily cured by quinine. The patients
employed were very carefully and repeatedly examined, so
as to absolutely exclude the possibility of their suffering
from any other type of malarial disease.

“ The transmission of the infected mosquitoes from Rome
to London was a matter of some difficulty. The journey from
Rome to London lasted about three and a half days. So
many anfavourable conditions of temperature, shaking, etc.,
having to be experienced on the journey, it was necessary
to devise some apparatus that would obviate these risks
as much as possible. 1 noticed in my visits to the Louses
and stables of Ostia, that the Anophelss there collected
very often, and seemingly by preference, rested on the old
cobwebs, and maintained their position on these delicate
structures with ease, even while the latter were wafted
about by fairly strong currents of air, so I tried to repro-
duce a siwilar condition as far as possible in my arrange-
ments for transmission. Mosquito netting was loosely
applied round a framework of tinned wire, so as to form
a cylinder eight and a quarter inches long, by three and
a half inches in diameter, which might be closed at both
ends by means of strings. Four such cylinders were placed
within a square wooden box to protect them from damage
(fig. 30), to render them more portable, and to keep the
ingects in a state of semi-obscurity. Ou each ope of the
sides of the box an opening, three inches square, was made,
covered with wire petting, to allow of the transmission of
air, and also to prevent the mosquitoes escaping should the
cobton netting in any way get torn. By means of this
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method of packing, with very few exceptions, most of the
mosquitoes arrived in London alive and in good condition.
All the mosquitoes that chose were allowed to feed again
on the day of departure, so as to keep them in as good
a state of nourishment for the journey as possible. Asa
precautionary measure, especially for those that had not
fed on the day of departure, thin slices of water-melon or
other fruit were placed on the floor of the hox beneath
each cylinder, in such s way that the insects might, if they
chose, suck up the juices through the weshes of the netting.

“On their arrival in London, the infected mosquitoes were
set to feed on Dr P. T. Manson and on Mr G. Warren,
both of whom had volunteered to be inoculated. For this
purpose the closed cylinders containing the infected mos-
quitoes were placed over the hand or arw of the subject,
and the insects allowed to puncture through the meshes
of the netting. Shortly afterwards (about eighteen days
in one case, fourteen in the other) both subjects developed
characteristic tertian fever, and tertian malarial parasites
were found in abundauce in their blood both at the time
and on the occurrence of the several relapses of malarial
fever from which they subsequently suffered.” Thus
terminated one of the most picturesque, and withal, far-
reaching experiments in the annals of medical entomology.
The doubting Thomases were silenced, once for all; the
means for the amelioration and even eradication of malaria
was made clear to all who cared to profit by the lesson;
and Sir Patrick Manson’s prophecy, made when the experi-
ment was first mooted, that the scientists in the Roman
Campagns would suffer no harm, and that those bitten, in
England, by infected mosquitoes, would contract malaria,
was vindicated in no uncertain manner.

Yerrow Fever

Yellow fever, that dread disease of the tropies, is earried
from man to man by & mosquito, Stegomyia fasciata (fig. 31),
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and by that means alone. In connection with the wosquito-
borne diseases, it is interesting to note that, although
fileriasis was first octually proved to be transmitted by
these insects, more than one observer, at a far earfier date,
had a shrewd suspicion that yellow fever was likewise
transruitted.  Surgeon-General Blair hinted as much, and
Dr Besuperthuy, in 1853, actually accused Stegomyia of
being the carrier; and so far he was right, though his belief
that the insect obtained its poison from the soil was, as we
shall see presently, far from correct.

Yellow fever is probably one of the oldest diseases of
nmookind; it was known to the Aztecs, and Humboldt
wmentions its occurrenco in the eleventh century. It caused
enormous mortality among the followers of Christopher
Colurobus; it decimated the Mexicans in the sixteenth
century, and the inhabitants of Martinique at o later date,
Originating probably in Brazil, the disease has spread
along trade routes to Central America, the Southern United
States, and the West Coast of Africa. It was not till 1881
that Dr Iinlay enunciated the theory that the disease
was carried from man to man by Stegomyia; and about
that time & host of observers took the field ; many of them
succumbed to the disease they had come to study, and
although they were unable to actually find the parasite
causing yellow fever, they proved that neither the persons,
clothing, nor excretions of patients suffering from the
disease are infective. They proved, too, that a patient’s
blood only contained the virus five days after infection,
and that then, if bitten by the mosquito Stegomyin fusciata,
and by this species alone, the insect would, after & lapse
of time, itself hecome infective and capable of transmitting
the disease. These discoveries “swept away as if by magic
the traditional views, which filled very many volumes, as to
the nature, origin, and prevention of yellow jack.” The
disease had been attributed to “droughts and to floods, to
the pestilential ¢ mangrove swamp, to high temperatures, to
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faecal matters, to combinations and concatenations of atmo-
spheric cireumstances, to stone ballast, hundreds of tons of
which have been disinfected or thrown into the sea.”

The fight that man has made, in recent years, against
yellow fever, or rather against the transmitter of yellow
fever, is such & striking example of prophylaxis that some
mention must be made of the work doue and of the results
obtained. Six great yellow-fever campaigns have been
carried out, and, in every cuase, the honours have been with
man.  The first campaign took place in Havana, when the
Americans took over the administration of Cuba. Between
the years 1853-1900 the number of deaths in Havana alone
had averaged two o day. Colonel Gorgas, whose name will
always be writ large wherever mosquito control is the
subject of discussion, took the work in hand so vigorously
and successfully that, in 1907, only one case of yellow
fever was reported in Havapa: one case in a city whose
yearly average of deaths from this disease had been, only
a few years previously, seven hundred and fifty-four. In
July 1905 yellow fever broke out among the Italian colony
of New Orleans, in the dirtiest and filthiest part of the
town; the disease had become firmly established before it
was notified, but, when once the danger was realised, &
most thorough and scientific campaign was set on foot.
By 12th August the disease was at its height, and in three
weeks from the first notification the fever was under
control, and “an outbreak which in previous years would
have developed into the usual awful epidemic was in o few
weeks at o comparatively small cost completely stopped,
and that in the face of a dense population, open drains, and
a sultry summer.” That this statement is no exaggeration
is shown by a comparison with a previous yellow fever
outbresk in the same city. In 1878, when the population
of New Orleans was only 191,418, there were 4,046 deaths,
whereas, in 1905, when the population had increased to
325,000, the deaths totalled the comparatively small number
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of 460. Other campaigns have been carried out in Hon-
duras, Brazil, and the West Indies with equally gratifying
results, and, most striking and dramatic of all, in the
Panama Canal zone.

The Panama Cana) forms the centre of a strip of land
10 miles wide by 45 miles long; its population consists of
some 50,000 labourers and their families, scattered over an
area. of 500 square miles. As in Havana, so in Panama,
the inhabitants depend on rain-water for domestic pur-
poses, with the result that, adjacent to every house, there
is some vessel for eatching and storing water.  The climate
is favourable for continued breeding of mosquitoes all the
year round, and by Stegomyia fusciata, the yellow fever
mosquito, some domestic utensil containing o little water
is the most favoured breeding place. Small wonder,
then, that this district was once a holbed of yellow fever
and malaria, and the failure of the Capal work, during
the French occupation, was largely due to the enormous
mortality of Europeans in the zonc. In 1904, the American
Sanitary Department took upon its shoulders the seemingly
impossible task of rendering the Canal zone healthy and
habitable. The whole region was divided into districts,
bodies of men worked at mosquito extinction in each
district, and an inspector was put in charge of each of
these bodies, to see that the work was carried out in &
scientific manner. Primarily, operations were directed
agninst the yellow fever mosquito, but the malario mos-
quito did not by any means escape from the campaign
unscathed. It is impossible to detail all the ontimalarial
measures that were undertaken in the zone—all the
breeding places of the mosquitoes were destroyed as far as
possible ; bottles, old cans, etc.,, in which Stegomyia might
breed were cleaned up, and ditches, etc., within a hundred
yards of any dwelling were cleared so as not to afford a
home to Anopheles larva; protection for the adult mos-
quitoes in the shape of rank grass was also bu;;ned or
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destroyed around dwellings; habitations were screened to
keep out mosquitoes, and breeding places that could not
be destroyed or drained were trested with crude paraffin,
whilst people who neglected to cover their waber tubs or
allowed water to stand about their dwellings were fined.
Over 1,200 men were employed in the work, at an annual
cost of $2,000,000 per wonum; in fact, the total expenses
of the Panama Canal Sanitary Department have been
estimated at a little more than five per cent. of the total
cost of the Canal.

What is the result of this work, taken in hand ta 19047
Yellow fever is practically unknown; there was not & single
case between 1905 and 1910, and the number of malaria
cases has been materially reduced. By the courtesy of the
Psnama Cansl Commission we are enabled to reproduce
three photographs illustrative of mosquito control. Plate
V. represents the burning of grass near the haunts of the
malaria mosquito; as the adult insect is not strong on the
wing, it is partial to places where a luxuriant undergrowth
will afford the necessary shelter. Plate I. shows one of
the coloured workers of the Sanitery Department treating
a ditch—a likely mosquito breeding place—with crude oil
from a koapsack sprayer, in order to kill the Jarve. The
ssme end is attained in a different manner by the spparatos
shown in Plate VI. A metal container is fixed on supports
above some waterway where the mosquitoes abound ; crude
oil drops slowly from the container to the water below,
thereby rendering the place unsuitable for mosquito breed-
ing and killing any larvae that may be present.

Of Stegomyia fascicta itself, we have already given
some details in our account of the malaria mosquito, by
way of comparison with that insect. Although what may
be termed & coastal mosquito, it readily spreads into the
interior of the countries where it is found. Unlike the
malaria mosquito, Stegomyia is essentially a town insect;
in fact, it has been called the “eistern mosquito.” 1t has
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also been called the “tiger mosquito,” because its legs and
abdomen sare striped with white, whilst in the upper
surface of the thorax there is & white lyre-shaped pattern.
Only the females imbibe human blood,and they fecd both day
and night. The males have been accused of blood-sucking,
but this errooeous notion has probably arisen from the
fact that they settle on man for the purpose of hmbibing
perspiration. Each female lays between twenty and
seventy-five eggs, nnd in this stage the insects are able
to tide over the winter when the weather is severe, for
their fertility is not destroyed by freezing. Under favour-
able conditions, however, the eggs hatch in from ten hours
to three days; the larval period extends from six to eight
days, and the pupal stage may last less than two days,
80 that the whole life-cycle may be completed in a little
over nine days, under favourable circumstances. We have
called the yellow fover mosquito a town insect; it is more,
it is a domestic insect—<as domestic as the flea, bug,
and cat.” In its choice of breeding places, too, it haunts
man'’s dwellings; it has been said that it never breeds in
any water with a natural earth bottom, but always in
artificial water containers, and not necessarily water con-
tainers by design, for the females will oviposit in a few
teaspoonfuls of water in the hollow base of an inverted
bottle (Plate VIL). And if the water evaporates and the
egas are left high and dry, they will retain their vitality
for at least six months—till more rain falls.

Whether the opening of the Panama Canal will result
in the transport of yellow fever to Asia, time alone can
show. Stegomyia occurs in Asia in plenty, but so long as
* the disease itself or infected mosquitoes are not carried
to Asiatic ports all will be well, for non-infective Stegomyia
is as harmless as the common British gnat.

The common gnat, Culex pipiens, of this country is an
annoying insect, though one of little economic importance.
Its near relative, Culex futigans, however, is notorious
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ag the transmitter of a tropical and scwi-tropical disease
known as filariasis. The discase, which in one form also
goes by the name of elephantiasis and Barbados leg, is of
a distressing nature, and manifests itself in enormous swel-
ling of the afflicted organs; its cause is a worm which
occurs in the blood and lymphatics.

So long ago ams 1863, Demarquay had discovered the
immature forms of the parasitic worm, and later, Bancroft
brought to light the mature form, which was kuown as
Filaria bancrofti. The discovery of the transference of
these blood parasites from man to man by the aid of
mosquitoes, in itself of the greatest importance, became
doubly important, becanse it paved the way to similar
discoveries with regard to malaria and yellow fever.

The discoverer, Sir Patrick Manson, deseribed his work
at a weeting of the Authors’ Club,in 1909, in the following
words: “Let me go back to my early years of tropical
oxperience. I was then in the island of Formosa. I took
s grent interest in the diseases of the people. One disease
had a special fascination for me—elepbantiasis. I puzzled
over what might be the cause of this disease, but withont
finding a satisfactory solution. Later I went to Amoy,
& large town on the coast of China, where I saw many
more cases and maoy more forms of the same disease.
Still T failed to find an explanation.

“In 1874 1 came to London, and there for the first time
I heard that Timothy Lewis, who had done so much in the
study of tropical diseases, had discovered that in the blood
of a proportion of the inhabitants in certain districts of
India there was to be found an organisza which he called
Filaria  sanguwinis homimis. This is a microscopic
animalcnle, eel-shaped, and enclosed in a loose sac, or
sheath, within which it wriggles about in the blood very
actively. It is sometimes present in enormouns numbers—
bundreds in every drop of blood. These parasites Lewis
bad found in more than one instance in association with
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elephantiasis or elephantoid diseases. On my return to
China in 1876 I endeavoured to ascertain if these parasites
occurred algo in China. I discovered that they were present
in some districts in ten per ceat.of the population ; in other
districts they were preseat in fifty per cent.; while in other
places they were not found at all. One thing was certain—
that this little organism was not o maeture animal, It
showed no evidence of growth while in the blood, or of
any orgsuns such as would leave one to suppose that it
was capable of reproducing itself. The inference was
therefore that it was the young of sowme other animal,
For this I searched many times, and at last found such
to be the case, although my discovery had been anticipated
by Bancroft and by Lewis himself.

“The parental worm was quite a big animal, from about
3 to-4 inches in length, of & thickness of a strand of
fishing gut. It lay in the lymphatic vessels. But between
this mature animal and its young, actively wriggling
progeny in the blood no intermediate form could be
discovered. The problem naturally suggested itself, How
does this parasite contrive to pass from one human being
to another ?

“Now it oceurred to me that if it could not pass by virtue
of its own effort from one human body to another, and if
such & passage were necessary, as it obviously is, some
other agent must intervene, and that that other agent must
be one which is eapable of piercing the skin of the human
body, and also one which absorbs the blood of the hnman
body, and with the blood the little wriggling parasite
which it contains. Sach translation was, in my opinion, a
first and necessary step for the parasite to take when it
would quit one human body and get into another. Now,
the agent which occurred to we as being the most likely
to effect the necessary step in the translation of the filaria
was the mosquito.”

Whilst in Amoy, Mansor examined the blood of over a
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thousand Chinsmen, and discovered that the number of
filariss in the blood increased during the night. Was this
development of the blood parasite, during the night, an
adaptation to the pocturmal habits of the mosquito?
Manson decided to test the matter, so he dissected
mosquitoes that had juat fed on the blood of a Chinaman
known to be efflicted with the parasites. “I shall not
easily forget the first mosquito I dissected so charged,” he
said. “1 tore off its abdomen, and by rolling a pen-holder
from the free end of the abdomen to the severed end, 1
succeeded in expressing the blood tbe stomach contained.
Placing this under a microscope, I was gratified to find
that, so far from killing the filaria, the digestive juices
of the mosquito seemed to have stimulated it to fresh
activity.” This was an epoeb-making discovery, but
Manson was not content ; further research showed him that
the filarize became exceedingly active in the stomach of the
mosquito, and that they passed through the wall of this
orgsu into the abdominal cavity, and from thence into
the thoracic musecles. He discovered, too, that during this
passage the perasite increased in size from a length of
4 of an inch to a length of y& of an inech, and that in
doing so it developed an alimentary canal and a mouth.
“ Manifestly it was on the rosd to a new human host.”

At the time of these discoveries, Manson concluded
that the filarie then reached the blood of man throngh
drinking water, having reached the water owing to the
deatb and decay of the mosquito. Later work, however,
led to the discovery that the parasites eventually left the
thoracie muscles of their inseet bost and travelled to its
labium or proboscis, there to await an opportunity of
passing into the blood of & human host, an opportunity
which came on the next occasion that the mosquito took
s meal of man's blood. We have mentioned that a near
relative of the common guat is & frequent vector of
filariasis, but at least seven species of dnopheles, and many
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species of Stegomyia, are alse kpown to transmit the
disease, ag do other mosquitoes. This is in marked contrast
to the behaviour of the blood parasites of malsria and
yellow fever, which are only transmitted by dnopheles and
Slegomyia rvespectively; it resembles these parasites,
however, in that the mosquito is absolutely essential for
its complete development.

“ A most interesting fact with regard to this association
between Filario bancrofti and its mosquito intermediary
host is that the larval filariss are found only at night in
the general or peripheral circulation, hiding daring the
day in the vessels of the lungs and other internal organs.
If the blood of the patient is examined during the day,
the young parasites are rarely seen, or not st all. As
evening approaches, the tiny larvee begin to enter the
peripheral circulation in greatly increasing numbers. The
swarm goes on increasing until about midnight, at which
time it is not unusual to find as many as three hundred, or
even six hundred, in every drop of blood. This uncanny
swarming of the larve of Filaria bancrofti in the
peripheral circulation hecomes at once comprehensible
when connected with the wnocturnal habits of their
liberating agent, the mosquito. The young filarie may
persist for months in the blood of man, and no further
development is possible, unless they reach their necessary
intermediary host, and this is why they swarm into the
peripheral circulation at the time when mosquitoes bite.
There are a large number of similar correlations in
Nature.”

House FLIES AND DISEASE

As disease-carriers, the house flies, Musca domestica,
stand in a class by themselves. The belief that they dis-
seminate infective diseases is not pew. “Mercurialis (1577)
considered that they carried the virus of plague from those
ill or dead of plague to the food of the healthy. Sydenham
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(1666) remarked that if swarmas of insects, especially
houee flies, were abundant in summer, the succeeding
gutuman  was uohealthy. A opumber of authors, eg.
Crawford (1808), might be cited who refer in a general
way to insects, especially to house flies, as carriers of
infection. Moore (1853) refers to flies as possible carriers
of cholera, typhoid, tuberculosis, anthrax, and leprosy:
Leidy (1872) refers to flies as carriers of the infection of
hospital gangrene and of wound infection, . . . but none of
these autbors do more than offer surmises regarding the
part played by flies in the apread of disease.”

To avoid any wisunderstanding as to the part played
by house flies in the transmission of disease, we may state
at once that their work is purely mechanieal, though none
the less deadly on that account. Their mouths are not
adapted for biting, and they are quite unable to pierce the
human skin, or any skin for that matter, if they would.
“They are a disgusting pest which feed and wallow in filth
of all sorts, and when their proboscides and legs are covered
with germs which are growing and living in such filth,
they proceed to our food and to the food of our children
ond contaminate it. This infected food we human beings
eat and drink, and in this way disease is kept circulating
from one person to another in a never-ending cycle, the
flies carrying disease from one sick person to the food of
others and perbaps to and from animals besides.” In time
of war the house fly has proved more deadly than the
enemies’ bullets. During the Spanish-American war more
than eighty per cent. of the deaths were due to typhoid;
during the Boer war the number of deaths brought about
by the agency of the house fly are impossible to compute.

The disgusting habits of these insects have been
mentioned in another place, how they swarm on all
manner of filth and garbage and fly direct therefrom to
our food and persons, which they soil with their excrement
and vomit, in addition to carrying oddments of the
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decaying matter over which they have walked and
dropping it as they go. The deplorable number of deaths
from typhoid that took place in the Spanish-American and
Boer wars focussed the attention of entomologists on the
house fly. A Government report concerning the conditions
of the former war states that: “It was impossible to keep
the flies from the already cooked food, even if a man kept
one hand over his plate and ate with the other”; whilst
the American Army Medical Department, in a circular
showing that flies were probably carriers of typhoid,
states that: “ They swarm about fwecal matter and filth of
all kinds deposited on the ground or in shallow pits, and
directly convey infectious material attached to their feet,
or contained in their excreta, to the food which is exposed.”

During the war an Army Typhoid Commission was
instituted, and its findings made it more and more clear
that house flies were responsible for the spread of typhoid.
Dr Vaughan, who drew up a report for the Commission,
laid especial stress on three points: that flies pass direct
from fmcal matter to food, as was plainly shown, when
lime had been recently sprinkled over the contents of the
pits, by the fact that insects whitened with lime were seen
on the food; that the officers suffered less in proportion
than the men—their mess tents were cffectually screened ;
that with the approach of the cold weatber and the con-
sequent reduction in numbers of the flies, typhoid gradually
decreased. The report continues: “It is possible for the
fly to carry the typhoid bacillus in two ways. In the first
place, Tecal matter containing the typhoid germ may
adhere to the fly and be mechanically transported. In
the second place, it is possible that the typhoid bacillas
may be carried in the digestive organs of the fly and be
deposited with the exerement.”

During the Boer war matters were no better. Tooth and
Calverley, writing of typhoid during the war, state that
“in & tent full of men, all apparently ill, one may almost
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pick out the enteric cases by the masses of flies they
attract. This was very noticeable at Modder River, for
at that time there were in many tents men with severe
sunstroke who resembled in some ways enteric (or typhoid)
patients; and it was remarkable to see the ingects hover
round and settle on the enterics. The moment an enteric
patient put out his tongue & fly would settle on it. . . . At
Bloemfontein the flies were a perfect pest; they were
everywhere, in and on every article of food. It is im-
possible mot to regard them as important factors in the
dissemination of enteric fever. Our opinion is further
strengthened by the fact that enteric fever in South Afries
practically censes every year in the cold weather; and this
was the case at Bloemfontein.” So clearly did the evidence
point to house flies a8 carriers of typhoid during the war,
that numerous investigators took up the matter and proved
conclusively that they were very cfficient vectors of the
disease, even after a lapse of twenly-three days from the
day of infection.

Axother disease, with a higher death-rate than typhoid,
and, like typhoid, carried by house flies, is infantile diarrhcea,
or enteritis, “In London, during the year 1910, there died
of this disease 1,811 infants under two years of age; and
during 1911, which had & hot summer, the infantile death-
rate rose to cven greater proportions. But in Bombay,
during 1910, 2,263 died, and in Paris this disease killed
1,152 infants; in New York, 5,649; Chicago, 3,384; Rio de
Janeiro, 2,692.” As & final example we read that: “During
the hot weather at Cairo in 1909 it killed 38,000 children
in less than two months” At the Lister Institute in
London, Dr Morgan carried ont a series of researches on
this disease from 1905 to 1908, and succeeded in isolating
s germ which he called Morgan 1. Rats fed on the
bacillus died of enteritis; monkeys, too, subjected to the
same test, died exhibiting all the symptoms usual in
children. The researches were continued, but attention
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was turped to house flies, and in the bodies of many of
these ingects, taken from houses where there were children
ill with infantile enteritis, the germs of the disease were
found.

“But because infected flies were found after the onset of
the cold weather in the autumn, and because some infected
flies were found in a house in the country where no child
suffering from the disease happened to be discovered, and
because some doctors believed that the fly curves and the
disease curves do not correspond, this research seems to
have been relegated into the background. It should have
been namned as one of the most important investigations of
the present century. Flies may live for weeks in the cold
weather—in fact, we koow they do; but the majority die.
And there may be enteritis-carriers, as we know there are
typhoid-carriers, who appear apparently healthy and who
have had but mild attacks of the disease.” So little notice,
however, was taken of the established connection between
honse flies and disease that in the summer of 1911 infantile
enteritis broke out again nearly all over England ; thousands
of pounds were spent in a vain attempt to stem the tide of
mortality, flies were everywhere, thriving in the decaying
organic matter which the hot weather made plentiful, yet
no one, apparently, gave any thought to a campaign for
stamping them out and so mitigating the evil. In America,
bacilli were discovered, similar to those dlscovered by
Morgan, and equally pathogenie.

Varxous estimates have been made as to the number of
bacteria that may be carried ahout the body of a single
healthy, active fly; one investigator, Torry, puts the
number at twenty-eight million in its intestine, aud four
and a half million on the outer surface. Esten and Mason,
by careful experiment, found that the number of external
bacteria varied from five hundred and fifty to over six and
& half willion; other observers have put the number as
high as five hundred million per fly. The numbers seem
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ineredible ; that one house fly can carry ahout its body as
mony as five hundred million germs is almost beyond
belief, yet the estimated number is not the result of guess-
work but of careful experiment. Looking at the matter
from the most favourable point of view, and supposing each
fly to carry only five hundred and fifty bacteria from place
to place, the supposition is not pleasant. A goodly number
of these bacteria would assuredly be pathogenic, or disease-
producing, and a fly, laden with only fifty typhoid germs,
and making an attempt on its life 1o a jug of milk, is an
obvions source of danger. for these germs increase with
surprising rapidity in such a favoursble medium as milk.
Speaking of the house fly, or, as it is called in America,
the typhoid fly, Howard says: “ And as for the typhoid fly,
that a creature born in indescribable filth and absolutely
swarming with disease germs should practically be invited
to multiply unchecked, even in great centres of population,
is surely nothing less than criminal.”

“Moore (1853) drew attention to the necessity of guard-
ing food against flies, because. he supposed, they might
disseminate cholern, adding: ‘Tlies in the East have not
far to pass from disessed evacuations or from arbicles
stained with such excreta, to food, cooked and uncooked.
Nicholas (1873) writes that in 1849, when cbolera prevailed
at Malta: ‘My first impression of the possibility of the
transfer of the diseasc by flies was derived from the
obgervation of the manner in which tbese voracious
creatures, present in great numbers, and having equal access
to the dejections and food of the patients, gorged them-
selves indiscriminately and then disgorged themselves on
the food and drinking utensils. In 1850 the Superd, in
common with the rest of the Mediterranean squadron, was
at sea for nearly six months; during the greater part of
the time she hed cholera on board. On putfing to sea the
flies were in great force; but after a time the flies gradually
disappeared, and the epidemic slowly subsided. On going
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into Malta harbour, but without communicating with the
shore, the flies returned in greater force, and the cholera
also, with increased violence. After more cruising at sea,
the flies disappeared gradually, with the subsidence of the
disense’” Various experiments and observations in more
recent times, notably those of Macrae and Buchanan in
India and Tsuzuki in China, present convincing evidence
tbat the house fly plays an important part in the dis-
sernination of cholera.

“The earliest experiments with anthrax in relation to
flies are those of Raimbert (1869), who placed house flies
and meat flies on infected material and afterwards tore off
their appendages and inoculated thew, with positive results,
into animals. Esxperiments of a somewhat similar nature
were made by Celli (1888), Sangree (1899), and Buchanan
(1907), and they ‘all agree in demonstrating that flies pick
up anthrax bacilli when they walk about and feed on
infected material. It remains to be determined how long
flies may harbour the baeillus on its spores, and whether
the virulence of the bacillus in the vegetative stage is
modified by passage through the intestines of flies.’

“The part played by non-biting flies in the spread of
opbthalmia is well recognised to-day. Budd, as early as
1862, considered it was fully proven that flics serve as
carriers of Egyptian ophthalmia. Laveran (1880), writing
of Biskra, says the same. Howe (1888) stated that (1)
the number of cases increases rapidly from the moment
when flies are present in large numbers; (2) eye trouble
occurs in the same places where flies are namerous (Delta
of the Nile); where there are a few flies (the Desert) there
are also a few cases of illness; (3) natives, and especially
cbildren, are remarkably indifferent to the attacks of flies:
they allow the flies to settle in crowds about their eyes,
sucking the secretions, and never think of driving them
away; (4) examination of the flies captured on diseased
eyes revealed bacteria on their feet which were similar to
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those found in the conjunctival secretion.” Other authors
sre agreed thst the evidence regarding the spread of
Egyptian ophthalmia by flies is conclusive.

“The first to investigate the house fly in relation to
the possible dissemination of the tubercle bacillus were
Spillman and Haushalter (1887). These suthors found
tubercle bacilli in the intestinal contents and dejections of
flies which had fed oun tnbercular sputum. Hofmann
(1888) carried out observations under patural conditions
by examining flies captured in the room of & phthisical
patient. He found tubercle bacilli in four out of six flies
examined, and also in the excreta of flies scraped from the
walls, door, and furpiture of the room. Celli (1888) has
reported experiments by Alessi in which the Jatter fed
flies upon tubercular sputum, and subsequently inoculated
the flies’ dejections into rabbits, thus causing the latter
to become taberculous.” Later experiments by Hayward
(1904) and Buchsnan (1907) showed that, without & doubt,
flies nre capable of spreading tuberculosis. The cup is not
yet full, for the ubiquitous house fly bas also been accused,
and not without reason, though the proof is not yet forth-
coming, of spreading diphtheria, dysentery, yaws, plague,
tropical sore, small-pox, and swine fever.

‘We have stated in another place that, normally, the food
of adult bouse flies is taken up in liquid form. In this
connection some interesting experiments by Grassi (1883)
and Stiles (1889) are of importance. Grassi showed, when
flies sucked up water in which the eggs of parasitic worms
were floating, that they were absorbed with the liquid and
passed away unaltered in the insects’ dejections. Stiles
placed house-fly maggots with the femele of another
parasitic worm, which they devoured, together with the
contained eggs. Both the maggots and the adult flies were
found to contain the eggs of the parasite. “The experi-
ment being wade in very hot weather, the eggs developed
rapidly, and were found in different stages of development



INSECTS AND HUMAN DISEASE 127

in the insects, thus proving that the latter may serve as
disseminators of the parasite. Providing that the eggs
attain the proper stage of development, the fly, acting
simply as a carrier, might convey the parasite to man by
falling into or depositing its excreta on his food.”

Various non-pathogenic, and therefore relatively un-
important, bacilli are carried from place to place by Bies;
one species in particular, kuown as Bacillus prodigiosus, is
frequently found on food. *“Although the organism is
quite harmless, it has arrested attention because it produces
blood-red colonies upon the substances on which it grows.
The miracle of ‘the bleeding host’ in the middle ages bas
been attributed by modern writers to the development of
prodigivsus colonies upon the wafers in damp churches.
Because of the characteristic pigment which it produces,
Bacillus prodigiosus has been a favourite organism in
experimental work. Thus, as early as 1875, Otto Helm
experimented with Momas prodigiosa, and stated that the
slimy masses containing the bacillus are casily conveyed by
flies from one food substance to another.” The story might
be conlinued ad nauseam ; we have said enough, however,
to show beyond doubt that, as a disseminator of disease, a
carrier of unpleasant parasitic worms and of bacilli, which,
though non-pathogenic, ruin man's food, the ubiquitous
house fly is without & compeer,

A prevalent disease of children in Seandinavia, Germany,
and America, known as infantile paralysis or acute epidemic
poliomyelitis, was first recognised in 1840 by Heine, a
German surgeon. Since that time the disease has made
considerable headway in Europe and America, and has also
spread to Australia, the West Indies, and other parts of
the world. For several years there has been a growing
suspicion amongst those familiar with the disease that it
is insect-borne. Sporadic cases occur in such a way as to
render it unlikely that they have been contracted by
personal contact. The disease alwost disappears in winter
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and reaches its maximum in the height of the summer; it
is also a typically rural or semi-rural disease. All these
facts point to a probable insect vector.

The seasonal distribution of poliomyelitis puts out of
count fleas, lice, and bed bugs, for they are nearly as pre-
valent in the winter as in the summer. Suspicion can
bardly fall upon mosquitoes, for they are so generally
abundant and so persistent in their search for human blood,
that diseascs borne by them usually develop into cxtensive
outbreaks, and this is never the case with infantile paralysis. .
Ticks and Reduviid bugs, hoth of which are known to
transmit human diseases, are unlikely vectors in this case,
because their attacks leave considerable wounds, which
are easily observed.  Various Diplera have been suspected
from time to time, but, with one exception, they may all
be dismissed—the gadflies are rare in inland rural com-
munities; the closely related Chrysops does not oceur in
the latber part of the summer, when the disease is most
prevalent; the buffalo gnats, too, arc most abundant in the
spring.

The ouly insect which camuot be dismissed for any
reason whatever is the stable fly, Stomoxys caleitrans.
This fly has bloodthirsty habits which render it 2 probable
vector of discase; its seasonal abundance is closely corre-
lated with the incidence of the disease; its geographical
distribution agrees with that of poliomyelitis; it is & rural
rather than a town-frequenting insect; and in a very large
number of cases the children had played about stables, etc.,
where Stomoxys was abundant. Experimentally the bites
of infeeted stable flies have produced poliomyelitis in
healthy monkeys, so there is every reason to believe that
they may spread the disease naturally, and that probably
some domestic animal acts as a reservoir for the virus.

The stable fly resembles a stoutly built house fly, grey
in colour, and with s resting position, with wings somewhat
spread, which distinguishes it from the house fly. Its
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proboscis, when at rest, is carried in a forward position
(fig. 32); and the presence of this awl-like piercing organ
cenders confusion with the house fly, with its soft, sucking
proboscis, impossible. Common in Europe, the Americas,
and parts of Asia and Africa, this inscet is almost as widely
distributed as the house fly. Both males and females
attack men and animals and suck their blood. The eggs,
to the number of about sixty, are laid on stable manure
and hatch out in two or three days, whilst the larvae, which
feed on the nidus, are full grown in about a fortmight.
They closely resemble house-fly maggots, but may be dis-
tinguished by their having quite circular spiracles on the
posterior segment. The pupa, which is reddish brown and
tub-shaped, closely resembles that of the house fly.

Tserse FLIES AND SLEEPING SICENESS

Sleeping sickness is one of the most appalling diseases
carried from man t0 man by the agency of insects. It has
been known to exist on the West Coast of Africa for mare
than two hundred years, but not till 1901 did wmedical
men know that it was cansed by a trypanosome, which its
discoverer, Dr Dutton, named T'rypanosoma gambiense ; and
two years later it was proved that a tsetse fly, Glossina
palpalis, ncted as the carrying agent. As trypanosomes
are responsible for some of the diseases of live stock,
which will be considered in a later chapter, it is as well
to describe the organisms briefly, without sttempting to
distingunish between the various species causing different
diseases. Detailed deseriptions can be found iv many works
" on tropical medicine, of which a list is given in the biblio-
graphy. Trypanosomes are very minute Protezog, that
is to say, animals consisting of a single cell or & small
collection of similar cells; they belong to the class of
flagellates, so called because they are provided with a fine
thread-like structure, known as a flagellum (fig. 33). An

9
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examination of & stained trypanosome, under a high power
of the microscope, shows that it is a single-celled organism,
pointed at either end, and possessed:of a membrane ex-
tending the whole length of the cell. This membrane
terminates at its snterior end in a flagellum, arising from
& minute structure known as u blepharoplast. During life
the organism is exceedingly active, wriggling about in the
liquid portion of the blood, the plasma, by means of its
flagelium, which lashes like a whip and is controlled by
the blepharoplast, the while the membrane undulates, after
the manner of the dorsal fin of certain fishes. Some try-
panosomes are harmless, or, at any rate, are not the cause
of disease; they simply live as parasites in the blood of
certain hosts; others are the cnuse of tsetse-fly disease, or
nagana, surra, dourine, and mal de caderas in cattle, and
to all these diseases, whether in man or animal, the general
term trypanosomiasis is applied. Sleeping sickness, with
all its distressing symptoms of lassitude, paralysis, and
eventual coma, is, in reality, the final stage of human
trypanosomiasis.

As the African Continent was opened up for trade, sleep-
ing sickness spread over the tropical area from west to
east, like an all-embracing octopus. In 1908, the first cases
were reported from Nyasaland, and, in the following year,
Rhodesia came under the fatal spell; its appearance in
the latter colony caused considerable astonishment to the
medical profession, for the vector, Glossina palpalis, had
never been found in that part of Africa. The blood of an
European patient was examined, and was found to contain,
not Trypanosoma gambiense, which up to that time had
been looked upon as the sole cause of the disease, but a
new organism which was named Trypanosoma rhodesiense,
after the colony where it first cametolight. The discovery
waa startling in the extreme, and of such importance that
Drs Kinghorne and Yorke were at once dispatched to
North-East Rhodesia, by the Liverpool School of Tropical
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Medicine, to study the disease on the spot. These two
scientists, to whose discoveries much of our present kuow-
ledge of sleeping sickness is due, established themselves at
Nawalia, in the Luangwa Valley, which runs north to south
through the middle of North-Esst Rhodesia. The valley
has an evil reputstion, and is closed to Europcans on
account of sleeping sickness, whilst nstives may neither
enter nor leave it. In this lomely spot, cut off’ from all
civilisation, these two wen, at imminent peril to themselves,
spent eighteen months, working to discover why sleeping
sickness was spreading in districts where Glossina palpalis
was unknown. Althougb Nawalis is the site of an old
government station, no palatial dwelling or well-equipped
laboratory was vouchsafed the scientists ; simply wattle and
daub stractures sufficed : they were “ glorified native huts.”
Even their ordinary wants were at times in jeopardy, for,
as Dr Yorke said, in describing his work, “ All our stores
had to be carried by natives from Fort Jackson (120
miles distant), & procedure which at times resulted in o
certain amount of exasperation. For exarple, on one
occasion we sent in an order for & hundred pounds of
flour and a six-gallon tin of paraffin oil. After about three
weeks the carriers returned with a note and an empty oil
tin. In the letter was written, * Sorry no flour, herewith
the oil” On the way back the natives bad perforated the
paraffin tin, either accidentally by letting it down suddenly
on a sharp stone, or designedly to render the load lighter.”
The domestic stock in the valley was decimated by try-
panosomiasis, and many of the natives employed by the
commission died of sleeping sickness.

The headquarters had scarcely been established before
Drs Kinghorne and Yorke announced an epoch-making
discovery. Luangwa Valley was reeking with sleeping
sickness, yet not a single tsetse fly, of the species that was
believed to be the only carrier of human trypanosomes,
could be found. An allied species, Glossina morsilans,
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present in emormous numbers, was spreading disease far
and wide among the cattle, and was soon proved to be also
& vector of sleeping sickness. The importance of this dis-
covery is apparent, when the habits of the two tsetse flies
are taken into consideration. Were the disense carried by
(Hossina, patpalis alone, there might be some hope of its
ultimate eradication, or of its being kept well in hand;
for palpalis has a limited distribution, and is pever found
far from water, either river or lake; in short, it frequents
weoll-marked “fly belts,” and excellent results have been
attained in Uganda by a wholesale removal of the native
population from the watercourses and lake shores, and so
out of the “fly belt.” Glossina morsitans is not confined
to the neighbourhood of water, or even to low-lying ground,
being found even at elevations of five thousand feet. It
is, however, confined to somewhat arbitrary boundaries or
“ belts,” though why this should be s0 is curious, for it is
absent from many topographically and climatically similar
stretches of country. It is the most widely distributed
of all the Glossina species, extending from Senegambia
to Abyssinia, and as far south as Zululand. So that now
whole distriets, which only a few years ago were considered
unlikely to be visited by this disease, arc obviously liable
to eome under its fatal spell. Indeed, although these two
flies are the only two proved carriers of sleeping sickness,
all the species of (Hossine must be viewed with suspicion.
Glossvna fusco, and Glossina, pailidipes bave been arti- .
ficially infected with the trypanosome: time alone can show
whether they, or their relatives, transmit it natorally. A
word or two eoncerning the transmission of sleeping sick-
ness may not be out of place. When one of the species of
Glossina in question bites an infected patient, that is to
say, & man harbouring in his blood the trypanosome re-
sponsible for sleeping sickness, it is in & position to transmit
the disease; and this may take place in ope of two ways,
either mechanically or by reason of the fly itself becoming
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infective. Should the infected fiy bite » healthy person
within twenty-four hours, mechanical transmission takes
place; the trypanosomes adhering to its mouth parts are
simply transferred to the blood of the new host and slesp-
ing sickness ensues. At the end of twenty-four hours
there is no fear of mechanical transmission; from this time
till some days after the infective meal, further bites are
harmless, even to a healthy persen. During this time the
trypanosomes takeu into the systern of the Glossina are
undergoing development in its gut—an incubation period,
in fact. Dleven to fifteen days after the fly has had its
infective meal, it is again able to infect those whom it
bites, this time with the organisms it has harboured in its
body, provided that the atmospheric temperature has been
tairly high; for it is a curious fact thut only under such
conditions do the parasites develop within the tsetse flies,
but, once infective, they may remain so for sixty days
So much for the transmission of sleeping sickness from
man to man. But man is not the only host; the trypano-
somes are to be found in the blood of domestic animals
and & numher of wild animals. Trypanosoma gambiense
is said to exist in the blood of cattle without detriment to
health, but Trypanocsoma rhodesiense, on the other hand, is
the cause of enormous mortality in horses, donkeys, goats,
and dogs. Six hundred and ninety-eight animals were
examined at the Nawalia laboratory, including elephant,
rhinoceros, hippopotamus, lion, buffalo, caracal, galago,
squirrel, hunting dog, piant rat, wild rabbit, fourteen
different kinds of antelope. twenty-five monkeys, thirty-
five head of domestic stock, one hundred and forty-two
wild rate, and fifteen mice. Approximately, the percentage
of infected big game was fifty, being very high among
the antelopes, of which waterbuck, haartebeeste, reedbuck,
and duiker have been proved dangerous neighbours to man.
Big game are the reservoirs of the trypanosomes of man
and domestie animals. Frequenting the fly belts, and
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apparently unharmed by the trypanosomes, they form an
inexhaustible source, from which Glossina morsitans may
become infected. TFor when once a fly has bitten an ante-
lope whose blood harbours the parasite, it becomes, after
o developmental period, a source of infection to man.

This, then, in brief, is the present state of our knowledge
of sleeping sickness. Either Glossina palpalis or Qlossima
morsitans may carry the disease, the former in the shape
of Trypanosoma gambiense, the latter as Trypanosoma
rhodesiense. Whichever trypanosome is introduced into
the human system, the result is the same; the clinicat
manifestations of disease, caused by the two parasites, are
practically identical, though Trypanosoma gambiense is
probably more virulent. Some excellent results have been
obtained in the control of the disease, as transmitted by
Glussina palpalis, owing to its habit of never leaving the
neighbourhood of water. What can be done with Glossina
morsitams and its limitless living reservoir of Trypanosoma
rhodesiense? This is a problem which has excited, and is
exciting, considerable controversy. Suggestions have been
made for wholesale slaughter of big game and for driving
them back far from the Hmits of huwan babitation, in the
hope that the flies, deprived of their source of infection, may
ultimately become non-infective. Into the ethics of the con-
troversy it would be out of place to enter, rather let us
turn to the flies themselves and learn something of their
life-histories.

Glossina palpalis (fig. 34) is a bluish or olive-grey fly
with brown markings; its abdomen is brown, and on the
first segment is a light-coloured triangular area with
the apex pointed posteriorly. The second segment has a
similar, though smaller, triangular mark, and it is continued
as a pale stripe down the abdomen to the end of the fifth
segment. Its geographical distribution is confined to the
areas drained by the Senegal, Congo, and Niger, and it fre-
quents districts where forest trees provide the shade it loves,
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and where there is reasonable, though not excessive, moisture.
As in other species of Glossing, the larva emerges from the
egg within the body of the mother fly ; in fact, it undergoes
three moults before it is born (fig. 85). When full grown,
it consists of thirteen segments, is from six to seven milli-
metres in length, and of a dirty white colour, with the
exception of the posterior end, which is black. Each female
fly, during a life of about three months, gives birth to eight
or ten larve, at intervals of about ten days Tmmediately
it is born, the larva seeks a suitable hiding-place where it
can pupate, and it usually selects a well-drained gite, such
as dry sand, or beneath leaves or debris; after approxi-
mately five weeks the adult flies appear.

Qlossina morsitans has o light grey thorax and a buff-
colonred abdomen with a brown spot at the lateral margins
of the second segment. Segments three to six have brown
transverse bands which do not reach to the middie line; in
short, the fly is so distinctly marked that it capuot be
mwistaken for any other species. It is widely distributed in
Western and Central Africa, much more so than palpalis.
For many years this fly bas been associated, by Europeans
and natives, with nagans, a disease of domestic stock, and
recently, as our notes have shown, it has attained further
notoriety as the transmitter of sleeping sickness. Pulpalis
and morsitans are rarely found in the same locality; the
latter fly frequents more open country snd is not nearly so
closely nssociated with water as its congener. Little is
koown of the life-history of this fly; in fact, one puparium
only had been found up to 1910, and from then, till the
sleeping sickness commission under Drs Kinghorne and
Yorke reached Luangwa, no further finds were recorded. Of
a number of pupe that were then discovered, the majority
were closely associated with trees, either in hollows at the
roots, or in crevices in the trupk itself, and often at some
distance from water. The duration of the pupsl stage, in
the lahoratory, was found to vary from twenty-one to
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eighty-eight days, according to the temperature ; in nature
the warmth of the sun probably shortens the period.

Two MORE DISEASES TRANSMITTED BY Fries

Working in Malta, many years ago, Pym described an
obscure fever whose origin remained a mystery till 1908,
when Doer in Hertzegovina showed that it was caused by a
so-called sand fly, Phlebotomus papatasi (fig. 86). Doer’s
experiments have recently been confirmed by Birt and
others, and the disease is now known as Phlebotomus fever.
In the family Psychodidce there are hairy, moth-like flies,
called owl midges, and blood-sucking insects, known as
sand flies. Phlebotomus papatasi is & very minute, pale
yellowish fly, rendered conspicuous by its very long legs,
which enable it to hop like a flea. It is somewhat widely
distributed, being found in Malta, South Europe, North
Africa, America, and North India. The female, which, by
the way, is the blood-sucker, for the males do not bite, lays
about forty of her translucent eggs in caves and cracks in
walls; after a few hours the eggs lose their translucency and
become shining, dark brown, and marked with longitudinal,
slightly raised, black wavy lines. In about nine days the
larvee emerge ; tbey resemble small greyish-white caterpil-
lars, with dark heads and two stiff tail bristles, which become
four when the larva is full grown. The pupe is a curious
object with a triangularly shaped head, which, viewed end
on, resembles a ram’s head in miniature, the antennal sheaths
appearing like horns; in colour it is yellowish buff.

Various experiments have been carried out in London
and Malta, with & view to obtaining data as to the disease-
carrying power of these flies. They show that a person
suffering from Phlebotormus fever carries the virus in his
blood during, at least, the first day of fever, and that a
sand fly, baving partaken of a meal of infected blood,
remains infective for from seven to ten days.

All the insects considered in this chapter, with one excep-
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tion, have been proved, beyond-a doubt, to be the carriers
of the various diseases with which they are associated.
There remains one important problem which deserves men-
tion, namely, the probable transmission of pellagra by one
or oore species of Stmulium, popularly known as buffalo
gnats, or by some other closely related biting flies. The
history of pellagra and its probable connection with insect
life is of interest, quite apart from the question of what
insect will ultimately be proved to be the vector. Pellagra,
like malaria, yellow fever, and sleeping sickness, is essenti-
ally an endemic disease ; it is invariably associated with the
same ecological conditions. Just as malaria is associated
with stagnant water, so is pellagra linked to rapidly run-
ning streams.

The disease itself was first recognised in Spain in 1735
by Dr Casal, and was then called mal de la rosa; it affects
the skin and nervous system, causing, as its early name
implies, & red rash on the affected parts, the hands, neck,
ete., and often terminating fatally. It is probably rare in
England, but is endemic in the eastern districts of Scotland,
north of the Forth, and in the Shetland Islands, where it
was known as long ago as 1863. Till quite recently it was
thought that pellagra was contracted by eating maize that
had become stale and attacked by a fungus; despite the
brilliant work of Dr L. Sambon, who first drew attention to
the fact that pellagra is probably carried by insects, and de-
spite the fact that pellagra occurs where maize is not eaten,
many still adhere to this belief. In certain districts of Italy
the disease is rampant, whole populations being affected in
some cases; in America it is spreading to an alarming extent.

As the connection between insects and pellagra is at the
moment theoretical, with, it must be admitted, a strong
bias towards the probable, it is of interest to read
Dr Sambon's observations in the Venetian lagoon:
“ Venice, with its urban population, is, as in the case of
all towns, entirely free from pellagra. The island of Lido,
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just opposite, is slso immune. Murano, close by, with its
industrial population of world-famous glass-blowers, is
also quite free. The islands that harbour pellagrins are
Pellestrina and Chioggia between Lido and the mainland
to the south, where the Brenta and the Adige flow out into
the sea, and the group of islets formed by Burano, Torcello,
Mazzorbo, S. Erasmo, ete., between Lido and the mainland
to the north about the mouth of the Piave. Both the
Pellestrina and the Burano group of islets are inhabited
principally by fishermen, who fish in various parts of the
lagoon, and not infrequently, especially in the spring, for
weeks together, along the mainland coast. Burano is &
small islet entirely covered by closely clustered houses.
As a town one would naturally expect it to be entirely
free from pellagra. just like the neighbouring Venice and
Murano, yet many of its inhabitants are pellagrins. But
whilst on the neighbouring mainland and in all peliagrous
districts throughout the world the disease is, as a rule,
more prevalent among women than men, the Burano
pellagrins are almost exclusively men. Moreover, whilst
on the mainland the disease is especially common in very
young children, in Burano it has never been known to
oceur in any girls, and only very rarely in boys, and not
before their tenth year. Another interesting and telling
fact is that, whilst the disease is very common amongst the
fishermen, it has never been seen in any of the Burano
artisans who go every day to work at the Venice arsenal.
It is obvious, therefore, that Burano is not an eundemic
centre, and that its fishermen, who are very heavily taxed
by the disease, contract it whilst fishing along the main-
land coast, and especiglly near the mouths of the Brenta
and other streams flowing into the lagoon, when they are
at times greatly molested by swarms of small biting flies.
This explains why, contrary to the general rule, the
disease in this island is restricted almost entirely to adult
males and to the older boys who go out fishing with their
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relatives and often sleep on the mainland It explains the
immunity of the men permanently employed at the Venice
arsenal. It explains the immunity of the Burano women
and girls who remain continually on the island to work at
that wonderful needle-made lace, the ‘punto in Aria,” for
which the island 1s famous. It explains the exceptional
occurrence in the very few women who go to work in the
fields of the neighbouring mainland.” The conclusions from
these investigations alone seem reasonably obvious, but,
taken in conjunction with Dr Sambon’s later work in the
Americas and the West Indies, his theory appears incontro-
vertible. Pellagra occurs in districts where maize is never
eaten, but, with one exception, the Nile delta, it is always
found in association with buffalo gnats. In the delta
pellagrins are found, but despite the most diligent search
no species of Simuliwm has heen discovered, though
another fly, Leptoconops, is much in evidence. Perhaps it
00 is o vector of pellagra.!

The Simulium (fig. 37) is a very small fly, one to four
and a half millimetres long, usually black or dark brown,
its Jong legs often banded with white, its transparent wings
relatively large and broad ; whilst its arched, hairy thorax,
and short, stout antenns have earned it the name of
buffalo gnat, from a supposed resemblance to the buffalo.
It is cosmopolifan, and the common British species are
Simulivwm lineatum snd Simulium reptans. Like many
other biting flies, the female alone is the culprit, the male
being inoffensive. Unlike other flies, however, the so-called
bite is not brought about by piercing the skin but by a con-
tinued seraping till blood flows—natural vaccination, in fact.
All the stages, except the adult, are passed under running
water. The female fly oviposits in the evening; flitting
along the water with a peculiay darting flight, she holds on

1 Since the above went to press, Dr Hunter has announced, in an

American jowrnal, that he has succeeded in infecting monkeys with
pellagra by means of infective Stmulide.
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to & rock or other support, just above the water, the while
the tips of her wings and abdomen vibrate in the water.
The eggs, to the nurber of two hundred, are laid in patehes,
and adhere to some submerged support by means of a
gelatinous covering. After about a week, the time depends
on the temperature of the water, the larves (fig. 38) emerge.
They are usually greenish brown in colour, and of a
peculiar club shape. Their chitinised heads are furnished
with two fanlike appendages, each composed of about fifty
filaments, attached to a stalk, wbich, by continual expansion
and coutraction, draw food, consisting of minute aquatic
plants, into the gullet. Just below the head is a conspicuous
proleg furnished with a sucker, whilst at the posterior end
there is & large terminal sucker, by means of which the
larva remsains attached in an upright position to some
support. But its habitat is below swiftly running water,
and a false step would mean destruction; so absolute
reliance is not placed on the sucker: o silken thread is
spun and affixed to some support, a life line, if you will,
by means of which the larva can remain at anchor. In
two or three weeks, or perhaps only after several months,
depending on the temperature and rapidity of the water,
the larva spins & characteristic silken cocoon in the form
of a pocket, open at its larger end (fig. 39). In this
curiously shaped dwelling it pupates, holding to its silken
home by means of abdominal spines. The head of the
pupa, which protrudes from the open end of the cocoon, is
furnished with a pair of tufted breathing filaments which
float about in the water. Towards the end of the second
or third week, a bubble of air gradually collects within the
cocoon, the pupa case splits, the fly emerges, and, rising
within the air bubble, reaches the surface of the water
without wetting its wings. Once in the air it darts away
immediately ; there is no wait for wings to dry or expand,
no hesitation, only an eager search for blood of man or
beast.
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Ticks aND Human DISEASE

That ticks, by their bites, could cause disease in human
beings has been known for more than two hundred years.
Drury, in an account of a visit to Madagascar, 1702-1720,
said that very few people would enter the dwellings of the
Vazimhas because of an insect called “ Poroponjy” by the
natives, This insect, which resembles a cattle tick, was
only found among the Vazimbas, who held it in some
esteem, because the fear of it prevented a neighbouring
tribe, the Sakalaves, from entering their dwellings. A
bite from this tick entailed an illness of six weeks to
two months’ duration. Livingstone first deseribed “human
tick disease” in Portuguese East Africa, and at the present
day tick fever, clinically identical with relapsing fever,
occurs in the Orientsl province of Congo Free State, and
is well known and feared by the natives.

The actual cause of the disease is a spirochate, that is
to say, an exceedingly minute, spiral, thread-like organism.
When spirochemtes are numerous, they can easily be seen
in rapid motion in a blood preparation from an infected
patient. These blood parasites are transmitted by a tick
known as Ornithodorus moubate (fig. 40), which the natives
call “ Kimputu.” Concerning them, Livingstone says: “Be-
fore the Arabs came bugs were unknown. .. . One may
know where these people have been by the absence or pres-
ence of these nasty vermin.” The explanation is probably
that the natives live in mere temporary abodes, and for
varied, and often trivial reasons, they will strike camp and
found a village elsewhere, whilst the Arabs, on the other
hand, copstruet more substantial dwellings and live in per- -
manent villages. In these houses the ticks are to be found
in the cracks of mud floors, in odd corners where dust has
collected, in thatched roofs, near the hearth, and especially
just inside the doors where the natives are in the habit of
sitting. The ticks have entered the Oriental provincs with
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the Arabs from the East Coast, and with traders from
the Southern Portuguese territory, where they existed in
Livingstone’s time; they occur all along the trade routes,
and in many villages along the Congo between Kasongo
and Ponthierville, though in the native villages an hour's
walk inland they are quite unknown.

Ornithodorus moubata passes through an interesting
life-cycle, differing in many respects from that of the
other ticks deseribed in this book. The adults are capable
of rapid locomotion, though their feeding is slow; a well-
grown femasle, for instance, will feed continuously for three
hours, becoming distended with blood to the size of a
cherry before dropping off. It is obvious that only
sleeping people can be attacked with any degree of
satisfaction to the ticks, and, to that end, they are
nocturnal. When disturbed they will pretend to be dead
for hours at a stretch, curling up their legs and remaining
motionless. The bite of one of these ticks is very painful
and unplessant, guite apart from the probability of infec-
tion. When about to partake of & meal, which may take
place at any part of the body, the tick first sees that its
forelegs bave a firm hold, then, lifting up its hind guorters,
it literally buries its mouth parbs in its host's flesh.
While feeding excrement is voided, a filthy habit common
to many ticks, but important, as will be seen later. At
the same time a comsiderable quantity of a clear fuid
often oozes from glands opening between the bases of the
first and second pair of lega.

The adult female tick is of a dark brown colour, blotched
irregularly with yellow ; when gorged with blood and about .
to oviposit it measures approximately 12x10x7 milli-
metres. The number of eggs laid by each female depends,
to some extent, on the amount of blood she has imbibed;
the greater the amount of blood food, the larger the number
of eggs, about one hundred and forty being the average
(fig. 41). The eggs are golden brown in colour, and they
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adhere to one another, so that, when magnified, they resemble
miniature bunches of grapes. They are ovoid in shape, and
each egg has a smooth, soft, and highly refractile covering.
The average time for incubation is twenty days. At the
end of seven days the egg changes its shape, becoming
more ovoid and transparent, so that the larva can be seen
within the shell. On or about the thirteenth day the
shell splits and discloses a six-legged larva which is
incapable of locomotion, despite the fact that it can move
its legs freely. Then a very peculiar thing happens: instead
of the larva emerging from its covering, as is the usual
case, it remains within its shell, beneath which air enters,
so that the young tick appears of a dull white colour. A
close examination at this period will show that the dull
purplish-brown larva is about to moult, and, within its
skin, the eight-legged nymph may be seen. Eventually
the yellowish-coloured nymph crawls backwards from the
combined egg shell and larval skin. Nymphs do not feed
for three or four days, but when once they have started
to feed they grow quickly, if they are provided with a
plentiful supply of food. After three moults the adult stage
is reached, when, despite the al of eyes, no time is
lost in seeking human blood.

It has been shown by experiment that an unfed female
weighing ‘0270 grm. will weigh 2602 grm. after a meal,
an increase of approximately ten times her original weight.
Remarkable as this may seem, it is by no means a record,
for the gorged females of some species of ticks i to
thirty times their original unengorged weight. Imagine a
hungry 10-stone man weighing 300 stones after a single
meal, or even after many meals! Ornithodorus moubata
transmits relapsing fever by reason of its feeding habits;
the spirochwmtes are not found in the tick’s salivary glands,
but are voided in the t at the time of feeding,
and so pass into the wound, and infection takes place. The
process is not merely mechanical, for a developmental
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process on the part of the parasites takes place within the
tick’s body, and, moreover, a tick once infective remains
infective for the rest of its life, which lasts for some years,
and transmits the infection to its offspring through the
eggs. It is interesting to compare the transmission of
relapsing fever by Ornithodorus moubata with the trans-
mission of plague by the plague flea, and it is some con-
solation to know that the tick has deadly enemies in the
shape of ants and rats.

Rolapsing fever is not the only tick-borne disease of
mankind. For many years, probably even before the
settlement of white man, a discase, transmitted by ticks,
snd known as spotted fever, has been recognised in the
Rocky Mountain region of the United States. Indians
warned the first white settlers that they ran considerable
risk of confruacting a very serious disease if they established
themselves in certain localities. It is in Idaho and Montana,
and espeeially in the Bitter Root Valley of the latter state,
that Rocky Mountain spotted fever is particularly pre-
valent at the present day. A most remarkable fact is that
different degrees of virulence exist in different localities; in
Idaho the fatalities from this disease amount to from five
to seven per cent., whilst in the Bitter Root Valley they
rcach the formidable total of seventy per cent.

As regards the carriage of infection in the blood of man,
the conclusions are merely theoretical ; it is not known how
long the blood of an infective person remains infeetive,
though the period probably extends for some time before
and after the fever has reached its maximum. In certain
diseases, such as splenetic fever of cattle, which is, in many
respects, similar to Rocky Mountain spotted fever, the
disease organisms may remain in the blood for many years
without causing any ill effects, but all ticks drawing blood
from these apparently immune animals can and do transmit
the disease in an acute form to other animals. There is
only one tick in the Bitter Root, Valley that attacks man,
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and it is known as the Rocky Mountain spotted fever
tick, Dermacentor andersoni (venustus). Both males and
females can act as vectors, and an infected adult may pass
on the germs of the disease, through its egg, to the next
generation, so that they also become capable of transmitting
spotted fever. The larvee and nymphs too may become
infected and retain the disease germs .through all their
moults, with the result that, when adult, they can transwmit
the infection to another host.

The spotted fever tick is the only known natural vector
of the disease, from which it derives its name, and the area
over which spotted fever is rife coincides with the range of
the tick, just in the same way that the presence of malaria
and yellow fever is coincident with the distribution of their
mosquito vectors. The tick occurs at various elevations,
ranging from five hundred feet to nearly nine thonsand feet
above sealevel. Favourable or unfavourable loeal conditions
for the creature’s development alone regulate its prevalence
or scarcity in a given locality. The abundance of these ticks
depends largely on the amount of vegetation, which acts as
a protection for the developmental stages when the ticks
are not upon a host; small and large mammals are also
necessary adjuncts of this tick, the former to act as hosts
for the immature stages, the latter for the adults.

Dermacentor andersoni (venustus) has such a peculiar
life-history that it is well worth considering in some detail.
Oviposition in the female extends over some thirty or so
days, and during this time small ovoid brownish eggs, to
the number of about four thousand, are laid. After sixteen
to fifty days, d ding on pheric conditions, small,
brown, active, s:x-legged larve emerge. Before the larvam

or “seed ticks,” as they are often called, are able to grow
they must partake of a feast of blood, and, usually, they
affix themselves to some small mammal, such as a ground
squirrel, and remain attached and feeding for from three
to eight days, by which time they have become lilagmged.
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During this time they increase in length from one-thirty-
seventh to one-eighteenth of an inch and change in colour
to slate grey. After engorgement they drop from their host
ond seek some hiding place in the undergrowth where they
can continue their development. Repletion has rendered
them less active, and so they remain more or less inert
till, at the end of from a week to three weeks they shed
their skins and appear in a new guise, as eight-logged
aymphs, and hungry withel. As more blood is necessary
for further devclopment, the nywmphs, now about one-
seventeenth of an inch in length, emerge from their hiding
places and once morc become abtached to some hapless
mammal, for a period of three to nine days, daring which
time they feed on its blood, and iucrease in length to about
one-gixth of an inch. After feeding, the nymphs fall to
the ground, hide once more and become insctive; their
sexunl organs are formed during this period, and, after
& second moult, they appear as msture male and female
ticks.

At first. the adults of both sexes are somewhat inactive
and rather soft in texture; almost similar in size, they may
be distinguished by the fact that the male has a plate or
shield, decorated with a complicated pattern of white
stripes, entirely covering his back. The fewmale too has a
shield, but behind it is her soft, elastic, usuaily wrinkled,
reddish-brown body. Before the adults can proceed to the
business of increasing their kind another substantial meal
of blood is & necessity’ for both sexes: this is usually derived
from some large domestic animal. On cattle, the dewlap
and between the fore and hind legs, and on horses, between
the fore and hind legs, and sometimes on the wneane, are the
most favoured spots.

The change of hosts from small mammals, such as
squirrels, in the larval and oymphal stages to the larger
domestic animals in the adult stage is a firmly fixed habit
of this tick, and it is due, no doubt, to the fact that the



ON LR NTGER AT JEnEA

Vine Tk e e T Kook A HAUNT OF

PLATE X

VIEW NEAK

JAKAU SHOWING OPEN FOREST BELT WITH Q. AXD BORASSUS
PALMS. A HAUNT OF GLOSSINA MORSITA

(Sec p. 135}



INSECTS AND HUMAN DISEASE 147

adults are of such a size that they could easily be removed
by the smaller animals. Attachment is effected by means
of a spiny beak, through which blood is drawn. The male
feeds for a period of four days; fertilisation takes place
on the host, and, in a week to a fortnight, after attach-
went, the female, being filled with blood, falls to the ground
and seeks a hiding place where she may lay her eggs. As
showing the great extension of which the body of the
female tick is capable, it is of interest to note that, prior
to feeding, its dimensions were one-sixth of an inch long
by one-tenth of an inch wide, whilst, after feeding, the
measurements had increased to half an inch long by one-
third of an inch wide, with a thickness of a quarter of an
inch. In fact, the distension is often so great that the head
and legs become very inconspicuous. The males do not
increase in size to nearly the same extent. During ovi-
position, the female shrinks in size, shrivels up and changes
from a bluish-grey colour to s mottled yellow, and
cventually dies.

The chjef hosts for the larval and nymphal ticks are
the Colombian ground squirrel, Citellus columbianus, the
pine squirrel, Sciwrus h. richardsoni, and the yellow-
bellied chipmunk, Butamias b. luteiventris; and for the
adults, horses, cattle, mules, asses, the mountain goat, and
the brown bear. The adult is the only stage that normally
attacks man. The mountain gost is probably the natural
reservoir of the virus of Rocky Mountain spotted fever,
and the immature stages of the tick are probably carried
by ground squirrels from the higher altitndes, where the
mountain goats feed, to the lower levels, where the cattle
graze.

In addition to the Rocky Monntain spotted fever, the
New World is responsible for another disease of mankind,
probably carried by ticks, and known as verruga fever;
to be perfectly honest, ticks have not been actually proved
to be the vectors, bat many things point to the probability
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of their being so. Verruga exists to-day in certain valleys
on the Pacific slope of the Peruvian Andes; its origin is
a mystery, but it is no new-comer, for. af the time of the
Spanish conquest, it was more widespread than at present;
in fact, certain reliable authorities maintain that the
disease bas existed in the quebradas of the Rimac frowm
the most remote times. When the Spaniards came to Peru,
verruga extended from South Central Peru to Northern
Ecuador. Four centuries ago, the armies of Huayna Capac
were decimated by a disease, probably verruga: for
small-pox, which, by some, is considered to be a wmore
likely disease to decimate an army, was unkunown at the
time in these regions, having been introduced by the
Spaniards at a later date.

As we shall sce later, the disease exists in two stages
or phases, & fever phase and an eruptive phase, and at
least nine different pames have been applied to each of
these two stages. No purpose would be served by giving
a complete synonymy, but special interest attaches to the
names Carrion's grave fever and mule warts for the fever
and eruptive phases respectively. Localities where the
disease way be contracted are invariably situated in or
near deep narrow canyons with lusuriant vegetation and
great summer heat, combined with little ventilation, Dr
Ernesto Odriozola, senior member of the Lima Faculty of
Medicine, who has made a special study of verruga, says
that all ages and races of men are susceptible, as well as
certain domestic animals. The fact that mmules often
exhibit ernptions similar to those found on human patients
has given rise to the name mule warts for the ermptive
phase of the disease. All degrees of intensity may be
exhibited, the most serious form being ecalled Carrion's
grave fever, on account of the fact that, in the 'eighties,
an investigator named Carrion “ vaccinated ” himself with
blood from a verruga tumour, thereby proving, at the cost
of his life, that transmission by inoculation iz possible.
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The disease is characterised by fever, ia,and

the ansmmia is always rapid and profound, the reduction of
the red blood corpuscles being almost incredible, and accom-
panied by a corresponding increase of the white corpuscles.
In certain severe cases, patients become perfectly indifferent
and immovable, and the slightest movement produces
vertigo. Unless the disease ends fatally at an earlier
date, the high fever lasts from fifteen to thirty days; after
that it falls, and the eruptive phase begins. Although
verruga is caused by a blood parasite, the only organisms
found in the blood of patients are dingly minute,
rod-like structures, called Bartou's a-bodies or Bartonia
bacilliformis, after their discoverer Dr A. L. Barton of
Lima. Continued observations of the blood of sufferers
from verruga show that, if the patient is destined to
recover, the @-bodies will become distorted, break up, and
ultimately disappear, and that their disappearance coincides
with the outbreak of the eruption; should the z-bodies
reappear, the disease terminates fatally.

As showing the virul of this di we may quote
two examples from the pen of Mr C. H. T. Townsend,
entomologist to the Peruvian Government: “In 1906, at
San Bartolome, which is in the verruga distriet, on the
Central railway, two thousand men were employed in
tunnel work during the year. Among these there
occurred two hundred known deaths from verruga, and it
is practically certain that still further deaths occurred
among the many labourers who left the works and whose
history was not followed up. The general experience with
labourers on the Central railway has been that five or six
nights passed successively within the verruga district causes
the fever to appear in seventy-five per cent. to eighty per
cent. of the workmen in a camp. Ina week or so nearly
all are certain to contract the disease. No animals of any
kind were employed by the labourers in any of this work.
Mosquitoes and buffalo gnats (Simulide) in abund as
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well as bed bugs and fleas, occur at Chosiea and throughout
the greater part of the verruga districts.

“During the early stages of the work in the building of
the Central or Oroya railway up to 1876, when the road
was completed into Chicla, thousands and tens of thousands
of labourers were employed, largely strong healthy Chilians,
ag many a8 eight thousand being carried on the pay roll at
one time. During this period the recorded mortality from
all canses—disease and accident—was some seven thousand.
A large wmajority of these deaths were doubtless due to
verruge, the result of carrying the road through the
verruga district of the Rimac shich bas given its name to
Verrugas Bridge ” (Plate XL.).

Ii has been shown that verruga cannot be transmitted
by mere contact, so long as the skin remains whole, nor
can it be contracted through the respiratory or alimentary
tracts, under normal conditions. It is a blood disease, and,
like all other diseases of this class, can only be transmitted
by ingculation. The only way for such inoculation to take
place, naturally, is through the bites of some hlood-sucker,
and to Dr Juolian Arce of Lima belongs the credit of first
propounding this theory with regard to verruga. As in
the case of yellow fever, the causative organism of the
disease is unknown. though Barton’s bodies are undoubtedly
related to the fever phase of the disease, during which
phase, by the way, verruga cannot be transmibted by
inoculation. In other words, cultures made from blood
containing these bodies fail to produce verruga on inocula-
tion, so it is probable that they are merely the visible
results of & non-infective stage of the organism, which
changes to the infective stage, just beneath the skin,
thereby giving rise to the eruption. Now we will
endeavour to see by what agent verruga is carried from
one patient to another. In all such diseases there oceurs
some natural reservoir for the disease germs; sometimes, as
in malaria and yellow fever, the reservoir is man himself;
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st other times, a8 in sleeping sickness, the native fauna act
in this capacity. That the native fauna and not man
himself must be blamed for the survival of verrugs is
shown by the fact that the disease may be contracted in
localities uninbabited by man. What blood-sucking
animal, then, under these circumstances, is most likely to
be the vector 7 Men suffering from the eruptive phase of
verruga—the infective stage—are continuounsly encountered
in the coast regions of Peru, where, however, the disease
does ot spread, so we may at once dismisy fleas and
mosquitoes, which are prevalent in these parts, as well
8y in the verruga districts ; but the disease does not spread
with them. For the same reason, Simulide or buffalo
gunats and horse flies may be excluded, as may also bed
bugs and lice. As the chain of evidence is gradually
forged the guilt falls more and more upon the invertehrate
blood-suckers, the ticks, or upon one of the remaining
families of Diptera. Investigations show that the disease
is usually contracted at night-time, and ticks bite day and
night; they are so large as to be observed and avoided in
the day-time, but at night, while man is asleep, they can
feed on bis blood for hours without molestation. Again,
although the disease may be coutracted at almost any
szason of the year, it ia most, prevalent in March and April,
at the end of the warm, rainy season, and this is the time
when the adult ticks are washed down the slopes by the
rains, snd are fonnd in large numbers, looking for hosts on
which to engorge.

Pamasitologists are agreed that the blood parasites
causing verruga are allied to Piroplasma, micro-organisms
of which some account is given in the chapter on diseases
of live stock. All the known species of these blood
parasites are transmitted by Izodine, that is to say, ticks
with hard bodies, as opposed to the Argantine, or soft-
bodied ticka It will be seen that there is & close parallel
between verruga and Rocky Mountain spotted fever, and
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1t is prohnble that both diseases are bizarre forms of

is. Both di consist in the breaking up
of the red-blood corpuscles during the fever stage, with
resultant anmmia ; both are confined to certain restricted
valleys in mountainous regions; both cause swelling and
congestion of the liver and spleen; both may be contracted
in places uninhabited by man; the primary reservoir of
infection, in both cases, is to be found in the native fauna;
and both show every indication of being transmitted by
ticks.

When disease-producing organisms pass into the gut
of a tick along with the blood of the host, some travel
to the salivary glands and some to the ovaries. Those
organisms in the salivary glands escape during the next
feeding of the tick and so transmit the disease; those in
the ovaries are transmitted through the eggs to the next
generation of ticks, where they pass to the salivary glands,
in readiness to infect a new host, when feeding takes place.
The guilt has not yet been laid upon any one species of tick ;
in fact, a fly is now also suspected of being the carrier;
but Margaropus ammulatus australis, from the bodies
of cattle, and Ornithodorus megnini, from the ears of
horses, cattle, and sheep, both of which occur in the
verruga locality, may be dismissed, because they pass all
their stages, including engorgement, on the snme host.
It is to ticks of the genera Der LA
Rhipicephalus, and Hamaphysalis, whlch live ‘on smnll
hosts during the larval stage, and drop to the ground
during the nymph stage, to seek new hosts when they
become adult, that we must assign the probability of the
transmission of this fatal disease if it be tick-transmitted.
And the natural reservoirs of the disease organisms will
probably, eventually, be shown to be the Octodontida and
Cricetina, relatives of the pocket and grasshopper mice.

As recently as October 1913, a scientist, working in the
verruga district with a view to discovering its means of
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transmission, was bitten one night no fewer than fifty-five
times by a Phlebotomus fly, and, as a sequel, he contracted
the disease. The disease has also been transmitted to a
dog and a monkey by the sawme species of fly which is now
known as Phlebotomus verrucarum, so that it, at any rate,
must be locked upon as one of the vectors of the disease.

A DISEASE-CARRYING Bua

The Indian bed bug is strongly suspected of being a
disease-carrier, but another member of the order, Rhynchota,
has been recently proved so. The insect in question is the
South American bug, Lamus megistus, known as “ Bar-
beiro” in the states of Minas Gaeras, Motto Grosso, and
Sao Paulo, and “ Chupanca " in the extreme south of Motto
Grosso, and aa the wall inseet, “bicho de parede,” in the
north of Brazil; it also ocenrs in British Guiana.  The bug
(fig. 42) is dark brown, vith conspicuons black markings,
and is abont thirty millimetres long. It is the carrier of
a blood parasite, Trypanosoma cruzi, from man to man,
and the ensuing trypanosomiasis is of a fatal nature; in
Minas Gaeras whole populations are at times attacked,
when the children either die off or the disease assumes
a chronic form.

As is invariably the case with disease-carrying insects,
this bug is domestic in habit, frequenting inhabited hougea
and quickly forsaking empty ones. It lives in holes and
cracks in the walls, where each female lays about five
hundred creamy-white eggs, in batches of eight to twelve,
The eggs resemble those of the bed bug in being rounded
at one end and flattened at the other. In from twenty-five
to forty days the larve emerge; at first they are light
coloured, but they become darker as they grow older: they
are ready for their first feed of blood in about a week,
and the second, in a fortnight to three weeks after their
first appearance. The larvee pass through five moults before
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the adult stage is reached, the first taking place in about
six weeks from emergeunce; the second, during the second
or third month; the third, from the fourth to the sixth
month ; the fourth at about the ninth month ; and the final
moult, six weels [ater. The penultimate stage is the critical
one, many of the bugs dying beforc they reach maturity.
A week after reaching the adult stage, the insects take a
meal of blood, aud, in the ordinary course of events, the
females begin egg-laying eight weeks later.

The complete life-cycle, under favourable conditions,
takes nearly eleven months. Metamorphosis is incomplate,
that is to say, there is no resting stage, and the immature
forms are active throughout life, but their wings do not
develop till they are adult. Being wingless, the young
bugs are only able to attack people sleeping in beds; as
a consequence, hammocks are much in favour, despite the
fact that they entail no immunity from the strong-flying
adults. Feeding takes place at night; the rostrum or beak
(fig. 43) 15 plunged into the flesh and blood is imbibed.
Curiously enough, the so-called bite is painless and leaves
no sear.

In this conmnection it is of interest to rsad Duarwin's
remarks in his Jowrnal of a Naturalist; speaking of the
bites of & closely related bug he said: “ We slept in the
village of Luxan, which is s small place surrounded by
eardens, and forms the most southern cultivated district
in the Province of Mendoza; it is five leagues south of the
capital. At night I experienced an attack (for it deserves
no less a name) of the Benchuca, & species of Reduvius, the
great black bug of the Pampas. It is most disgusting to
feel soft, wingless insects abont an inch long crawling over
one's body. Before sucking they are quife thin, but after-
wards they become round and bloated with blood, and in
this stage are easily crushed. One which I caught at
Iguique (for they are found in Chili and Peru) was very
empty. When placed on o table, and though surrounded
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by people, if a finger was presented, the bold insect would
immediately protrude its sucker, wake a charge, and, if
allowed, draw blood. No pain was caused by the wound.
It was curious to watch its body during the act of sucking,
as in less than ten minutes it changed from being as flat as
a wafer to globular form. This one feast, for which the
Benchuca was indebted to one of the officers, kept it fat
during four months; but after the first fortnight it was
ready to have another suck.”

FLEAS AND PLAGUE

The most dread disease that has ever attacked mankind
is the bubonic plague, and it is also probably the oldest of
all known diseases. It is caused by a bacterium known as
Baoillus pestis, which produces an epizootic in rats, and
is carried to man by fleas. Oue of the most curious and
interesting facts in connection with plague is that, although
the causal agent has only been discovered within the last
quarter of a century, its association with rats dates at least
from Biblical times, and probably earlier. In the first
book of Samuel, the reference to emerods and mice of the
field undoubtedly refers to plague; Sennacherib’s army
was attacked by a disease in the spread of which rats
played a part whilst in a imgmentary writing of Rufus
of Eph temporary of Trajan, in the third century
BC., ‘we ﬁnd the first mention of the disease, though its
association with rats does not appear to have been recog-
nised at this early date. In the sixth century, during the
reign of Justinian, plague reached Europe; beginning at
Pelusium in Egypt, in 542, it reached Constantinople during
the next year, and there was responsible for ten thousand
deaths in a single day; in the same year it also spread to
Italy, and three years later it reached France, whilst England
came under the fatal spell in 664, 672, 679, and 683, and its
ravages continued unabated for nearly two hundred years.
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In the eleventh and fourteenth centuries further out-
breaks occurred, and throughout the sixteenth century it
was a permanent disease on the European continent.
The last appearance of the dread disease, in epidemic
form, was “the great plague” of 1665, when seventy
thousand persons succumbed in London olone, and it spread
throughout the ecountry till 1679, when it suddenly died
out. Historians tell us that the great fire of London put
an end to the disease in our capital. but bills of mortality
of the time show that it was practically extinct before the
fire broke out.

En passant, we may mention that the word quarantine,
now so thoroughly assimilated into our language, had its
origin during the plaguc outbreak in Venice, in 1403
The Venetians isolated all persons who had been exposed
to infection for u period of forty days, and incidentally
laid the foundations of modern preventive medicine. To
state that cats and plague are in any way connected may
appear farcical, but jt is well known that the ancient
Egyptians revered the cat as a demi-god, and the reason,
according to several reliable authorities, was because, even
in those early days, the people were well aware that the
presanca of numerous rats portended an outbreak of plague
aud that no creature could so well rid the land of the
rodents as the cat, hence the high favour in which it was
held. The explanation may not be the correct ome, but, at
any rate, it bears the stamp of probsbility.

After this digression let ws return to our brief history
of plague. Anything like a complete narrative of the
various epidemics and pandemics of the disease is impossible
here; a very full account is given in the eleventh edition
of the Encyclopaedia Britannica, and to that work the
reader is referred. We may mention, however, that a severe
outbreak occurred in Chinas in 1894, and spread from
Kaochao to Canton and Hong Kong, and from thence to
Bombey and the greater part of India. It is with Hong
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Kong that we are mainly concerned, for it was here that a
Japanese physician named Kitasato discovered Bacillus
peatis to be the cause of the disease, and a little later Yersin
confirmed his discovery. The bacillus is very minute, nearly
as broad as it is long, and when stained its median portion
appears as a clear area; it occurs in great numbers in the
swollen lymphatic glands.

The incubation period of plague varies from twelve
hours to fifteen days, but the usual period is three or four
days. Sometimes the onset is sudden; the patient falls as
if shot, and dies after a few convulsive gasps. Usually
the lymphatic glands of the thigh, groin or armpit, and
more rarely of the neck, become swollen and painful,
producing the characteristic «buboes,” hence the name
bubonic plague; in the severer septiczemic plague the
buboes have no time to form, but extensive hmmorrhage
takes place, the skin becomes mottled with dark patches,
and on this account the discase has been called the black
death. The most fatal form is pneumonic plague, which
attacks the lungs, and the least fatal the ambulatory
plague, Fortnnately, only two and & half per cent. of the
cases are pnewmonic, which spreads from man to ‘man by
bacilli in the air, but the bubonic and septi forms
are only spread from rats to man by the agencyaf fleas,
as was suggested by Ogata in 1897, and shown by
Verjbitski and Sxmond at a later date.

The home of plagne is Central Asia, where it is endemic
mainly in the Kuordistan Hills and about the Himalayas.
Its spread is little influenced by climate, and in no wise by
soil. In Asia, at any rate, the black rat, Mus vattus, is the
means of spreading the disease ; as this animal is the true
ship rat, it is easy to understand how easily plague is
carried from port to port. That its connection with these
rodents was known to the ancients has already been
~mentioned, and, as further evidence, we may remark that
the ancient Greeks in Asia Minor worshipped Apollo as
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“the god whose arrows spread the plague” and, at the
same time, as “ the destroyer of rats.” On monuments this
divinity was represented treading on & rat. Again, Dr
Sambon, an authority on the history of plague, has de-
seribed to the writer a coin of Lucius Verus, struck at
Pergamum during an epidemic of plague. It represents
Esculapius, the god of medicine, with a rat at his feet, and
near by is a small naked figure with arms outstretched, in
an attitude of fear or worship. Defoe, writing of the great
plague, said : “ All possible endeavours were used to destroy
the mice and rats, especially the latter, by laying ratsbane
and other poisons for them, and a prodigious multitude of
them were also destroyed.”

We now have absolute proof that when an epidemic of
plague breaks out, it first of all spreads from rat to rat
and then from rats to man. Coastal towns are the brat
atfected, and those who have had dealings with w ship
frora au infected port are usually the first attacked.
Whilst rats are the chicf source of plague, mice, cats,
squirrels, monkeys, and other animals may also become
vehicles of infection.

The plague flea, that is to say the flea most usually
associated with the transmission of the disease, 1s known
as Xenopsylla cheopsis (fig. 44); it is sometimes called the
Oriental rat flea. Its original home is the Nile valley, but
it has now been distributed all over the warmer parts of
the world by rats; it ennnot, however, stand cold weather.
In colour it is lighter and in size smaller than the human
flea, Pulex irritans, which, by the way, is also capable of
spreading plague, as is the European rat flea, Ceratophyllus
fasciatus, and the Californian ground-squirrel fles, Hoplo-
poyllus amomalus. When a rat or other host infected with
plague dies, its fleas abandon ita carcass and seek some
other warm-blooded animal. Often these insects literally
swarm during plague epidemics, and, at Sydney, during an
outbresk, the labourers on the wharves used to tie strings
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roand the bottom of their trousers as o precaution against
being bitten.

The disease begins with a small Llister, as the result of
a flea bite, from whence the bacilli moke their way to the
lymph glands; and when persons are bitten on the legs the
buboes usually appear in the groin. Indian women, on the
other hand, usually saffer from buboes in the arm-pit, the
reason being that they sweep their floors with their bare
hands. It has been proved that male and feinale fleas can
transmit the disease, but the exact method of infection is
not perfectly clear. Experiment shows that the blood of
s plague flea may contsin 100,000,000 bacilli per cubic
centimetre, and, as a flea's stomach will hold half a cubic
centimetre of blood, it follows that after engorgement on
a plague-stricken rat each flea may contain 5,000 bacilli;
moreover, they have the power of multiplying within the
insect’'s body. Into the various theories of the actual
infection of man we cannot enter, the most generally
accepted is that the facal matter, which the flea always
voids while feeding, as we have explained elsewhere, is
carried fo the wound made by the insect’s bite on the nails
of the person bitten. This facal matter, in an infected
flea, is always teeming with Bacillus pestis; the flea bite
sets up irritation, as a reliel seratching is resorted to, and,
as a result, unconscious infection takes place,

We have mentioned that the human flea is eapable of
transmitting plague, and the fact has been proved experi-
mentally. Whether it does so naturally is highly improb-
able, because the degree of septicemia in man before death
is so much less than it is in rats, that the probability of a
human flea imbibing & single bacillus from s plague patient
is remote. In the Middle Ages, when the septicemia was
probably mueh greater, it is possible that the human flea
frequently carried the disease from man to man.



1V
INSECT ENEMIES OF LIVE STOCK
Ticks axD DiSEASE

Tue ticks are of primary importance as veetors of disease;
no less than ten distinet human and animyl diseases are
known to be transmitted by these creatures. Apart from
their disease-carrying propensities, ticks are of the greatest
importance. As external parasites, the constant irritation
caused by their attacks, combined with the serious drain
on the host’s system, occasioned by considerable foss of
blood, leads to an emaciated condition and general want
of tone.

In order that ticks may reach maturity and increase
their kind, it is essential for them to suck blood, and,
to do this, they must become attached to some animal;
unless they are able to find a host within a ressonable
period, they starve. This fact has been utilised in America,
by establishing a rotation system of farming, in order
to starve out Margaropus annulalus, a tick responsible
for Texas fever in cattle. In brief, the life-history of
every -tick consists of egg, larva, nymph, and edult, and,
in nearly every case, engorgement musf take place just
prior to oviposition, though the spinous ear tick, Ornitho-
dorus megnini, drops from its host as an engorged nymph,
moults to the adult form, and deposits eggs without any
further engorgement. In the genus Argas, or shining ticks,
the nymph engorges twice before moulting. Behaviour at
or after oviposition also varies considerably ; in some species
the females die immediately after depositing their quote

160
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of eggs; in other species engorgement is repeated and
followed each time by further oviposition. In all the
genera of ticks, the females differ strikingly in appearance
in their gorged and unengorged states; so marked are the
differences, in some cases, that individuals of the same
gpecies have often been taken for females of different
species: in the males .the ditferences are not nearly so
striking, because they engorge on serum rather than blood.
In the nymphal stage there is no genital pore, and this
serves to distinguish the nymphs from the adults; the
sexes, with few exceptions, can only be distinguished after
the final moult.

The ticks fall naturally into Four separate classes, accord-
ing to their moulting habits. (1) Both moults, that is larval
and nympbal, take place on the host: in this class are
certain ticks of the genus Margaropus, and the tropical
horse tick, Dermacentor nitens. (2) Larval moult takes
place on the host, but nywphal state off: examples may be
found in the spinous ear tick, Ornithodorus megnini, in
Rhipicephalus bursa, and Rhipicephalus evertsi. ' (3) Both
moults take place off the host, as in the castor-bean tick,
Tzodes ricinus, and the fever tick, Ornithodorus moubata.
(4) Lsarval moult off the host, but nymphal moult during
attachment, as in the “ bont” tick., Amblyomma hebraum.
At first glance this purely artificial classification of the
ticks may not appesr of much importance, but, from the
point of view of disease transmission, it merits some atten-~
tion. Ticks of the first class pass the whole parasitic
period of a geperation on a single host, and, as a conse-
quence, they exhibit a rapid rate of reproduction and
assume importance as external parasites, as far as the
removal of blood is concerned, for they are continually
imbibing the blood of the same animal. Individuals of
classes two and four may attach to two hosts during a
generation, and those of class three to three hosts. When

it is essential for a tick to find three separate hosts in its
11
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life-cycle, the chances of its reaching maturity are much
lessened, for at any stage starvation may be the result
of the non-appesrance of the host within a reasonable
period. To some extent this disadvantage is overcome
by the superior powers of resistance possessed by all ticks
belonging to this class; they are less affected by heat and
cold than other ticks, and they are able to withstand pro-
longed fasting.

The majority of ticks favour certain hosts, hence the
popular names, sheep tick, dog tick, etc. ; they may, however,
atbach to other hosts, ou occasion; in this event, one animal
is called the usual and the other the accidental host. 4
very curious example of this host relationship is exhibited
by the Senegal tick, Hyalomma cegyptiwm. In its Jarval
stage it attaches to fowls and cannot be made to feed upoan
apy mamumsl; while attached to its avian host, it under-
goes its first moult. The second moult takes place while
unatbached to anmy host; then, when the adult stage is
reached, the bick will attach to almost any mamroal, except
the dog.

As we have already remarked, all ticks must find hosts
and attach to them at least once, sometimes as often as
four times, during their life-cycle. The result is that they
show very special adaptation of structure and function
for attachment. In the family lzodide, for instance, the
larves or “ seed ticks” use their front legs in & very peculiar
manner—standing erect, on some elevated support, they
wave their anterior legs in the air whenever a likely host
approaches, and, when once these legs come in contect with
anything of a solid nature, they cling most tenaciously,
as anyone may prove by passing a& finger over a cluster
of “seed ticks” In this case, the larval legs are used
solely as sentinels and grappling irons for attachment.

Structore may slso be adapted for protection, as ex-
emplified, to some extent, in the sub-family JTxodine, or
lard ticks, which have mouth parte of such formidable
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build that they are not easily removed from a host, when
once attached. A more striking protective adaptation is
seen in the fowl tick, Argas persicus. The larvee of this
tick feed upon domestic fowls, becoming attached in posi-
tions where they are with difficulty reached by their host.
During the greater part of the time they are attached,
their shape is globular (fig. 45), but. just before dropping
frow the host, they become flattened, assuming the typical
adult shape. There is good reason for this abrupt ehange:
in their new form they are able to erawl into cracks and
crevices out of reach of the fowls, which eat them with
avidity whenever they catch them.

Adaptations of habit, favourable to attacliment and pro-
tection, form still more striking illustrations of the process
of natural selection. The habit of dropping from the host
to the ground, to monlt, necessitates long periods of waiting
{or & new host, and occasions consideruble mortality. This
disadvantage is overcome, in certain species, by the acquired
habit of moulting on the host, or, as in the case of the
spinous ear tick, by passing the first moult on the host
and then becoming so engorged as a nymph that, after the
second moult, which takes place off the host, no further
engorgement is required before oviposition.

The adaptation of tick habits to the habits of hosts is
& most interesting study. Rabbits, as is well known, pass
most of the day in their burrows and only become active
towards evening—the rabbit tick, Hwmaphysalis leporis
palustris, has adapted itself to this habit to sach an extent
that it only drops from its host during the day-time, in
order to undergo & moult. By so doing, it is practically
assured of being able to find & host, when one again becomes
a necessity. Conversely, the fowl tick, Argas persicus,
drops from its host for moulting purposes at might, during
roosting time; departure from the host during the day,
when fowls are active, would give the ticks but a poor
chance of being able to re-attach to their host. The adults
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of the fowl tick also exhibit enother acquired habit : they
become engorged at night and rest by day. When fowls
are roosting, the ticks can take their fill of blond in peace;
by day, their hosts are not above making a meal of such
unwelcome visitors, Other ticks again exhibit the pro-
tective habit of only attaching to inaccessible parts of their
host; the usual feeding position of the spinous ear tick,
Ornithodorus megnind, within the external ear of cattle,
horses, etc., i9 8 case in point.  Certain species of the genus
Hemaphysalis bave, as hosts, quails and larks, but they
only engorge upon the birds' heads, where they are out of
danger. As a final example of protective habit, we may
mention that accelerated engorgement may be observed in
certain species of ticks; in this way, the period of exposure
to enemies is much reduced.

What, it may be asked, is the origin of tick-borne diseases ?
On the discovery of Texas fever in America in 1795, it
was poticed that when cabtle from the south were brought
north, in summer, all the northern cattle along the route
sickened and died, whilst northern cattle taken south also
became diseased ; but the southern cattle, for the most part,
remained healthy, for they had been used to tick infection
from birth and had become immune, although those raised
in non-tick-infested districts were as susceptible to disease
as the northern animals. Similar diseases of cattle occur
in wost parts of the world, but, in different countries, very
stmilar disesses are carried by very different ticks, & fact
which shows that the diseases have not originated in the
ticks. Probably all the species now carrying disease o
certain hosts were originally confined to other hosts, to
whom they were innocuous, Certain organisms were pro-
bebly transferred by other ticks to other hosts, of the same
kind, without ill effect. Bub when a tick, after imabibing
the blood parasites of its natural host, became attached to
a new and different kind of bost, then the blood parasites,
transferred to this alien blood, would quite probably origin-
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ate a disease. The march of civilisation has probably in
maay cases well-uigh extermioated the ticks' natural hosts,
with the result that they have turned their attention to
dumestic animals, giving them these blood parasites and,
in many cases, setbing up discase. Ticks are absolutely
essential to the blood parasites, for in some, and probably
iu all, the sexnal stages in the life-history of the organism
can ouly be completed within the tick. On this eccount
alone, all ticks must be looked upon with suspicion, for
they may, at any time, chunge from a wild to a domestic
host, and in doing 80 set up a new disease.

PIROPLASMOSIS

In our chapter on human diseases conveyed by insects,
a considerable space was devoted to walaria, for it is one
of the greatest scourges of mankind in many parts of the
world. To state that animals, as well as man, suffar
from the disease would be hardly accurate ; atill, the cattle
disease we are about to describe has been termed bovine
malaria, and certainly the two diseases are comparable in
many ways, There is & group or series of diseases,
technically known as piroplasmosis or babesiasis, and
caused by a micro-orgonism, known as a piroplasma or
babesia. There are four distinct diseases of cattle, sheep,
dogs, and horses, transmitted by s round dozeu of ticks,
end named respectively, Bobesiq bovis, or piroplasmosis of
cattle; Babesia ovis, or piroplasmosis of sheep: Babesia
camis, or piroplasmosis of dogs, and Babesia equi, or equnive
piroplasmosis. All these diseases are transmitted by ticka,
twelve at least being implicated in the work, and, as they
resemble oue ancther very closely, we will rest coutent
with a description of bovine piroplasmosis and the method
of its transmission, pointing ont, as we proceed, when the
allied diseases vary from our type.

Piroplasmosis in cattle is a very wide-spread disease, and
bas received varions popular names iu different countries.
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Africn, Australin, North and South America, and many
districts in Asia know the disease, as well as Russia,
Roumania, Finland, Central Europe, Sardinia, Germany,
Holland, Belgium, Ireland, Secotland, and more rarely
England. In England and Ireland the disease is known
as red water or red raurrain; iu Scotland it is ealled moor
ill or moor evil; Australia has given it the name of tick
fever; bovine malaria is its name in the Argentine, and
Texas fever in the United States. The name matters
little, for the discase is the same all the world over,
although various ticks are concerned in its transmission.

Red water in cattle, to give the disease its popular name,
which 1g derived from the red colour of the urine, owing
to the parasites carrying the disease having destroyed the
red-blood corpusecles, was, at one time, thought to be cansed
by some irritaunt taken by cattle during feeding, and to
be especially prevalent in marshy distriets. TIn 1888, how-
ever, Babes, when examining the blood of some Roumanian
cattle attacked by red water, found therein some shining
round bodies of whose purport he was unawave. In the
following year an American scientist, Theobald Swmith,
slso discovered micro-organisms in the blood of cattle
suffering from Texas fever; these parasites were eventually
ealled Piroplasma bigeminwm. Following on this dis-
covery came reports of the disease from practically all over
the civilised world, and, in every case, the parasite was
found in the biood of the afllicted animals.

Before proceeding to a description of the ticks conveying
bovine piroplasmosis, a word or two concerning the parasite
itself may vot be out of place. It is hardly necessary to
remark that the blood of cattle resembles homan blood, in
that it is composed of a liquid plasma in which float red-
blood corpuscles; it is in these corpuscles that the majority
of the pavasites occur, though a few may occasionally be
found in the plasma. In outline, Piroplasma bigeminwm
may be pear-shaped or circular; often two parasites arve
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joined, and appear like two diminutive pears, joined by a
common stalk, or they may lie in opposite directions, and
sometimes they appear almost as a straight line ; the varied
shapes denote stages in their life-history. The micro-
organisms multiply by division, so that, at times, four of
them may be found in one blood corpuscle. All the time
the parasites are within a blood corpuscle they show
amceeboid movements, that is to say, they move about after
the fashion of an Amcaba, a very diminutive and lowly
animal, resembling nothing so much as a tiny globule of
living jelly, and not only do they move, but they eventually
break up the blood corpuscle within which they have been
enclosed, setting free the red colouring matter which is
execreted with the urine. Normally, o cubic millimetre of
bovine blood contains some seven or cight million red-
blood corpuscles, but, in a severe attack of piroplasmosis,
the number may be reduced to below o million. Emacia-
tion, loss of appetite, and, eventually, coms and death may
follow these internal changes.

In some parts of the United States, where Texas fever is
rife, the death-rate of cattle brought into the afflicted area
exceeds ninety per cent. When recovery takes place it is
very protracted, and sometimes development is permanently
arrested.  Quite apart from the fact that they carry
disease, the ticks are a severe drain on the animal economy,
as the figures of the following experiment show. A steer,
badly attacked by ticks, was losing weight, so it was freed
of these animals by dipping, and weighed, torning the
scale at 730 Ibs. In two months’ time the animal. stil) tick-
free, was weighed again, and scaled 1,015 1bs., & gain of
285 Ibs. in two months, ur 43 1bs. 8 day. The feeding was
the same as before in quantity and quality, s fact that
shows clearly that a largely increased amount of food is
required by tick-infested cattle to make up for the loss
caused by the parasites; flesh is put on slowly, or not at
all, and the milk production is greatly diminished.
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But we are here concerned with the ticka as disease-
carriers, and it is by their agency alone that pircplasmosis
in cattle is spread from host to host; without the ticks
there would be no red water, Texas fever, or tick fever,
cadl it what you will; a tick of some sprcies or other is as
necessary in the propagation of the disease as mosquitoes
are essential to the spread of malaria or yellow fever.
Realising the iraportance of this fact, the American Bureau
of Animal Industry, by vigorous eradication work, for the
six yesrs 1906-1912, rendered 162,648 square miles tick-
free. which is equivalent to saying that this enormous area
was immunised from Texas fever. The total annual loss,
due to ticks, has been estimated, in America alone, at from
$40,000,000 to $100,000.000, and is comprised of direct loss
by death of cattle suffering from tick fever, losses owing
to arrested growth of infected animals, which lessens beef
and milk production, expenses of fighting the fever-bearing
tick, ete. In short, these ticks have a detrimental effect on
the whole ol the agriculture of the Southern United States.

In Awerica the tick, Margaropus annulafus, is the
vector of piroplasmosis in cattle; in Australia the vector is
Margaropus anwnulatus australis (fig. 46); and in Africa
Margaropus annulatws decoloratus is mainly concerned i
the spread of the disease, though two other ticks, Hyalomma
agyptivm and Hemaphysalis punctata, are also respon-
sible for its spread. In Norway, and certain parts of Europe,
the tick, Izodes hexagonus, is an essential factor in the
transmission of red water; and in other parts of Earope,
facluding the British Isles, a closely related species, Tzodes
ricinus, carvies the blood parasite from host to host.

It is hardly necessary to describe all these ticks and
their life-histories; systematic descriptions can be found
in many books, and the life-histories have, in some cages,
not been fully worked out. Margaropus annulatus, how-
ever, is practically cosmopolitan, and its life-history may
be taken as typical. From what has been said, it will
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have been gathered that cattle form the normal hosts of
Margaropus annulatus, but. horses, mules, deer, and some-
times even sheep and butfaloes, act as hosts, and, of these,
besides cattle, only deer and buffalo are susceptible to red
water. They all suffer from the ticks as simple parasites,
capable of withdrawing a large amount of blood—it has
been cstimnated that o beast may lose from 200 Ibs. to 500 Ibs.
of blood in one season—but as transmitters of disease the
ticks are harmless as far as horses, ete., are concerned.

The adult male tick is brown in colour and about one-
tenth of an inch long; the female is slightly larger, and of
an olive-green shade. At the time the female is ready to
lay her eggs she has increased enormously in size, because
of the blood she has imbibed, being then about half an
inch long and very plump.  When fully engorged, she Jeaves
the host and drops to the ground, for only part of the
development takes place on the host, the other period being
spent on grass, ete. Immediately oo reaching the ground,
a hiding place is found for egg-laying. where the earth is
moist, beneath leaves or some other protection against the
sun and unfavourable weather conditions. Too high or too
low a temperature, alike, are fatal to the eggs; absence or
excess of moisture muost also be guarded against; enemies,
too, in the shape of ants and birds, are less likely to dis-
cover the eggs beneath some protective covering. Ovi-
position usually begins from two to twenty days afler the
female tick has reached the ground, though, in winter, the
period may be protracted to ninety-eight days.

Each mother tick lays from one hundred to five thousand
small, elliptical, light-amber-colonred eggs, and, in doing so,
shrinks to sbont a quarter her original size. These ticka
are very prolific, and it is estimated that, under favourable
circumetances, the descendants of a single male and female
tick, hatched in April, will number 6,750,000,000 individuals
by the middle of October in the sume year. The above-
mentioned favoursble circumstances are, for the most part,
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circumstances of temperature, for a low temperature re-
tards or even arrests egg-laying altogether. In a warm
summer the operation is usually completed in four days,
and in sutnmn it may extend over one hundred and ffty
days.  The eggs, which measure one-fiftieth of an inch in
length, saon turn dark brown; they ere coated with a
sticky secretion which causes them to adbere to one
another in clusters, and probably also prevents them from
bocoming dry. After egg-laying, the female shrivels up
and dies. In from nineteen to one hundred and eighty
days, depending on the season of the year, a small, six-
legged, oval larva will hatch from each fertile egz. Amber
in colour, turning later to rich brown, these larves or “sced
ticks,” as they are called, are somewhat lethargic at fivst,
and spend their time slowly crawling over the empty egg
shells from which they have emerged. After a few days,
however, the larvas become exceedingly active, especially
in warm weather, and sscend the vearest vegetation, such
as blades of grass, shrubs, ete.

Aseach female lays o large number of eggs, thousands
of larvee collect together, and their instinct of ascending
plant stems and even sticks is & very important adaptstion
for increasing the “ seed ticks'” chances of reaching a host ;
in fact, larve remaining on the ground would have liftle
or no chaoce of finding a suitable host. The larval ticks
appear to select dried stems in preference to green ones,
probably because, on them, there is less chance of being
devoured by some passing beast. Once arrived at their
vantage point, the ticks assume a “waiting attitade” by
grasping the support with the third pair of legs, and
waving the first, second, and fourth pairs in the air, so as
to catch hold of some passing animal. When undisturbed,
their legs are slowly brought down in contact with the
support, but even & shadow passing over them will cause
them to wave their legs violently in the air, as also will a
gentle breeze blowing upon them.
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Ticks in & cage, when blown upon vigorously, fall to the
ground ; and perhaps this happens in natare, when a heast
breathes upon the shrub on which the larval ticks have
taken up their position, and, by falling to the ground, they
avoid being eaten. It iy probable therefore that ticks are
informed of the presence of their hosts by shadows and
by the slight breeze they wake in walking elong. It
is sbsolutely essential for the larval tick to fiud a host,
for failure to do so means eventual starvation, though
a beneficent provision of nature enables them to live for
nearly eight months without feeding, if necessary. During
the whole of the time spent on the vegetable support, no
food is taken by the larves, and, as a patural corollary, no
growth takes place. When once the host is reached, the
larva begins its parasitic life, and, becoming attached to
dewlap, inside of thighs and flanks or escutcheon, it immedi-
ately starts to draw blood. Ina few days the rich brown
colour gives place to white, and in five to twelve days the
skin is shed, and, instead of o six-legged larva, an eight-
legged nymph continues to deplete the host of its blood.
In apother five to ten days a second moult takes place,
and, as a result, the ticks attain sexual maturity.

The male has now attained his full development, but
the female is only on the threshold of hers. The male is
quite active, and moves from place to place over the host’s
skin to mate with the female ticks, which, in contradis-
tinetion to the rmales, are exceedingly sluggish, rarely
moving from the point of attachment. After mating, the
female increases enormously in size, and in from three to
nine weeks after Grst attachment to the host as a seed
tick, she becomes fully engorged and drops to the ground
to oviposit and atart the life-cycle over again.

If, during the life-cycle, any of the ticks become attached
to cattle suffering from red water, the parasites causing
this disease are taken up by the ticks, along with the
blood on which they feed. Within the tick’s body the fate
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of the parasite is unknown, though able scientists, aided
by most powerful microscopes, have tried to probe the
mystery, It is known, however, that these ticks, if trans-
ported to another host, can convey the germs of disease;
and not only that, but the youny generation, batching from
eggs laid by an infected mother are themselves infective
and can carry the disease. From what has been said it is
clear that cattle and ticks are necessary, in order that red
water may be perpetuated, and, so far as is known, no
other animal can replace either of them : in fact, no animals
but cattle, deer, and buffaloes can be infected with the
disease.

As we have already mentioned, dogs, sheep, and horses
all suffer from piroplasmosis, but the disease is peculiar to
each species, just as piroplasmosis of cattle is peculinr to
oxen and allied animals. For example, piroplasmosis in
cattle cannot be transmitted to horses, or viee versu, though
the disease can be, and is, easily transmitted from one ox
to another, or from one horse to another. The piroplasma
is pathogenic for one species of rammal only, and it requires
two animals—a mammal and & tick—for its complete life-
eycle, just as in the case of human malarie & human being
and & mosquito are necessary for the completion of the
malarial parasite’s life-cycle. The tick [xodes ricinus,
which, by the way, obtains its name from the fact that the
engorged female strongly resembles a castor-oil or Ricinus
seed, not content with transmicting red water in cattle, is
also, along with Dermacenior reticulatus (fig. 47) and fxodes
hezagonus, the European veetor of the parasites causing
piroplasmosis iu dogs. lIn South Africe this disease is
transmitted by the tick Hemaphysalis leachi, and in
Todie still another tick, Rhipicephalus sanguineus, carries
on the evil work. A closely related tick, Rhipicephalus
evertst, is the African vector of piroplasmosis in horses, and
another, by name Rhipicephalies bursa, transmits the ovine
disease. In connection with piroplasmosis in sheep and



INSEC] ENEMIES OF LIVE STOCK , 173

the vector of it, Rhipicephalus bursa, it may be of interest
to mention that, although in nearly all essential respects
the progress of the blood parasite is exactly similar to that
observed in bovine piroplasmosis and Margaropus annula-
tus, there is one striking difference—the larval Margaropus,
emerging from eggs laid by an infected mother, can at
once transmit red water to gnother host; but in the case
of Rhipicephalus bwrse the larvee do not possess this
power, and the adult stage must be reached before disease
transmission can be effected.

MAL DE CADERAS

The South American Zgquidae, animals of the horse, mule,
and ass tribe, are never attacked by nagana, for the simple
reason that the flies transmitbing the disease do not oceur
in the American continent. Another trypanosome disease,
known as mal de caderas, is epizootic of ssses and mules
in South America. The trypanosome causing the disease
was discovered in 1901 by Dr Elmassian at Asuncion in
Paraguay, and was shortly afterwards named 7'rypancsoma
equinum. Mal de caderas, tumby-baba or tumby-a, as
the disease is called in Paraguay and Argentina, or peste
de caderas in Brazil, is widely distribnted in South America;
presumably imported into the island of Morajo, it spread
to the state of Muatto Grosso, and at the present time il is
kuown in Brazil, Bolivia, and Paraguay, and in the Argen-
tine territories of Chaco, Formosa, and Misiones, and the
provinces of Corruntes, Santisgo del Estere, and Catamarca.
Since 1860 the disease has caused such ravages in Matto
Grosso that there ave no horses and mules left; the natives
are compelled to use cattle as draught animals, and young
bulls are trained for riding porposes; in whatever region
caderas occurs, however, it is most prevalent in marshy
districts and after rain.

Although sheep, goats, dogs, rabbits, guinea pigs, rats,
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and poultry can all be artificially infected with caderas,
naturally, it is almost exclusively a disease of horses;
mules and asses are also attacked, but they are more
resistant than horses, while cattle are said to be completely
resistant. The incipient stages of the disease are accom-
panied by profuse weeping; later, the most pronounced
symptom is that of progressive ansmia, accompanied with
partial paralysis of the hind guarters. The disease is
uniformly fatal. Although some of the symptoms of
nagana and mal de caderas are similar, the two diseases are
quite distinet ; the morphological differences between Try-
panosoma  brucei, causing nagana, and Trypanocsoma
equinum, causing mul de caderas, are constant. and again,
horses immunised against nagava are still susceptible to
wal de caderas.

The actual vector of the disease is unknown, and, in this
regard, it is of importance to remember that the transfer
of the trypanosomes may be effected in two ways, either
indircctly or directly. Indirect transfer of blood parasites
takes place when malarie mosguitoes carry infection, and
the process is indirect, because the parasites, perforce, pass
through certain developmental stages within the body of
the mosquito before they are capable of again producing
the disease. Direct transference takes place where the
fly simply carries the germs of disease on its mouth organs,
and so infects the next host from which it takes a meal,
and, in this respect, it is of interest to note that the house
fly, which is incapable of biting, can transmit various
trypanosomes, and, among them, those of mal de caderas,
by alternately sucking sores on an infected and & healthy
animal. The house fiy, however, cannot be considered as
the natural carrier of this disease, but rather must we look
to the biting flies, Stomoxys calcitrans and Stomoxys
nebulosa, known in the Argentine as “ mosca hrava ” ; indeed,
virulent mal de caderas trypanosomes have been found in
the stomach of the former fly, after feeding on an infected
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animal. These flies closely resemble the house fly in
appearance, but they are outdoor insects, and not “ domestic ”
to the same extent as the house fly. Wherever horses and
cattle occur, there the stable fly, for that is the popular
name of Stomoxys caleitrans, may be found in plenty.

In general colour the stable fly is brownish, shot with
green; the upper side of the thorax is marked with four
longitudinel dark stripes, or, looked at in another way,
there are three longitudinal light stripes; the central one,
which runs down the middle of the thoraz, i« of a character-
istic golden shade at its anterior or forward end. The
abdomen is conspicuously spotted with brown. Instead of
the sucking proboseis, so well known in the house fly, this
insect is armed with an awl-like orgen, adapted for piercing
and sucking; often this organ projects forward horizon-
tally and is then plainly seen on looking down upon the
insect from above. Usually the fersale fly lays from fifty
to seventy white eggs in decaying vegetable refuse, and
from them emerge legless larvie, very similar to those of
the house fly, but more shiny and translucent, and differing,
also, in the structure of the posterior spiracles. In & fort-
wight to three weeks the larve are full grown and pass to
the pupal stage, which lasts from a little over a week to a
fortnight, so that the whole life-eycle may be completed in
from twenty-five to thirty-seven days.

The wmeans of transmission is a subject of disagreement
among the various authorities on the discase, but the
identity of the reservoir for the virus is a point upon which
there is mnanimous agreeraent. It will be remembered
that the big game of South Africa have been shown to act
as reservoirs for the blood parasites causing sleeping sick-
ness; in & precisely similar way, the capybara, Hydro-
chaerus capybara, a large South American rodent, acts as
& natoral reservoir for Trypanocsoma equinwm. These
animals are ecommon in the streams of the Chaco district
of Argentina and Paraguay; af tiues they are overcome
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by some epidemic and lie along the banks of the streams
in a dead or dying state. Whenever the Paraguayans find
the dead capybaras, they know that an outbreak of mal de
caderas is imminent. “ There is a striking analogy between
this mortality among the capybaras, which precedes out-
breaks of caderas, and that among rats, which precedes
epidemics of plague.” In 1910 there was a great mortality
among the capybaras of Paraguay, in which paralyais of
the hind quarters was s well-marked symptom, and the
caderas trypanosomes were found in their blood for the
first time ; as a rule, bowever, thess rodenta seem to suffer
little inconvenience from the trypanosomes, but, needless
to say, the fact that the parasites exist in their blood
renders their proximity to horses, asses, and mules
dangerous.

Bor Frres

The bot flies, or (stridee, are of great importance, on
account of their parasitic habits, their attacks being con-
fined to vertebrates and, so far as is known, to mammals.
The larvee are fleshy, headless maggots, composed of twelve
rings or segments, which are often spiny, to assist in
locomotion. Between the first and second segments two
anterior, external breathing organs may always be dis-
tinguished, as may two posterior ones, protected by horny
plates, on the last segment. They all live parasitically
in various parts of the bodies of mamials, such as the
alimentary canal, the nasal passages end throat or the
subcutaneous tissues. The adults are all heavy-bodied,
generally bairy, and are characterised by their small eyes
and antenne, the latter being sunken into pits on the
front of the head. Naturally, the habits differ in different
species, but, in every case, the eggs are deposited on the
animal bost, slthough, in the sheep bot fly, living larve
may take the place of eggs.  All the adults frequent warm
sunny spoks, and most of them pass through this stage
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without food, their mouths being, for the most part, very
rudimentary, and in some cases wanting.

The adult horse bot fly, Gastrophilus equi, is about
three-quarters of an inch in length; its transparent wings
are spotted, in such a way as to give them the appearance
of being crossed by an irrcgular, transverse band. The
hairy body is relieved from a uniform brown colour by
the whitish front to the head and three rows of blackish
spots on the abdomen, though the abdominal colouring is
subject to considerable variation. In the male, the abdomen
may be light brown, or even quite yellow, with very distinet
brown spots; whilst, in the female. the brown segments
may have a marginal series of ycllow spots.

The female 8y, when about to oviposit, hovers near a
horse in a nearly vertical position. Then, with a sudden
dart, it fixes almost instantaneously a single egg (fig. 48)
to a hair, in some place where it may easily be reached by
the horse's tongue, and then retreats a yurd or two, whare
it hovers till another egg can be laid. By the repetition of
this operation, at short intervals, o large number of eggs are
laid. At first they are almost white, but they soon change
to pale yellow, and are marked with o series of transverse,
raised ridges. Each egg is about 125 millimetres long,
obliquely truncate at the free end, and bluntly pointed at
the other; it consists of two parts, the egg proper, and a
pair of lips or valves, which close round the hair and give
attachment. The presence of these eggs causes a consider-
able amount of irritation to the horse, which seeks relief
by licking the affiicted parts. The eggs themselves are
rarely removed, but the friction and wmoisture of the horse’s
fongue, essentials to hatching, cause the lid or opereulum,
covering the free end of each egg, to open, and the con-
tained larva is earried into the horse’s mouth. These larve
are slender and worm-like, and so transparent that their
internal organs may be plainly seen. Growth is rapid, and
probably takes place at the expense of the mucus, sec;ebed by

19
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the mouth and gullet. Soon, however, the maggot passes
into its host’s stomach and undergoes considersble change
in appesrance. Near its mouth are a number of hooks:
with these it fixes itself firmly to the stomach wall. Tte tail
end becomes broadened, and the two spiracles, or respiratory
organs, which appeared ag two flap-like projections in the
earlier stage, are drawn somewhat within the body and
protected by a borny plate; at the sarne time the segments
become spiny. The larvee attain their full growth in the
spring, and then they are from three-guarters to one inch
in length. Their nutriment is derived from the tissues to
which they are fixed, and also from the stomach contents,
and in this respect it is of interest to note that they are
generslly found clustered round the opening of the stomach
into the intestine, thereby, as it were, damming up the con-
tents, with the object of obtaining more food. When fully
grown, the bots relax their hold, pass through the intestine,
and escape with the excrement, when they burrow inte
the ground to pupate. The pupal stage usually lasts from
thirty to forty days, and the newly emerged fly at once
proceeds to the business of providing another generation.

According to some sauthorities, the bots do little harm to
a horse; others assert that they are very dapgerous, by
causing great irritation in the stomach and intestines, by
absorbing food material, which could be more profitably
employed, and by causing an obstruction to the free passage
of food along the alimentary canal. Harmful or not, the
fact remains that nine-tenths of all horses pastured in the
suromer become attacked, and the proportion of those in
work is somewhat smaller.

The ox warble flies, Hypoderma bovis (fig. 49) and Hy-
poderma lineata, are the cause of extensive loss to stock-
owners in this country, whilst the latter is a well-known
pest in America. The loss in damaged hides alone, in
Manchester, Newcastle, and Nottingham, in a single year,
was estimated &t £33,715; add to this the loss to the batcher
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on meat that is rendered unfit for human consumption, or at
any rate much depreciated in value, and to the dairy farmer
in the reduced milk yield of afflicted animals, and we obtain,
in England slone, an aggregate loss, caused by warble flies,
that has been variously estimated at from £2.000,000 to
£7,000,000 per annurs.  Curiously enough, despite the enor-
wous loss which these flies entail, there are many points
in their life-histories that require elucidation.

Vallisnieri, in 1710, appears to have been the first
observer of warble flies. Little is known of the adult, but
its long, elliptical, flattened eggs are white in colour, except
for a brown appendage, which serves the purpose of attach-
ment to the hair of thehost. Horses, asses, and occasionally
men have been attacked. The whitish, transparent larvee
are comprised of twelve segments, and possess a pair of
very minute, crescent-shaped mouth parts. They are armed
with sixteen short, transverse bands of exccedingly miuute
prickles, arranged in alternate narrow and broad stripes.
At s later stage, in Hypoderma lineata ul any rate, the
larves become quite smooth, except for a few prickles at
either extremity, and the mouth parts become more con-
spicuous. As they become older, they lose their worm-like
appearance and become spindle-shaped, with an sxtensive
armature of prickles on the ventral surface and & pair of
short, horny, blunt, projecting tubes or spiracles at the
hinder end. During the last atage of thelr development the
maggots become oval, compressed, and warty. Their sking
are much thickened, and they develop a powerful coat of
subcutaneous muscles. The armature of prickles becores
more formidable than ever, and the hard tips to the
spiracles, at the hinder end of the body, are replaced by a
pair of kidney-shaped structures, sunk in oval depressions.

At one time it was believed that the eggs were always
atfached to the backs of cattle, on either side of the spine,
and that the larves penetrated the skin scon after they
emerged. Another belief was that the mother fly herself
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pierced the host skin with her ovipositor, and so leid her
eggs hypodermically. Tn reality. the eggs are attached to
the hairs of the legs, often at a point just above the hoof,
a fact which has earned these insects the name of “heel
fly " in America. This probably explains why cattle so
frequently stand with their legs in water during the fly
season, and so avoid the attentions of this baneful insect.
It is thougiit that, as in the case of horses attacked by
the hovse bof fly, so cattle Lick the eggs on their hair
and the larvee are cartied to their mouths, where, being
strongly spined, they bore their way into the soft tissues
of the throat. Once there, they reach the second or smooth
stage and wander through the connective tissues of the
host till they arrive just below the skin of the back. At
this point & moult takes place; they once more hecome
spiny and bore a hole through the skin, in order to obtain
adr, and, by so doing, absolutely ruin the bide?

During the last stage the maggot lies head downwards
in the subcutancous cyst, with its spiracles pointing wp-
wards to the air, its presence made evident by the raised
lamps or warbles which decorate its host. This is the
period of growth, and the maggot waxes fat on the products
of inflammation which its presence causes. Lest there be
any diminution in the supply of nutriment, the prickles are,
from time to time, raised and depressed into the nbscess,
and the irritation which this entails ensures a copions
supply of pus. When fully fed, the larvie are rather more
than an inch in length, and of a yellowish-white colour.
They emerge from the warbles, usually in the early morn-
ing, and fall to the ground, which they wmay or may not
enter. In either event, they contract and become nearly
biack in colour as they change into puparis, whence, in
from three to six weeks, the flies emerge. The adults of

! Professor Carpenter has juat announced the results of some experi-

ments, which ghow that the newly emerged larvee bore directly into the
host's skin.
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lineata are not unlike honey bees in general appearance,
half an inch long, and of a general black colour, furnished
with yellowish, reddish, and black hairs; bovis is much
larger, and is banded with yellow and black.

Another (Estrid which deserves mention, on account of
its peculiar, if repulsive habits, is the emasculating bot fly,
Cuterebra emasculator, of North America. The life-history
of this fly is but little known. Exactly when and where
the eggs are laid is a myatery, but the larve develop
within the scrotum of grey squirrels, red squirrels, and
chipmunks, und, in doing so, destroy the testicles, hence
the popular name of the ly. The larvae, having attained
full development during the months of Aungust to October,
escape to the ground to pupate, and remain in the pupal
stage till July of the following year. The Iife-cycle,
therefore, takes at least two years to complete. The
damage done by this fly appears to be somewhat local, but,
should it be allowed to spread and increase, the harmn done
to the fur trade might, conceivably, be considerable.

The sheep bot fly, Estrus ovis (fig. 50), popularly named
the nostril fly, has been known for centuries; in fact, it was
mentioned by the Greek physician Alexandra Trallian in
the year 560. The fly itself resembles a large house fly in
appearance. The upper parts of its head and thorax are
dull yellow, though they appear brown, owing to being
covered with little round spots. The abdomen of five
segments is velvety and variegated with dark brown and
straw colour above, whilst the underside has a dark spot
in the middle of each segment, in place of the variegaticn.
The head, which is white below, is furnished with very
small antenne, purplish-brown eyes, and three small
eyelets. There is no mouth, and the only instinet of the
adult fly seems to be to continue its kind. It is very lazy,
except when attempting to deposit eggs, which it does
very soon after fertilisetion has taken place.

The characteristic, curved eggs are laid in clusters of



182 INSECTS AND MAN.

twelve to eighteen, on the nostrils of sbeep, or sometimes
having developed within the body of the dy, living larves,
to the number of five or seven, are deposited in the same
position. The cream-coloured maggots at once proceed to
work their way up the nostrils aud nasal passages, csusing
intense irritation during their travels, till they reach the
frontal sinuses, cavities lying between and slightly above
the eyes. These cavities are lined with & membrane, and
mucus is always present in them. To the membrane the
maggots attach themselves by mioute hooks placed on each
side of their heads; on the mucus they feed. When fully
grown, the larve change in colour, becoming darker
towards the tail end, so that they show all shades of
colouring, from white on the first two or three segments
to dark brown on the last segments, whilst a number of
minute brown spines, all pointing posteriorly, essist in
locomotion. When ready to pupate the maggots pass down
the sheep’s nasal passages, being materially aided by violent
sneezing on the part of their host, and fall to the ground,
where they quickly bury themselves; and in forty-eight
hours they contract to half their original size, at the same
time becoming smooth, hard, and black. The pupal stage
lasts from forty to fifty days.

SoME MORE PESTS OF SHEEP

The nostril fly is not the only British dipterous parasite
of the sheep; the green-bottle fiy or sheep maggot, Lucilia
serivita, snd the misnamed sheep tick or ked, Melophagus
ovinus, are both of considerable importance from the
stock-keeper's point of view. ILacilio sericala is quite
cominon in this country, whilst in Holland it often becomes
S0 pumerous as to be a very serious pest. During the
warmer months of the year the female lays about five
bundred eggs, fastening them in groups of fifty or so
to the wool of the host, selecting, as a rule, sheep with
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greasy or soiled fleeces. Lambs, or enfeebled, old, or
unherlthy sheep are usually chosen for attack. The larve
bear a considerable superficial resemblance to those of
the house fly; they are pointed ab the anterior or head
end, and broad at the hinder end, where the spiracles are
situated. They are provided with somewhat formidable
mouth haoks, with which to tear the flesh of their hosts.
Io e fortnight the maggots, being full grown and about
half an inch in length, change into brown, barrel-shaped
pupm, so common amongst dipterous insects. As the life-
cycle is rapidly completed, several broads may occur in one
season, and, as sheep once attacked are more liable to future
infestation, it follows that considerable harm may be and
often is done by these flies,

The sheep maggot flies are, at the present time, the
greatest menace to the sheep-raising and woal industry of
Australia. The European green-bottle fly, though by no
means a recent importation, has, till recently, confined itg
attentions to dead meat, but now is making its presence felt
in no uncertain manner. Two blow flies, Calliphora oceanice
and Calliphora villosa, have, in the past, done considerable
damage, but are being rapidly superseded by the metallic
blue blow fly, Colliphora rufifacies, which affords an
excellent exomple of a fly, once harmless, taking to evil
habits. In 1912, damage, estimated at o million sterling,
was done by these flies alone in New South Wales, and as
much again in Queensland. The situation became so serious
that a sheep maggot-fly experiment station was founded,
with the object of working ont the life-histories of the
insects, and, if possible, of finding & menns of eradication.

Calliphova rufifacies, which has long been known to
the squatters as the hairy maggot fly, is about one-third
of an inch in length, and of a general, deep metallic blue
colour, sometimes shading into green on the abdomen; the
legs are black, the wings transparent, and the veins black.
The space between the eyes is black, with the rest of the
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head dull yellow, but clothed with fine white down. The
bristles covering head, thorax, and abdomen are black,
with very few upon the dorsal surface of the thornx. The
under surface of the fly is elothed with finer downy hairs,
which form a grey coat on the thorax and first segment of
the ubdornen.  The maggot, which, when full grown, is five-
eighths of an ineh in length, is dull Tight brown to dirty
white; the dorsal surface is the darker, on account of being
furnished with a number of minute black spines, arranged
in regular bands and patches; there are bands of spines
also on the ventral surface The whole larval skin is finely
shacreened : the small head is armed with a pair of black
hook jaws. The spiracles or breathing pores are on the
cighth segment. and the whole maggot is covered with a
fringe of fleshy tubercles, hence the popular name of hairy
muggot. The pupa is dark brown or even almost black,
glightly flattened, nnd the larval tubereles, which are aborted,
form an irregular coat of bluot spines. Often these pupe
nre found in the sheep’s wool, but, as a rule, pupation takes
place in the ground in this species, as with other closely
related species.

There is some hope that the hairy maggot fly may not
assume such formidable proportions as to get beyond con-
trol, for, quite recently. a minute, dull metallie green chaleid,
one-twelfth of an inch in length, has been found actively
engaged in parasitising the pupsz of this fly. As this
chaleid is a native hymenopteron and has been found to
increase enormously under artificial conditions, there is
every reason to hope that the Australian entomologists
will be able to secure a sufficient supply of these useful
insects to keep the hairy maggot in check.

The sheep ked (fig. 51), although frequently termed a
tick, has vo relationship with the true ticks, and, what is
more, bears no resemblance to them. Although a fly, like
the green bottle, it is more truly parasitic, being wingless,
and provided with strong claws, which enable it to cling
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to the wool of its host. Of a general rust-brown colour,
with a grey-brown, irregularly spotted abdomen. showing
no distinet segmentation, and thickly covered with hair,
these insects present a strikingly curious appearance. The
female is about five millimetres in length, and the mule
is smaller, rarely exceceding three millimetres. The life-
history of the ked js remarkable in many ways, not the
least curious fact being that it spends every stage, larva,
pupa, and adult, on the host. The female gives birth to
four or five ereamy, ovoid, shining, slightly flattened grubs;
no egg is laid, hatching and full larval development takes
place in the body of the mother fly. The larvee are fixed
to the wool of their host, and almost immediately transform
into oval, glisteniny, copper-coloured pupm, which rapidiy
turn ahoost black and resemble apple pips, though the
resemblance is often masked by a sticky white incrustation
by which they are fixed to the wool. Keds are provided
with sucking mouths which enable them to absorb blood
from their host; it is also supposed that they obtain a
considerable amount of nutriment from the grease with
which sheep’s wool is always richly charged. Although
these parasites cause considerable annoyanee to sheep
and goats, when present in large numbers, it is only to
lambs that they are likely to cause death.

Several other flies of the family I cppoboscider, to which
the ked belongs, are parasitic on domestic animals, On
the horse is Hippobosca equina, and, in Brazil, Hippobosca
nigra ; the former also attacks the ass, mule, dog, cattle, and
swine; its varied hosts are probably accounted for by the
fact that, unlike the ked, it is winged and is, aceordingly,
not so strictly parasitic in habit. The camel, in Egypt,
has a dipterous parasite in the shape of Hippobosca came-
lina, whilst Hippobosca rufipes, Hippobosca maculata, and
Hippobosca, tauwrina are parasitic on cattle. Maculata,
though a native of India, was introduced into South Africa
during the Boer War, where rufipes is common; both of
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them are suspected of transmitting & bovine trypano-
somiasis, known as galziekte or gall sickness, the patho-
genic agent of which is Trypanosoma theileri, Three
closely related flies, Lynchia mawra, Lynchia capensis,
and Ornithomyia avicularia, are parasitic on the pigeon,
and, of these, maurg, in Algeria, where it is common. trans-
mits a pathogenic blood parasite, known as Hemoproteus
columbe.

Biting lice, Trichodectes ovis, are commop parasites of
sheep. Like the keds, they are truly parasitic, and spend
their whole existence ou their host. Their feet are remark-
ably well adapted for their mode of living, being armed
with powerful elaws, which enable their owners to obtain
o firm grasp of the wool in which they hide. Their food
consists of skin secretions and possibly wool, for though
possessed of biting mouths, they lack all provision for
sucking blood, thereby differing from the true blood-suck-
ing lice.

The most serious parasitic disease of sheep, known as
seab, is caused, not by an insect, but a mite; it is also the
oldest kmown of all diseases atbacking this animal. The
disease-cansing mite is known as Psoroptes commanis, and
varieties of the same species cause scab in horses, cattle,
goats, and rabbits. So similar are these varieties that it
is a matter of exceeding difficulty to identify them; buat, as
the scab mite of one host will not cause scab on a dissimilar
host, there is no doubt thot the varieties are distinet, and
they are known as Psoroptes communis, var. ovis, var. eque
(fig. 52), var. bovis, var. capre or ver. cuniculi, secording to
whether they attack sheep, horse, ox, goat, or rabbit.

Though one of the largest of these mites, the female
sheep scab mite is only about one-fortieth of an inch long
by one-sixtieth of an inch broad, whilst the male is a little
amaller; they are just visible to the naked eye. Apart
from a difference in size, the sexes may be distinguished
by the fact that in the male only there are a pair of
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posterior processes, each furnished with atiff bristles,
Again, the last pair of legs in the wale are very short and
without sucker feat, whereas in the female it is the third
pair of legs that are without sucker feet, and in their place
are two very long curved bristles. Wherever the host is
thickly covered with wool, on back, shoulders, sides, and
rump, there the mites congregate most thickly. With
their barbed mouth organs they pierce the skin of their
host, and, by working these barbs up and down they couse
intense irritation and & flow of blood and matter; this
hardens to form a scab, beneath which the mites hide,
hence their popular name, scab mites. The demage does
not ¢nd here, for infected sheep have soiled and matted
wool which finally falls off in large patches, The disease
is exceedingly contagious, both directly, from sheep to
sheep, and indivectly, from fallen wool, rubbing posts,
ete.; in fact, healthy sheep have become infected in places
where no sheep have heen kept for as long as twenty-
four months, though how the mites retain their vitality
during this period is not known. Birds probably aid in
spreading the disease; they constantly settle on the
backs of scabby sheep, and, passing thence to healthy
animals, they may carry on their feet o tag of wool or
even g scab.

The fernale mite lays sbout a score of eggs, either near
the roots of the host's wool or actually on the skin, and
after doing so she dies. From these eggs six-legged Jarva
arise, and after moulting they become mature. The dure-
tion of the egg and larval stages varies considerably under
varying conditions, but, as a rule, the eggs hateh in about
six days, and, on the third day of larval life, & moult may
oceur, when the larva obtains its fourth pair of legs and
becomes adult; pairing then takes place, followed by two
moults and oviposition. So that the average period for a
cornplete life-cycle is about fifteen days, and, of ten females
and five males, “in three months’ time the sixth generation
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would appear to consist of about one million females and
five hundred thousand males.”

British sheep are often attacked by the castor-hean tick,
Ixodes ricinus, which is notorious as being the vector of
piroplasmosis of ecattle and dogs: whilst in Roumania,
Italy, Turkey, and France, the tick, Rhipicephalus bursa,
transimits ovine piroplasmosis or carceag; and in South Africa
the bont or variegated tick, Amblyomma hebrazum, trans-
mits a discase of sheep and goats known as “ heartwater.”

Sosr ENEMIES oF POULTRY

The external parasites of domestic fowls belong to many
orders and are comprised of various species. In America,
for instance, the domestie hen is known to be infested by
sighteen species of mites, eight species of bird lice, two
species of fleas, and onc species each of bugs, ticks, and flies.
Add to this, the hird lice found on other domestic fawls,
which comprise five species on the goose, four each on the
turkey, duck, and pea-fowl, three on the guinea-fowl, and
seven on the pigeon, and we get a considerable number.

One of the most striking facts concerning the bird lice,
or Mallophaga, as they are called, is that similar species
occur on domestic fowls of the Old and New World,
Secing that these insects cannot fly, and can only pass from
one host to another when in actual contact, the fact is the
more remarkable.  Various explanations have been enunci-
ated to accouunt for this phevomenon: according to one
author, “the parasitic species have persisted unchanged
from the common ancestor of two or more distinct but
closely allied bird species.” In other words, these species
of Mallophaga existed on the ancestors of their bird hosts,
and have persisted ever since, without change, although
the hosts may have become modified into different species.
If this explanation be the correct one, it is easily accounted
for by the fact that althongh the host may change, the
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environment of feathers, skin, and temperature, in which
the lice dweil, remains unchanged.

Although the Mallophaga are provided with biting
mouths, they do not, according to most observers, suck
blood, but sustain themselves on skin scales and bits of
feathers. Ome species, however, lives inside the pouch of
the Californian brown pelican, clinging to the pouch walls
by its roandibles. What form of nutriment is taken up,
in this case, is & debatable point. All the bird lice are pro-
vided with sharp claws, and, as they are constantly on the
move, they set up irritation in the skin of their host and
have an injurious effect on its general health. Sometimes
the infestation may be serious enough to set up pruritis,
an intense skin irritation which is exceedingly weakening,
and, in laying hens, effectually reduces egg production.
Infested chicks become stunted and fail to make normal
growth, whilst failures in hatching are of frequent occur-
rence, because the sitting hen is rendered so restless that she
breaks many of her eggs. Despite this catalogue of woes
likely to befall the louse-infested hen, it must be clearly
understood that the parasites are not disease-carriers; the
trouble which follows in their wake is purely superficial,
though none the less unpleasant for being so.

Though the Mallophaga are known as bird lice, some
of them occur on mammals. They sre hard, flattened,
simple-eyed insects, with strong legs, of which the first
two are short, and, after the manner of hands, are used to
convey food to the mouth. The female louse deposits its
eggs on the hairs and feathers of the host, and the young
insects, except for their relatively large heads, resembhle
their parents, for they do not undergo complete meta-
morphosis, but grow by a series of moults into adults.
The death of the host is followed by the death of its
parasites, though they often attempt to reach another
host, as is shown by the fact that they crawl towards the
head. Being feather-caters and not blood-suckers, it is
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curious that they should show such anxiety to leave a
dead bird, and it is probgbly due to the falling temperature
of the host’s body.

Aquatic birds, contrary to expectation, are not free
from Mallophago, and, more remarkable still, their lice
are not specially modified to enable them to withstand im-
mersion in water. The explanation for this apparent
lapse of nature is probably that sufficieut air always
remaius entrapped between the feathers of the host to
enable them to exist in this unaccustomed element.

Of the other parasites attacking poultry, we need only
mention the red mite, Dermanyssus gallineg; the chicken-
itch mite, Sarcoptes mutans; and the fowl tick, drgas
persicus. Of these, so far as is known, only the latter
bransmits discase, but the others do considerable mechanical
damage by sucking blood, ete.

Red mites are about one-twenty-fifth of an inch in
length, and, except when red after engorgement with
blood, they are of a light grey colour. In labit they are
particularly stealthy ; very active and also voracious, they
hide by day, issuing at night to feed on their hosts, and
returning to shelter after repletion. These mites can
hardly be termed true parasites—semi-parasites is a better
term—for their eggs are laid and hatched in their hiding
places and not on the host. Their attacks lend to loss
of flesh and general want of tone in chickens of all ages,
whilst in those newly hatched they cause a mortaliby often
a8 high as ninety per cent., and their not infrequent atfacks
on man resul in an eczematous skin disease.

The chicken-itch mite, Sarcoptes nutans, causes a serious
and coremon disease in its host. Making its attack between
the scales of legs and feet of the chicken, it gives them a
tendency to stand up on end and separate, whilst between
them & chalky secration is formed. Bepeath these scales
and excretions the mites live and breed.

Argas persicus (fig. 53) is a brownish-red tick about eight
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millimetres long in the femsle, and half the size in the
male. Its body is pitted in rows and irregularly. In 1903
Marchoux and Salimbini, in Brazil, discovered that the
tick, by its bite, transmitted a blood parasite, Spirochata
gallinarum, to poultry. These spirochmtes, like the
organisms cauting human tick fever, are spiral, thread-
like structures which swim about rapidly in the blood; so
rapidly, in fact, that it is difficult to observe them. To
geese they ave especially fatal, and hardly less so to ducks
and guinea-fowls ; doves and sparrows are less susceptible,
and in pigeons, after they have been bitten by an infected
tick, there is no illness, and no spirocheetes can be found
in the biood. The incubation period is usually four to
vine days, and it has been shown that an infective fick
can remain so for five months after its last infective meal.
Ornithodorus moubata, the vector of human relapsing
fover, can also transmit spirochztlosis in poultry. The
disease iy characterised by diarrheea, sommia, pallor of
the comb, and such weakness that the infected fowl lies
swith its head on the ground.

The eggs are laid in the hiding places of the ticks,
usually some crevica in the fow] house, and in three weeks
the six-legged larva hatches, and abt once attaches to a
host for the parpose of feeding, aud, ot the next moult,
attains the Battened form typical of the adult, and so well
adapted for hiding in narrow cracks, beneath hoards, ete.

Tee HeN FLEa

The hen flea, Sarcopsylla gollinacen (fig. 5%), la very
much smaller then the human flea, aud of a reddish-brown
colonr, Discovered in Ceylon, it has since been encountered
in Turke tan, German East Africa, Cameroons, Cape of
Good Hope, Italy, Madagascar, and the Southern States of
America. Though its nsual hosts are chickens and ducks,
it has been known to atteck horses, rats, and children. Its
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chief point of interest lies in the fact that it is more truly
parasitic than other fleas, with the exception of the jigger
flea. It does not bury itself beneath the host skin like
the latter species, but it inserts its mouth organs deeply
and firly into the host and there remains affixed. The
peck and head, especially the region of the eyes, are the
favourite points of attack, and the results are swellings and
ulcers, which often result in death to the host.

AIr-sac MITES

As long ago as 1858, a German scientist named Garlach,
while dissecting some chickeus, by chance examined their
respiratory organs, and there discovered some whitish,
rounded mites, so small as to be only just visible to the
nuked eye. Our excuse for mentioning these minute
parasites is not that they are particularly commou, or even
specially injurious to their hosts, but because in habit
they are dissimilar to other closely related species, which
are all external parasites. The creatares, which have been
named air-sac mites, and are kuown to science as Cyfodates
andus (fig. 55), normally inbabit the air passages of gal-
linaceous birds, where they may cause inflammation of the
lungs: at times they occur in other organs, and have cven
been found in the heart, where they set up endocarditis.

Though eclosely related to the mange wmites, Sarcoptes
species—in fact Cytodites was at first believed to be an
internal form of these mites—it differs from them in many
important characters. The mange mites have mouths
adapted to cut and tear flesh and so enable them to burrow
below the skin: the air-sac mites have tubular sucking
mouths, quite incapable of biting or piercingflesh.  Although
they are unable to rupture even the delicate mucous mem-
branes on which they live, their constant movements over
these surfaces set up a considerable amount of irritation,
despite the fact that their feet take the form of suckers
and are not provided with claws.
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The affection caused by these parasites is a contagious
disease, and, once introduced on a farm, will rapidly spread
from bird to bird. It has never been shown how aud
when these mites lcave the air saes, but it has been
abundantly proved that they rapidly dry up and die when
exposed to the &ir; they probably gain access to the avien
body by entering the mostrils and following the trachea
and bronchial tubes till they reach the air saes.

A CaNINE DISEASE

Filaviaz do not confine their attacks to buman beings, but
certain species are algo internal parasites of other mammals
and birds. One of the most widely distributed of these
parasites is Filaria tmmanitis, the “ cruel filaria” of the dog.
which occurs in various swampy parts of the world and
evén of Euarope. Sporting dogs, probably on account of
their more frequent exposure, suffer more frequently than
house dogs.

As in the case of Filaria bancrofti, the causative
organism of elephantiasis, the adult parasitic worms oceur
in the blood vessels; but, unlike bancrofti, the larvee may
be found in the peripheral circulation by day, though they
are far more numerous by night. The larve eollect, for
the most part, in the right ventricle of the heart, whers at
times as many as fifty may be coiled together in a bundle.
Weakness and shortness of breath are the result, and
violent exercise may cause temporary insensibility, whilst
the attacks usually end fatally. Anopheles maculipenwis
and other mosquitoes of the genera Anopheles and Oulex
transmit the parasites from host to host. Within the
kidneys of the mosquito development takes place, and in
sbout twelve days they pass thenmce from the insect’s
mouth parts, and the infection is ready to be passed to
another canine host.

13
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AN INTERNAL PARASITE OF SWINE

A curious disease of swinc must be mentioned en
passamt, ot beenuse an insect is the actual cause of the
disease, or even the carrier of infection, in the usually
accapted sense, but because the manper in which the
organism producing the disease enters the bodies of the
swine s so peculinr as to merit attention. The disease in
question is common in France towards the end of winter,
and it is also well known in Germany, Austria, Sicily,
Australia, and the United States. Affected swine become
upeasy and show loss of appetite; sometimes convulsions
ensue, and, to young asniwals st any rate, the atbacks ave
often fatal. Although swine are usually affected, wild
boar, and even man, may fall victims.

The cause of the disease is a parasitic worm, known
as Geganthorhynchus hirundaceus, whitish in colour and
cylindrical in contour, with a retractile head provided with
recurved hooks (see A, B, fig. 56). By means of these
hooks it becomes affixed to the membrane lining the
intestine of its host, much in the same way as the horse
bot-fly larva is attached to the stomach of the horse, and
the points of attachment appear as nodules on the sxterior
wall of the intestine. Into the further progress in the life
of the worm and the serious damage it causes it is beyond
our sphere to enter; we are ouly concerned with the part
played by insects in the spread of the parasite.

In course of time the worm produces eggs within the
intestine of its host, and these pass to the ground with its
excrement; there some of the eggs may be swallowed,
either by the larvee of the common cockchafer (AMelolontha
vnigaris) (see O, fig. 56), or of the rose beetle (Cetonia
awrata). Within these intermediate hosts the embryo
worms can exist for some time; but such larve are eagerly
sought by swine, and the eating of them serves to complete
the parasitic life-cycle, for, once within the mammalian
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intestine, the embryos become adult. Iu the United
States the cockchafer is unknowun, so there the larve of
a beetle of another genus, Lacknosterna arctuala, acts as
intermediate host.

Giganthorhyuchus is occeasionally found in wman, in
South Bussia, where cockehafers are eaten raw.

Two Disgases of UseFuL INsecTs

In the year 1851 the most Importsnt silkworm-rear-
ing centres in France were threatened with almost total
annihilation, on seccount of 8 mysterions disease of the
caterpillars which had mede its appearance in the Depart-
ment, of Vaucluse six years previously. In 1856, the total
production of silk, in France, had been rcduced by seventy-
five per cent., and severe losses were also experienced in
Italy. In the latter country the disease was called
“ gatting,” and in France it was named “pébrine,” from a
local name for pepper, because spots resembling pepper
grains were often found upon the infected ecaterpillary,
though later researches showed that these growths had
nothing to do with the disease. Balbiani discovered that
“ pébrine” was o perasitic disease, and Pasteur it was who
made some startling scientific discoveries, which saved the
silk-raising industry from utber ruin.

The disease is caused by minute organisms, Mizosporidia,
to which the name of Nosema bombycis has been given.
These organisms are somewhat peculiar, in that they attack
practically every organ of the infected insect, even to its
silk glands, and they vary in form, according to the organs
in which they have taken up their position. Young cater-
pillars, attacked by “pébrine,” become inert, and, in many
cases, die in numbers before pupation; those that survive
the larval stage spin small cocoons, deficient in silk, and
sometimes die in the pupal stage. Those that are destined
to survive to the adult stage mate and produce eggs
that are infected, so that the next generation comes into
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existence in a diseased condition. This, however, is not
the only way in which “ pébriue ” is spread—the excrement,
of infected larvas is charged with parasitic spores, and, fall-
ing among the mulberry leaves on which healthy larvie are
feeding, these spores become scattered, and they are eventu-
ally devoured, thus setbing up the disease in new hosts.

With this double method of infection it is plain to see
that hundreds of thousands of caterpillars may be infected
in a short time. The fact that the eggs themselves may
be contaminated accounts for the rapid spread of the
disease to distriets where it was previously unknown, for
it ig in the egg stage that these insects are sold com-
mercially and conveyed from place to place. Thanks to
Pasteur’'s efforts, drastic measures were enforced, and
“pébrine” was practically banished. Of remedies there
were none, $0 the parent silkworm moths were sorted out
and put into separate breeding cages, a male and female
in each. After oviposition, the parents were killed, if not
already dead, and their bodies were macerated and examined
for Nosema bombycis; if the parasites were found, the eggs
were all destroyed, ouly egus frow healthy parents being
allowed to hatch. Great credit is due to the proprietors
of the sitkworm ferms for so faithfully carrying out this
crusade at enormous expense to themselves, and, although
“ pébrine” is now mainly of historical interest, it merits a
place of honour in every book on economic entomology, if
only as an example of what can be done in the way of
stamping out disease, if the findinga of scientists are
efficiently discharged by those who alone can make them
effective—farmers and gardeners.

An allied disease, popularly known as the “Isle of Wight
bee disesse,” because it made its first appearance in that
island in 1904, has caused serions losses to bee-keepers in
this eountry. The causative agent is a parasite, Nosema apis.
Both parasite and disease have many points in common with
« pébriue,” though hereditary infection is unknown.
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Bers

THERE are few people who would, or could, omit the bees
from any list of useful insects, but most people would so
classify them on account of their being manufacturers of
honey. Bee culture has become such a specialised branch
of husbandry that detsails can hardly be given in a book
of this nature; besides, it is not on account of the honey
they provide that these insects are most useful to man.
The market gardener, fruit-grower, agricultarist or florist
is absolutely depcndent on insects or wind for his erops;
the former he can regulate to & certain extent, the latter
is beyond his control. In the production of a harvest,
insects, and especially bees, dwarf all the modern imple-
ments of husbandry into utter insignificance, and it is
this aspect of bee utility that we shall consider here. To
the farmer the work of the bee makes no great
appeel, for his cereals are fertilised by wind; but stone
fruit, pomaceous fruit, in fact, practically all fruits, could
never be formed without the aid of insects. They make
the labours of the fruit-grower a certainty, aud withont
them his labours would end in failure; the Aorist is no less
indebted to insects for his erop. Why should bees be so
lauded when other insects contribmte to the work of fer-
tilisation ? Butterflies, moths, and beetles all fertilise our
plants, it is true, but they leave behind them whole armies
—well-drilled armies—of caterpillars and maggots. These
destroy the very fruit their parents fertilised, defoliate
197
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the trees, esuse sickness inducing disease, and eventually
destroy the plants. No such indictment can be brought
agninst bees.  Again, these marauding insects cannot easily
be introduced into a neighbourbood, and when introduced
it is still more diffeult, should occasion arise, to eradicate
them. Bees are domestic and social; their numbers may
easily be increased or diminished as occasion demands.

Let us consider, for & moment, how this work of fer-
tilisation is carried out. For s clear understanding of the
process it is necessary to know a little about flower struc-
ture. The essential organs of & flower are the stamens and
pistil, and they are usually found in the same flower;
though, in certain cases, some flowers may be provided
with stamens and others with a pistil. The stamens may,
for our purpose, be cousidered as the male reproductive
organs, and they usually consist of two parts, a thread-
like filament and a terminal portion, the anther, which is
yellow in most plants; sometimes the filament is absent.
The pistil, or female reproductive organ, is composed of
three parts, the terminal stigma, the central style, and the
basal ovary; but often the style is absent. When the
anthers are mature they split open, and pollen, having
the appearance of very fine dust, escapes. The pollen is
carried by insects, wind, or more rarely by other agencies,
to the stigma of another flower, and, after various changes,
the little structures, called ovules, contained in the ovary
become seeds, and the ovary itself becomes the fruit. In
order that good, strong, healthy fruit may be produced it
is pecessary that self-fertilisation should be avoided, that
is to say, the pollen from the anthers of a certain flower
should not fall on the stigma of the same flower, though
nature often makes provision for self-fertilisation, when
cross-fertilisation, as it is called, has failed. Pollen may
be red, white, green, or orange yellow—the latter is the
prevailing colour. If a piece of honeycomb, containing
bee-bread, be cut in two longitudinally, sbrate of various
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colours may always be seen. The bees knead the pollen
into pellets and neatly pack it into their “pollen baskets”
on their hind legs. They are enabled to do so because the
pollen of insect-fertilised flowers, with the exception of
those of the cucumber family, is sticky, whilst that of
wind-fertilised flowers, being non-adhesive, cannot be made
into pellets.

In order that fertilisation may take place, polien from
a certain species of plant must reach the stigma of the
same species; pollen from an apple tree could never
fertilise an orange. How, then, is provision made by nature
for this essential ? Wateh a number of bees at work and
the answer will be unmistakably revealed. In the spring,
hees begin work about sunrise, and if they have selected an
apple tree from which to gather stores, they will keep on
apple trees or some other member of the tribe for the
whole of their outing. Foraging about among the anthers,
they gather on their hairs countless crains of pollen; head,
thorax, and abdomen are all more or less dusted with them.
During the early morning they are solely engaged in collect-
ing pollen; passing from flower to flower and tree to tree,
they busily collect their harvest and pack it in their “ pollen
baskets.” Later in the day the stigma becomes receptive,
and the bees then begin their search for honey ; for nectar,
which is not secreted in the early hours, now begins to flow,
Anxious to fill their honey sac whilst gathering pollen,
the bees enter the flowers and thrust their tongues down
into the nectaries; in doing so they brush their bodies to
and fro on the stigmas, and so some of the pollen grains on
their fur hecome detached, and, falling on the viscid stigma,
are retained. Having commenced working on an apple for
pollen, they will not go to a Tropsolum or any other plant
for their honey. Apples provided the pollen; apples must
provide the honey. Other insects, it is true, visit flowers
for pollen and honey, but none work so systematically as

" the soeial bees; they make no mistakes. They will carry
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pollen from variety to variety, and sometimes from species
to species, but never from order to order, and they never
return to their hives from a foraging expedition with
different varieties of pollen on their bodies, Where other
insects visit & single flower, bees will visit o hundred ; and
this is important, for flowers mature rapidly, snd the
vitality of pollen is short-lived. Agnin, when other insects
carry pollen it is entively accidental; but bees canuot live
without it; their young cannot be nursed to maturity with-
out it; they are the only insects having instruments and
appliances for gathering, carrying, and storing pollen.
Every movement of bees in the direction of fertilisation is
a studied one, designed by anature to accoraplish the per-
petuation of the plants they are at work upon. The
anthers of some flowers are so situated as to discharge the
pollen only on some particular spot of the external anatomy
of the bee, and the stigme is so placed in the flower that
only the portion of the bee that bas received the pollen
would be capable of effecting the purpose.

Only honey bees and humble bees are furnished with
apparatus suitable for collecting and carrying pollen from
flowers of any and every form or design. The mason and
leaf-cutter bees, Osmia and Megackile, are adapted for
fertilising broad, flat flowers with protuberant reproductive
organs, because the undersides of their abdomens are
furnished with long stiff hairs, pointing the “ wrong way,”
which brush the pollen from the anthers. The hairs on the
hinder legs of humble bees are distributed in an Drregular
fashion and are fairly efficient as pollen gatherers; but, in
the honey bees, the hairs are arranged in eight or nine
regular rows, and this regular arrangement enables them to
brush the pollen from the anthers far more effectively than
is the case with any other species. Most of this pollen is,
of course, transferred to the pollen baskets, hut many grains
escape, and it is these grains that bring about fertilisation.

Let us consider, for a moment, how well adapted the
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honey bee is for the work it has to perform. A refer-
ence to fig. 57 will show that the insect's legs are covered
with rough hairs, coarser hairs, and combs, comprised of
short spines; each of these hair groups is designed for a
special purpose. In A, fig. 57, at pb, it will be seen that
the limb is considerably hollowed and is fringed, on either
side, with coarse bairs: this is a “pollen basket” and
into it the pollen is placed by the bees, after they have
kneaded it into little pellets. At j,in A and B, are jaws
or pincers, used to gather the wax that is secreted on the
ventral surface of the bee, and utilised in forming the comb.
At ¢, in B, are rows of combs or spines; these are used to
comb off the pollen which collects on the hair of the head,
thorax, and legs of the insect, after it has visited & flower.
“It is probable, also, that the tongue is an important organ
for gathering pollen grains as well as nectar, for it seems
to be fringed with fine bair on which pollen dust might
readily lodge. Just how the bee cleans its tongue it is
difficult to see; but the brushes on the fore legs are
evidently designed for the purpose of rolling these -grains
off, which probably contain & little honey or ncctar. In
any event, they are transferred to the middle legs from the
fore legs, and from the middle legs to the pollen basket, in
& way that leaves sleight-of-hand in the shade, unless one
watches the whole operation with & powerful glass. The
transfer seems to go on in the blossom and even after the
inseet is on the wing. Dust the bee all over with flour, and
it immediately begins the process of brushing jts hairs. It
will rub the palms of its legs and then begin the work of
combing itself, reaching with its middle and fore legs over
its back and cleaning its antenns with its fore legs. All
the manceuvres may take place while it rests on some object
or while on the wing, but the bee is unable to reach over
its entire body, especially the top of its back. After it
enters the hive it is cleaned by other bees, when, after a
little, it will be brushed and groomed, every particle of
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pollen having been removed.” It is essential for the bee to
keep its antenne clean at all costs, and the operation is
performed with the aid of the special cleaning apparatus
shown at ¢ in C, and, on a larger scale, at ¢ in D. Just
over the hollow ¢, which is fringed with stiff hairs %, there
is a cap or spur & and when the ingect’s antenn® require
cleaning the hollow is passed over the organ, the cap s is
pushed over to its place on the open side of the hollow and
the leg drawn outwards, so as to clean the whole length of
the antennae. As this cleaning apparatus is situate io the
elbow of the fore leg, the antenns is within easy reach.
The adaptation of the honey bee for collecting pollen is
fittle short of marvellous.

Why are bees sttracted to flowers, in the first ploce ? 1t
is impossible to give a definite answer, for we are pot in
a position to rend their innermost thoughts, but it is no
difficult matter to make a shrewd guess: the purpose of
their floral visits is, wholly and solely, to obtain pollen
and honey. How they are guided to the right flowers is
2 still more difficult question. Many naturalists have
attempted to show that bright colours are attractive, and
have gone so far as to call the markings on certain flowers
honey guides, and to argue that natare has placed them
there to show the bees the way to the nectaries. Bees,
however, are too intelligent to require such natural sign-
posts; nor is colour the attraction, as may be seen when
these insects are crowding round the lime-tree flowers
and paying scarcely any sttention to the many brightly
coloured garden flowers. If colour is the guide, as some
would have it, why do bees invariably pass over the
bright yellow Eschscholtzia in favour of the paler yellow
(Enothera? The one contains nectar; the other does not.
Scent is said by other cbservers to be the bee’s sole guide ;
but it is not the most strongly scented flowers that are most
frequently visited by bees; they rarely visit a strongly
scented double rose, because it produces no nectar, and,
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having no anthers, supplies no pollen. The subject is
interesting and complex, yet a moment’s thought, or, better
still, observation, will show that not colour and seent alone,
but some other foree, instinct, sense, call it what you will,
guides the bees in their daily work.

InsEcTs as Bumaw Foop

Of all the ways in which insects have been pressed into
the service of man, none are more curious, more foreign to
the normal man’s outlook on these lowly ereatures, than
their use as food and as additions to the Materia Medica.
True, the Israclites were enjoined by Moses to eat locusts,
beetles, and grasshoppers, and it is common knowledge that
John the Baptist subsisted in the desert on a diet of locusts
and wild honey, despite the fact that certain purists
have expended much time and considerable ingenuity in
attempting to show that the locusts, in this case, were not
insects at all, but the fruit of a leguminous tree. Why
any such attempt at prevarication shonld have Leen made
passes all comprehension, for, to this day, these insects are
very highly esteemed in parts of Africa, Arabia, and Persia,
where they are bought and sold as an everyday article of
commerce.

According to Pliny and Herodotus, the Parthians and
Nasamones both relished locusts as food, whilst, among Moors
of the present day, these insects, fried in butter, form a staple
and favourite dish. Bany of the North American Indisn
tribes were in the habit of consuming large quantities of the
Rocky Mountain locust, an insect of great economic import,
seeing that it greedily consumes every green leaf enconntered
in its wenderings. When the red man was at his zenith,
the Rocky Mountain locust was practically innocuous;
since his subjugation, it has increased and spread to such
an extent that it has come to be viewed in the light of a
serious pest. According to De Smet, the Assiniboine idea
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of luxury was an immense dish of pulverised snts, grass-
hoppers, and locusts, that had been dried in the sun.
The same nuthor ond traveller says that the Shoshone
relished grasshoppers and crickets, and that they stored up
bags of roasted ants for fubure consumption ; in this respect
they resembled another tribe, the Soshocs, who were
deseribed as miserable, lean, wesk, and badly clothed.
Their territory abounded in artemisia, a herb much
favoured by grasshoppers. A large deep hole was dug in
the earth by the Soshocs, who then formed themselves
into & ring round the excavation, but at a considerable
distance frow it, and gradually converged towards it, beating
the ground as they went, with the object of driving the
insects into the pit, when they were collected and eaten,
either as soup, or boiled and made mto a paste for fature
use. The Maidu, a Californian tribe, also relished locusts
and grasshoppers.

The literature on the subject is meagre in the extreme,
but there is little reason to doubt that locusts have been
prominent items in the bills of fare of many races from
time immemorial. Grasshoppers were eaten by the ancient
Greeks, whilst, to the natives of Uganda, the allied crickets,
Curtilla africana and Acheto binuwulate, have a double
use, being kept in warm ovens, on account of their musical
note, to induce sleep, snd, presumably, when the pangs of
hunger outweigh the discomforts of insomnia, bhey are used

. 28 food. Dried locusts are said to be a common ingredient
} of Indian curries, even in Calcutta.

«In some parts of Italy the cricket is looked mpon with
love and almost veneration. In the city of Florence, on
Ascension morning, the pedlars throng the streets with
erickets in little painted cages, selling them at from two to
five cenbs, and the air resounds with their eries, as well as
those of the captives. You must pick your cricket with care,
for his singing -powers, or want of them, will decide your
destiny for the coming year. An sctive bright singer
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means good luck ; & sluggish silent one the reverse. These
caged insects, after being carried about all day, and their
respective merits being dilated upon by their owners, are
liberated in the evening.

“In the north of Africa the natives in the villages make
s regular trade in capturing and caging crickets, which
they sell in the towns, where they are kept and fed like
cage-birds for their song. In China, another species is
often sold in cages; but they are used like game-cocks for
their fighting qualities, and sums of woney are lost and
won on their prowess. In some parts of England it is
still firmly believed that if you kill or injure a cricket that
has come into the house, its relations will come into the
house at night and eat holes in your clothes for revenge.”

It is hardly possible to imagine anything less appetising,
in appearance, than the larva or grub of a warble fly, yet
one species is in great demand ss an article of diet with °
the Dog Rib Indians. These people of Athabascan stock
are in the habit of eating caribou, an animal that is much
affected by warbles, often several hundreds being Eonnd
oo one individual. This does not appear to trouble the
Indians, who never remove the warbles from the meat
before cooking ; in fact, the grubs are considered a delicacy.
Hearn says, of the same tribe: “The Indians, however,
never could persuade me to eat the warble, of which some
of them are remarkably fond, especially the children.
They are always esten raw and alive out of the skin,
and are said, by those who like them, to be as fine as
gooseberries.”

The butterflies and moths, despite the fact that thsy
include an enormous number of species, have not been very
largely drawn upon as food.  Pliny, writing of the Roman
epicures, mentions that the larva of an insect called Cossus
was held in great esteem by them. The grub was very
earefully tended, and especially fattened for the table on
flour and wine; when ready for eating it was said to



206 INSECTS AND MAN

resernble a substantial prawn. The exact identity of this
favoured insect is subject to some doubt. By wmany it is
thought to be the larva of the gost moth, Cossus ligniperda ;
and as & mature and well-fed goat woth caterpillar agrees
closely with Pliny’s description, there seems little reason
in trying to establish the claims of other insects. It is
highly probable that the taste for this dish was an acquired
one. To most people the idea of eating an insect is, in it~
self, sufficientlyrepulsive ; to those who have bandled Cossus
Ligniperdo the act is unthinkable. The grub has none
of the beauty possessed by many caterpillars; but its for-
bidding appearance is as nothing to its foul odour, resem-
bling, ns it does, the well-known scent of the billy goat,
hence the name goat moth. Whether its taste is akin to
its smell, probably few can tell, but the insect is not one
to inspire confidence in the heart of a neophyte in
gastronomic research. By some it is thought that the
Cossus of Pliny was the larva of a stag beetle, Lucanus
ocervus, or of a Longicorn beetle, Prionus coriarius, though
with what resson is hardly apparent. At the present time,
caterpillars of various kinds are consumed, in quantity, by
the Pai-Ute-Indians. The collection of these larve and
their preparation for food is an industry of very con-
siderable importance along the Nevada-California line.

The Bushmen of Africa eat the caterpillars of butterflies
to some extent, and the natives of Australia a species of
moth called bugong, which at certain seasons is found
in the greatest abundance in some localities. Regarding
the bugong wmoth, Agrotis infusa, & correspondent of the
Agricultural Gazette, New Soutl Wales, who has actually
seen the natives devouring the insects, says: “ These moths
reside in the great fissures in the granite rocks, right on
the top of the peaks of the Bugong Mountain, and their
numbers are as the sands of the seashore. The moths are
a dark yellowisk brown or brownish yellow, about an inch
long, and very plump and fat in the body, and when
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properly cooked are very palatable and highly nutritious,
judging  from the condition of the birds that feed on
them. The mode of cooking adopted by the blacks is
primitive, but effective. Our two niggers provided them-
selves with bags, which were filled with bugougs by simply
opening the bag and sweeping thousands of moths into it
with their hands. These bags, well filled, were brought
down to our camp at the foot of the mountain, a fire was
made, and kept up with sticks which burn to a clear white
ash, and, when o good heap of white ashes was prepared,
a hole was raked in the heap with a stick, and the moths
tumbled in out of the bag, and the ashes heaped round
them and stirred about with the sticks for several minutes,
and when the experienced cook reckoned the cooking was
complete, the mixture of the ashes and moths was well
scattered about to cool and stop further cooking. When
co0o] enough to handle, the moths’ hodies—wings and legs
pretty well singed off —were gathered up, ashes and all, and
cleaned by simply pouring from one hand to another, and
blowing on the falling mixture, by which means the moth’s
bodies were almost cleaned of ashes; and a little further
delicate manipulation hy gently rubbing the motbs on the
leg of the trousers completed the cleaning process, when
the delicious moths were eagerly eaten.”

According to Kunzé, “ the bodies of these moths abonnd
in oil and taste like nuts. When first eaten they produce
violent vomiting, but this effect soon passes off, and the
natives thrive and fatten on this diet. The flight of these
insects is followed up, and at night fires are built under
trees on which they have settled. The smoke soon brings
the moths down, and their bodies are collected and pounded
together into a sort of fleshy loaf. The larvee of a few
other lepidopterous insects are used for food by the natives,”
those of Eupleea hamato being the most favoured.

In Ching, the pupee of the silkworm moth, Bombyz mori,
after removal of the silk from the cocoon, are considered
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delicacies, s are the caterpillars of a species of sphinx
moth. In South Indja, the pupa of the tassar silk moth,
Authercea puphia, is esteemed.

The lumbermen of Maine are not averse to a meal of
large black wood ants. A red ant, Beophylia smaragding,
though possessed of a pungent Aavour, 18 considered a
_ delicacy in Burmab; whilst Dr A. R. Wallace, in an
sccount of insects uvsed as food by the Indians of the
Amazon, says, concerning the red-headed ant, GEcodoma
cephalotes : “ It is the female of this destructive creature
that furnishes the Indian with a luxurious repast. At a
certain season the insects come out of their holes in such
numbers that they are caught by basketsful. When this
takes place in the neighbourhood of an Indian village, ali
is stir and excitement; the young men, women, and children
go out to catch ‘sanbas’ with baskets and calabashes,
which they soon fill; for, though the female ants have
wings, they are very sluggish, and seldom or never fly.
The part eaten is the abdomen, which is very rich and
fattening from the mass of undeveloped eggs. They are
eaten alive, the insect being held by the head as we hold
s strawberry by its stalk, and the abdomen being bitten
off. The body, the wings and legs are thrown down on the
floor, where they conbinue to crawl along, apparently un-
aware of the loss of their posterior extremities. They are
kept in calabashes or bottle-shaped baskets, the mouths
of which are stopped up with a few leaves, and it is rather
a singular sight to see for the first time an Indian taking
his breakfast in the ‘ssuba’ season. He opens the basket,
and as the great-winged ants aawl slowly out, he picks
them up carefully and transfers them with alternate hand-
fuls of farina to his mouth.”

“ Termes flavicolle, a large ‘white ant,’ common in the
Amazon, is eaten. In this case it is not the winged female
that is eaten, but the great-hesded, hard-biting worker,
and it is by means of his jaws that the creature is entrapped.
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An Indian boy going after ‘Cupim’' takes with him a
calabash or a bottle-basket, and searches about for a nest.
He then scrapes away some of the earth, and, taking a long
piece of grass, inserts it as far as it will go, and on with-
drawing it finds a row of ten or a dozen Termes holding
tightly on to it; and he repeats this operation till he fills
his basket, These insects are also eaten alive or roasted ;
but in this case it is not the abdomen, but the enormous
head and thorax, which is devoured, as these parts contain
a considerable mass of muscular matter. These insects
have generally a bitter taste, snd are not much esteemed
except by the Indians themselves.”

The “ white ants,” Termes arborwin, Termes fatale, and
Termes smeathmanni, which, by the way, are not ants
st all, but are popularly misnaroed, supplement the mepu
in many an Indiao and African howe. One Hindu and
several African tribes eat both the termites and their eggs.
In the lake regions of Central Africa the termite mouuds
are a common feature of the landscape, and a welcome one,
too, to the natives, for, when they run short of tobseco, as
a substitute they chew the clay of these ant-hills, which
they call “sweet earth.” The Hindus consider the female
“white ant” to be highly nutritious, and they used to be
eagerly sought for and forwarded to the debilitated Surjee
Rao, Chief of the Mahrattas. In the East Indies, old men
eat the queens zlive, in order to strengthen their backa.
When the native boys of South Africa attain the age of
twelve to fourteen years, they are given a termite queen
to eat and then compelled to run more than two miles:
this procedure is supposed to endow them with wonderful
powers of resisting fatigue. Termites are also eaten by
the Australian natives.

Next to the locusts, beetles appear to offer the greatest
variety of diet to those who appreciate insect food. Zlian
says that the larva of the palm weevil, Calandra palmarum,
was considered an epicurean treat. The grubs mie4 & dirty
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white eolour, and about the size of one’s little finger. They
are known to the natives of the West Indies and Brazil as
“ Qrougrou,” and are held in great esteem as food. Armed
with a strong kaife, the West Indian digs a hole in some
cabbage palm that has been attacked by the weevil, till
he comes to the pith, and then he is almost certain to find
o pleptiful supply of grubs, which he devours after &
preliminary rossting or frying. Should the supply of
these grubs hecome scanty, the larvee of another beetle,
Stenodontes dumicornis, efficiently take their place.

The common cockchafer, Melolontha wvulgwris, is not
exactly a prepossessing-looking insect, from a gastronomic
point of view; its aroma is not plessant, and its habits are
not of the best, but this does pot prevent a closely related
species, Melolontha hypoleuca, from being much relished
in Java, whilst the peasants of Lombardy are partial to
the abdomens of another bettle, Rhkizotrogus assimilis.
In Moldavie and Valachia, the beetle, Rhizotrogus pint,
forms a common article of food.

Awmong certain peoples a considerable degree of plump-
ness is essential in every woman who wonld find favour
with the opposite sex, and here again insects corae to the
rescue. The ladies of the Nile Valley wax fat upon the
searmb, Scarabews sacer, a beetle whose outlines are
familiar to the most unentomological, for they have been
figured ou Egyptian tombs and monuments times without
number. In Tunis, a species of churchyard beetle, Blaps
suleata, is used for the same purpose, despite the fact that
it is possessed of a disgusting odour; whilst in Turkey,
the larva of a beetle allied to the meal worm, Tenebrio
molitor, is the recognised flesh producer. An aquatic
beetle, Bunectes sticticus, in its larval and adult forms
is eaten in Burmah.

Beetle fare is by no means confined to the Old World;
a favoured dish among Peruvians is largely composed of
an aquatic beetle, Elmis chilensis; and the Mexicans, not
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contented with their national bevernge, “ pulque,” prepared
from a cactus, manufacture another and no less deadly drink
by infusing a tiger beetle, Cicindela curvata, in alcohol.

To Mexico and to the bugs we must turn for the piéec
de résistance of all insect food, the Central American
counterpart of caviare, so highly prized by the gourmets
of the Old World. Three aquatic bugs, Coriza femorale,
Corizamercenuria,and Notonecto unifasciata,considerately
deposit their egps in large quantities in the streams, and in
due season they are collected and eaten with great relish.

Speaking of the sale of these insects in Mexico City,
Froggatt says: “Probably the most curious of the many
curious foods on sale in this warket were the bags of
water-bng eggs, about the size of dust shot. They are
obtained in the canals round the city by sinking sheetsy
of matting under water, upon which the eggs are laid in
millions. The matting is then shaken over a sheet and
all the eggs gathered. These are dried and placed in
sacks and sold at so much a pound; they are known as
‘ahushutl, and are made into cakes and eaten.

“There are also large quantities of two species of water-
bugs sold in the same manner in the markets. They are
collected like shrimps, with nets, in the swamps and
marshes, but they are sold to feed the mocking birds, the
common cage bird in the Mexican home. Awnother in-
teresting insect is a black fly, the larve of which swarm
in such quantities in the waters of Lake Texcoa, that when
they pupate the pupm are collected in bags and used as
manure to fertilise the adjoining lands. At certain seasons
these flies swarm out in such clouds that they cover the
railway track and stop the trains. Another curious insect
food is the caterpillar of a hesperid butterfly, which lays
her eggs upon the leaves of the Agave americana. These
caterpillars burrow into and feed in the tissue of the leaf,
and are cut out, placed in little boxes made out of & section
of the thick leaf, and sold as a great delicacy.”
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The cicada, described in another part of this book, has
long been esteemed as an article of food in America, though
ite periodical oceurrence is too infrequent to make it of
any real value. The Rev. Andrew Saudel, of Philadelphia,
first drew attention, in 1795, to the fact that these insects
were eaten by the Indians; whilst, at » later date, another
authority corroborated this and stated that “the Indians
make the different species of cicada an article of diet,
every year gathering quantities of them and preparing
them for the table by roasting in a hot oven, stirring them
until they are well browned.” In 1885, Dr Howard,
Chief of the American Bureau of Entomology, and
Professor Riley made some experiments on the use of
these insects as food. When writing his cxperiences later,
Dr Howard said: * With the aid of the Doctor'’s (Riley’s)
cook he had prepared & plain stew, s thick milk stew,
and a broil. The cicadas were collected jost as they
emerged from pupm, and were thrown into cold water,
in which tbey remained one night. They were cooked
the next morning and served at breakfast time. They
imparted a distinct and not unpleasant flavour to the
stew, but were not at all palatable themselves, as they were
reduced to nothing but bits of fabby skin. The broil
lacked substance. The most palatable method of cooking
is to fry i butter, when they remind ome of shrimps.
They will never prove a delicacy.” Dr Hildreth, writing
in 1830, said that when the cicadas first leave the earth
they are so plump and full of oily juices that they are
osed in making soap.

Non-aquatic bugs, with the exception of the cicada,
do not appear to be highly favoured as articles of food,
but a large species, Aspongopus nepalensis, is eaten with
rice in Assam, and still more curious fare hails from
Nyasaland, in the shape of “Kungu,” a paste composed
of mayflies (Coenis kungu) and mosquitoes (Culicides).

Bees ‘are rarely eaten, the big jungle bee of India,
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Apis dorsata, being the only one recorded; its larvee and
pupe supply food to the natives in the wilder parts.

Quoting once more from De Smet, who, relating his
experiences aroong various North American Indian tribes,
said: “I have seen the Cheyennes, Snakes, and Utes eat
vermin off each other by the fistful. Often great chiefs
while they talked to me, would pull off their shirts in my
presence without ceremony, and while they chatted would
amuse themselves with carrying on this branch of the
chase in the seams. As fast as they dislodged the game,
they crunched it with as much relish as more civilised
mouths crack almonds and hazel nuts or the claws of erabs
and crawfishes.” Dr A. R. Wallace relates of the Indians
of the Amazon that an insect which they eat more as a
delicacy than as au article of food is a species of Pediculus,
which inhabits the head of that variety of mankind, and
is probably a distinct species from that of cur own country.
The metbod of capturing and devouring this inseet is
exactly the same as that which everyone has seen adopted
by the mookeys at the gardens of the Zoological Society.
A couple of Indian belles will often devote a spare half-
bour to entomological researches in each other's glossy
tresses, every capture being immediately transferred, with
much gusto, to the moulh of the operator.

Biblical students will need no reminder coneerning the
words that have been written on the subject of manna in
the Old Testament. The passage hes been the subject of
considerable controversy. By some, manna was thought to
be a lichen ; by others, a vegetable secretion, and as such it
was described by an ancient Persian writer under the name
of Guezengebin or Tamarisk boney. This writer, however,
noticed that an insect was always closely associated with
the secretion. An Englishman, Hardwick, while travelling
in Persia, discovered the insect, which he called Chermes
mamnifer; and, o little later, Ehrenberg found the insects
on tamarisk, growing pear Mount Sinai, and at the same
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time saw their secretion, which closely resembled honey in
appearance, and was known to the Arabs as “man.”  Accord-
ing to the latter authority, the manna insects, which are
now known to science as Gossyparie mannifera, infested
the smaller branches of Tamariz gallica in large numbers,
sucked up sap in quantity, and exnded manna in the form
of & sugary secretion which, in the cool of the evening, fell
to the ground in solid form, but, after sunrise, melted and
percolated into the soil. Little appears to be known con-
cerning this Coceid, for manna is o scale insect, like lac
and cochineal; it is mainly of Biblical interest, for nowa-
days, at any rate, the secretion is not collected in sufficient
quantity to make it of any commercial value.

The entomophagous habit, in modern times at any rate,
is probably closely connected with the abundance or otber-
wise of more staple food. In conntries or districts where
agriculture is practised the habit is either absent, or by no
means 80 prevalent as it is in places where man must per-
force rely on an abundant supply of game for his putriment.
This is strikingly illustrated in North America, where the
aborigines were insect-esters, whereps the Indiaus, living
east of the Mississippi, have never been entomophagous, the
reason being that agriculture was prevalent to the south
of the Great Lakes, and in other regions economic condi-
tions were regulated by the abundance of the game supply,
20 that in times of famine atfention was turned to insects
as food.

Insecrs AND MEDICINE

In the annals of quackery, rather than in the pages of
official pharmacopceias, inseet remedies figure most pro-
minently ; nevertheless, certain species have been pressed
into legitimate service from time to time, and they deserve
notice in & book dealing with the varied relations of insects
and man.

Just as the Coleoptera, or heetles, supply a considerable
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amount of food to entomophagous peoples, 50 has this ex-
tensive order of insects been drawn upon largely by the
medical profession, qualified or pseudo, in their search for
remedies. Ladybirds were formerly considered a very
efficacious remedy for colic and measles, and homceopathy
has introduced the seven-spotted ladybird, Coccinella
septem-punctata, to the Materin Medica. A mashed lady-
bird introduced into the cavity of a decayed and aching
tooth is stated, by some authorities, to relieve the pain
immediately.

The leather beetles are notorious as household pests
rather than as contributors to the Materia Medica. In
modern medicine they play no part, but they were much
esteemed by the Egyptians. Both Galen and Dioskorides
refer to Tomicus typographus as a vesicstor. The same
heetle, called in Arabic “Dudchabath elsanawbar,” is used
by the Arab pbysicians for opening abscesses on account of
the fact that the powdered insect will rot flesh which is
exposed Jong enough to its action.

The mandibles of the European stag hbeetle, Lucanus
cervus, under the name of “horns of Scarabsi,” were formerly
employed in cases of pain and convulsions, whilst an in-
fusion of these beetles is recommended by Schroeder to be
dropped into the ears as & remedy for pain in these organs.

The medicinal virtues attribnted to the dung beetles are
many and veried. Pliny says that the eycsight of those
who gaze on the green scarahseus is rendered much more
piercing, and that, on this account, the insect is in great
demand by engravers of precious stones to steady their
sight. According to Schroeder, a preparation of Byrrhus
pilula is an efficient remedy for hmmorrhoids and certain
eye diseases. A beetle of the genus Copris is used medi-
cinally in China. Mouflet, in his Theatrum Insectorum,
deseribing a scarab engraven on an emerald to be used as an
amulet, says: “It keeps away likewise the headache, which
truly is no small mischief, especially to great drinkers.”
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Oil in which these beetles have been boiled was recom-
mended by Galenus for earache, deafness, and the bites of
scorpions, and certain Arabian doctors apply the juice of
scarabzus to the eye in the minutest quantity for weak-
ness and blindness.

Pliny recommends decoctions of skipjack beetles for
uleers and malignant growths, and a glow-worm, Lampyris
noctiluca, is said to be an efficient remedy for stone.

The Spanish flies, or Cantharide, are the most familiar
of all beetles to the present-day physician. Cantharis
vesicatoria has earned a widespread reputation as a vesica-
ting agent. Io Italy, an allied species, Mylabris cichordi,
and in China, Mylabris pustulato, are similarly employed.
In earlier times the blistering beetle was beld in great awe,
and when a Dr Greenfield of London adwministered some
cantharides internally to a patient, in 1698, he was promptly
imprisoned, only being released on the publication of his
success in using the preparation in certain disenses of the
bladder and kidneys. Cantharides is still used medicinally,
and is also an ingredient of many hair washes,

The oil beetles, so-called because, when handled, they
eject a drop of clear yellow oil from the joints of their legs,
are used in some cases as a substitute for cantharides, notably
in Spain. They were formerly esteemed in Germany as a
remedy for hydrophobis, and in Sweden the oil is expressed
from the beetles and used with considerable suceess as an
ointment for rheumatism. By Arabian and Hindu doctors
preparations of these beetles, in vinegar, are used against
iteh and to destroy lice.

In Egypt and the Levant the churchyard beetles, Blaps
sulcata and Blaps mucronata, prepared with oil, are used
as a remedy against enrache and the bites of scorpions and,
externally, for all kinds of skin affections.

The weevils appear to contribute but little to the Materia
Medica. Professor Gergi of Florence, writing towards the
close of the eighteenth century about a certain weevil,
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reported that, if several of the larvio were crushed between
the fingers until sufficient oil had been absorbed, any aching
tooth touched with an anointed finger would be relieved of
pein. About the same period other weevils were used by
the Tuscan peasants against toothache.

The only other beetle that appears to bave been used
medicinally is a musk beetle, Aromia moschata, which,
when dried and powdered, forms a vesicatory as efficient
as cantharides.

Of the earwigs, the common Forficula awricularic alone
appears to be of remedial value, or supposed value. Oil of
earwigs, when rubbed on the temples, wrists, and nostrils,
i good to strengthen the nerves.

The Orthopicra are well represented in entomological
Materia Medica. In Russia the common misnamed black
beetle, Periplaneta orientalis, has long been used in the
form of the powdered insect and in other ways as a
remedy for dropsy; it is known as Tarakane. In other
parts of the Continent the powdered, medicing! form of
Periplameta orientolis is sold, under the name of Pulvis
Tarakans, as o remedy for pleurisy and pericarditis; the
American cockroach, Periplancta americana, is also used
in homeeopathy.

Crickoets, according to Pliny, possess many medicinal
virtnes, mainly in connection with disorders of the ears and
throat; and, in later times, the ashes of the domestic cricket,
Gryllus domesticus, have been used in cases of weak sight
and enlarged tonsils.

Although grasshoppers and locusts were used in medicine
so long ago as in the time of the ancient Greeks— Locusta
africana being & noted remedy against scorpion poison,
and the eggs of the Chargol locust being carried in the ears
of Jewish women as a protection against esrache—their
remedial value has pot waned. In Sweden a grasshopper,
Tettigonia verrucivora, is much prized by the native
peasants who suffer from warts. They allow the insects
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to bite their warts, and during the process a black fluid is
emitted frowm the mouth of the grasshopper which is sup-
posed to possess the power of destroying the excrescences.
The exuvim of the Semni grasshopper are preserved and
sold for medicinal use in China and Japan. A drug called
locustenm was prepared by Dr J. M. Honigberger, by tri-
turating the bodies of Locusta migratorie, mious head,
wings, and legs, into a paste and then adding proof spirit.
It was recommended for heemorrhoids and thirst.

The gall flies, belonging to the order Hymenoptera, or
membrape-winged insects, furnish galls rich io tannin, and
much used in the arts and in medicine. The female of
Cynips galle tinctorie lays its eggs in the fissue of the
leaf of an oak, Quercus infectoriu, injecting with each
egg o fluid which causes a tumour to arise on the leaf to
serve as o shelter for the future larva and pupa till trans-
formed into a gall fly, when it eats its way out. The best
osk galls come from the Levant, and they are strongly
astringent. Another gall fly, Cynips rose, produces galls
on rose trees. These galls, called Bedeguar, are successfully
used as remedies against diarrhees and dysentery, and are
also reported to be of use in cases of stone, scurvy, and
worms.

The old Spuritus formicarum of the Prussian pharmaco-
peeia, was prepared by macerating two parts of bruised ants
in three parts of aleohol, thereby extracting the active
principle of fhe insects known as formic acid. Ants found
in the wood of pine trees are eaten by the lumbermen of
Maine as an anti-scorbutic, it is said with good effect.
Schroeder prescribed preparations of ants which he called
Formice manor for leprosy and an infusion of Formica
magor for gout and palsy. In Thuringia a spirit of ants
is rubbed into the affected parts in cases of rheumatism ;
whilst, in Russia, & successful remedy for the same com-
plaint is a vapour bath, prepared by pouring boiling water
over ants, thus setting free the formie acid.
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Bees have been used extensively by homopathists, and
the most curious property attributed to them is that, if a
powder, prepared from bees, is mixed with unguents, “it
will contribute to the growth of hair on bald places.” And
another of the older writers on medical subjects says that,
“If bees, when dead, are dried to powder and given to
sither man or beast, this medicine will often give immediate
eave ip the most exerueciating pain.” In Hindustan and
Lahore the native druggists keep Mutillo antiguensis, a
beautifol insect, resembling a scarlet wasp and possessed
of o very long sting. The insect ig officinal, and is used by
native doctors sgainst snake bite and colic in horses.

Butterflies and moths contribute but little to the Materia
Medica. According to Dioskorides, the caterpillar of the
cominon white cabbage butterfly, Pieris brassice, if
rubbed in with oil, is & sovereign remedy against the bites
of animals and insects, whilst the caterpillars of the brown-
tail moth, Fuproctis chrysorrheea, and of the procession
moth, Bombys processiones, are ingredients of certain
homeeopathic tinctures.

The medicinal virtues of the Rhynchota, or bugs, are of
greater repute. A Chinese cicada, Flaio limbata, secretes
a kind of grease on various trees; this hardens into wax,
and is collected, melted, and purified, when it becomes
white and glossy in appearance. As a native remedy, it is
employed in several diseases, particularly as a preventative
against palpitations and swooning. The wax is also mixed
with oil and made into candles.

Both Dioskorides and Gealen recommended roasted
eicadns for bladder troubles; whilst for colie, the latter
writer advised five or seven cicadas to be eaten with
pepper.

The green flies, Aphide, are used medicinally by
homeeopathists, a tincture being made of the species 4phis
chenopodai glauct, which is found on goosefoot.

Females of the scale insects, Coccidw, have been used in
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medicine and the arts from very early times. Some species
furnish very valuable dyes. One species, Kermes ilicis,
infecting the ouk, Quercus ilex, a native of the Levant and
Southern Europe, when acted upon by mordants of tin and
other salts, furnishes a beautiful blood-red dye, which was
known to the Phenicians as Tola or Thola, and to the
Hebrews as Zehori. The Arabs received it from Armenia
and Persia as Kermes or Alkermes, and the (reeks knew
it as Coceus. At a later date this dye was supplanted by
another, also prepared from a scale inseet, Dactylopius
coceus, found on the prickly pear, Opuntia coccinellifera.
Cockineal, as the dye is called, once formed a staple article
of commerce in South America, Mexico, and the Canary
Islands. The dried cochinesl insect, resembling a shrivelled
silver-grey hemp seed, furnishes the colours known as
carmine and lake. But, just as cochineal superseded the
earlier pigments, so has it given way to aniline dyes, only
being used at the present day to colour foodstuffs and as
& dye for soldiers’ uniforms, because it stands the weather
better than chemical dyes; and the caltivation of Dactylopius
coccus, once a flourishing industry, is now in a moriband
condition. It is, however, with the medical aspect of the
insects that we are concerned here. Both species of coceid
bave been utilised for various ailments: cochineal is used
medicinally by the allopathic and homceopathic fraternity ;
in the United States Dispensatory it is recommended for
swhooping cough and neuralgic affections on account of
its snodyne properties. According to Dr J. M. Honigberger
the Hakims of India consider cochinesl as destructive to
the generative faculty.

Chinese pela wax, an important article of commerce,
known as Schih-Kene-Ming, is the secretion of Ericerus
pela.  This scale ingect is partial to an ash tree, Prazinus
chimensis, and it coats large surfaces of the branches with
wax, which is collected for medicinal and other uses.

Bed bugs are well known, by reputation at any rate, in
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all civilised cormunities. Not so well known, however, is
the fact that Cimex lectularius, man's most undesiruble
bed-fellow, constitutes & medicine of some repute. Pliny
says that the bed bug is a neutraliser of the venom of
serpents ; Guettard, his French commentator, recommends
them to be taken internally for hysteria. According to a
later authority, their smell relieves those under hysterical
suffocation; and also, if given to the nuinber of seven, as
food with henns, they help those that are afflicted with
quartan ague, if they be eaten before the accession of the
fit. Quintus Serenus, in his verses, says they are good for
tertian agues, a statement which is confirmed by Gesner,
who tried the remedy “among the common and meaner
sort of people.” The Ancients gave seven to adults and
four to children when they were overcome by lethargy.
During the later part of the last century the bed bug was
given by country people, in certain parts of America, as
o cure for fever and ague, and it is highly praised for its
remedis] properties in homceopathic eircles.

Baldness was evidently as common an infliction in
socient times as at the present day, and the remedies,
though distinctly quaint, were probably quite ns efficacious
as some of the much-advertised modern nostrums. Pliny
says: “ Varro affirmeth that the heads of flies applied fresh
to the bald places is & convenient wedicine for the said
infirmity and defect.” Another authority says that gnats,
rubbed into the bald places of one's head, will promote the
growth of hajr, and, cariously enough, the bodies of the
same insects rubbed on the eyelids were said to cure in-
grown lashes. The larves of bot flies have been used as
a remedy for epilepsy.

Of lice, the most disgusting remedial agents imaginable,
Schroeder, in his History of Amimaols that are Useful in
Physic, ssys: “They are swallowed by country people
against jaundice.” Of them, too, Beaumont and Fletcher
write: “Die of the jaundice, yet have the cure about you:
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lice, large lice, begot of your own bodies and the heat of
the brick-kilns” These insects have also been made use of
in cases of atrophy and quartan fever.

Many other insects have undoubtedly paid tribute at the
shrine of Hygeia, but the practice of using them as drugs
is on the wane. Formic acid is no longer manufactured
from ants, but is made artificially. Cantharides has many
rivals as a blistering agent. It is in country districts,
where old customs die hard, that the remedies of our
forefathers are most likely to be encountered. Chemical
research and medical science have inflicted other nostrums
upon us, though none more efficacious, if we can believe a
moiety of all that is claimed for those that have passed.

SoMe UsefPUL SCALE INSECTS
The Lac Insect

Scale insects, as a family, are looked upon with great
disfavour by economic entomologists. One member of the
family, however, by its general utility, does a little to
retrieve the bad name of its relations : the individual is the
lac insect, Tachardia lacce. When it is reslised that the
value of the export of lac from Indian ports, in & single
year, has totalled, approximately, thirty-three million
rupees, it will be gathered that the cultivation of the lac
insect is an important industry. A word or two concern-
ing the origin and npature of lac and some information
about the industry itself may not be out of place. Lacis
the resinous secretion of a scale imsect. Like other scale
insects, the lac insect is provided with a sucking beak,
which it inserts into the tree on which it lives end from
which it draws up the sap. These insects have been likened
to snimated siphons, in that the irbibed sap, after modifica-
tion and partial absorption, is given out as o secretion at

7 the anal end of their body. On contact with the air this
" secretion solidifies, forming the “scale” which is popularly
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known as lac. Owing to the fact that these scales are ex-
ceedingly closely crowded together, they form a continuous
layer over considerable areas of the tree branches, and are
then known as stick lnc. From stick lac, “shellac” is
manufactured. )

The lac industry is one of the most ancient of the minor
Indian industries; in fact, it seems to date back for several
thousand years, whilst the use of the resin as varnish is
mentioned in the Ain-i-Alkbari, issued by the great Akbar
in 1590. The earliest European writer to mention lac was
a Dutchman, who had returned from a scientific expedition
on behalf of the King of Portugal about the year 1596,
but he was quite ignorant of the origin of lac. Long
before the lac resin was imported into Europe, another
product of the insect, lac dye, was an article of commerce.
This dye, which consists, for the most part, of the substance
from which the eggs are produced in the body of the
female insect, was once o rival of cochineal, but now both
have been superseded by aniline and other synthetic dyes;
and while the lac resin industry is a growing one, the dye
industry is practically a dead letter.

The best lac, called nagali, is obtained from the Indian
Kusum tree, Schieichera trijuge. 1t is a light galden colour,
and from it the valuable orange shellac is made. Another
good Iac is found on the Dhak tree, Butea frondose; nnd
it is called baisakh or katik, according to whether it is
gathered in the month of Baisakh or Katik. Tt is darker
and not so clear and bright as nagali. Lac may also be
obtained from mauny other trees, but is then of inferior
quality, and the two kinds above menptioned are the only
ones held in esteem by Enropeans. The best lac comes
from Bengal and the Central Provinces of India. Lac, in
its manufactured state, is, of course, largely used as a
varnish and polish for woods and metal, as a stiffening
material for hats, an ingredient of lithographic ink, and as
sealing wax; it is also in great demand in electrical work,



224 INSECTS AND MAN

and, more recently still, in the manufaciure of gramophone
records. In India itself this useful product is largely used
as & varnish in the manufacture of painted pottery, and in
the manufacture of cheap bangles, toys, marbles, imitation
fruit and flowers, ete.

The uewly hatched larva of the lac insect (fig. 58, ¢) is
orange red in colour snd elliptical in shape. Like other
similar larve, it is six-legged and possesses two eyes and
& pair of antennz, whilst just behind the head are two
white, powdery, hair-like filaments, and from the pepulti-
mate segment of the abdomen two long hairs arise.
These little red insects craw] about over the trees for a
time, and theu, after inserting their beaks in some of the
softer tissues, settle down to a resting period. Sap is
absorbed, and, os already mentioned, a secretion is exuded
which, on drying, forms the seale, the larger scales being
those of the females, and the smaller ones cover the males.
The object of these scales, in all insects of the family, is
probably protective, for, living a stationary life, they are
much more liable to attack than when moving about. The
female sesles far outnumber those of the males, but both
sexes are 50 closely packed on the stems that the scales
fuse to form a thick incrustation. Althongh the secales
appear to be no more than reddish-brown wax to the
ordinary observer, structural changes are going on within
them, and m two and a half months from the time the
larvae appeared, the males. having reached maturity, push
up the lower edge of their scales and erawl out backwards.
In appearance (fig. 58, B) they somewhat resemble the larve,
bat are larger, have well-narked antennz, and four eyes
instead of two, whilst on the last abdominal segment there
is a beak-like, horny process.

Immediately the males escape they crawl about over the
colony and mate with the females, which remain beneath
their scales. After pairing, the males die, but considerable
changes take place within the females (fig. 58, D and E); the
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ovary, which grows to occupy the greater part of their
bodies, becomes filled with a light red fluid, within which
the eggs are formed. This red fluid forms the basis of
the lac dye. Each female produces as many as & thousand
eggs, on an average, and as they mature the mother dies;
in fact, by this time she consists of little more than a skin
which ruptures and allows the larvee to escape. There are
two generations in the year, and they differ markedly in
that the adult males of the later generation are winged
(fig. 58, A), probably with the object of ensuring the fertilisa-
tion of the females on trees where males are scarce. The
time to collect the lac is obviously when the larvee have
left the mother scales, for then the lncrustation contains
no insects and a winimum of the red coloration, which is
somewhat difficult to remove during wmanufacture, and
depreciates the value of the commercial lac.

Cochineal

The cochines! insect, Ductylopius cocows, is another
wember of the family Coccidee deserving a place among
the useful insects; withont exaggeration, it may justly be
called the most celebrated of all the scale insects. Cochineal,
in the larval and female adult forms, is essentially parasitic
upon the prickly pear, Opuntia coccinellifera, though it
lives equally well on some other allied species. The adult
male is very minute, only & millimetre in length, and of a
carmine colour, which is intensified on its head and thorax.
The wings, which are longer than the body, bave only &
single bifurcated yellowish-brown vein, and the head is
provided with four compound and two simple eyes, whilst
from the last segment of the abdomen two long bristles
arise. The female is about six times larger than the male,
measuring from six to seven millimetres in length; deep
red brown in colour and segmented, though the segments
are hidden by a white, waxy secretion.

The life-history of this insect is so similar to that of our

1A
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other examples from the ssme family, the lac insect and
the San José scale, that there is no need for reiteration.
The winged male dies after mating; the resting female
deposits her offspring, according to some suthorities, vivi-
parously, according to others, as eggs, but whichever is the
method tbe larvee are covered by the waxy secretion of
their mother, in which, though very active, they remain
for about nine days. At first they closely resemble their
mother, who, by the way, dies after oviposition; but even
ab this stage the sexes can be distinguished, for the antennz
of the males are composed of five segments, whilst those of
the females have six. In u fortnight, after several moults,
the larve are full grown. The male during growth sur-
rounds itself with a waxy covering from which it emerges,
in the winged, adult form, after the last moult; but the
female remains on the spot where she first plunged her
larval rostrum into the tissues of the prickly pear.

The commercial history of this insect is, perhaps, of
greater interest than its life-history. A pative of Mexico,
it was known and ufilised by the Aztecs before America
was discovered by Europeans. Lopez de Gomara, in 1525,
first described cochineal, but he took it to be & seed, and it
was not till the time of Plumier, in 1666, that its true
insect nature was guessed; even then, however, many
scientists of that and later times persisted in believiag
the seed theory, so, in 1720, Melchior de Ruusscher pub-
lished certain documents he had received from Mexico,
whieh once and for all settled the question.

When the Spaniards conquered Mexico they recognised
that the cochineal industry would be a source of wealth,
and they at once tried to establish a monopoly, punishing
with death anyone detected attempting to take the female
insects out of the country. This monopoly was strictly
upheld, and, as long as Mexico remained & Spanish colony,
cochineal could be obtained through Spain and Spain alone.
That the industry was no mean one may be gathered from
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a statement in d'Alembert and Diderot’s Encyclopedia, in
which they say that eight huodred thoussnd pounds of
cochineal, of the value of 15,500,690 francs, reached Europe
in 1734, aud in 1760 the insect, to the value of 4,000,000
francs, reached Marseilles alone, aud De Humboldt relates
that, at the time of his voyage to America, the annual
export of this commodity exceeded 12,000,000 francs.

De Ruusscher gives some interesting details of the
cultivation of cochineal, by the Mexicans, at the beginning
of the eighteenth century. During the winter the insects
were kept indoors, as a protection against inclement
weather; but when the warm weather arrived, as soon as
they were old enough to reproduce their kind, they were
placed, twelve together, in little nests made by the natives
out of hay, straw, moss, or, best of all, from the most
tender fibres of the cocor-nut. The nests and their contents
were then affixed to the prickly pears, aud, in due course,
the larva emerged from the nests, sought out the greenest
and youngest parts of the plants, and collected, for the
most part, on the sides sheltered from the prevailing winda.
During their growth they were most carefully tended and
protected from their enemies, even spiders’ webs being
cleaned from the prickly pears, lest the precious insects
should be harmed; moreover, the wild cochineal insects,
which also flourished on the same plants, were considered
80 objectionable that they were not allowed to mingle with
their pampered relatives. There were three harvests a
year, and, at the last one, branches, laden with the cochineal
parasites, were cut and taken indoors so that they might
be protected during the rainy season. The usual method of
killing the ingects was either by pouring boiling water over
them or by roasting them in specially constructed ovens; at
times, however, they were roasted on the frying-pans which
the native women used for baking their bread, and, in dry-
ing, the insects lost one-third of their weight. These cultural
methods have changed but little with the march of time.
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Réaumur, the celebrated French scientist, in his writings,
predicted that the time would come when cochineal would
be smuggled out of Mexico, in the same manner that the
silkworm had reached Europe from China. Forty years
later, Thiéry de Ménonville, inspired by what Béaumur hed
written, travelled to Mexico, secured some of the coveted
insects and toock them to Port-au-Prince; a native insur-
rection, however, put an end to the venture, which was
never repeated. In 1806 the insect made its first appear-
ance in Europe, where its food plant had long been known.
At Cediz, Toulon, in the south of Spain, and in Italy,
nnsuccessful attempts were wade to acclimatise it. In
1810, owing to an insurrection, Mexico was lost to Spain,
and seventeen years later further attempts were made to
establish the insect in Corsica, Sardinin, and in the
neighbourhood of Grenada and Valencia. As before, the
attempt resulted in failure, for the climate of Europe was
evidently ill suited to so delicate an insect. In the same
year, however, cochineal was introduced into the Canary
Islands, and a veritable god-send it proved fo the islanders.
The director of the Botanic Gardens at Orotava, Berthelot
by name, received some lving specimens from Cadiz, and
placed them on the priekly pears in his gardens. So well
did the insects thrive that, by the end of the year, he
proposed to distribute them over the island to all who had
the necessary food plants on their land. His project was
received with scant courtesy and almost opposition, so that
it also came to naught. Almost at the same time the
Spanish Government established a cochineal farm at Santa
Cruz, and, despite the fact that those in charge displayed
unwonted emergy in the matter, sent the insects to the
neighbouring islands and used every means to interest the
peasant proprietors in the scheme, in less than two years
all trace of the industry had vanished. Not so, however,
the insects themselves. In the neighbourhood of Orotava,
when left to themselves they increased rapidly, so much 8o
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that in 1833, after an island life of only five years, they
threatened to totally destroy the prickly pears which the
poorer inhabitants used as food. Measures for the ex-
termination of the insects were set on foot, but, before they
had been put into execution, some of the islanders, more
far-seeing than their neighbours, took up the eultivation
of the prickly pear, and, incidentally, of eochineal, with the
result that the once despised insect became the grestest
source of wealth that the Canary Islands have ever known.
From an export of eight and a half pounds of coehineal in
1831, the Island industry increased by leaps and bounds to
a total export of eight hundred and forty-two thousand
eight hundred and twenty-seven pounds in 1850, When
we fake into consideration that one pound of dried
cochineal represents about seventy thousand iosects, the
ingect mortality in these favourable years was beyond
computation. During part of this time the vives in the
Canary Islands were almost totally destroyed by a fungoid
disease, and cochineal, in very truth, saved the islanders
from starvation.

In the Canary Islands the insects are cultivated mainly
on Cactus tune and & dwarf species; the former, a large
lesved species, is utilised in Teneriffe and the eastern
islands; the latter, smaller leaved species finds favour in
Las Palmas and the other islands. In the early days of
the industry, women were employed to collect the insects
from the plants in metal spoons—a slow method that
entailed much wagte; now, however, a quicker method is
used. The branches are gathered and then beaten with
small brooms, made of palm leaves, in order to detach the
insects. This rough pruning causes the plants to send out
the fresh young growth, which is so essential for the
cochineal. In order to make certain that the young
insects shall be well looked after in early life, the fertilised
females, recognised by a reddish posterior spot, are care-
fully collected, covered with a linen cloth, nnd subjected to
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a temperature of about 20° C. This prbceeding hastens the
advent of the Jarvee, which, on their first appearance, show
greatactivity, but eventually settle down on the surrounding
linen. The fragments of linen are then carried by night,
and fastened to the prickly pears, and without delay the
larval insects affix themselves to the plant and begin
feeding ; the linen, however, is left on the plant for some
time, to give shade to the larve and to keep them dry. Tn
three months the cochineal insects are fully developed and
harvest time 1s at bhand. Women do the work, some
breaking off the branches, others brushing them, in order
to remove the insects, which are then spread in thin layers
and dried in the sun or subjected to a teraperature of ahont
40° C. After drying, the insects are cleaned from portions
of their food plants and other impurities and then are put
on the market as plateads or as madres. The former,
which are in the majority and therefore cheaper, are the
young unmated females; the latter are ferales which have
produced young.

At the present day, the cochineal insect is cultivated
meinly in Honduras and the Canary Islands, and, though
the industry has languished cousiderably since the dis-
covery of aniline dyes, its fall is as nothing, compared to
the fall in price of the commodity, which at the present
day is less than a fifth of what it was in the heyday of
the industry. Of the uses of cochineal we have spoken in
another chapter, but the least sentimental of us must
regret that  beautiful red dye, once universally used and
around which hangs such an atmosphere of romance, is
now rosinly of service in the decoration of fancy calkes.

A Wax Scale
Under the heading “Insects and Medicine” we have
mentioned Pela wax—an important commodity prepared
from the scale insect, Ericerus pela. The tawny-coloured
male is of relatively large size, and is possessed of
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correspondingly long wings and antennw: the most
remarkable fact in its economy is that it, and not the
female, as is usual among scnle insects, is responsible for
the secretion from which, in this species, Pela wax is
prepared.

According to ancient Chinese records, the culture of the
wax insect, in that country, dates back to the wmiddle of the
thirteenth century, for, about that time, Chinese candles,
which had been made of beeswax since the seventh
centary, were first made of Pela wax. As long ago as
1610, Chinese writers had deseribed the life-history of
this insect with remarkable accuracy, which, in all
essentials, resembles that of the majority of scale insects.
There is considerable difficulty in identifying the various
trees on which Ericerus pelo lives and secretes its wax,
but reliable authorities are agreed that it thrives om
Rhus succedanea, Fraxinus chinensts, Ligustrum glabrum,
Lagustrun fucrdum, Hibiscus syriacus, ond Celastrus
ceriferus, To all these trees the insect does extensive
damage, for, like all members of the family, the wax scale
obtains its nutriment by sucking the juices of the host
plant. The owners are, of course, recompensed by the
value of the wax; but, to prevent totsl destruction of the
trees, the insects are removed to other feeding grounds,
after from one to three years, and the trees are given a

corresponding rest.

The greater part of the cultivation of Pela is carried on
in the provinee of Swe-tchouen, and Elisée Reclus gives
some interesting details of the industry in his Nowwelle
geographie wniverselle, of which the following is a free
transtation : “ One of the most curious agricultural industries
of the district is the cultivation of this vegetable wax or
pei-la, which can only be carried on by a division of labour
between the inhabitants of two remote districts. The
insect (Coccus pela) which forms the wax is born and lives
upon the leaves of Ligustrum lucidum, in the Kientchang
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country, near Ningyuen. At the end of April the culti-
vators carefully collect the eggs of this insect and carry
thern to Kia-ting-fou, fourteen danys’ march on the other
side of a chain of mountains. The route ig very difficult,
and is accomplished by night marches, so that the eggs may
not suffer from the heat; from afer, all the lights which
may be seen on the winding mountain road produce & very
picturesque effect. For China the unique exception is
made of leaving the gates of Kia-ting-fou constantly open
during the egg-collecting season. After transportation,
however, the wost difficult part of the business begins; the
eggs have to be detached from the branches on which
they bave been carried and placed on a tree of a different
species, Froxinus chinensis, where the insects are born
and produce the white wax so valued by the Chinese. . . .
The total value of the wax harvest in Sse-tchouen is
estimated by Richthofen at fourteen million franes. The
ownership of the wax-bearing frees is very much split up;
usually they belong to other peasants than those who own
the ground beneath their shade.”

The wax, when collected, is first dried in the sun, and
here we may mention that some authorities considered the
wax to be a secretion of the insect and others looked npon
it a8 sn exudation from the trees; the former, which has
always been the Chinese opinion, is the correct one, Pela
wax being analogous to beeswax. The dried wax is then
placed on a linen sheet over the mouth of an earthenware
vessel, which, in turn, is plunged in boiling water: this
causes the finer wax to melt and pass through the linen
(which acts as a filter) into the earthenware vessel where
it collects. The coarser wax which remains on the linen
is put into silken sacks, and thrown into boiling oil, with
which it combines and forms a fit substance for the manu-
facture of candles. The pure wax is used in China much
as beeswax is used with us; it is perfectly white, and
without taste or smell, not greasy to the touch, and, in the
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mouth, becomes reduced to a dry, non-adhesive powder;
it is harder than beeswax, owing to its fibrous structure.

Here we must bid farewell to the useful inseets, not
because we have enumerated them all, but on account of
the exigencies of space. Of bees as honey producers and
of silkworms we have made no mention: in general, their
utility is known to everyone, and their culture has become
so specialised that a very considerable literature is devoted
to them. The parasitic and predaceous insects mentioned
in Chapter VIIL, together with a multitudinous host, not
mentioned, are alaso mon’s friends. Many inseets, which
in the main are decidedly injurious, have some points in
their favour; the much despised house fly is of considerable
utility as a scavenger; cockroaches, despite their loathsome
habits, rid our houses of bed bugs, and examples innumer-
able might be quoted. Though man is very deeply indebted
to some few insects, not only for his luxuries but for his
everyday needs, it is impossible, despite the wish to do so,
to contend that insects on the whole can be considered
in any other Jight than as inveterate enemies.



VI
HOUSEHOLD INSECTS

Tre House Fry

THERE is no ipsect better known to the world at large
than the common house fly, Musca domestica, though,
trath to tell, this ornnipresent insect is often confused with
other house-frequenting flies and with the lesser house
fly, Famnia camicularis, in particular. The house fly
belongs to the Dipterc family, that is to say, to the two-
winged flies, its hind wings being reduced to a pair of
stalked knob-like structures, known as balancers or
halteres. A few anatomicel details will render the be-
haviour and habits of the fly more easy to understand.
On either side of the head are the compound eyes, wider
apart in the female than in the male, and each composed
of about four thousand small eyes; on the top of the head
are three simple eyes, arranged in a triangle. The most
important organ, from the housewife’s point of view, is
the proboscis, in reality a modified mouth, terminated by
a pair of soft lips, forming a heart-shaped structure, in the
middle of which is the aperture through which food is
sucked; this fly is absolutely devoid of any structure
capable of piercing the skin, though it is often accused of
biting, owing to the fact that it closely resembles the
stable fly, which bas a piercing mouth. From the nature
of its mouth organs, all food normally taken up by the fly
must perforce be in liquid form. When sugar is the diet.
the insect first of all pours upon it a quantity of saliva
from its salivary glands, thereby bringing its food into
284
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solution; having done so, the liquid is sucked up by n.
powerful pump-like structure, situated just behind the
mouth, into the erop, which is really 2 food reservoir on
which the fly may draw when at rest, much as a ruminating
animal does when chewing the cud. Frequently the fly
regurgitates some of this food and deposits it on the
surface where it is resting, in the form of a light-coloured
vomit spot (fig. 59), easily distinguishable from the brown
excrement spot. Sometimes the regurgitated food is re-
absorbed instead of being deposited 2s & vomit spot.

Known practically wherever mankind exists, the house
fly may be said to be truly cosmopolitan, its range ex-
tending even to the Arctic and Antarctic circles, though
its abundance and activity increases with o rise of temper-
ature. Apart from temperature, the most potent factor in
_the abundance of these insects is the presence of garbage,
for “filth and flies are practically synonymous terms.”
« As illustrating the abundance of flies in relation to the
breeding places, Major Faichne, in India, reared about four
thousand flies from oune-sixth of a cubic foot of ground
from s latrine and as many as five hundred from a single
dropping of human excreta. Herms in California obtained
ten thousand two hundred and eighty-two larva of the
house fly from fifteen pounds of samples taken from five
different parts of & menure pile after four days” exposure.
The whole manure pile weighed about a thousand pounds,
and on n, conservative estimate it would contain over four
hundred and fifty-five thousand maggots. From one and
three-quarter pounds of manure collected at random two
thousand five hundred and sixty-one pupe® of the house
fly were obtained.” These data show that the house fly
is remarkably prolific, mainly on account of its rapid
development and the prevalence of suitable media in which
to oviposit.

Heaps of stable manure form the most favoured breeding
places for these insects; but if this medium be not available,
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cow or fowl dung, homan excrement, straw, sacking, and
other manufactured stuffs soiled by excrement, decaying
vegetable matter, and even the contents of slop-pails and
spitboons may be selected as suitable nurseries for the larva.
From June to Octoher are the months during which egg
laying normally takes place, though in warm kitchens the
process may continue during the winter. Each female de-
posits five or six batches of eggs, each one containing from
one hundred to one hundred and fifty oval, pearly white
eggs about oY in. long. Under favourable conditions the
larvee emerge in from eight to twenty-four hours. After
two woults, baking place respectively after about twenty-
four and forty-eight hours, the larves are full grown (fig. 60)
and are then about half an inch in length, cream coloured,
and legless. The head end of the larva is pointed and
provided with a hooked process, which is used in locomotion
and in tearing up food; the posterior end, or the thirteenth
segment, is furnished with a pair of eye-like spiracles or
breathing pores; on the under surface of the sixth to the
twelfth segments are pads furnished with recurved spines,
also used in locomotion. Almost the whole of the larval
period is passed literally within the food material on which
the maggot feeds; but, when the time for pupation arrives,
a sbort emigration takes place to some drier situation, the
maggot contracts, assumes a cylindrical form, and changes
into & dark brown, barrel-shaped pups, from which the
perfect fly emerges in from three to four days. The adult
insect is so well known that a description of its appearance
ought to be unnecessary; so frequently, however, is it
confused with other house-frequenting flies that a brief
mention of its more salient echaracters may not be out of
place. The front of the dark head is marked with a black
stripe; the prominent compound eyes are wider apart in
- tbe females than in the males, as is usual among the
Diptera. The grey thorax bears four equidistant black
stripes, whilst the yellow abdomen has a medium dark
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stripe and & dark 'hip. The venation of the wing (Sg. 61)
should be carefully noted, beeause the course of the fourth
longitudinal vein serves to distinguish this inseet from
other flies. In many towns of Great Britain, and even of
other countrics, the house-fly population has from time to
time been subjected to o census. Taking an average of
these investigations in this country, it is found that ninety-
five per cent. are true house flies, Musca domsstica, and
the balance is composed of the lesser house fly, Fammia
camicularis, the blow fly or blua-bottle, Calliphora ery-
throcephalo, the stable fly, Stomoxys calcitrans, the fly
which the Americans call the stable fly, Muscing stabulans,
and others.

The lesser house fly, Fumwniv cunicularis, so closely
resembles the house fly in general appearance, except for
jts smaller size, that it is popularly considered to be &
young house fly ; as a matter of fact, the adult fly does not
grow; when it emerges from the pupa it has sttained its
full growth and no further increase in size takes place.
Apart from its size, the fact that the fourth Jongitudinal
vein of the wing runs straight to the margin, instead of
bending at an angle (fig. 61), serves to distinguish the house
fly from the lesser house fly. The thorax, too, is striped
with three, instead of four, dark lines, and the abdomen is
more pointed than in the house fly. The characteristic,
jerky flight of these flies, usually near the ceiling or round &
gas bracket, is quite unlike the heavier more Jaboured flight
of Musca domestica. In habits the two flies are somewhat
similar. The lesser house fly appears earlier in the year
than the troe house fly and also disappears earlier. Ovi-
position takes place either in decaying animal or vegetable
matter. The eggs resemble those of Musca domestico, but
the larvee (fig. 62) are quite unlike those of the house fly.
About & quarter of an inch in length, considerably flattened,
and armed with & double row of spines down the back and
a double row down each side of the body, they are quite
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distinct from most dipterous larvee. The pupe is of the
usual brown colour and barrel shape.

The blow fly or blue-bottle, Calliphora erythrocephala,
cannot be mistaken for the house flies already mentioned ;
its larger size, its dark blue colour, and its rapid, noisy
flight render it a2 wmost conspicuous insect. On occasion,
oviposition may take place in excrement and decaying
vegetable watter, but it is on meat that the eggs are
usually leid. The females are exceedingly prolific, as
many as six hundred eggs being deposited by a single fly.
Tn from eight to twenty hours the larvee, commonly called
gentles, emerge ; they may be distinguished from those of
the house fly by their larger size and by the twelve
tubercles on the posterior end. In a little over a week the
pupal stage is reached, and it usually lasts a fortnight.

The stable fly, Stomozys calcitrans (fig. 32), is very
closely related to, and often confused with, the house fly.
A moment'’s examination with a lens will reveal the fact
that this fly is armed with an awl-like proboscis, which
usually projects straight forward from beneath its head,
whereas the house fly has a soft sucking proboscis. There
are other differences, of course, but, as the stable fly is
described elsewhere, we need not enumerate them here.
This insect is only an occasional visitor to houses; it is a
lover of the sun and open air, and, as its popular name
implies, it is usually found in propinquity to horses and
cattle.

Muscino stabulans, as we have mentioned, is called the
stable fly in America, though the name is a misnomer,
for the fly is not & frequenter of stables. Like Famnia
camicularis, it is active in the early summer, and in appear-
ance it resembles & large house fly. It is a vegetable feeder,
and lays its eggs in rotting animal or vegetable matter.

Two other flies found in houses, from time to time, are
the latrine fly, Fomnia scalaris, and the cluster fly, Pollenia
rudis. The former closely resembles the lesser house fly,
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though it is slightly larger ; the larveo also are aimilar, but
they may be distinguished by the fact that, instead of a
double row of lateral spines, they have rows of feather-
liko appendages. The eggs are commonly laid in human
excrement, and in about eighteen hours the larve emerge;
in o little over & week they are full grown, and the pupal
stage is of approximately the same duration. Pollenia
rudis, the cluster fly, despite its reddish-grey colour and
stout: build, is often mistaken for the house fly. It frequents
houses in spring and avtump, is very sluggish in its move-
ments, and has a habit of collecting in numbers where it is
unlikely to be disturbed; hence its popular name.

Some other less frequent visitors to houses may be
mentioned, because their occnsionsl appearance indoors
gives rise to considernble conjecture as to their identity.
Often, especially in outhouses, a long-bodied, black, sluggish,
hump-backed fly, with yeilowish legs and wings, may be
found on the windows; it is the window fly, Scenopinus
Sfenesiralis. Its larvae sre much more elongated than those
of the other flies we have mentioned, quite snake-like in fact.
Verrall says: “The larva was at one time supposed to feed
on stable clothing and old carpets, especially when thrown
into & heap and neglected, whence the perfect inscct
obtained the name of ‘carpet fly. It is now, however,
known to be predaceous and to feed on the larves of the
clothes moth, Timea pellionella, or of the Pulicide, fleas,
which are the real culprits, and consequently is a henefactor
instead of being injurious.”

Fruit flies, Drosophila, fenestrarwm, and its relatives, are
attracted to houses by the smell of over-ripe and decaying
fruit. They are very small, thick set, yellowish flies, and
some very interesting experiments have been carried out
with them, with & view to testing their sense of smell
Space, or lack of it, forbids any account of these experi-
ments; reference is made to them in the bibliography ; it is
interesting to note, however, among other things, that the
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sense of smell by which their food is discovered is situated
in the last segment of their antennz. The yellow dung
fly, Scatophaga stercoraria, spends most of its time in the
vicinity of cow dung; nevertheless, at times it finds its way
into country houses. The female is yellowish brown with
a hairless body and the male is bright yellow and hairy.

The green-bottle fly, Lucilia ceesar, is not very common in
houses, though decaying animal matter, especially fish, will
often tempt it indoors. In appearance it resembles s small
blow fly, except that it is of a metallic green colour. Many
other flies, among them the cheese fly, mentioned elge-
where, ate known to enter houses, and the list of these
oceasional intruders is a lengthy one. Though it cannot be
said that all, or even the majority, of the flies we have
mentioned carry diseases, all, with the exception of the
window fly, are closely associated with exerement and
decaying animal or vegetable matter, so that their bodies
are, perforce, soiled with unpleasant, if not injurious,
substances, and accordingly they should be looked upon as
enewies of mankind. We may aptly conclude our brief
review of the house flies in the words of Dr Hewitt:
“Many inquirers have asked whether house flies do not
perform some good service, iu accordance with the doctrine
that there is some good purpose bound up in the existence
of every creature. To such persons my reply is in the
affirmative. House flies certainly perform a valuable
service; they indicate the presence of filth, and are the
sanitarian’s danger signals, his red lamps, in fact. House
flies are indications of the fact that insanitary conditions
are present, that the machinery requisite for an epidemic
of typhoid fever is in excellent working order, and that
more children are dying each year from intestinal disease
than shonld be the case. When these facts are realised,
the house fiy will stand out in its true light as a potential
destroyer of human life.”

What can he done to abate this evil? Much has been
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done by man, and miuch remains to be done, but the sub-
Jject is somewhat beyond our sphere. Let us cousider for
& moment what natural agencies are at work in the control
of house flies. Towards autumn many flies are to be seen,
in perfectly natnral positions, attached to walls, ete. A
careful examination of these dead insects will reveal the
fact that they are more or less covered by a white fungus.
They have been killed, in fact, by the fungus, Empusa
musce, belonging to n group of non-green plants, the
various members of which confine their attacks to insects,
and collectively are responsible for o considerable mortality.
The exact means by whick the flies become infected is
not known, but it appears to be the only disease which
normally attacks house flies, though individuals which
have become infected with plague bacilli have been
shown to be short-lived.

" Various mites may be found attached to the bodies of
house flies, some of them truly parasitic, others merely
using the insect as a means of transport. Minute, red
mites, belonging to the family Trombidiide, sre often found
clinging at the base of the wings and sucking up the juices
of their host with their thread-like mandibles: the fact
of their being six-legged shows that they are immature,
Later, they leave their hosts, moult, and appear as bright
red, hairy, free living adults. Mites, of the family Tar-
sonemidce, are sometimes found clinging to the abdomens
of bouse flies, though whether as true parasites or merely
as passengers is not known. Cheese mites in the hypopus
stage, described elsewhere, are also often fixed by their
suckers to flies, and in this respect these insects must be
considered as frequent carriers of food-destroying mites,
Other mites, belonging to the group Gumasidee, frequent
rubbish beaps in the larval stage, and are therefore tre-
quently transported by flies. The small, flat brownish
creatures are, on occasion, parasitic, and adhere by their
mouths to the ventral surface of their hosts (fig. Gi‘}g
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On the legs of house flies, small reddish-brown chelifers
or false scorpions (fig. 64) are often found. Armed with
a pair of relatively formidable pincers, they arc enabled to
obtain w firm hold of their host, but whether they so
obtain their food is not kpown. When not attached to a
host their habitut is the manure heap.

A number of internal protozoon parasites are known to
oceur in the alimentary tracts of flies; they belong to the
gepers Crithudic and Herpelomonas, sud in some respects
resemble the trypanocsomes which are responsible for
sleeping sickness in man; they appear to have little or no
effect on their hosts.

A nematode worm, Halbronema musce, has also been
found infesting various domestic flies, in this country and
abroad, without ill effect. It usually takes up its abode
in the head or proboseis. Ransom found * that the worm
lives in the stomach of the horse, and that the embryos
which pass out in the fwces enter the fly larves. When
the flies ererge the larvie are full grown, but bave to pass
into the intestinal canal of the horse hefore reaching
maturity.”

Hymenopterous parasites, of various species, are known
to attack the house-fly maggots, but the subject has not,
as yet, received the study it deserves. The adults are
caught and killed by various robber flies, and in the United
States a small centipede, Scutigera forceps, kills large
numbers. Lizards, toads, and birds destroy both larva
and adults, Predatory beetles and, in the tropics, ants
cause considerable havoc among pupse and larvas, but man
is the house fly’s greatest enemy, and men alone can
materially lessen the numbers of this death-dealing insect.

Two Pests or CHEESE

Very common, and accordingly well known, household
pests are the cheese mites (fig. 65), Tyroglyphus longior
end Tyroglyphus siro. Strictly speaking, of course, these
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little animals are not insects at all, for they are possessed
of eight legs, instead of the six with which all true insects
are provided. Despite their minuteness, they have hcen
known from very early times, and, by Aristotle, they were
considered to be the smallest of living creatures. Their
small size, varied dist—they can live upon ham, flour, and
other stored goods, as readily as upon cheese,~—toupled
with a fecundity that is almost incredible, has resulted in
their attaining au almost world-wide distribution. The
two species are often to be found feeding together; both
are almost coloutless, but Tyroglyphus longior is the larger
of the two and has longer hairs projecting from its more
elougated and cylindrical body ; it is also less lethargic in
its movements. The life-history of the cheese 1mite 18
curious and interesting. One stage, the hypopus, is so
unlike the parent mite that, for a long time, it was con-
sidered to belong to another genus; in fact, it was not. till
1868 that Claparide showed that the hypopus was really
a stage in the development of the Tyroylyphids.

Every housewife knows how a cheese, once attacked by
a few mites, quickly becomes a crawling muss and is finally
reduced to the state of a powder, composed of mites, to-
gether with their excrement and cast-off skins—an appetis-
ing morsel for the most fastidious palate! This rapid
increase in the cheese mite community is specially notice-
able in the warm summer months, and is partly accounted
for by the fact that the femsles are viviparous—they
produce living young, and so, by eliminating the egg stage,
there is a considerable saving of time. The young are
soon full-grown, and at once proceed to their main bosiness
of life, the multiplication of their kind.

The most interesting question in the life-history of a
cheese mite is, What becomes of the mites when all the
cheese is eaten? A study of the mites during the summer
months will not be much help. Their powers of locomotion
are feeble, and their bodies are soft and easily damaged, so
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that it is highly improbable that tbe:y will walk from one
cheese to another. When no more food is at bhand, the
young mites and the old ones die off, and considerately
leave the field elear for the more vigorous, middle-aged
individuals, The survivors completely change their form
by acquiring & hard, brown, protective covering, into which
their legs can be drawn, and, at the same time, their exist-
ence, without food, can be almost indefinitely prolonged.
This is known as the hypopus stage. As everything comes
to him who waits, sooner or later & mouse or a house fly
or perhaps & cockroach comes along in quest of food, the
hypopus shoots out its legs and uarver]y seizes some con-
venient bair, to which it clmns, till it is carried to a spot
where suitable food is at hand, they, relaxing its hold, it
throws off its horny coat and begins life uh-esh.

Another inhabitant of cheese snd ham is the “skipper,”
Piophila casei (fg. 66). It is, perhaps, not quite so well
koown as the mites, though more repulsive when encoun-
tered, because its greater size makes it more obvious, and
the old dictum about “ What the eye doesn't see, ete.”
applies just as forcibly in household entomology as in other
directions. Like the cheese mites, the cheese skipper is
cosmopolitan. It derives its name from the wonderful
leaping powers of the maggot or larva, which, although
only one-fifth of an inch long, can jump to a height of
three to four inches, by bringing the two ends of its body
together and then suddenly releasing them like & spring.
The “skipper” is the larval form of a small, glistening,
black, two-winged fly, which lays its eggs in the outer,
fatty parts of hams or in cheeses, preferably the best.
Each female lays about thirty slender, oblong, and slightly
curved white eggs, either in compact clusters of five to
fifteen, or, occasionally, they are scattered singly. In thirty-
six hours the eggs hatch into small white, cylindrical,
legless maggots or skippers, which taper gradually to the
saterior or head end, whilst the posterior truncate end is
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furnished with a pair of horny, projecting breathing organs
or stigmats and & pair of fleshy fillaments (fig. 67). 1f the
food supply is plentiful, the skippers move but little, and
often complete their growth in seven to cight days in the
cavity in which the mother laid her eggs. When full
grown, the skippers continue to feed for a period of seven
days, then they move to a dry spot, contract, turn yellow,
and gradually change into golden brown pups.  Inten days
the flies issue, and thus the life-cycle is completed, in a little
over three weeks. If the conditions are unfavourable,
owing to a shortage of food or low temperature or both,
some ov all of the stages may be prolonged, so that five
weeks may elapse before the completion of the life-cycle.
There are three broods in a year. Although the checse
skipper can scarcely be designated a serious household pest,
it_is an annoying one, for, given the choice between, say, a
Canadian cheese and a Stilton, the diseriminating fly would
invariably select the lntter as the domicile for its offspring.

THE ARGENTINE ANT

The Argentine ant, Iridomyrmee humilis (fig. 68), finds
a place in these puges, not only on account of the inherent
interest of its habits, but also because it is, what way be
termed, one of the “coming” pests in the great North
American Continent. It is included here amongst the
household pests, because it takes front rank as such; but,
at the same time, it i8 a serious pest to sugar planters and
others engaged in agriculture and horticulture. The ant
has received its popular name from the fact that Argentina
is believed to be one, at least, of the countries in which it is
native. At fivst it was called the “New Orleans ant,” for
a reason which will be apparent later; other names which
have been suggested and dropped, on account of their
inapplicability, are the “ crazy ant,” the “ tropical ant,” and
the “ pernicious ant.”
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The naming of the ant after the country of its origin
finds its counterpart in the Colorado potato beetle, the
Mexican cotton boll weevil, the American cockroach, the
San José scale, ete. American entomologists declare that
this insect is not excelled in destructiveness by the gipsy
moth, the boll weevil, or the San José scale—a statement
the gravity of which will be realised by those who read
the pages devoted to these pests. Limited at present in
the United States to relatively small areas, the insect is
steadily advancing, and is likely to spread over a large
district. First observed in New Orleans, Louisiana (hence
one of its names), a little more than twenty years ago, it
bas now increased from “a few scattered and appavently
insignificant specimens to armies and hordes numbering
myriads of individuals. It has spread from a few blocks
on the water front of the Mississippi River over practically
the entire city, and has sept out vast numbers of colopists
for hundreds of miles along the railways and water-
ways radiating from New Orleans. These pioneers have
succeeded in founding scores of communities of more or
less importance in the smaller cities and towns. Each
of these comrnunities is in turn furnishing its quota of
migrants, and these are extending the affected territory in
all directions from the original source of infestation. Thus,
instead of the dispersion heing from one source only, it is
now taking place from hundreds of different points.

“ From an unknown and little noticed insect this ant has
developed into one of the foremost household pests in the
world, and its ravages affect, directly or indirectly, the
majority of the crops grown in the South. Former in-
difference to its movements has given way to concern at
its approach.” Ameriea is not the only country that has
fallen under the spell of this voracious and destructive
little insect. Introduced, by accident, into Madeira, it
entirely esterminated another ant, Pheidole megacephala,
which itself had, on its introduction to the island, ex-
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terminated the native ants, and the author can voueh for
the extreme personal discomfort caused by tbis little inscct,
in certain parts of its adopted home. During the late Boer
War, large quantities of forage were imported to Cape
Town from Argentina. With it came the Argentine ant,
and established itself so well that in five years it became a
household nuisance. Indeed, so readily does the insect
become established, under suitable elimatic conditions, that
there is every reason to believe it will eventually become a
pest of the first order in all the semitropical countries of
the world. It is of interest to note that man himself is
the main distributing agent of the Argentine ant. Under
normal conditions, the natural rate of spread does not
smonnt to more than a few hundred yards in each year,
but, by means of railways, boats, ete., this natural distribu-
tion rate is completely put in the shade. Packing material
of all kinds, plants, cases of proceries, and even of house-
hold utensils, all form sunitable vehicles for transport, and
the only essential to the successful founding of & new
colony is that a fertile queen and some workers be present,
for the workers alone are unable to reproduce their kind,
and, in & strange land, would eventually die off.

From the economic point of view the Argentine ant is of
extreme importance. During rainy weather they iuvade
houses in myriads, and, if allowed to do so, they litorally
swarm over all kinds of food stoffs, those most eagerly
sought being honey, sugar, sweetmeals of all kinds, jams,
marmalades, preserved fruits, cream, olive oil, lard, eggs
(raw or eooked), raw meat of all kinds, and, to & slight
extent, four. Quite apart from their feeding habits, they
become an intolersble nuisance in a house, the discovery of
even small quantities of anything edible is quickly signalled
to the nest, whence thousands of workers issue to carry
away the plunder. Their very intelligence renders them
obnoxious. They run all over one’s person without com-
punction, and will attack any part of the body, where the
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skin is tender enough for their mandibles to pierce. In
short, it requires the greatest ingenuity to circumvent these
littlo insects; they will even enter refrigerators in search
of food.

In gardens they are no less a pest. Their depredations
on the plant tissues are bad enough, in all conscience, but
the damage does not stop there, for these insects have an
interesting, though disastrous, habit of cultivating countless
thousands of scale insects and plant lice, whose excrement
furnishes the choicest delicacy with which the ants regale
themselves. The result of this protective care is that
these insects increase rapidly, with resultant damage to
the infested plants. In sugar plantations this habit is
specially noxious, because the ant shows great partiality
for the excretions of the sugar-cane mealy-bug, Pseudo-
coccus caleolarice.  So solicitous for the welfare of these
noxious insects is the ant, that it builds shelters over their
colonies to protect them from storms and enemies, and tends
them with unremitting care (Plate XV.). In orange groves
this habit of the Argentine ant has resulted in & vast increase
of scale insects; and in fig plantations an injurious scale
insect, Pseudococeus citri, is also a protégée of this little
insect. Qreen flies or aphides, too, are always more abundant
when the Argentine ant is present, and, in addition to
being very unpleasant when they occur on vegetables, they
are exceedingly harmful to sall kinds of crops. In maize-
growing districts, and in cotton fields, aphides have been
found to be not only more numerous but more widely
distributed when the ants are present, for they, like the
scale insects, are carefully nurtured by the ants. The
control of scale insects and aphides, therefore, in such
districts, practically resolves itself into control of the ants.
So much for indirect damage, which in itself is considerable,
but is not the only fault that can be laid at the door of
Idéomyrmes humilis. Great damage is done by the ants
to fAlowers of all kinds in their search for nectar—the fruit
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buds of the orange, immature figs, and the floral organs of
the cotton pay o heavy toll to these insects. Garden seeds
also, in variety, are removed before they have rerminated ;
for sends of lettuce these insects show a special predilection.

Turning, for the moment, from the plant world, we find
that the animal world is no less favoured by the Argentine
ant. Among bees these insects are especially destructive,
and their appearance, in appreciable numbers, is always
the signal for the abandoument of bee-keeping. The nests
of sitting hens possess a particular attraction, and a broken
cgg attracts the ants in such nowmbers as to cause the hen
to forsake her nest; even newly hatched chicks are
frequently attacked by such a numerous host as to rapidly
succumh.  Wild birds, too, suffer in the same way, and
many young birds are thus destroyed, the ubiguitous
JEnglish sparrow alone appearing to survive the ordeal
unscathed. Even this lengthy indictment does not exhaust
the activities of the Argentine ant, for it is slowly but
surely annibilating a beneficial American native specics
known as the “fire ant,” Solenopsis geminata, which is
valued on account, of the fact that it destroys vast numbers
of the immature cotton-boll weevils.

As s probable, though as yet unconvieted, carrier of
disease the Argentine ant should be carefully watched.
Attracted by the odours common to such places, it is a
frequent visitor to sick-rooms, and it has actually been
seen basily carrying away the sputum of a negro who
was suffering from tuberculosis. Such a pest, in fact, has
the ant become in parts of Louisiana, that the value of
land depends to a considerable extent on its prescnce or
absence.

For the benefit of that considerable section of the public
who maintain that every living thing serves some useful
purpose, and in fairness to the insect itself, it must be
soid to have a few good points. In the poorer districts of
New Orleans the ant has completely exterminated the bed
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bugs; termites, the so-called white ants,” which may be
classed as noxious insects, are captured and killed at every
opportunity. Sorghum midges, Contarinia sorghicola, in-
veterate enemies of sorghum, maize, etc., find their greatest
natural enemy in the Argentine ant; whilst its action, in
destroying other ants, assumes either a beneficial or an
injurious aspect according to whether the annihilated
ant 18 itself beneficial or injurious.

The Argentine ant is gregarious, living in colonies com-
prised of females or queens, males (fig. 68. 4) and workers.
There are no major and minor workers and no special scouts
or soldiers, such a8 occur in some other ant colonies. The
females (fig. 68, n) are 45 to 5 millimetres, the males 2:8 to
3 millimetres, and the workers 22 to 26 millimetres in
length; all are dark brown, nearly black, in colour. The
white elliptical eggs have a pearly Iustre, and the very
delicate and thin shells are mucilaginous, so that they
adhere to one another. On this account they can be de-
posited on the walls and ceilings of the ant’s dwellings, and
can, when necessary, be handled en masse by the workers.
When the eggs are about to hateh they become less lustrous,
quite dull in fact, and they frequently assume the general
contour of the conmtained larvee, making it very difficult
to distinguish between such eggs and newly hatehed larvee.
In specially constructed cages, where the ants can he kept
under observation, it is interesting to note the great care
which the workers (fig. 68, c) take of the eggs, in order to
secure the proper amount of humidity. Now the workers
are piling up the eggs in one corner of their cage, now col-
lecting them in the centre, next, may be, they will be moved
to another compartment altogether or stuck to the ceiling.
Many times o day, in fact, is their position changed by
the assiduous workers, and sometimes eggs and pupw are
carefully separated; at other times they are jumbled to-
gether in seemingly hopeless confusion. This eare of the
eggs by the workers appears to be absolutely essential to
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complete embryonic development, for egas deposited by the
queens and kept for experiment away from the workers
have only partielly developed and never hateched. The
queens are, in short, nothing more nor less than living egg-
producing machines, paying no attention whatever to the
eggs when once they are Iaid. Not so, however, the
workers, for several are always in attendance on the queen
when she is about to oviposit, apparently anxiously awaiting
the advent of the eggs, and immediately one is deposited,
often before it has even touched the floor, it is laid hold
of by the worker and rushed off to the nearest “egg pile.”
Although the queens oviposit throughout the year, the
majority of eggs are produced in the summer. The exnct
number of eggs laid by each queen has ot been determined,
but one gueen was observed to deposit eggs at the rate
of thirty a day over a considerable period.

After about twenty-eight days, though the time may
vary from twelve to fifty-five days, the larve appear, and,
ab first, a magnifying glass is necessary to distinguish
them from the eggs. The larvie, which in their initinl
stages are at first much curved, though they straighten out
as they grow older, are practically incapable of movement
and therefore quite helpless, relying altogether on the
ministrations of the attendant workers. Their reliance is
not misplaced, for the workers perforw their duties faith-
fully, feeding and grooming their charges continually, and
transporting them from one place to another whenever the
need arises. In times of danger, the first instinct of the
worker appears to be to remove the larvee to & place of
safety, and they will readily sacrifice their own lives to
save their young. The larva feed upon the regurgitated,
and probsbly predigested, food of some of the workers,
which do not appear, either structurally or by their actions,
to be in any way different from the workers which do not
carry out the duty of nurses.

The feeding of the larves by the workers is interesting,
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and, in the words of Professors Newell and Barber, who
have several times observed the process, “the larva ordinarily
lies upon its side or back. The attending worker approaches
from any convenient direction, usually from one side or
from the direction in which the head of the larva lies, and,
spreading her mandibles, places them over the moath parts
of the larva, which are slightly extended. The tongue of
the worker is also in contact with the larval mouth.
While the worker holds the body and mandibles stationary
o drop of lght-coloured, almost transparent, fluid appears
upon her tongue. 7Tbis fluid disappears within the mouth
of the larva, but it cannot be ascertnined to what extent
the larval mouth parts are moved during the operation,
as they are obscured from view by the mandibles and
head of the attending worker. Slight constrictions of the
larval abdomen during feeding are sometimes noticeable,
at other times not. The time required for feeding a single
larva varies from three to thirty seconds, depending doubt-
less on tbe hunger of the ‘baby’ The workers proffer
food to, or at least inspect, each larva, for the worker
doing the feeding will place her mandibles to the mouth
of one larva after snother, feeding those who seem to
require it.”

Feeding the larves is but one of the duties of the attend-
ant workers, keeping them clean is another, and by
constantly licking their charges with their tongues they
keep them in a state of absolute cleanliness. As in the
case with other larval ants, there is no open connection
between stomach and intestine, and all undigested food is
retained in the former organ till just before the semi-
pupsl stage, when communication with the intestine is
established and the undigested food voided. Towards the
end of the larval stage it is possible to distinguish between
workers and males. The worker larvae are not so large as
the male larves, though in other respects they are similar;
the queen larva have not been observed. The duration of
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this sbage varies from eleven to sixty-one days, the average
being about thirty-one days. In the pupal stage workers,
males, and queens can be readily distinguished. The
worker pupw are, at first, almost pure white, except for
two prominent jet black spots on the head—the compound
eyes. Towards the end of this stage, which avernges
about fifteen days, the colour changes through cream and
Bght brown to quite dark brown. The male pupa, which
is half as Jarge again ns the worker papa, is also white at
ficst and passes through various colour changes to very
dark brown. This stage lasts, usually, about twenty-three
days, and, when the time for transformation to the adult
meale arrives, the workers render every assistance in the
sheddiny of the pupal skin. The queen pupe is much
larger than the male pupa and more than twice as large
as the worker pupa, and, apart from its size, may be
readily recogmised by the presence of prominent wing
pads.  Colour-changes from white to brown take place,
but the duration of the stage is not known exactly,
though it is probably about four weeks.

In the artificial formicaries, io which the ants were kept
under observation, no queens appeared. By anslogy with
the honey bees, whose queens arise from eggs apparently
similar to those producing the workers, the development
taking place during the larval stage, owing to special food
provided by the workers, it is possible that the workers,
kept in confinement, could not obtain the reguisite material
from whieh to elaborate the food necessary for rearing
queens. In all three forms, during the last few hours of
the pupal stage, the workers are busily engaged in assist-
ing in the transformation, being employed, for the most
part, in attempting to straighten out the legs and antenne.
The newly emerged ants are almost colourless and of feeble
gait, they are then known as “callows”; quickly, however,
their colour deepens and they become indistinguishable
from the adults, but in the meantime the workers are
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responsible for their safety, and, at the slightest sign of
danger, grab them up and carry them off to some hiding-
place.

Complete colonies may be formed of a queen and
workers only; of queens and workers; or of a queen (or
queens), males, and workers; and, with each of these com-
binations, there way be associated one or more of the
three immature stages, corresponding to each of the three
adult forms, or nine immature stages in all.  There is only
one caste of workers, and in a large colony there is con-
siderable division of lsbour, some workers being foragers,
some nurses, and others engineers engaged in excavabion
or sanitary work; but any individual can, and frequently
does, assume the duties of any other, when necessity
arises. The npests may be set up practically anywhere
from which light and water are excluded; a certain
amount of humidity is necessary to them, but light they
detest, and, although they will go into daylight in search
of food, they always build their protective “sheds” over
the colonies of scale insects and aphides which they
cultivate.

A few facts concerning the highly developed senses of
these ants may prove interesting. Their sense of smell is
exceedingly acute, and to it they owe their success in
finding food. Wrapping meat in paper does not suffice to
keep these insects away, for they quickly work their way
throogh the folds of the paper till they reach the food
within; even dainties kept in screw-stoppered bottles are
reached, for the workers, by following the spiral threading
of the screw, eventually attain the interior. Again, these
ants may at times be observed moving in a trail across a
floor or courtyard towards some favoured food, as often
as not the route is & circuitous one, but, whether straight
or roundabout, if all the ants be swept away temporarily,
thousands more will promptly take their place and follow
exactly the same trail. That this phenomenon iz due to
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their sense of sméll, is shown by the fact that if some
strong-smelling substance, such as paraffio, be laid in the
trail, the ants at once become confused and show, by
their aimless wandering, that they can no longer scent out
their original route. Except that light repels them, their
sense of sight is probably wanting, in fact experiments in
this direction all tend to show that they cannot see, in
the nsually accepted manner; their sense of hearing too
is no better developed, though loud and sudden noises,
which cause a violent vibration of the surface of the earth
on which they are located, throws them into a state of
alarm.

-We have slready mentioned that the workers are in the
habit of washing the larvee and pups with their tongues,
but the adults are kept equally clean. Workers keep
theraselves clean by rubbing their bodies and antennz with
their legs, which are in turn cleaned by being drawn
through their mandibles. Sometimes, when very dirty,
the workers will clean one another, and, on one occasion,
Professor Wilmon Newell “observed one worker industri-
ously eleaning the mandibles of a companion. During the
operation, which lasted for severnl minutes, the worker
receiving the kindly ministrations stood with her head
well raised, mandibles extended, and feet firmly braced,
while the teeth of her mandibles were thoroughly cleaned
by those of her sister.” The queen usually attends to her
own toilet, but js, aceasionally, cleaned and groomed by the
workers. Dead adults or larva snd decaying animal or
vegetable matter are not tolerated for a moment, but are
promptly removed to a distance or, if too large for removal,
are buried, the ants carrying particles of earth with which
to effect the interment. Unlike many other species of
ant, Iridomyrmer humilis does not store up food in its
nests, against emergencies; food is taken into the nests, in
plenty, but experience shows that it is promptly consumed,
within a few hours. The foraging workers are in the
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habit of feeding the other workers who'are on duty within
the nest, and one such worker was actually observed to feed
no Jess than fifteen of her companions, till, her supply
being exhausted, she went on her way, leaving some of
them hungry and still unsatisfied.

The antagonism of the Argentine ant to all forms of
insect, life, except scale insects and aphides, is remarkable ;
as 4 rule, however, only those insects which are previously
injured fall an easy prey to these blood-thirsty insects.
Uninjured beetles, for example, are too fieet of foot and too
pachydermatous to be troubled, even by numbers of the
ants; but should misfortune overtake one of them,
thousands of individuals will overcome him and clean his
body piecemenl from his integument. Newly emerged
adult beetles also fall victims to these ants, for then their
bodies are soft and easily devoured; in fact, the Argentine
ant is an adept at catching its prey in a helpless state,
either on account of injury or lack of development. Cock-
roaches are especially esteemed, but here, again, only the
injured are attacked; at the same time, one of the few
natural enemies of this ant is the larva of a cockroach,
Thyrsocera cincta.

The attention bestowed upon scale insects and aphides
by the Argentine ant bas already been mentioned. Both
classes of insects are in the habit of inserting their beaks
or rostrums into plant tissues and withdrawing sap; at the
same time, they exude a secretion which is usually sugary.
Newly hatched mealy-bugs—individuals that have never
fed, and therefore never given off any secretion—are totally
ignored by the ants, so it is evident that the secretion is
the attraction. Wherever the ants occur, these insect
pests have increased in numbers, and the reason is not far
to seek. The first, and mosi important, cause of increase
is the habit possessed by the ants of building shelters over
the insects; these so-called sheds are composed of fine
particles of earth, snd they effectually protect the inmates
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from storms, from fhe attacks of purasites, and from the
chastening influence of various sprays that may be used to
kill them. Wherever the Coccidae or plant lice are exposed
to the weather, the ants build shelters for them. Another
and less easily explained reason for the prevalence of these
insect pests, where ants are present, is the fact that the
stimulation resulting fromn the attention of the ants, while
collecting the sweet liquids which they exude, appears to
bave the effect of greatly encouraging their fccundity.
Why this should be so is not precisely understood, but
nurberless experiments, carried out with the greatest care,
have shown, beyond doubt, that coccids and aphides,
atbtended by ants, multiply to a wuch greater extent and
far more rapidly than similar unsttended insects, kept
under otherwise identical conditions. A third cause of
increase is Lhe fact that the ants, not content with protect-
ing their charges from the attacks of parasites and
predatory foes, especially ladyhirds, persistently drive away
these exceedingly benefieial insects from the neighbour-
bood of the coceid colonies. The last method by which
the ant assists in the increase of insect pests, is by actually
transporting them from place to place. This habit probably
never assumes any great economic importance, still it is
one that cannot be ignored. On sugar-canes especially the
ants have been seen carrying mealy-bugs about, though
they probably only pick them up when disturbed or
frightened.

The Argentine ant is unable to cross water, and, as a
consequence, streams and ditches form the best check on
its nomadic habits. These waterways are often crossed by
bridges composed of planks which do not meet in the
mwiddle (Plate XV.), and therefore afford no passage for
the insects.

The future of this noxious Insect is one that will be
eagerly watched by economic entomologists—that it will

spread to all the semitropical regions of the earth is
17
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practically assured, and factors of climate slone will, for
the present, keep it within reasonable bounds. Whether
it will eventually become hardened and capable of with-
standing the rigours of a northern climate and so over-
running the globe, is a, conjecture that time alone can
answer.

COCKROACHES

One of the commonest inscets of British households is the
“black beetle” (fig. 69). How the insect carned its nick-
pame would be hard to say. It is not even related to the
beetles, being & member of the order Orthoptere and of the
family Blattide, though here, again, some early scientist
must have been at fault, for the Latin word “blatts,” from
which the family name is derived, means a beetle. Peri-
plameta orientalis, for that is the insect’s name, is a pative
of tropicsl Asia, and no better illustration could be taken
of the manner in which an insect, and a tropical one at
that, can adapt itself to conditions so totally at variance
with those of its original habitat. Once confined to some-
what arbitrary Hmits in the Orient, this insect. has followed
man throughout the world till, at the present time, it is
practically cosmopolitan. Climatie conditions have not set
a limit on its travels ag they have, up to the present, upon
another household pest, the Argentine ant; perhaps some
day it too may travel in the wake of commerce to temperate
Jatitudes, then it may quite conceivably rank as the worst
hounsehold pest of all. Common, for several centuries, in
all seaport towns of this country, it was only at a later
date that the common cockroach spread inland, and, at the
present day, it may be found in pra.ctlcnlly every village
in Englend.

As a household pest it, for the most part, frequents
kitchens, bake-houses, and all places where the warmth is
greatest, and, being nocturnal in its habits, it is not so often
encountered as might be supposed. But it is not necessary
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to see this odious insect in order to detect its presence, for
it scents the atmosphere of its haunts with a pecaliar,
characteristic, and unforgettable odour. The iunsect has
been rightly termed disgusting, for it is unelcan of habit,
soiling everything with which it comes in contact, and uot
too particular in its choice of food, consuming garbage as
readily as the choicest morsels, often falling to leather,
blacking, and even its own sick relatives; on occasion it is
as persistent as the house fly in seeking out the family
larder, and crawling, as it does in its hundreds, over any
eatables that are loft uncovered, it quickly renders them
inedible.

But though an insect to be rigorously excluded from
man’s dwellings, its life-history is of peculiar interest.
The adult males and fenales way be readily distinguished ;
the former are winged, whilst the latter possess, at most,
the rudiments of wings. The males too are smaller than
their partners, and, quite apart from structurel differences,
the sexes may be distinguished from the fact that the
fernales drag their abdomens along the ground, whilst the
healthy males never do so, but Iift them up an appreciable
distance from the surface over which they are crawling.

The females, like some other members of the Orthoptera,
do not lay their eggs singly or even in elugters, but in neat
purse-like cases each containing sixteen eggs. These egg
cases (fig. 70) are about balf an inch long, dark brown in
colour, and of & horny texture; oblong in shape, they have
rounded ends, and the upper edge appears as & longitudinal,
toothed ridge, which in reality is a slit, kept closed by the
elasticity of the material composing the egg case. The
eggs within the case are arranged in two alternating rows
of eight each, in such a manner that the heads of the larve
are directed towards the serrafed edge. When the egg
case is full it is carried about by the femsale, partially
protruding from the end of her abdomen, for & considerable
time, often as long as a week, and not until she finds a



260 INSECTS AND MAN

suitable hiding-place is the precious burden deposited.
The eggs hatch within the case and the larvie then make
their way out, leaving the case to all appearance un-
demagzed. The larva are very similar to the adulbs, except
that they are almost colourless, with the exception of their
eyes, which are black. Needless to say, these newly
hatched larve are very much smaller than the adults,
moreover, they are wingless. Almost immediately after
hatching & moult takes plaee, and with it a darkening in
colour; o second moult takes place four or five weeks later,
and a third at the end of the first year.

Although so common an insect, there is considerable
dubiousness as to its length of life and the exact number of
moults that take place before the adult stage is reached;
at any rate, after the first year, moults only take place
annually, and some observers have stated that the total
number is seven. If this be correct, the cockroach isimbued
with considerable longevity as insects go. After each
moult, st whatever age, the cockroaches are very pale,
almost white in colour, and only after the lapse of three or
four honrs do they resume their typical brownish colour,
which, by the way, becoraes deeper and deeper with each
moult. At the penultimate moult the rudiments of wings
appear, and now the insect has reached its nymphal stage.
At the final moult, the wales acquire their wings, and for
the first time in the life-cycle it is possible to distinguish
the sexes. It will be observed that there is no pupal stage,
such as takes place with the moths and flies, and & meta-
morphosis of this nature is said to be incomplete.

Two other species of cockroach may also be termed
domestic: the American cockroach, Periplaneta americang,
and a European, though not British, species, Phyllodromia
germanica. The latter is well known in the United States,
where it has been nicknamed the “Croton bug,” and it is
also occasionally encountered in England; the former, a
native of tropical America, is met with from time to time
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in this eouutry. it is very much larger than the common
cockroach, in general colouring it is chestnut, and hoth males
and females are winged.

Though no actual proof has been put forward to show
that the common cockroach is a carrier of disense, there is
every reason to believe that before long it will be shown
to be so. It is not very many years since the house fly
was looked upon as a harmless nuisance, and the cockroach
is no less fond of contaminating human food. On its behalf
we may add that it is an inveterate enemy of the bed bug.

TERMITES

The critically minded may raisc some objection to the
inclusion of Termates among the household insects; true,
they are dwellers in the open, but, at the same time, many
species enter houses and prove more destructive than any
other insects. Popularly, but erroneously, called * white
ants "—probably, it has been said, because they are neither
white nor ants,—these little insects certainly bear some
resemblance to ants in their habits. It is in Africa and
Australia that tbe termites are encountered in the greatest
numbers, but some species hail from Asia and North and
South Americo. To woodwork of all kinds, furniture,
books, wall-paper, clothing, boots, and all leather goods,
many termite species are terribly destructive and their
mode of attack is particularly insidions. Woodwork, for
example, is always eaten away from the inside, so that
nothing but a mere shell remains—an external skeleton,
that will crumble to nothing with the merest touch; in faet,
the sudden collapse of woodwork is often the first intima-
tion that “white ants” have been at work.

Although & considerable literature is devoted to these
insects and their habits, there remain many points on
which much light must be shed, if we are ever to obtain &
clear understanding of their ways. Again, there are so
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many different species, and the differtnces which exist
between the economy of one and another are so pro-
nounced that generalisation is well-nigh impossible. At
times, towards evening, after a summer shower, the air in
the neighbourhood of a termite colony will be darkened
with flying creatures, everywhere along the ground round
about the insects will be scurrying. They are the male
and female termites in their nuptial flight, and, despite the
fact that they stream from the nest in prodigious numbers,
bat, few escape destruction; their appesrance is the signal
for hosts of hungry birds and reptiles, which collect in force,
to dispose of the hapless insects. When the flight is over,
the termites of both sexes shed their wings, and to this
end a crease runs right across the base of each wing,
along which the wing falls away at the will of the insect.
Hurrying along in couples, the objective of the now wingless
insects is some crack or hole in the earth, some sheltering
‘stone or woodwork where they may hide from their enemies.

Each pair that manages to escape destruction founds a
new termite community, being known henceforth as the
kiog and queen. These royal insects dwell in a large
earthen cell, situated in the heart of the termite nest, and
usually, though not invariably, the entrances to and exits
from the cell are so small that escape is impossible. In
some species more than one king termite may be found in
the royal cell, in others again no king is present. In any
case it is only the queen that is of special interest, for she
rapidly becomes nothing more nor less than an egg-laying
machine, capable, it is said, of laying one egg per second,
or eighty thousand per day. Her head, thorax, and legs
are still of the same dimensions as on the day she founded
the colony, but her abdomen has become enlarged to the
size of one’s little finger, or about twenty thousand times
the size of the worker termite. This enormous distension
is enabled to take place owing to the expansion of the
elagtic tissue between the original abdominal segments;
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the chitinouns plates; which originally marked the segments,
appear as mere islands in a sea of flesh (fig. 71).

For some time the royal pair attend to their own wants,
but eventnally from the eggs laid by the queen the new
community i formed. These termite communities vary
considerably in composition ; but in some of them are to be
found a king and queen, large and small “workers,” large
and small “soldiers,” winged wmales and females, topether
with peculinr immature males and females which, should
oceasion arise, can be developed and made capable of pro-
ducing further progeny—they are knowu as complementary
or substitution kings and queens. The bulk of the com-
munity is composed of “workers” and “soldiers,” both of
them sexually tmperfect adults, either males or females,
and in this respect they differ from the true ants, whose
workers are imperfect females.

The “ workers” and “soldiers” are blind in most species,
as are the winged forms, though they possess eyes. All the
individuals of a community work together for the common
good ; upon the king and queen falls the duty of continuing
the species. The workers remove the egps to places where
they may best be incubated, eollect food for the rest of the
community and prepare it for the king and queen, for the
young, and for all other members of the community unable
to forage for themselves. The feeding operations are
peculiar, the very young individuals are fed on food which
is regurgitated by the workers, whilst all other individuals
are fed on voided food. When s hungry termite encounters
a foraging worker, it strokes the hinder part of the latter
individual with its antenns and mouth parts, when the
creature yields some of its food, which is eagerly eaten. The
habit is peculiar, but results in exceedingly clean nests, for
the voidings arc eaten over and over again, till they con-
tain mo nourishment; all refuse motter, cast skins, bodies
of dead and sick’ individuals are likewise consumed. The
duty of the soldiers is to protect the other members of a
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colony. They are provided with relattvely enormous man-
dibles, set on substantial heads. Should the wall of a
termite nest be broken, the soldiers at once run to guard
the breach, threatening with their mandibles any and
every one who approaches. This defensive attitude they
maintain till the workers have repaired the damage. In
dealing with termites as household insects, we are but
little concerned with their nests, which are exceedingly
varied in size and form; some are mere labyrinths of
golleries tunnelled out in the ground, others are huge
mounds which may reach a height of twenty feet.

CRICEETS AND EARWIGS

Of the other British household insects, the majority are
50 common that they need little more than passing notice.
Besides the cockroach, the order Orthoptera is represented
in our houses by the cricket and the earwig. The house-
ericket, Gryllus domesticus, is the only member of the
family Gryllide that has assumed domestic habits. Chest-
nut brown in colour, winged in both sexes, and provided
with well-developed hind legs, the house cricket bears
considerable resemblance to a brown grasshopper. The
wings are worthy of study for they are sound organs,
serving the same purpose as the sound organs of the
periodical cicadn, though totally different in structure and
action. The lower membranous wings are similar in both
sexes and have veins radiating from the base, so that
they can be folded fan-wise, hence the name Orthoptera
or straight wings; the upper, more rigid wings of the male,
however, are peculiar. On the portion of the wing that
lies fiat on the insect's back, as opposed to the portions
that lie against its sides, there are strongly veined areas
and also clear ones; by the former the sound is prodnced,
by the latter it is intensified. When about to make its
well-known chirp, the male ericket depresses its abdomen
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and rubs the forewings over one another rapidly ; the under
surfaces of the veins are rigid and file-like, so that, as they
rub agaiost the veins of the other wing, they produce
squeaking sounds which the clear areas or “drums” render
more audible.

Why, it may be asked, does the cricket make the chirp-
ing poise? It is undoubtedly a signal to others of its kind
and especially females. A close examination of the outside
of the cricket’s foreleg, on the part just below the thigh,
will reveal an oval membranous portion, and, at the same
point, on the inner surfuce of the leg, & round membranous
portion; between these two membranes is an air sae, con-
nected with o hreathing tube and well supplied with nerves.
These peculiar organs of the forelegs are the ears or
auditory organs of the cricket,

The life-history of this ericket is so similar to that of
the cockroach that there is no need to describe it. The
young arising from the eggs are very similar to, though
smaller than, the parents, and they reach the adult stage
by a series of moults, at the final one of which they attain
their wings. Their food consists of all kinds of odd scraps,
for the most part of a vegetable nature, and they are
slso moisture- and heat-loving creatures. Whence they
came originally is unknown, but now they are not only
widely distributed in the Old World, but in North America
as well. Britain boasts four representatives of the family :
two field-crickets, Nemobius sylvestris and Achelo com-~
pestris, the mole-cricket, Gryllotalpa vulgaris, and the
house-cricket ; and of these the house-cricket, at any rate,
is steadily becoming rarer in Britain.

Of the common British earwig, Forficula auricularia,
litble need he seid ; it is not a true household insect, though a
very frequent intrader. Its general appesrance is known
to everyone in Europe, where, in each country, its popular
name is associated with the ear, and is derived perhaps
from the scientific name of the species, or from its supposed
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habit of entering the human ear and causing serious damage.
Its scientific name was given to it because of the remark-
able resemblence of the insect’s expanded wing to the
humen ear, but it is hardly likely that the popular name
has been bestowed upon it on this account, for it is exceed-
ingly rarve to see an earwig in flight, and so intricate is
the method of folding its wings that it is & diffieult
operation to unfold them by hand. The pincers of this
insect are curious appendages and their use is unknown;
by some entomologists it is said that they are used in
folding the wings, this may be so, but it is curious that
the wingless species are also provided with pincers. By
others they are considered to be weapons of defence, and
this is probably a correct surmise, though they are only
capable of giving a most feeble nip.

The yellowish, oval eggs are deposited in some hiding-
place, such as below a stone, and the mother is said to
evince considerable solicitude for their welfare. The most
extraordinary tales have been told with regard to this
supposed trait on the part of these insects; in real truth,
though they are o common their life-history is but little
known. The young are white when first hatched, and,
as in other Orthoptera, their metamorphosis is ineomplete
and they reach maturity by a series of moults, becoming
light coloured with each change of skin and growing
darker and darker as the next moult approaches.

With regard to the earwig's food: most gardeners
would assert that the inseet is destructive to cultivated
plants. Careful observation and experiment, however,
show that it is carnivorous and that it devours caterpillars,
snails, slugs, ete. It shuns the Jight on every occasion, snd
its habit of hiding in such flowers as the sunflower and
dahlia have earned it an undeserved reputation for evil.

Of the house-frequenting Hymenoptere, the most ususlly
encountered are the common wasp, Vespa wvulgaris, the
German wasp, Vespa germamica (the latter is abt times
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more common than the former), the hornet, Vespa crabro,
and various species of ants. The wasps have so often
been described and are so common that we will pass them
over. Hornets, closely resembling big wasps with brown
markings in place of black, we may also leave out of con-
sideration and turn our attention for the moment to the
ants. Only one British species, Monomorium pharaonis,
frequents houses. 1t is a diminutive, red-coloured insect
which was imported into this country rather wore than
eighty years ago, and even now has not spread everywhere
throughont Britain. So small is the insect that “ seventeen
thousand individuals weigh ope gramme, and it is probable
that the nest may contain millions of specimens.” Like
the Argentine ant, this insect is social in its habits, and
the members of the cormmunity exhibit the same division
of labour. The workers are indefatigable in their search
for food, as every housekeeper who has experienced their
attacks can testify, sweet and fatty substances being
specially relished.

Some INsurious BEETLES

It will be ne surprise to learn that so large an order as
the Coleoptera, or beetles, supplies & number of household
ingects, and that many of them are exceedingly destructive.
The most harmful are the beetles of wood-boring habit;
one species is described briefly in our chapter on “ Insects
and Plantsg,” and of the domestic wood-borers the commonest
is Anobiwm domesticum (fig. 72). This insect is of &
dark-brown eolour and abont one-sixth of an ineh in length.
Within its burrows eggs are laid, and the white, curved,
fleshy, six-legged larvee rarely come to the surface of their
hiding-place. Nourishment is derived from the wood,
often of the oldest and dryest description, for, unlike the
larvee of Xyleborus dispar, these grubs have mouths well
adapted to such fare. Pupation takes place within the
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burrow, and there, of course, the adults emerge. Anobium
pantcewm, the biscuit weevil, is also a wood-borer, though
less so than domesticwm, for it prefers dry vegetable food
such as bread, biscaits, ginger, ete.

Another wood-boring beetle of our houses is Xestobium
tessellotum, the well-known © death watceh,” which, except:
for its larger size—it is about half an inch long,—resembles
Anobium domesticum fairly closely. The insect and its
tapping was described so long ago as 1698, and, till quite
recently, was supposed to portend death; now, however,
we live in more matter-of-fact times, and the wood-boring
habits of the beetle are more dreaded than its ill-omened
tapping.

Two comrmon and pecnliar household beetles are Niptus
hololewcus and Gibbiwm scotias. The former, which is of
& yellowish colour and silky sheen, is almost spider-like
in appearance, though in reality quite distinet from these
creatures, which are not insects. Niptus is peculiar in
having no wings and fused wing-cases; it obtsins its
nourishment from various household provisions, and is
said to have been introduced into this country in Turkey
carpets.  Gibbium scotias (fig. 73) when at rest, on account
of its colour, resembles a drop of blood, or it may be
likened to a large mite. Like many other insects, it feeds
upon dried paste, which it finds on wall-paper, book
bindings, ete.

The leather beetles, Dermestide, are a most destructive
family, and of them Dermestes lardarius and Dermestes
vulpinus must serve s examples for the whole family.
Lardarius, known as the larder beetle, is widely distributed
in Britain, Europe, America, and Asia. In colour it is
very dark brown or almost black, banded with a pale
yellowish-brown band right across the bases of the wing
covers; in length it is about a third of an inch. Its life-
history has not been fully and carefully studied, but it is
known that the beetle deposits its eggs on such substances
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as ham, bacon, and 'mcﬂ,t,, fresh or dried, and that from
them arise brown, hairy larvee which feed on the fatty
ports of their food and eventually bury themselves therein
to pupate. Horus, hoofs, feathers, skins, beeswax, and hair
are niso damaged by these beetles.

Vaulpinus, a beetle of similar shape and size to lardarius,
may be distinguished by the absence of the yellow-brown
band and the presence of & white patch on each side of
the thorax. In habit the two beetles are very similar,
but vulpinus is especially destructive to skins.

TaE CiGARETTE BEETLE

This is another highly destructive hougehold insect. A
tiny, but withal, practically omnivorous little fellow, the
cigarette beetle is known to science as Lasioderma serri-
corne. It is common in nearly all tropical and sub-tropical
countries, and, as a sample of its catholic tastes, we may
mention that it will breed in raising, rhubarb, cayenns
pepper, rice, ginger, dried fish, upholstery, ergot, turmerie,
books, cane work, gun wads, liquorice, saffron, belladonna,
and in pyrethrum powder strong enough to kill cockroaches
—a varied catalogue to be sure! It is chiefly as a pest of
tobacco, in various forms, however, that the cigarette beetle
has become notorious. Mainly on account of its ravages,
the export of tobacco from the Philippines to the United
States of America decreased from 4,023,404 pesos in 1910
to 1,488,544 pesos in 1911. The greatest damage is done to
the wrappers of cigars and cigarettes, throngh which it eats
small holes.

The female beetle deposits her eggs, singly, in the
crevices of leaf tobacco, usnally along the midrib; oviposi-
tion also frequently takes place within the open tip of a
cigar or cigarette, and the whitish, tough-shelled eggs are
most difficult to detect. After about a week the larve
emerge from the eggs, and then destruction of the tobacco
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begins. The larvie live upon the tobacco leaf, and a very
interesting fact is that the size of the adult beetles, into
which the larvae eventually develop, depends, not only on
the quantity, but also on the quality of tobacco that has
been devoured in the immature stages. Experiment has
shown that in every case beetles obtained from selected
cigars were double the size of those from low:grade tobacco.
It will be remembered that the cheesc “ skipper * is partial
to the better cheeses; similarly, the cigarette beetle is
somewhat of a connoisseur, for, given a free choice, Claro
cigars and Turkish cigarettes are always the first to be
infested, whilst cheap-grade tobacco and Madura cigars,
kept in the same room, will remain upinfested for years.
Apart from the actual destruction of the tobacco leaf, the
larves spoil its aroms and accordingly depreciate its value;
it is some consolation to know that the adults themselves
do no damage. This little beetle is most difficult to eradi-
cate, and, to that end, an experimental X-roy machine was
specially built recently, at great expense, in America, This
machine was capable of “ sterilising ” cigars, on a commercial
scale, at the rate of forty thousand a day, voltages of sixty-
four thousand to seventy-five thousand and exposures as
long as an hour were tried without the slighest effect upon
eggs, larvie, pupm, or adults—the experiment was a failure.
In 1918 an enemy of dry Cuban tobacco was discovered
and named Caforama tabact, but little is known of its life-
history as yet.

GRAIN-EATING INSECTS

Many beetles are exceedingly injurious to flour, and those
most frequently encountered are the meal worm, Tenebrio
molitor, the confused flour beetle, Triboliwm confusum,
and the rust-coloured flour beetle, Tribolium ferrugineum.
The earliest mention of meal worms oceurs in the works of
Thomas Mouffet in 1634, and at a later date Linnseus
gave them their scientific name, which is curiously apt, for
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it means o miller who shuns the light. The female beetle
lays her white, bean-shaped eggs in flour, bran, or other
similar substance which will form a suitable food for the
larva. Each egg is about one-twentieth of an inch long,
and may be deposited alone or in a bateh with others; in
any case, it is covered with a sticky secretion, so that
particles of flour become attached to its surface and form a
comnplete covering. The larve emerge in about a fort-
night ; at first they are creamy white in colour, but later
they turn yellowish and waxcn-looking. In about three
months, during which they feed voraciously and undergo
at least a dozen moults, they reach thair full growth and
are about an inch long, and in this state they hibernate
through the winter, turning to pupe in the spring. The
pupal stage lasts o fortnight, and the whole life-cycle
occupies practically a year.

The two beetles of the genus Tribolinm ore so similar
to one another that they are often confused; fervuginewm
is the commoner iu Britain, confuswm is more often met
with in America. In appearance they closely resemble the
adult meal-worm beetle, but are much smaller, being rarely
longer than one-sixth of an inch. Their food consists
mwainly of ground cereals such as flour, oatmesl, ete,, but
they have also been known to demage ginger, cayenne
pepper, baking powder, orris root, dried peas and heans.
Under favourable circumstances the' life-cycle is completed
in five weeks, so there are several generations in a year.

Beetles are not the only household insects with a per-
tiality for ground cereals; the larves of the meal moth,
Pyralis forinalis, feed on cereals in any state, also on
other seeds and dried plants. The adult moth measnres
about an inch from tip to tip of its wings, which are
beaatifully shaded with reddish brown and white.
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Crorges Moras

The mention of moths, as household insects, will at once
suggest the clothes moths, which bave earned for themselves
a place in the front rank of destructive insects. The true
clothes moth is Tinea pellionella, but allied species, in the
shape of Tineu biselliellu and Tineo tapetzelia, are also de-
structive. Pellionelle is a greyish-yellow moth, measuring
about balf an inch acrogs its expanded wings, on the middle
of which there are a few indistinct spots. That these in-
sects bave been known from Biblical times js shown by two
references, in Job and Isaiah respectively, to moths eating
clothes. The female lays her eggs on some material which
will furnish the larve with food, woollen goods, carpets,
furs, and feathers are most frequently attacked. The eggs
are 80 small as to be scarcely visible to the naked eye, and
frow them the dull white larvee emerge. The first duty of
this caterpillar is to build for itself a case in which to live,
and of the larva Pliny says, “ It is clad in a jacket, gradually
forming for itself its own garment, like & snail in its shell,
and when this is taken from it, it immediately dies; but
when its garment has reached its proper dimensions it
changes into a chrysalis, from which at the proper time
the moth issues.” The description is wonderfully aceurate,
but it is of interest to add that the case must perforce be
enlarged, from time to time, to keep pace with the larval
growth. While still within the case, the larva makes a
slit down one side and inserts a triangular gore of new
material, the operation is then repeated on the opposite side.
If the larva be moved periodically to materials of varied
colour, its case will present n. mixed coloration, correspond-
ing to the materials of which it is comprised. Additions to
the length of the case sre made at either end. When full
grown, the larva usually attaches its case to the material on
which it bas been feeding. Pupation takes place within the
case, and the adult moth appears three weeks later.
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Biselliclle makes no case like pellionella; it feeds on
similar substances, with the addition of cobwebs, and as
proof that the insect obtains all nocessary nourishment
from this curious fare, the larvs have been raised on cob-
webs glone. The full-grown larva pupates in a silken
cocoon to which bits of wool are attached, giving it some-
what the appearance of the larval case of pellionclla. The
tapestry moth, Tinea lapetzella, attacks coarser material
than its relations, and damages them rather by constructing
o series of tunnels through them than by eating them.

Two STARCH-LOVING INSECTS

A common household insect which is probably known
by sight to everyone, though its identity may be a mystery,
is the book louse, Atropos divinatoria (fig. 74). A very
small, nearly colourless, soft-bodied, wingless insect, it is
often to be found frequenting old books and papers, for
the sake of the starchy paste used in binding, ete. Minute
and soft-bodied as this inmsect is, it nevertheless Las the
power of making a tapping sound, probably by beating
its head against woodwork, and, needless to say, like the
true “death wateh,” it has given rise to much supersti-
tion. Lastly, let us mention the silver fish, Lepisma
saccharina (fg. 75), first noticed by Hooke in 1665, It is
a great enemy of all goods containing starch. It is fish-
like in form, scaly, about a third of an inch long, and silvery
in colour. Omn the head are s pair of relatively long
antenne, and from the hinder end of its body three long,
soft bristles project. An allied species, Lepisma domestica,
has earned the name of “fire brat” from the curious habit
it has developed of disporting itself in places so warm that
they would be fatal to other insects.
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SOME HUMAN PARASITES

FLEAS

ONE of the most persistent of what may be termed the truly
dormestic insects is the human flea, Pulez irritans (fig. 76).
Go where one will, and be one ever so clean in one’s clothing
and person, sooner or later, one is certainly destined to
receive the attentions of these unpleasant little creatures.
The order Siphonaptera, to which the human fleo belongs,
is, by some, approximated to the Diptera or two-winged
flies, by others to the Coleoptera or beetles, in short, its
exact systematic position is uncertain; it is comprised of
over four hundred species. All fleas are parasitic in babit,
but, unlike the majority of parasites, they do not spend all
their time on the host; they have been aptly termed
temporary parasites. Many parasites, again, are found on
only one host, in fact we often find parasites possessing
special modifications, fitting them for life on some particular
host; but although eertain species of flen are associated
with certain species of host, they will at times pass from
one host species to another. Practically all mammals and
many birds have fleas, and sometimes the same species of
fles i8 found on strangely different hosts: for example,
the human flea is also parasitic on the badger; dog fleas
(fig. 77), too, will bite human beings; again, certain species
of flea have never been found on more than one host.
What may be termed an exchange of fleas is s0 common
as to be exceedingly puzzling to those who are engaged in
trying to learn their habits, and the subject is not rendered
274
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easier by the fact that some closely allied animals have
absolutely distinct fleas. A statement that is alwuys
received with incredolity by the unscientifie, though
nevertheless true, is that monkeys have no fleas. Their
habit of diligently searching in one another’s fur bas given
rise to the belief that they are particularly susceptiblo to
these parasites; but as & matter of fact, when in captivity,
if they harbour these insccts at all, they have most certainly
caught them from some neighbouring animal or mayhap
from some human bsing.

Another group of animals singularly free from fleas is
the order of Ungulates, including oxen, sheep, goats, ebe
To which species of flea numerical pride of place must be
swarded is & moot point, but “ a German naturalist collected
2,036 fleas from theatres, coneert halls, ballrooms, sehools,
and barracks in the Grand Duchy of Baden, and found that
more than fifty per cent. were dog fleas. . . . In Zoological
Gardens cat fleas are generally numerous in most of the
cages.”

The fleas are ususlly divided into threo families, () the
Chigoes, truly parasitic fleas, (b) the typical fleas, of which
the human flea is an example, and (¢) the bat fleas. The
general structure of a typical flea is too well known to
everyone to necessitate any description, and, as wo are nob
concerned here with minute anatomical details, we will rest
content with noting a few points of interest. The whole
flea is entirely covered with plates of chitin,a hard resistaut
substance, as may be easily learned by trying to squash
one of these insects in the fingers; below this armour is
the trae skin. Varying in colour from pale yellow to dark
brown, all fleas are more or less covered with bristles,
pointing backwards in every case and aiding the inseet
materially in its progress. One snatomical feature, which
is almost peculiar to these insects, is their lateral flatten-
ing; it is quite usnal to find insects flattened dorsi-
ventrally, the bed bugs and cockroaches are examples, but
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the special shape of the fleas enablés them to pass more
easily between the hairs of their host, just as the other
form of flattening enables the cockroaches to squeeze into
parrow crevices. Many fleas are eyeless, and this is notably
the case in the bat fleas; whether provided with eyes or not,
these insects appear to rely mainly on their antenne for
finding their way about, and that these useful organs may
not hinder the insects' progress over the body of a hirsute
host or be damaged in any way, they fit into grooves at
the side of the head and are ouly protruded when actually
in use. Many fleas are provided with peculiar horny
appendages known as combs, which may occur on the
head, thorax, or abdomen. These combs are not peculiar
to the fleas, but are found on other insects of parasitic
habit, and they probably serve as aids to locomotion by
holding on to the host’s hairs. The enormous development
of the fles’s hind legs, which enables the insect to leap
prodigious distances, is of course a striking feature in its
anatomy. Although the adult flea is all too common and
well known, it is very rarely that the housewife has any
idea of the appearance of the eggs, larvz, and pupse, for
the insect undergoes complete metamorphosis. All the
year round, unless subjected to severe cold, the female flea
deposits her eggs to the number of one to five at a time.
In a few days the white, worm-like, legless larvas emerge
from the eggs, and they do so in & very curious and
interesting manner. On the head of each newly hatched
larva a thin knife-edged plate may be seen, it is an egg-
breaker. When ready to emerge, the larva works this
sharp-edged plate against the interior of the shell till a
crack is made in it; more vigorous action causes the crack
to open sufficiently to allow the larva to escape. Like the
larvee of other insects, this one moults several times as it
grows, and with the first moult the egg-breaker, or hateh-
ing-plate as it is sometimes called, is lost—the insect has
no further use for it. At this stage, of course, no blood is
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eaten, but, being provided with mouth parts adapted for
biting, the insect lives on any decaying organic refuse it
can find; in fact, larvee have been raised on ovdinary room
sweepings. When fully developed, a matter of & few days
at most, the larva spins a small cocoon within which it
pupates. The duration of the pupal stage depends largely
op the temperature, but it is never prolonged over more than
o few days; then the adult appears and at onee proceeds to
seek 8 menl of blood, though fleas, like all parasitic insects,
can exist for an extraordinarily long tire without feeding.

The cat flea has so many points in common with the
human flea, that it is unnecessary to describe its life-history
and habits in detail ; one or two facts are, however, worthy
of mention. Like the human flea, this insect is practically
cosmopolitan, but whenever it is encountered it may be
distinguished from its relative by the fact that it is pro-
vided with six to nine spines on its head and fourteen to
eighteen ou the hind border of its pronotum. The adults
adhere much more closely to their hosts than do human fieas,
and another striking and important difference between the
two species is, that whereas the human flea, never oviposits
on its host, the cat flen always does so, and its eggs adhere
lightly to its host's fur, but they are easily shaken off and
go distribated. The very small, oval, white eggs give rise
to white, footless maggots in about a fortnight. Like the
larvee of the human flea, they live on decaying animal and
vegetable matter, and in rather less than a fortnight they
attain their full growth, spin a small cocoon and pupate.
The pnpe, although inactive, closely resemble the matore
fleas, and are peculiar in that their legs are free. In ten
days or so the adult fleas issue from the cocoons. There
may be several broods each season, and the winter is
passed either in the mature or larval stage.

A peculiar feeding habit of fleas is worthy of notice,
because of its probable bearing on the transmission of
disease, as described in our notes on plague. The flea, like
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many other blood-sucking insects, ejects a drop of blood
from the rectum during feeding operations. Experiment
shows that this ejected facal matter is frequently highly
charged with disease germs, hence it is a probable source
of infection.

A frequent though not a specific parasite of man is the
jigger flea or Chigoe, Dermatophilus penetrams. Natives of
South America, these fleas were introduced into Ambiez, in
the south of the Congo, forty or more years ago, by o ship
from Brazil, and they were supposed to have been taken to
the great Jake regions by Stanley’s expedition.

The jigger fleas are more truly parasitic than the true
fleas, for the female jigger embeds herself beneath the skin
of the host, forming a kind of pocket, in which to carry
out part of her life. Both male and female are small and
live upon blood. After mating, the female seeks & host,
into whose skin she may burrow ; often n human being is
selected, though pigs, dogs, mice, and other animals may
all fall victims to this insect. Some soft portion of the
host's anatomy is selected for operations, and a favourite
situation is the skin heneath the toe nail. A suitahle
place having been found, the femsle jigger perforates the
skin and works her way beneath the surface so far that
only the tip of her abdomen projects. Within this hiding-
place her body swells to the size of a pes (fig. 78), and in
this state the segmentation of the abdomen is completely
lost, even the head and thorax being visible only with the
help of a lens. Needless to say, this increase in size, due
to the formation of eggs, causes a considersble amount of
suffering to the host, and in some cases death ensues.
After & while the eggs are laid, to the number of about one
hundred, not within the host but outside, and this is the
reason for the female jigger leaving the tip of her abdomen
exposed. The larves are very similar to those of the
human flea, but they are to be found in dry, sandy places,
rather than in houses.
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Bep Buas

The common bed bug, Cimer lectularius (fig. 79, ), has
been recognised in this country for over four hundred
years, although, like the common cockroach, it is an in-
troduced species. Well known to the Romans, by whom
it was considered to possess medicinal properties, as a
specific against snake bites, the “ wall louse,” to give it its
old English name, was apparently introduced into Great
Britain about the year 1503. Like many other domestic
ingects, the bed bug has followed in the wake of man all
over the world.

Usually associated with dirt, this insect does not scorn
clean dwellings, especially if there is a reasonable chance
of obtaining n meal of human blood. The bed bug is
popularly and scientifically so called on account of its habit
of visiting beds and attacking their inmates. Abandoning
beds by dey, it hides in masses, in cracks, beneath paper,
etc., & babit in which it is aided by the extreme flatness of
its body. In its efforts to escape observation during the
hours of light, it evinces a very remarkable degree of
intelligence. It is commonly supposed that the demise of
the old wooden four-poster and the substitution of metal
bedsteads sounded the death-knell of this loathsome little
animal. It has, however, been found hiding in the crevices
of iron bedsteads, and the general improvement in domestic
cleanliness of the present day is probably the reason why
it is less common now than formerly. As is the case with
all insects that have assumed a wholly or partially parasitic
hebit, the bed bug exhibits considerable structursl degrada-
tion. Its normal food is human bhlood, and, as this is
always partaken of ab night, there is little need for active
locomotion, so that the insect, unlike the majority of bugs,
is wingless, or, to be more eorrect, the wings are represented
by & pair of pads, quite useless for flight. It is fortunate
perhaps that there are no wings, for, had enough pest as
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the bed bug now is, be would be many times worse if
blessed with this additional aid to distribution. Many
other bugs are provided with two compound eyes
and two simple eyes; in the bed bug the latter are
wanting, sight being efficiently maintained by s psir of
somewhat protruding, black eyes, resembling minute
blackberries in appearance.

The adult bed bug is about a quarter of an inch long,
obovate in outline, and very much flattened; its general
colour is rust-red, and the sbdomen is tinged with black.
The most important part of its anatomy, from the human
point of view at any rate, is the rostrum or beak. This
organ, common to all bugs, is a piercing, suctorial organ
which, when out of use, can he bent downwards below
the head, but when required can be extended, as shown
in the figure. A similar organ is found in those very
common bugs, the green flies, and may easily be seen with
the aid of a pocket lens. On account of the structure of
the rostrum, and bhecause there is no sctunal mouth, liquid
food can only be partaken of by the Rhynchota, and to
speak of the “bite” of a bed bug is bardly correct, though
it must be admitted that the operation is none the less
painful.

The female bed bug is very prolific; breeding iz con-
tinuous throughout the year, unless lack of food or a Jow
winter temperature brings domestic affairs to a standstill.
It is erroneously believed that these insects hibernate
during the winter; but this is not the case when conditions
are favourable, and in such circumstances several broods
are brought into the world in a year. The white, oval eggs
are deposited in batches of six to fifty, in various crevices
out of harm’s way, and, at first, are covered with a sticky
liquid which causes them to adhere to the place where they
are laid. Round the free end of each egg is a projecting
ring, within which there is a lid or operculum, this the
young bug pushes up as it emerges, usually at the end of
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seven to ten days. 'When first hatched the young are quite
white and nearly transparent, becoming straw-coloured after
several hours, and except in colour and the absence of wing
pads they somewhat resemble their parents (see fig. 79, a).
After the first full meal of blood their bodies become ved,
except for the head, thorax, legs, and extreme tip of the
abdomen. Five moults occur before the adult stage is
reached, and the wing pads appear with the lagt moult. A
single full meal is always taken before the skin is shed, so
that in the seven to eleven weeks occupied in attaining
maturity the young bed bug feeds five times, and although
the time taken to grow up may be protracted, owing to
lack of food or a low temperature, the number of feeds
remains the same. Another full meal is taken by the
female before ovipositing, in fact it is the almost jnvari-
able rule that iosects, and allied animals, which feed on
blood are quite incapable of laying fertile aggs till they
have become engorged.

We have seen that the normal food of the bed bug is
human blood, but these insects have been fed artificially
on mice, English sparrows, guinea-pigs, and the North
American mole. Like all animal parasites, the adults can
exist for almost ineredible periods without food —specimens
have been kept foodless for over a year, without apparent
injury. This wise provision of nature, which reaches its
greatest piteh in some of the ticks, is of the greatest import-
ance fo the insects concerned, for it is obvious that suitable
food may not always be forthcoming. Disgusting as the
bed bug is in its habits, it is endowed with an even more
disgusting smell, arising from a clear, oily liguid secreted
by glands sitnated between the legs. This secretion,
common to many of the Rhynchola, is probably protective
against insectivorous birds, though in our subject it is of
little avail against cockroaches and ants, both of which
devour the bed bug with avidity.

America is blessed with an inveterate enemy of the bed
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bug in the shape of Conorhinus samgwisugus, popularly
known as the blood-sucking cone-nose, the Mexican bed
bug, or the big bed bug. Having stated that it feeds on
the bed bug, we have quickly summarised its good points,
for it efficiently takes tbe place of its smaller relative as a
noxious insect, partially parasitic on mankind, Most of
the members of the genus are natives of South America,
and many of them live upon other insecte—indeed, they are
the normal food of sangwisugus; its taste for human blood
is evidently acquired, and may have arisen, in part, from
the fact that it shows a partiality for bed bugs distended
with the blood of man.

The adult ig fully an inch long, with a much-flattened
body, and a long narrow head armed with a formidable
beak or rostrum. It is dark brown in colour, striped and
spotted with pink. In habit it resembles the bed bug in
feeding by night and hiding by day; in odour it easily
excels its relative.

The female lays her white eggs in masses out of doors,
not having acquired the domestic habit to the full. Each
egg is of an oval shape and provided witb a.lid or operculum,
through which the larva emerges. The young appear in
about three weeks, but before that time the eggs have
changed through various shades of cream to yellow and
finally pink. The larve are sluggish and wingless and
they feed solely upon other insects, hence the necessity of
their hatehing out of doors; after two moults they reach
the pupal stage and acquire wing pads; two further moults
oceur and they attain their full growth, wings, and often a
taste for human blood. Iun the Mississippi and Arizona
valleys they are especially abundant.

The effect of o bite from the cone-nose is often of a
serious nature, and af best is exceedingly painful. At
times the bites are followed by such serious after-effects as
to lead to the supposition that some poison is injected, but
whether this is & specific poison oceurring in the insect’s
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saliva, or arises because the parasite has previously fed
upon some decaying animal matter, has not been proved.

Lice

Even more disgusting than the bed bugs and fleas are
the Pedicule: or lice, of which three species are associated
with the human body. These little animals are constantly
confined to their hosts, they spend their entire life on the
mammalian body, and from it derive all their nourishment.
Their courtship takes place there, their eggs are attached
to hair, and, except by accident, they are never dissociated
from their host; in short, they arc true parasites, and, as
sach, have specially modified organs. All true lice are
confined to maromals, they are wingless, their feet are
adapted for holding and clasping hairs, their mouth parts,
which are always completely withdrawn into the head
when not in use, consist of tubular sectorial organs, pro-
vided with an armature of lancets for piercing the skin
(fig. 80). Writing of these organs, Uhler, in his Standard
Natural History, says they have “a Heshy unjointed
rostrum, capable of great extension by being rolled inside
out (like & glove finger), this action serving to bring for-
ward & chaplet of barbs which embed themselves in the
skin to give & firm hold for the penetrating bristles,
arranged as chitinous strips in a long, slendor, flexible
tube, terminated by four very minute lobes, which probe
to the capillary vessels of a sweat pore. The blood being
once reached, & current is maintained by the pulsations of
the pumping ventricle and the peristaltic movements of the
stomach.”

One interesting feature, common to all the lice, is that
they are very rarely found on any other species of mammal
than the one they normally infest, and then only on closely
related species; thus human lice wonld not be found on
the elephant, nor the elephant louse on the mouse. This
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may be due to differences in the calibre of the hairs, to
which they are compelled to cling and to which their feet
are adapted. It would be quite impossible for claws fitted
for clinging to very coarse hair to obtain a firm hold on
fine hair, and vice wversa. Again, thickness of skin may
have its bearing on this phenomenon, mouth parts adspted
only for piercing a thin skin would prove useless on a
thick hide. ~ Difference in temperature, odour, and taste of
the host may have their effect.

The three species of louse common to man are the head
louse, Pediculus capitis, the body louse, Pediculus vesti-
menti, and the crab louse, Phthirius inguinalis (fig. 81,
a, B, €). They are all three commonly and correctly as-
sociated with a dirty, unkempt condition of their host, but,
unfortunately, owing to the exigencies of present-day
civilisation, even the cleanest among us cannot claim im-
munity from their unwelcome attentions; though it is
comforting to know that while some two hundred and
fifty years ago these parasites were the constant com-
panions of even the upper classes in England, they are
now of comparatively rare occurrence.

The head and body louse closely resemble one another,
and are often confused ; both of them appear to have been
known from the earliest times, and the former is the com-
moner. It is usually confined to the hair of the head, being
rarely found on other parts of the body. The small, white,
pear-shaped eggs (fig. 82) are laid singly, by the female,
and, at the same time, glued towards the end of a hair, the
hack of the ears being a favoured position. These eggs,
popularly known as “nits,” give the hair somewhat the
appearance of having been singed, and are more obvious
than the adults to the casual observer. The young, which
appear in sbout & week after oviposition, are very similar
to the adults except in size, and, till they have had their
fill of blood, their abdomens are proportionately smaller.
The adults of both sexes are almost white, with indistinct
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dark markings at‘the sides of the thorax and abdomen.
The female is larger than the male, being about one-eighth
of an inch long, and the last segment of her abdomen is
forked, whilst in the male it is rounded. There is no
sharp distinetion between thorax and abdomen, the former
merging into the latter. The whole body is covered with
short, straight hairs. Several moults take place during
life, and maturity is attained in about a month.

That different species of mammals harbour different
species of lice is easy to believe; more remarkable is the
discovery that different races of mankind ore the hosts of
distinct races of fice. The lice of Caucasians are nearly
white, those malking their homes on West Africany and
Australian natives are uearly black, those on Hottentots
are orange, on Hindus smoke-coloured, on South American
Indians brown, and on Chiness and Japanesc yellow
there are also distinct differences in the claws, correspond-
ing to the differences in texture of the hair of the various
races. The use of lice as food by certain wuncivilised
peoples has already heen noted. Sowetimes, however, the
insects become too numerous; then certain races—among
them the Australian natives, the Apache Indians, and the
Andamanese—cover their heads and bodies with a layer of
mud, thereby reducing the population of their lLively
companions.

The adult body louse msay be distinguished from the
head louse by the fact that its back is marked with dark
transverse bands; differences in habit also serve to dis-
tinguish the two species. The body louse only visits the
haoman skin when hungry, and spends the rest of its time
secreted in clothing, where also the eggs are laid. They
are exceedingly prolific, and it has been estimated that a
single adult female may have a progeny of eight thousand
in eight weeks, and in warm weather this number may
be largely exceeded; in fact, the remarkable feenndity of
lice was once a popular byword, it being said, with a
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naive disregard for the truth, that & louse becomes =
grandfather in twenty-four hours.

The crab louse appears to be a product of rather more
modern times than its confréres, though it is recorded by
Herodotus and by Aristotle. As its name implies, it some-
what resembles a minute crab in outiine. This loathsome
creature, measuriug from one-twentieth to one-tenth of an
inch in length, nominally inhabits the pubic regions, though
it may extend to the beard, armpits, eyobrows, and even
eyelashes; it does not attack the head, perhaps because its
enormously developed claws are not fitted for clasping the
fine hairs of that region. The adult is nearly white, with
a dark patch on each shoulder, and reddish Jegs and claws.
It is even more prolific than the head and body lice, and,
when present in large numbers, is probably the cause of
the mysterious disease known &s phthiriasis.

FLy PaRrasiTes

Precise details concerning-the bot flies of man may be
sald to be “wropt in mystery.” The great naturalist
Linnaus, in his Systema Natura, first called attention to
the fact that the larva of a certain South American species
of fly had been found, from time to time, dwelling hypo-
dermically on some of the natives. Subsequent suthors,
doubting Linnaus's description, dubbed the whole affair a
myth and attributed the attacks, if atbacks they were, to the
ox warble fly. In 1822 Sny actually received specimens
of the larve from South Americe, and gave & detailed
account of them, and from that time onwards meagre
and spasmodic accounts of the human bot fly, known as
Dermatobia hominis (fig. 83), have been published, though
much still remains to be discovered. Itiscertain, at any rate,
that the attacks of these insects are not confined to human
beings; in fact, man must be considered as only an ocea-
sional host, dogs, monkeys, and cattle being the subjects most
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cornmonly affected. *Both species are indigenous to Central
and South Americs, and are known as “ Ver macaque ™ in
Cayenne and Mexico; “Ura” in Brazil; “ Torcel ” in Costa
Rica ; and “Gusana peludo ” or « Muche” in New Grepada.

From the figares (84 and 85) it will be seen that the
young larvas are roughly of the shape of a comma, and are
strongly armed with & formidable srray of spines. From
time to time these maggots had been removed from the
tumours which they made in the flesh of those swhom they
attacked, though how they got there was unknown. The
adult flies had never been seen, and it was conjectured that
their eggs were laid in clothing, and that the larvas, on
hatcehing, penetrated the human skin—a feasible conjecture,
no doubt, in the case of properly clothed Europeans, but
one that hardly applies to natives, who wear little more
than their birthday clothes.

Quite recently light has been thrown oo this much-
debated point. In 1900 Blanchard described some large
eggs, which he bad found arranged in bundles and attached
to the ventral side of the abdomens of certain Central
American mosquitoes. In 1910 Morales of Costa Rica
discovered that the eggs were those of Dermatobia, he
stated that thcy were laid directly on the abdomen of the
mosquito, which then transported the larvee to their host.
As the bot fly is the size of a blue-bottle ond the mosquito
is a small, frail creature, the statement scemed incredible,
in spite of the fact that in 1912 Tovar of Venezuels, by
placing specimens of the blood-sucking mosquito, Jam-
thinosoma (wiz, carrying Dermatobia eggs (fig. 86), on
various animals, succeeded in producing tumours, which,
after eleven days, were found to contain larva of the fly.
A short time afterwards, however, Rincones of Caracas
annonnced bhat the bot Ay is in the babit of ovipositing
on leaves, in damp places, frequented by Janthinosoma
lutzi. He said that the eggs are covered with an adhesive
cement, but are only fixed lightly to the leaves; moreover,
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they are deposited with their mieropyies—the points from
which the larves escape—downwards. As the mosquito
crawls over the leaves its abdomen comes in contact with
the bases of the eggs, which, for the time being, axe, so to
speak, standing on their heads. The adhesive cement
causes the eggs to adhere to the ventral surface of the
mosquito’s abdomen, and, in their mnew position, their
micropyles are at their free ends. Soomer or later the
mosquito will seelk a meal of blood, human for choiee, and
the minute Dermatobia larve (fig. 84), escaping from their
eggs, will ind & wound in the skin of their host, ready-
made for them to enter. The larval growth, of course,
takes place beneath the skin, and rapidly causes sn angry
hoil, which necessitates immediate surgical attention. If
lett undisturbed, the larvee would possibly leave their host
to pupate, though this is merely conjecture, based on the
habits of other larve with similar life-histories.

In addition to Dermatobia, three other Diptera—the
Tumibu fly and Congo flour maggot of Africa, and the serew-
worm fly of the New World—are parasitic upon man. The
Tumbu fly, Cordylobia anthropophoge (fig. 87), which, in its
larval stage, is known as the Cayor maggot, is essentially
African. Both man and animals are attacked, the favourite
hosts being dogs, rabbits, and goats, which are usually
injured in the scrotum; but whatever part of the body is
attacked, and whatever the host, the nature of the infesta-
tion is the same. The larve forms a considerable swelling
or boil beneath the skin, through the centre of which there
is an opening for breathing; when mature the host is
forsaken, and pupation takes place in the ground. Exactly
how the larva passes beneath the skin is unknown. By
some travellers it is thought that the fly oviposits in soil,
and that when the larva hatch from the eggs they
penetrate the skin of people sleeping on the ground; by
others it is thought that the eggs are laid in clothing, so
that when they hatch the larves find their food close at
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hsnd. Whatever mdy be the true explanation, it is certain
that oviposition takes place where there is an odour of
homan or animal perspiration, because the parts of the bady
which most frequently come in contact with the ground
are those in which tumours most usually occur; oviposition
has also been known to take place on clothing saturated
with perspiration. The adult Tumbu fly is of a yellowish
colour, shading off to deep brown at the posterior end.
The larva (fig. 88) is barrel-shaped snd alwost completely
covered with minute spines in groups of two aud three,
which aid in locomotion, and also probably by their irritant
action beneath the skin cause an increased flow of pus, on
which the larva feeds.

Very similsr in appearance to the Tumbu fly is duch-
meromyia luteole (fig. 89), known in its larval state as the
Congo floor magpot. Although this fly has been koown
for many years, it was thought, till recently, that its larva
formed a temporary home benesth the skin, after the manner
of the Tumbu fly. In 1904 Dutton, Todd, and Christy dis-
covered that the maggot possesses u habit, unique among
dipterous larvee, of sucking human blood. They observed
the natives of the Congo digging and seraping the cracks in
the mud floors of their huts and o collecting the larvee.
Only those floors were so treated on which the patives
were in the habit of sleeping, for where there arc beds, or
the people sleep raised from the floor, the larves are seldom
found. The female iy always lays her eggs on the ground,
salecting, if possible, places soiled with urine.

The adult flies are about the size of a blue bottle, only
yellowish in colour and marked dorsally on the thorax
with black and brown stripes; their legs are black. They
are shade-loving, spending most of their time resting in
the dark corners of native huts. Oviposition takes place
in two stages, separated by ahout a month, and, in all,
about eighty eggs are laid, always in the ground. The
larvee (fig. 90) are dirty white in colour and composed

19
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of seven segments; at the hinder margin of each segment
is a set of three pads, each covered with minute spines,
directed backwards; these assist in locomotion. On the
last segment are three spiracles or breathing pores: whilst
on the first segment are two black msndibles surrounded
by paired groups of small spicular teeth, forming a sort of
cupping instrument. Under normal conditions they pass
through two moults and becowe fully grown in about &
fortnight.

The larvee are exclusively blood feeders, and in this
connection one or two interesting points may be uoticed.
As is 50 often the case with insects which rely on an active
host for their food, they are able to endure long fasting
periods. A more curious trait is that when below ground
and bungry they show a remarkable sensibility t heat,
the slightest rise in temperature causes thew to become
active and to travel towards the source of heat; when
fully fed slight changes in temperature do not appear to
affect them. The reasoa for this phenomenon is obvious—
a hungry Congo floor maggot is anxiously waiting beneath
the soil for a meal; should he venture above ground he
would probably be injured, accidentally or purposely, so, like
many more noted individuals, he waits, and mayhap some
native, seeking rest and sleep, will throw himself on the
ground ; soon the warmth fromn the human body will
penctrate to the waiting maggot, this is the signal that a
meal is at hand; aided by his spinous foot-pads, he
wriggles through the soil and tekes his fill, before again
retiring to his subterranean home. The pupa, as is so
frequently the case with Diptera, is dark brown and tub-
shaped. We have mentioned that this species is African;
it ranges from Natal to Nigeria, and its distribution is
aided by the fact that it is often carried from one village
to another, in the egg or larval stage, in the dirty mats
which the natives are in the habit of tramsporting from
place to place.
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The screw-worm fly, Chrysomyia macellaria (fig. 91), is
confined to America and the West Indies. The adult flies
are about ten millimetres long and of a metallie green or
blue colour, marked with three longitudinal black lines on
the thorax; they have hairy abdomens, black legs, and
transparent wings. The larva (fig. 92) is dirty white in
colour and is divided into twelve segments, each one of
which is furnished with one or more rings of spines, The
larval form takes its sustenance from men or animals; egps
are laid by the adult fly wherever there is a wound, indeed
blood has a great attraction for these flies. Sometimes ovi-
position takes place in the human esr or nostri], especially
if there is any discharge from either organ. The pupa is
dark brown and spiny.

Husan Boby Mrres

Of the mites inhabiting the human hody, the itch mite
is becowing a rare pest in civilised comrunities; the follicle
mite rarely attains serious proportions; sud the mites
causing grain itch, copra itch, and the like only attack
people engaged in certain trades.

The itch mite, Sarcoptes scabei (fig. 93), occurs not only on
man, but on various domestic and wild animals, among them
being the horse, sheep, goat, camel, hog, dog, ferret, llama,
bare, rabbit, lion, wolf, fox, and wombat. The adults are
flattened, circular, and very minute; their general structure
is shown in the figure. All stages in the life-cycle are
passed on the host, in fact many successive generations may
oceur on the same host. In wan, an attack of the mite is
characterised by intense itching, usually at the base of the
fingers and between the knuckles, though in bad cases the
whole hand may be inflamed and covered with pustules.
The itching is caused by the mites burrowing in the skin;
as they extend their channels deeper and deeper they de-
posit their eggs, and the young which develop from them
feed on the surrounding tissue. After four moults maturity
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is attained, then the adults leave the burrows and travel to
the surface of the skin to mate; afterwards the females
make fresh burrows in which to lay their eggs.

Somewhat akin to Sarcoptes scabei is the copre itch
mite, Tyroglyphus longior, castellomi, o variety of the
cheese mite. This minute animal, &8 its name iwplies, causes
intense irritation to the skin of hands, arms, legs; in fact,
the whole body, except the face, of Coolies and Europeans
who are brought into close contact with the dried coco-nut
kernels, known as copra. In Ceylon, the home of this
mite, kernels are removed from fresh coco-nuts and dried in
the sun for two days. At the end of this time a portion
of the kernels crumbles away ; this is the copra dust, which
swarmns with the mites.

Little or nothing is known of the life-history of these
minute animals. They closely resemble the cheese mite in
appearance, being eight-legged and well armed with stiff
bristles, and, though they cause the intense itehing character-
istic of the common itch mite, they do not burrow into the
skin, and, for some unexplained reason, they never attack
certain individuals. Other mites causing severe dermal irri-
tation and cruptions in man are Glycyphagus domesticus,
causing grocers’ itch, and Rhizoglyphus parasiticus, the
cause of water itch in the Coolies employed on Indian tea
plantations.

A mite of curious habit, Demodex folliculorwm var.
hominis, was discovered by Simon of Berlin, more than
seventy years ago, in “blackhead” pustules. It is now
known that these worm-like, eight-legged mites are quite
common in the sweat glands of the face, chiefly those of
the nose, chin, and foreheed; whilst in the hair follicles
they often occur in large numbers, with their heads point-
ing away from the surface of the skin. In order to see
these creatures, the white oily substance, extracted by
pressure on the sides of the sweat glands, should be
examined in a drop of oil, spirit or xylol, under the



e 8o Tne Conco proog siacaor 1y,

Aot hameromyia eteota

Fia. go. THE CONGO FLOGE MALGOT,
Anchneromyia huteola



SOME HUMAN PABASITES 208

microscope; it is quite impossible to see them with the
naked eye.

The strocture of the adult is clearly shown in fig. 94.
Its short legs, striated, worm-like abdomen, and its mouth
parts arranged for sucking, render it so curious au object
that it cannot be confounded with any other mite. The
female mite lays heart-shaped or fusiform eggs, from which
legless larve emerge; they later become six-legged, then
they transform into eight-legged nymphs, and after two
moults become adult. Very similar mites have been found
in the dog, cat, pig, and ox. The human species is cosmo-
politan and possibly pathogenic; it has been considered as
a probable agent in the spread of cancer, leprosy, and a
tropical skin disease known as Lichen spinulosus.

Annoying pests in this country during the autumn
months are the harvest mites, Leptus awtwmmalis (fg. 95),
first deseribed by Shaw in 1790; there are two American
species, known as Leptus dirritans and Leptus americanus.
These six-legged insects are the larvee, or the lmmature
forms, of eight-legged members of the family Trombidiida ;
the life-history of the British species is not fully known,
and, a8 a consequence, its identity is uncertain. In size
these creatures are exceedingly small; in colour they are
blood red. They belong to the same class as the ticks and
spiders, so they are not true insects.

Their attacks are most frequent on those parts of the
body nearest the ground, so that the ankles and legs, just
below the knee, suffer most. According to some authorities,
these minute creatures penetrate the sweat glands; in any
case, they cause intense irritation by burrowing beneath
the skin of their human host. The life-history of an
American species is as follows :—Minute, brown, spherical
eggs, to the number of three hundred, are laid in or on the
groond by each female. Almost immediately they are laid
the outer skin splits, exposing & pale membrane within.
The larvee are six-legged, circular or ovoid creatures, and
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each leg is tipped with two or three substantial claws.
After each feeding the larva becomes elongated and
swollen with blood. It then falls to the ground, seeks
shelter, and below the larval skin new organs are developed,
s0 that, when this skin is thrown off after a few weeks,
the adult Trombidium emerges. Aphides, lepidopterous
larvze, and, in the case of one species, locust eggs form the
usual fare of these adult mites. The winter is spent in
hibernation beneath tbe ground, and in the spring oviposi-
tion takes place.
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VIII
INSECT CONTROL

TEE study of parasitic and predaceous insects is not by
any means new. Aldrovandi, an Italian naturalist, appears
to have been the first in the field when, in 1602, he observed
the exit of the larvee of Apanteles glomeratus from the
common cabbage caterpillar, Not, however, till nearly a
century later was the true significance of the phenomenon
realised by another Italian scientist, Vallisnieri. To enumer-
ate but a fraction of the names of the workers in this inter-
esting field would occnpy too much valuable space; but it
is of tnberest to note that Ratzeburg, whose work on the
subject was for long considered the best contribution in
Europe to our knmowledge of insect parssitiam, “did not
believe that insect control could in any way be facilitated
by man.”

Probably the earliest workers to suggest the artificial
handling of beneficial insects were Kirby and Spence,
who, in their work on entomology, published in 1816,
referring to the destruction of the hop aphis by the common
ladybird, said, “ If we could but discover a mode of increas-
ing these insects (ladybirds) at will, we might not only
clean our hot-houses of aphides by their means, but render
our crops of hops much more certain than they are now.”
Records seem to point to Professor Boiggiraud of Poitiers
as being the first man to ntilise beneficial against injurious
insects. In 1840, or thereabouts, he freed some trees of
the harmful gipsy moth by placing upon them the beetle,
Calosoma, sycophamta ; and adso destroyed earwigs by means

206



296 INSECTS AND MAN

of a rove beetle, Staphylinus sp., and a ground beetle,
Carabus awratus.

The next efforts in this direction were carried out both
in Europe and America, and consisted in collecting large
numbers of destructive insects, many of them probably
smitten by internal parasites, and keeping them in cages
covered with fine wire-netting of such a mesh that the
adult injurious insects were unable to escape; but their
parasibes, on reaching maturity, would bave no difficulty in
gaining their freedom and thereby parasitising other hosts.
This method was tried in America with the imported
cabbage worm Pontwr rape and the cotton caterpillar
Alobama owrgillaces, and io Italy with the olive fly Dacus
olece, among others.

A further stage in this important branch of economic
entomology appears to have been the transportation of
beneficia) insects from one part of a country, where they
were plentiful, to another part.of the same country, where
they were lacking. This method of natural insect control
has been successfully carried out in Awmerica, a striking
case heing that of the destructive Hessian fly, Cecidomyia
destructor, and its hymecnopterous parasite, Polygnolus
hiemalis. In 1906 & serious outbreak of this fly occurred
in Pennsylvania, but was kept in hand because quite ninety
per cent. of the pupm were found to be parasitised by
Polygnotus. At a later date the Hessian fly pest broke
out in Maryland, apnd, in 1907, parasitised pupe were
brought from Pennsylvania, with the result that by mid-
summer all the fly pupse were discovered to be parasitised
and the pest was effectually controlled.

Quite recently various species of ladybirds have been
collected in California, during their winter hibernation, for
shipment to various parts as & control for plant lice. Asan
illustration of the magnitude of the undertaking, Mr E. K.
Carnes, who was in charge of the work, wrote, in 1910:
“We have quite a sight at the insectary now—over a ton
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of Hippodamia convergens (a species of Jadybird) boxed
in 60,000 lots each, in'sereened cases, and in our own cold
storage. We handle them in large cages, run them into a
chute, and handle them like grain. They are for the melon
growers of the Imperial Valley.”

The final, and most important, stage in this work is the
travsfer of beneficial insects from one country to another,
and, though his efforts were unsuccessful, the credit for
priority belongs to Dr Asa Fitch, an American entomo-
logist. Sometime in the early eighties the European wheat
midge, Contarinia tritici, had been introduced into America,
aud in 1854 & most disastrous attack by this insect dev-
astated the wheat crops of the Eastern United States. Dr
Fitch knew that in Europe the midge was heavily parasit-
ised and that, accordingly, it did relatively little damage.
Speculating as to the cause for the dissimilarity of the
status of the pest in the two countries, he wrote: « There
must be a couse for this remarkable difference. What can
that cause be? I can impute it to only one thing—we here
are destitute of nature’s appointed means for repressing
and sabduing this insect. Those other insects which have
been created for the purpose of quelling this species and
keeping it restrained within its appropriate sphere have
never yet reached our shores. We have received the evil
without the remedy, and thus the midge is able to multiply
aud flourish, to revel and riot, year after year, without let
or hindrance. This certainly would seem to be the prin-
cipal if not the sole cause why the career of this insect
here is so very different from what it is in the Old World.”
Requests by Dr Fiteh to British entomologists to study
the matter and send parasites to America came to naught.
In 1873 an American predatory mite, Tyroglyphus phyl-
lozerce, which in its own country feeds on the vine phyl-
loxers, that scourge of European vineyards, was imported
into France, without appreciably checking the pest.

The transportation of parasitic and predatory insects
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from one country to another, for the benefit of mankind,
forms one of the romances of applied entomology. As the
Americans were the pioneers in this work, it is to their
country that we will turn for our examples.

The practice of the control of insect pests by their
natural enemies is one of modern times, for the earliest
record of the work, on anything approaching a commercial
scale, dates back but twenty-five years. It is based on the
assumption that all nature is in a state of equilibrium, that
is to sy, that all life, in its native home, is kept in check
by other forms of life which prey upon it.

For many years the orange and lemon groves of
California were threatened with ruin, owing to the depre-
dations of a relatively large scale insect known as the
fluted or cottony cushion scale, Jceryo purchagi. A con-
siderable amount of research showed that in all probability
this noxious insect bad been introduced into the United
States from Australia in 1868. It was found in Portugal
in 1873, near Naples in 1900, and has been subsequently
met with in Egypt, Syria, Greece, Dalmatia, Sicily, and
France in 1910. All mechanical means of control having
failed, in 1889 Professor C. V. Riley, chief of the American
Bureau of Entomology, sent Mr Albert Koebele to the
Antipodes to try and discover what insect, if any, kept
the cottony cushion scale in check in ifs native land. His
voyage of discovery was eminently satisfactory, for he
found that the scale insect was rendered almost harmless
m Australia, because, whenever and wherever it appeared,
it was eagerly devoured by a small ladybird, known to
science as Nowvius cordinalis.  This little beetle was
accordingly transported to California, where, fortunately
for the citrus growers, it flourished and multiplied from
the day of its introduction, and, as a consequence, the
cottony cushion scale is now no longer a serious factor in
the eitrus production of California. But, to this day, large
numbers of the ladybird are reared annnally at Sacramento,
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and whenever an cutbreak of the scule occurs, an army of
the little beetles is despatched to deal with the trouble.
The chief anxiety of the State entomologists is how to
keep a sufficient supply of the scale insects alive where-
with to feed their charges.

Novius bas also been successfully introduced into
Portugal, Italy, Syria, France, Egypt, and Hawaii. The
faet that this ladybird only feeds on the eottony cushion
scale and closely allied forms was, however, overlooked
by the Florida citrus growers. Impressed by the success
of the venture in California, the Southern State was
anxious to try the mettle of Novius cordinelis on some
other scale insects, and in due cnurse a shipment of the
little beetle arrived, together with some cottony cushion
scales as food for the journey. On avrival, the beetles and
their food were liberated in an orange grove, with the
result that the ladybirds died, and the cottony cushion
scale spread and flourished to such an extent that it took
several years and considerable expenditure before the pest
was eventually subdued.

The outstanding success of the importation of Novius
may be aseribed to the fact that the beetle is much more
active than its prey, which remains stationary for the
greater part of its life; it has two hroods to every one
of the scale insect, and, strangest of all, it appears to have
no enemies of its own.

The good work of the ladybird has become an historical
event in the snnals of applied entomology, and though
much effort and many dollars have been expended on similar
importations, often, be it said, with very satisfactory results,
yet the fact remains that in no other case has the work been
duplicated, in that no other single natural enemy has been
ahle to contro] an important pest in the land of its adoption.
Nevertheless, Novius cardinalis gave o distinet fillip to the
science of natural control of insect pests in America.

Another most serious pest of fruit trees in America is
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the San José scale, Aspidiotus peraiciosus, so called
because it first appeared in the New World at San José,
California. Efforts were made by American entomologists
to discover its original home, just as had been done in the
case of the cottony cushion scale. Kurope was out of the
question, for it was unknown there; suspicion fell on
Australia, Hawaii, and Japan, where the pest was rife. but
investigations proved that all these countries had received
their original supply on nursery stock imported from
America. In 1901 Mr Marlatt started on a tour of ex-
ploration to the countries of Eastern Asia, with the object
of discovering a control insect. Six months were spent
in Japan, but a thorough investigation revealed that that
country was not the native homwe of the San José scale.
Finally, its original home was discovered in Northern
China, in a region between tbe Tientsin-Pekin road and
the Great Wall, and its habitat a swall haw apple which
grows wild over the hills. Everywhere in this district
there occurred a little ladybird, Chilocorus similis, feeding
on all stages of the San José scale.

Although $wo hundred Living specimens of the beetle
were shipped to Washington, all but two perished during
the winter. One of the survivors, however, proved to be a
female, which commenced to oviposit in April, and from
this single individual two hundred eggs were obtained.
Subsequent generations throve so admirably that by
August over & thousand specimens were sent out to various
experiment stations in America, and at the end of the
summer there were still over n thousand survivors left at
Washington. Everything pointed to the duplication of the
Novius cardinalis achievements, but this was not to be.
Colonies in the Northern States perished, and in the South
the almost universal use of various washes, to destroy the
scale, effectually prevented the rapid multiplication of the
beetle, and in many cases exterminated it altogether.
Apart from this mitigating circumstance, there is every
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reason to believe ‘that thig little ladybird would have
beecome firmly established in the land of its adoption, and
would have rendered the dreaded San José scele compara-
tively innocuous.

We will not reiterate the story of the introduction and
spread of the gipsy and brown-tail moths in America, but
we may point a moral and adorn a tale by mentioning the
fact that the State of Massachusetts ceased its appropria-
tions towards the expenditure of exterminating these
moths from 1900 to 1905, and during these five years the
pests spread from a restricted area of three hundred and
fifty-nine square miles to an extended range of over two
thousand two hundred and twenty-four square miles.
Matters came to & head in 1804, when it was said that
“from Belmont to Saugus and Lyonn a continuous chain of
woodland colonies presented a sight at once disgusting
and pitiful. The hungry caterpillars of both species of
moths swarmed everywhere; they dropped oo persous,
carringes, cars, and automobiles, and were thus widely
scattered. They invaded houses, swarmed into living- and
sleeping-rooms, and even made homes uninbabitable. .
Real estate in the worst infested districts underwent a
notable depreciation in value.”

Acting on the dictum that desperate diseases require
desperate remedies, the American authorities set themselves
the gigantic task of establishing, “not one or half-a-dozen
of the natural enemies, but all of them, aiming at the same
time to avoid the introduction of hyperparasites—that is,
those species that prey upon the true parasites of the
injurious forms—thus, if possible, bringing about an even
more favourable situation for the primary parasites in
New England than exists in Europe.” Several visits were
paid to various centres in Europe, from which colonies of
parasitised gipsy and brown-tail moths were sent to the
State insectary at North Saugus, Massachusetts, and from
them a number of beneficial insects were reared.
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During the course of this indoor work an unlooked-for
difficulty arose. The larvs of the brown-tail moth are
exceedingly hairy, their hairs are freely sbhed and are
irritating and poisonous. The atmosphere of the laboratory
in which the work was carried on soon became charged
with them, they penetrated the skin, noses, and throats of
the laboratory sssistants, many of whom became ill and
resigned their posts. Gloves, masks, and even head-pieces
were designed to mitigate the evil, but with only partial
success, and eventually Mr Titus, who had been in charge
of the work, was obliged to resign in order to save his life,
for intense irritation of the lungs had been set up by the
hairs.

Shortly after this misfortune, a move was made to
larger central laboratories at Melrose Highlands, and an
Europesn dep6t was estahlished at Rennes, in France. At
the French depét insects from Kastern Iurope, destined
for America, were examined, repacked, and taken hy hand
to Cherbourg and Havre for shipment; permission was
also given for the landing of all such packages without
customs examination, in short, everything possible was
done fo expedite transit,

Why, it may be asked, have the Americans gone to such
trouble and expense to introduce several parasites to assist
in the control of these two moths, when & single species of
ladybird was capable of rendering a destructive scale insect
innocuous? A study of insect parasitism is necessary before
the question can be adequately answered, but, in brief, it
may be stated that parasitism plays varied réles in the
economy of different hosts. Some insects support an
shundant parasitic fauna, while others are attacked only
by a few and perhaps relatively uncommon parasites.
Probably no two hosts, unless they be practically identical
in habit and life-history, are attacked by quite the same
species of parasites. There are, however, certain features
fo the parasitism of each species which are common to
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each of the others; one of the most common of which is
that each host supports a variety of parasites, often differ-
ing among thcmselves to a remarkable degree in habit,
natural affinities, and methods of attack. The conclusion,
therefore, has been drawn that to be effective in the case
of insects like these moths, parasite control must come
about through a variety of parasites working together
harmoniously, rather than through one specific parasite, as
in the case with less specialised insects such as the scale
insects, having a less well-defined sessonal history. In
short, there must be a seasonal sequence of parasites to
effectually control the gipsy and brown-tail moths—
parasites of eggs, larvee, and pupze.

“In a country where the conditions are settled, each
species of insect is subjected to a certain fixed average
percentage of parasitism, which, in the vast majority of
instances and in connection with numerous other control-
ling agencies, results in the maintenance of a perfect balance.
The insect neither increases to such abundance as to be
affected by disease or checked from further multiplicstion
through lack of food, nor does it become extinct, but
throughout maintains a degree of abundance in relation to
other species existing in the same vicinity, which, when
averaged for a long series of years, is constant.” Though
storms and other climatic conditions, birds, and even
disease all play their part in insect control, it is probable
that only through parasites and predators is an insect
brought under complete natural control, because their
increase numerically is directly affected by the numerical
increase of the insects on which they prey.

After this digression, let us return to the consideration
of the gipsy and brown-tail moths and learn what steps
have been taken for their actual control. Seeing that
more than thirty distinct parasites, and seven kinds of
predatory beetle, have been introduced into the United
States to wage war on these two motbs, it is plain that
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0o more than a mere passing mention can be given here
of the majority. With regard to the actual numbers of
this beneficial army, official records give the totals as
one million, eight hundred and sixty-two thousand, nine
hundred and eighty-three parasites and eighteen thousand,
eight hundred snd thirty-five predatory beetles. These
little immigrants comprise egg parasites—laying their
eggs, in some cases, in the recently deposited lepidopterous
eggs; in other cases, ovipositing in eggs just about to
hatch, or, to be more correct, in the young caterpillars
within the eggs,—caterpillar parasites, and pupsal parasites.

From such sn array it follows, as a matter of course,
that some failores have been leavened with & fair number
of successes, and, of the latter, none has been more con-
spicuous than that of a little beetle which has accomplished
more thau lay in the power of mortal man towards ridding
the United States of what threatened to be a veritable
scourge. The beetle, known to scientists as Calosoma
syeophanta, belongs to the family of Caurabide, or ground
beetles. About an inch in length, and provided with the
long legs common to all members of its family, it is ex-
ceedingly active and can run along the ground or climb
trees with remarkahle agility. Of a beauntiful metallic
green colour, this showy insect, which is fairly common in
Central Europe and not unknown in England, can vie with
many of the tropical forms in brilliance of colouring. It
has long been known to European entomologists as & most
voracious feeder on lepidopterous larve and pupe, with a
preference for those of the gipsy and brown-tail moths;
accordingly, when the ravages of these insects attained
serious proportions in the United St&tes, Calosoma was
called upon to assist.

An army of collectors was organised in Europe to ship
the beetle to America. In 1905 the ficst shipment of
two hundred and sixteen specimens was sent from Sardinia,
but, owing mainly to errors in packing, only one arrived
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alive. In the following year, six hundred and ninety-three
specimens of an allied speecies, Calosoma wnquisitor, safely
reached the land of the Stars and Stripes from Switzerland
and Italy. Of these, several colonies were liberated n
the tield, and others wers confined in outdoor cages and
their habits were very carefully studied and recorded. In
1907, nine hundred and fifty-seven specimens were received
alive, in spite of a fifty per cent. mortality; in 1908, the
numbers imported were six hundred and seventy-five; in
1909, four hundred and five; and in 1910, oue thousand
three hundred and five. In sll, four thousand and forty-
six specimens became useful, naturalised citizens of the
United States in six years, and of these sixty-seven per
cent. were liberated to begin operations against tbeir lepi-
dopterous enemies, and the remainder were confined in &
State insectary for experimental work and to reproduce
their kind for future use in the field.

That profitable use was made of the insectory inmates
is evident, for, in 1908, two thousand three bundred heetles
were raised; in 1909 the numbers had increased to six
thousand one hundred, and in the following year a further
increase, to six thousand three hundred and eighty, was
recorded. Figures are dry matter to the lay reader, and,
it is said, they may be made to prove anything, but there
is no juggling with the truth here, and they have been
quoted not o much for their intrinsic value, but rather to
demonstrate, beyond question, the enormous amount of
labour that is entailed in combating even one insect pest
in a single country.

Consider, alongside the figures, the carefnl packing
necessary to keep the little exiles healthy on their long
voyage across the Atlantic: each beetle was packed in a
separate box, for it was found that if several were packed
together they relieved the tedium of their journey by
devouring one another. Consider too the work that was,
of necessity, expended on the insccts in the State insectary

20
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in America—to provide constant meals of living larve to
over six thousand hungry beetles is, in itself, a tall order
and one not lightly undertaken, for Calosoma and its larves
feed day and night, and, being of a fastidious, cannibalistic
nature, will not accept raw meat or any otber substitute
for their living food. Consider the eare lavished on the
females during oviposition, the countless experiments to
learn everything in the beetle’s life-history that could
possibly be turned to good account by man, and the
hundred and one little details that always arise duning
such an undertaking, and some small idea of the magnitude
of the work will be gleaned.

Now let us turn our attention for a moment to the work
of this little beetle in the field, and learn how wonderfully
it is adapted by habit to wage war on the larva of moths
in general and the gipsy and brown-tail moths in particular.
The moth larve we know infest trees, and the larve of
Calosoma, unlike the grubs of many beetles, are active and
addicted to tree-climbing in search of food. This trait in
itself is of incalculable value, for this little friend of man
is of practical utility both in the larval and adult stages
of its life. Day and night these voracious youngsters
atback caterpillars, seizing them from the side or in the
middie of the back, or, if the caterpillars are hairy, between
the segments, where the skin is smooth. Even the newly
hatched larve are able, by means of their strong mandibles,
to master caterpillars, regardless of size. After making an
incision in the body wall, the Calosoma larva feeds on the
Jjuices of its prey and consumes the greater part of its fat.
The moth pupwm are not exempt from attack, vulnerable
spots between the segments are selected, characteristic
holes, irregular in outline and extending nearly the whole
length of the chrysalis, are made and the contents eaten.
And this brings us face to face with a most extraordinary
and useful trait—the beetle larvee prefer the female pups.
In an experiment at the State insectary it was found that,



Fre gb, CONDUCTING AN EXTERIMENT WiTH Calosoma syrophanie L ARTA



INSECT CONTROL 307

of one hundred pup# eaten, out of a large number made
up of equal proportious of both sexes, seventy-five and a
half per cent. were females as against twenty-four and &
half per cent. of males. As every female pupa case
contains a potential mother moth, the wisdom of nature
in endowing Calosomo with its predilection is self-evident.
These Jarvas will also catch and kill adult female gipsy
moths, which, being too heavy and clumsy to fly, fall an
easier prey than would otherwise be the case. The adult
beetles are scarcely less voracious than their larve; they
climb the highest trees, going out to the branches, twigs,
and even leaves in search of caterpillars, which they eagerly
devour after having nipped them in the middle of the
back. If disturbed in their work, the beetles instantly
fall to the ground and hide till the danger, or supposed
danger, has passed.

One of the esperiments carried out by the American
entomologists is well worth recording here. It has been
mentioned that Calosoma and its larvee will not accept
substitutes in the way of food, and it is hardly necessary
to add that food is necessary, even to a beetle, for proper
development. These questions then arose, Could the larves,
on being turned loose in a new land, obtain their own food,
and bow far could they travel in search of it? To answer
these questions, & young larva was taken when just batched
and a record kept of its travels till it died, no moisture
or food being supplied throughout the experiment. For
recording purposes, a small table three feet eight inches
long by two feet wide was fitted with spools at each end,
near the top, so that a roll of paper could be reeled across
the top of the table by turning the spools (fig. 96).
Beveath the roll was placed a piece of stiff paper, which
extended beyond the sides of the paper connected with the
reels, and the edges were bent upwards, so as to prevent
the escape of the larva from the sides of the table. The
paper on the reels was eighteen inches wide. The larva
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was placed on the table, and, by mieans of a lead pencil,
a continuous record of its movements was wade throughout
its active life of seventy-two hours. The larva travelled
more rapidly than expected, eleven rolls of paper were
used, and careful measurements showed that it travelled
nine thousand and fifty-eight feet. Its greatest speed, for
& four-and-a-hslf-hour period, was four and nine-tenths
feet per minute; whilst for the first twenty-four hours
it averaged over three and a half feet per minute. Weighed
before and after the experiment, the Jarva was found to
have lost weight to the extent of eleven grains or one-
third of its original weight.

OF the imported parasites of the gipsy moth, we must
rest content with a brief ngtice of but three. Two of them,
Anastatus bifascietus and Schedins kuvane are worthy
of mention on account of their innate interest, and dpan-
teles fulvipes becanse of its “unquestioned importance as
an enemy of the gipsy moth.”

Anastotus bifasciatus (fig. 97) was introduced into
America from Europe and Japan in 1908. The insect is
& diminntive member of the order Hymenoptera, that is to
say, it is related to the bees, wasps, and ants. The female
oviposits in the eggs of the gipsy moth, soon after the latter
have been deposited and before the embryo has developed.
Within the lepidopterous eggs the greater part of the
life-cyele of Anostatus is enacted, with the result that the
adults do not emerge till some time after the healthy gipsy
moth eggs have hatched. The fact that the life-cycle of
this parasite is correlated, perfectly, with that of its host,
renders it especially valuable as a beneficial insect. By
the time the new generation of moths are attending to
their maternal duties, the female Anastatus is on the
watch for host eggs in which to deposit her own. It is
a curious coincidence that the females, of parasite and host,
are of exceeding feebleness on the wing. Two phenomena
have mitigated against the complete success of dnastatus
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as o beneficial inseet—its slow rate of dispersion, and the
fact thet, owing to physicel limitations, it can only para-
sitise the uppermast layer of eggs in each egg mass, leaving
the second and third layers untouched.

Like the insect just mentioned, Schedius kuvamce (fig. 98)
is a winute Hymenopteron ; like dnastatus, too, it attacks
the same host and is also physically incapable of oviposit-
ing in any but the top layer of eggs in & mass. In other
respects the two insects differ. Anastaius is o true egg
parasite, Schedius is an internal parasite of the unhatched
caterpillar. Again, Anastatus is responsible for one geners-
tion annually, and its seasonal history is correlated with
that of its host. Schedius, on the contrary, passes through a
generation & month, under suitable climatic conditions, and
probably an alternate host is necessary, to carry it through
the period, after the gipsy moth eggs have hatched in the
spring and before the moths begin depositing eggs for a
pew generation. It was not till 1909 that a successful im-
portation of the parasite from Japan was accomplished, the
eleven individuals which then reached America were the
progenitors of a numerous and prolific race.

The first Schedius ever raised in Americs was & single
male, in 1908, which died before a mate could be provided
for it. Shortly afterwards a single female was raised, she
oviposited in gipsy moth eggs, and her offspring amounted
to twenty-eight parthenogenic males, 4.e. produced without
previous meting of the two sexes. In the hope that this
single female might be fertilised and produce females for
the furtherance of the race, she was confined with some of
her asexually produced sons, but she had evidently laid
her full complement of eggs, at any rate she died without
forther oviposition. A few months later a somewhat
similar experiment was tried; but in this case, after the
female had deposited a few eggs she was put into ecold
storage to await events. As before, the parthenogenic
young were all males; when they had emerged the female
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was brought from her compulsory retirement, mating took
place, and the subsequent progeny consisted of both sexes.

The female Schedius places her egg within the body of
the unhatched but fully formed moth caterpillar. Each
curjously formed egg is provided with a very long stalk,
the end of which passes not only through the body of the
caterpillar, but through the egg shell as well. At the time
of hstehing of the Schedius larva the stalk becomes
functional, forming & connection with the outer air. The
host larva is quite destroyed except for the harder parts,
head, claws, and hair, whilst the parasite larvs moults twice
and pupates within the shell.

An interesting and important point in connection with
this insect is that often two or more eggs are deposited in
one host caterpillar, but, out of thousands of such cases
kept under strict observation, never more than one adult
haa issued from one egg. The supernumerary individuals
simply disappear and the survivor is nourished an their
substance. Whether there is a trial of strength or a con-
test of appetites, in which the more skilled individual
eventually devours his companions, or what exactly takes
place, is one of nature’s secrets,

Before abandoning the consideration of this little insect,
we may relate s tragedy that sctually came under the
observation of an American entomologist. The egg of a
gipsy moth bad been parasitised by dnastatus, whose Jarva,
after consuming the entire egg contents, had settied down
to & hibernation of ten months or so (fig. 99, 1.). Nemesis
swifty overtook this fat and happy grub, for three Schedius
individuals in succession deposited their eggs in his inviting
carcass (fig. 99, 11.). Sed to relate, this triple tragedy was
cut short in the interests of science; but, in the ordinary
course of events, gipsy moth, Anastatus, and two Schedius
would have gone to the Ewigkeit that one Schedius might
live. To quote the words of the United States Government
report, from which this account is derived, * This conflict
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for supremacy, sanguinary as it is, is only the beginning
of what might ocenr in the open in Japan. Tyndarichus
and Pachynewron (Hymenoptera) are both habitually and
essentially secondary parasites, and both prey not only
upon Schedius but upon each other with perfect impartiality.
Either might attack the surviving Sehedius and be in turn
the victim of the other, and there ig no apparent reason
why Schedius should not return to the fray and, by destroy-
ing its own secondary, start the battle all over again.”

This Schedrius habit of ovipositing in the larves of the
useful dnastatus mitigates considerably against its own
utility ; in fact, one of the problems of this branch of
economic entomology is to sift the whest frow the chaff,
to encourage the purely beneficial insects to the exclusion
of those that may mitigate against their spread.

Our last example, dpanteles fulvipes, was the first para-
site of the gipsy moth which it was attempted to import
into America, and one of the last to be liberated there.
The difficulties to be overcome in importing the little
Hymenopteron from Japan appeared, at one time, almost
insuperable; but no mean assistance was rendered by the
Japanese entomologists, who have proved themselves past-
magsters in the art of packing such tender and small fry as
parasitic insects in such a manper that they may survive
long and tedious journeys.

Apanteles is a caterpillar parasite, the adult female
depositing her eggs beneath the skin of the active gipsy
moth eaterpillars, at any stage. The eggs hateh within
the body of their host and live there till they become
sdult, in from two to three weeks, then they work their
way througb the skin of the still Hving caterpillar. When
they reach daylight each caterpillar immediately spins a
small white eocoon, and the moribund though still living
host never moves from the spot, and its appearance, sur-
rounded by and apparently brooding over the cocoons, is
peculiar and characteristic (fig. 100). The number of the
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parasites living within the body of a single caterpillar may
be enything from & single individual to two hundred. That
this beneficial parasite has not come up to expectations in
Ameriea appears to be due to the fact that some unknown,
yet apparently necessary, alternate host is absent from
that country. With this perfunctory account of but o
fraction of the work that has been done in the United
States to control the gipsy and brown-tail moths, we must
bid adieu to the subject, though well aware that it deserves
more extended treatment, if only because it represents the
most stupendous effort that hes ever heen made by mau,
aided by insect allies, to gain the upper hand in a war to
the death with an insect enemy.

Let us consider a few of the other cases. The Florida
citrus growers, like their Californian brethren, have been
and are seriously handicapped by a minute insect known
as the citrus white fly, dleyrodes citri, a near relative of
the scale insect that has proved so destructive in California;
mn fact, the citrus white fiy and the cottony cushion scale
were once included in the same family, the Coccidee, though
nowadays scientista place the former in a separate family,
the Aleyrodide or mealy wings.

The citrus white fly attacks the leaves of citrus-trees in
battalions, and, by destroying their assimilative powers,
weakens and eventually destroys the trees. The egos are
laid on the undersides of the leaves, to the number of
many thousands, so that each Jeaf appears as if sprinkled
with dust; each female laying on an average about one
hundred and twenty-five eggs. When first hatched the
young six-legged insect resembles a small louse in general
appearance, and is so small and transparent that its pre-
sence is easily overlooked. For a time the immature

“insect crawls about the leaves, but eventually it inserts
its long thread-like beak into the leaf tissues and then
remains stationary till it becomes adult. Nourishment is
derived from the plant juices, which are sucked up through
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the beak, and, as the insect grows, three moults take place;
but with the first moult the legs are lost, so that further
locomotion is rendered impossible. At the third moult
the pupal stage is attained, and this is the most obvious
period of the insect’s life-cycle. The first formed pupa is
pale green and transparent, but as the changes within the
pupal skin take place it becomes more and ‘more opaque,
and before matnrity is attained a bright orange spot
appears on the back of the pupa, and a little later two
purple spots towards the anterior end. These purple spots
are the eyes of the adult. The fully developed pupa case,
now about the size of a pin’s head, splits down the back
and the light orange-yellow coloured, four-winged adult
emerges.

It has been mentioned that the citrus white fly damnges
the trees by sapping their vitality, but it also causes
indirect injury in the following manner. Like many
insects that derive their nourishment by, as it were,
embedding their mouths in the plant on which they live
and sucking its juices, these insects secrete s sugary
liquid, known as honeydew, which forms the nutritive
medium of a sooty mould. The fungus growth does more
damage to the plants than the insects themselves, per-
vading, as it does, not only the leaves but the branches
and even the fruit itself.

Seeing that more than forty-five per cent. of the citrus
groves in Florida are infested with white fly, estimated
to cause & loss of from forty-five to fifty per cent. of the
value of an orange crop, it is hardly surprising that
scientists called to mind the success of the little Australian
beetle against the eottony cushion seale and turned their
attention to hunting for another benefactor to come to
the rescue of their orange crops.

In 1910 the American Congress made a special grant
towards a world-wide search for the native home of the
citrus white fly and the collection of its natural enemies,



314 INSECTS AND MAN

if any were found. The work was entrusted to Mr Russell
S. Woglum, and, having previously decided that his ulti-
mate goa] was most likely to be attained in the tropical
or semi-tropical portions of the Orient, he set sail from
New York in July 1910. Visits to Spain, Italy, and Sieily
showed that, though the great European citrus belt was
beset by many injurious insects, the white fily was not one
of them. Investigations in Ceylon, Java, and the Philip-
pines also provided negative results—there were citrus-
trees in plenty and countless insect pests, but no white fly.
At the Indien Museum, in Caleutta, the investigator knew
he was “getting warm,” for there he found specimens of
Aleyrodes citri that had been collected from orange leaves
in the North-Western Himalayas seventeen years pre-
viously. In the gutumn of 1910 Mr Woglum found him-
self at Saharanpur, and there had the satisfaction of
encountering the living white fly for the first time since
he left America; the infestation, however, was light, and
the sooty mould, which always accompanies the fly in
Florida, weas absent.

The discovery of the white fly was quickly followed by
the recognition of its natural enemy, a small reddish-brown
ladybird, about a tenth of an inch in length. Was Crypto-
gnatha flavescens, for that was the ingect’s name, to prove
a second Novius cardinalis; the inveterate foe of the
cottony cushion scale? One may imagine with what
feverish anxiety two hundred specimens of this minute
beatle were collected, by placing large sheets beneath the
trees in the early morning before the insects had become
active, and then beating the branches with sticks. With
what expressions of good fortune the little emigrants were
packed In double-chambered boxes, one half filled with
damp sphagnum moss, the other with dry fibre from a
palm-tree, forwarded post-haste to Calcutta and shipped to
the United States. Ope may conjure up visions, too, of
the chagrin of the collector on learning that not one of his
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charges had reathed Florida alive; a second shipment
also resulted in failure. Undismayed by this contretemps,
Mr Woglum proceeded to Lahore, where he also found the
white fly, though, once more, not in sufficient quantity to
be a serious pest. Examination of the infested leaves
showed that some of the pupa cases were abnormally
thickened and they were always pierced by a small round
hole. It was surmised, and correctly so, that a hymenop-
terous parasite had been at work. Material was collected
and sent to Washington, where it was found that the
parasite was a member of the genus Prospaltella, new to
science, s0 it was named, after its native home, Prospaltello
lakorensis.  Furtber travels in India by this iotrepid
entomologist forced him to the conclusion that the citrus
white fly is distributed throughout that country south of
the Himalaya Mountains, aud that evidences of parasitism
were everywhere &ppﬁ;l‘eﬂt.

In the spring of 1911 a second visit was made to Lahore,
with the object of eollecting parasites in sufficient quantity
for shipment to Florida. Difficulties arose from the start.
We have seen how the white fly larva soon after emergence
from the egg becomes stationary upon the leaf, and if an
infested leaf be broken off and thereby killed, the larva dies
also through lack of nourishment. To use Mr Woglum's own
words: “ Prospaltelle is dependent on the living condition
of its host in order to attain maturity. From a considera-
tion of this situation, it was at once evident that the only
practicable way of transporting the parasite to Ameriea in
8 living coudition was by means of healthy nursery trees,
infested with parasitised Aleyrodes citri. Moreover, the
journey from India to Florida occupies between five and
six weeks, while the eatire life-cycle of the parasite, at
high temperatures, is of about three weeks duration. This
would mean that, even if the parasite left India in the egg
stage, a complete cycle of development would take place
and the adults emerge before America was reached. This
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latter feature necessitated the presence of-living Aleyrodes
throughout the journey, so that the parasites at the time
of their emergence would have material upon which to
work.” Young infested citrus-trees could nowhere be
found, so & number of young healthy trees were dug up,
placed in pots, and, as the white fly prefers tender growth
for oviposition, cultural methods were enforced to induce
the trees to send out new shoots. No sooner, however, did
the desired growth appear than it was attacked by a
lepidopterous leaf miner, Phyllocnistis citrella, and a bud
worm, Agonopteryx sp., and their combined attacks rendered
the trees useless for the purpose for which they were
required. A second set of potted trees was accordingly
grown in large eloth cages, to protect them from extraneous
insect pests, and these were successfully infested with
white fly and its hymenopterous parasites.

Bn passont, it may be mentioned that the parasite prefers
the larval stages of ibs host, but will, on oceasion, oviposit
in the pupa. Whether larva or pupa, the parasitised
individuals are much thicker and more opaque than healthy
ones, thus becoming more easily recognised. With a lens
the whitish parasite larve can be seen within the white fly
host. The pupal stage of the parasite is almost black, a
faet which causes the parasitised white flies containing
pupa cases to appear very dark. On attaining maturity
the parasite eats a small hole in the back of its host, and
through the opening emerges into the open air.

About the middle of October appeared a favourable time
for shipment of the parasites to America, accordingly
Wardian cases were made for their transport. These cases
are specially constructed for the transportation of tender
plants over long distanees; each case resembles a green-
house on a small scale, and is perfectly air-tight, except for
two small holes at the top for ventilation ; plants can travel
in them for long distances without watering. Five cases, each
containing between ten and twenty young citrus-trees, were
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prepared ; three 6f them were filled with material parasitised
with Prospaltella, and each of the other two cases contained
about one hundred and fifty specimens of the ladybird
COryptognatha in the larval and pupsl stages. After a sea
voyage extending over a month, New York was reached,
and four days later the Wardian cases and their contents
were ensconsed in the Governwent laboratory at Orlando.
An examingtion showed that twenty-eight ladybirds and
eight adult Prospaltelle had survived the journey, an
alarmingly small number certainly, but one that did not
deter the Government entomologists from hoping that they
would be able to forra from them e large and prosperous
colony.

This was in December, with winter conditions differing
in no small degree from those in India. The first problem
was how to carry the parasites through the winter—should
they be artificially forced or allowed to pass through the
winter in & normal state of hibernation. The latter course
was decided upon with all the insects except o few lady-
birds, and the result—at the end of the year two ladybirds
only were still alive, all the other transported insects had
perished. As the survivors ultimately turned out to be of
the same sex, a magnificent effort, magnificently carried
out, in the cause of economic entomology ended, for the
time being, at the death of the last surviving ladybird.
One adds “for the time being” advisedly, for it is cerfain
that, if the economic entomologists on the other side of the
“herring pond” consider that the discoveries already made
can be put to commercial account, they will eventually
devise some means by which the apperently insuperable
difficulties of transport can be overcome. At any rate, a
very important step has been made by the discovery of
both a predaceous and parasitic parasite of the citrus white
fly, and although it is probable that the elimate of India,
rather than the parasite, renders the white fly compara-
tively innocuous in that country, there appears no reason
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why, when once established in Florida, these two winute
insects should not work miracles among the orange groves.

Ameries has done its share of exporting, as well as im-
porting, enemies of injurious insects. For a number of
years the larva of a moth known as Chioridea obsoletn has
been an inveterate enemy of various crops, among them
being cotton, maize, tomato, and tobacco. This moth,
which is practically cosmopolitan, also oceurs in Sumatra,
where it does immense damage to rice, maize, tobacco, end
cotton. In the United States the pest has been kept
under control by a hymenopterous parasite, Trichogramma
pretiosa, and the experiment was tried of shippiug a
number of pavasitised Chloridea eggs to Sumatra in cold
storage, in the hopes that the resultant insects would
lessen the pest. As with almost all similar experiments,
the early efforts were doomed to failure—the parasitised
lepidopterous eggs could not be transported in good condi-
tion over the long journey from America to Sumatra. Not
to be thwarted, an intermediate station was instituted at
Amsterdam in Holland; parasitised material was safely
transferred there from America, carefully tended in its
new home, and o fresh generation was transhipped to the
South Seas. This second effort proved more successful
than the previons one, in that all the parasites arrived
alive, but when they emerged from their hosts they were
found to be all males. Further efforts showed that the
trouble that had been expended was not in vain, a large
percentage of parasites hatched out in their new home, and
there was such a proportion of males and females as to
ensure & continuance of the race.

As in America, so in the land of its adoption, Tricko-
gromma proved catholic in its tastes and was observed to
parasitise over twelve species of lepidoptera. The import-
ance of this will be easily realised when we consider that
in a new country the supply of one insect may fail for a
season, owing to climatic or other causes. If the imported
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parasite is only able to exist on a single speeies, and that
species fail temporarily, the newcomer will be rapidly
exterminated through lack of food, and the trouble and
expense incurred over its importation be brought to naught.

The adult Twichogramme lays its eggs in the eggs of
lepidoptera, and from the eggs the new parasite generation
arises; not so, however, with all parasitic bymenoptera,
for another inscct, Chelonus fexanws, which, like Tricho-
gramma, belongs to the family Chaleidide, also deposits its
eges in the eggs of butterflies and moths, but the new
porasite emerges from the lepidopterous larve which hatch
from the parasitised eggs. This second Chalcidid is also
an enemy of Chloridea obsoleta.

It will be recognised that unless a parasite shows
greater fertility than its host, its power of controlling the
latter must be very greatly diminished. In this connection
natore has come to the rescue in a marvellous manner, by
endowing certain of the parasitic Chaleidide with the
power of “ polyembryony,” a phenomenon that is unique in
the apimal kingdom. Parasites so endowed lay eggs,
similar in external form to those of their less fortunate
relations, but from each egg emerges in due course not
one larva but & number of larvem, and by this means their
fertility is much increased.

This science of insect control by the aid of other insects,
though owme of the most important branches of economic
entomology, can be but lightly reviewed in these pages.
Despite the fact that it is as yet in its infancy, a large
volume would have to be filled to do it justice. Mention
should be made of many other important predaceous and
pavasitic insects that have been pressed into service in
America; the aphis-eating ladybird, Megilla maculota,
that has done such yeoman service in the .tobacco planta-
tions, to mention only one.

Before passing to another theme, let us see what the Old
World has done in this connection. In many Eaoropean
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countries great, damage is done by a scale insect, Diaspis
pentagona, so called on account of its pentagonal form,
to various crops, for the insect does not confine itself to
one food-plant. An inveterate enemy of this scale insect
is a small hymenopterous parasite, Prospaltella berlesei, a
near relation of the Indian Prospaltello lahorensis. The
parasite was introduced iuto Italy in 1808, and into
Switzerland in 1912, and has pow established itself near
Locarno.  Fortunately, the cultivators and landowners
soon learned to Jook upon the newcomer as a benefactor,
s0 there has been no difficulty in ensuring it a wide dis-
tribution. Speaking of the pest and its parasite, Professor
E. Voglino says, “The countrymen about Valenza have
learned to recognise the parasitised scales perfectly, and,
as they all have small properties, they pick out twigs with
plenty of scales and their parasites on them at pruning
time aud take them to fasten on their own trees. In
some parts of Venetia the farmers who have materisl
infected by Prospallelle make a regular trade of it, selling
twigs of a foot long with sixty to eighty per cent. of
parasitised scales for half a lira each.” A countrast to the
Arperican methods, indeed, this trade in infected twigs,
still & step in the vight direction, and for that one ought
to be thankful. That the trade in these twigs is worth
cnltivating is evident from the returns of one grower, who
from a smalt lot in 1909 incressed his stock to one hundred
in the next year, to five hundred in 1911, and to thirty-
five thousand in 1912. Hopes are entertaived that the
parasite will eventually rid Italy and other countries of
the harmful seale on which it Jives.

It is impossible here to give a detailed account, or even
& résumé, of all the attempts, successful or otherwise, that
have been made in the transportation of beneficial insects,
but two of the apparently unsuccessful experiments may
be mentioned on account of their general interest. For
a long time the dromedaries in Algeria have suffered from
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trypanosomissis, transmitted by tabanid flies, and as these
flies axe preyed upon by a large wasp. Monedula caroline,
in the South-eastern States of Americs, it was decided to
try the experiment of shipping the wasp pupm to Algeria,
in the hope that they would continue their beneficial work
in their North African home. Although the adults duly
emerged they do not appear to have flourished, at any rate
they have done little to control the tabanid flies.

The second instance is that of the attempted introduc-
tion of the common American bumble bee, Bombus pennayl-
vanicus, into the Philippine Islands. The red clover in
these islands was not a fourishing crop, owing to the fact
that there were no insects, properly equipped, for carrying
the pollen from flower to flower and so effecting fertilisa-
tion. For this reason the bumble bee was introduced, but,
despite the fact that the pupm were carried by hand by
Filipino students from the United States to the Philippines,
the attempt does not seem to have realised expectations.

A second, and still more modern, method of natural insect
control is carried into effect by means of fungoid diseases
of insects. A few examnples may be quoted with advantage.
As long ago as 1878, the larvie of some beetle pests of
wheat in Russia were observed to be badly infested with
a fungus, known to science as Metarrhizium anisoplic
and popularly named green muscardine. Since that time
green muscardine has been found pructically all over the
world, and on all sorts and conditions of insects of widely
different families. Scientists discovered that the fungus
would thrive on a medium of boiled rice as readily as on its
insect hosts. Accordingly, in 1909, the fungus was cuiti-
vated on a large scale in Trinidad and used with good
effect against the “ frog hoppers” which infested the sugar-
cane plantations and damaged the plants. Two methods
of spreading the fungus were adopted, according to the size
of plantation ; in both cases the spores of the fangus were
used. For the benefit of the unbotanical, it may‘)?e men-
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tioned that fungus spores serve the same purpose as seeds
in the flowering plants, i.e. from them, by a round-about
process, new plants arise, though they are not analogous to
seeds. When large plantations were to be treated the
spores were spread broadeast with a dusting machine, many
of them of course fell to the ground and died, others
reached their favoured insect host and germinated, with
disastrous results to the host. On small estates the method
adopted was more interesting. In these cases & number of
native boys, each provided with a tube laden with fungus
spores, were sent into the cane-fields ; there they caught by
hand as wany “frog hoppers” as they were able and
inserted them at oume side of the tube. As the insects
emerged at the other end they were sllowed to escape, but
each one was doomed to a fatal fungus attack and was, too,
a source of infection to its relatives. In this case fungus
control has proved eminently satisfactory.

Artificial cultures of another fungus, Sporatrichum
globuliferumm, have also been used successfully in the
control of another injurious bug, Pentatoma oranctuimn.
The same method of control has been used, with strangely
varying success, against those almost cosmopolitan pests,
the loeusts. In the Argentine a scientist, F. d’Herelle,
used & bacterial preparation, which he called Coccobacillus
acridioruwm, with the greatest success against these insects;
but & similar preparation similarly used in South Africa
proved @ fedlere. Time will probebly reves) many rew
and successful methods of this newest form of natural
insect control.
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Acsring, 22.

Acheta bimaculata, 204
campestris, see Field Cricket,

Acridiide, 23 38.

Agonopteryx sp., 316.

Agrotis infuse, s¢¢ Bogong Moth,

“ Ahuahutl,” 211,

Alabama nrpllaceu ser Cotton-leaf

Worm,

Alegrodes citri, see Citrus White Fly.

aleyrodide, see Mealy W

Amblyomma sp., 152,
hebreeum, sec Bont Tick.

Ameeba, 167,

Anasa tristis, 85.

ing.

Anastatus bifasciztus, 308, 309, 310,
311,

Anobium domesticom, 267, 268.
panicenm, see Biscuit Weevil,

Anopbeles sp., §8, 90, 81, 100, 101,
102, 108, 104, 108, 109, 113,

118, 193.
albimanns, 90.
maculipennis, 109, 193.
pscudopunctipennis, 90.
tarsimacnlata, 80.
Ant, 24, 144, 204 222, 242, 261,
268 167 281, 308.
Argenﬁne, ‘145, 268, 267.
and disease, 249.
distribution, 246.
econoraic unportance 247.
history, 24
life- hJ.BWry,
and scale msects 248, 268.
cow, 24.
cnuy, see Argentine Ant,
fire, sz Argentine Ant.
!muse. 287.
Yion, 23.
New Orleans, see Argentine Ant.
pernicious, see Argentine Ant.

Ant, red-headed, 208.
LLu[ucal sec Argentine Ant.
white, sec Termites.

wood, 208.

Anthama paphia, sec Tassar Silk

Moth.
Anthomyidse, 27,
Anthonomus grandis, see Cotton-boll
Weevil,
vestitus, 48,
Anthrax, 120, 125,
Apanteles fulvipes, 808, 811.
lomeratus, 295,
Aphides, 18, 35, 219, 248, 254, 256,
257, 280, 204.

Aphis chenopodii glauci, 219,
hop, 295

Apide, sce Bees.

Apis dorsata, 213,

Aptera, 23, 80.

Arachnoidea, 22.

Araneida, sec Spiders.

Argunkmx 162,

Argas sp,, 180.
persicus, ace Fow] Tick,

Aromia moschata, sec Musk Bestle.

Arthropods, 22, 28.

Asilide, see Robber Flies,

A-;pldxotusl perniciosus, sce San José

Seal

Aspon, nepalensis, 212.
Atpopg:s“'mamm a2¢ Book Louse,
Auchmeromyia luteols, sz Congo
Floor Maggot.

Babesia, 163,

bovis, 165,

eanis, 183,

equi, 165,

ovis, 165.

Babesiasis, 165.
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Bacillus pestis, 155, 157, 159,
prodigiosus, 127,
solanacearum, 84.
tracheiphilus, 35,

Barbados leg, 116.

Barbeiro, 153.

Bartonia bacilliformis, 149.

Barton’s a-bodies, 148, 150,

*“ Bed r.” 218.

Bees, 24, 197, 212, 219, 308,
Ameriean bumble, 321.
carpenter, 24,
disease, Isle of Wight, 196,
honey, 24, 180, 249, 253,
leaf-cutter, 24, 200.

Beetle, blister, 216.
cigarette, 259.
chick, 25,

Colorado, 33, 246.

dung, 25, 215.

flour, confused, 270, 271.
rust-coloured, 270, 271.

grain, 93, 270.

ground, 25, 296, 304,

Iadybird, 26, 57, 216, 257, 295,

296, 298, 299, 300, 314,

aphis-eating, 319,

lerder, 268.

leather, 25, 215, 268.

- Jongicorn, 25, 37,
meal worm, 216, 270.
musk, 217.
rose, 25,
rove, 25, 286.
scarab, 26, 210, 215,
stag, 25, 206, 215,
tiger, 25.
wood-boring, 36, 267, 268.

““ Benchuca,” 154,

‘“Bicha de parede,” 153.

“ Black beetle,” 22, 80, 217, 258.

Blaps mucronata, 210, 216,
sulcata, 210, 216.

Blattide, see Cockroaches.

‘¢ Blues,” 26.

Bombus peansylranicus, see American

Bumble Bes,

Bombyeide, see Silkworm Moths,

Bowbyx wori, sec Silkworm Moths.
processiones, s¢¢ Protession Moth,

Brachonida, 24.

Bugs, bed, 128, 151, 220, 221, 249,

275, 279, 288.
big, see Blood-sucking Cone-nose.
Indian, 158.
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| Bugs, bed, Mexican, s Biood-sucking
i Cone-nose.
| black pampas, 154.
chineh, 18.
croton, 260,
Buprestide, 25.
| Butterflies, 25, 28, 31, 205, 219.
cabbage, 26, 31, 218, 295,
swallow-tail, 26,
Byrrhus pilula, 215,

*“ Cienis kungu,” 212.
Calandrs palmarum, see Pajm Weevil.
Calliphora erythrocephala, see Blow

Fly
oceaniv, 188,
rofifacics, see Halry Maggot Fly,
villosa, 183,
Calocoris rupidus, ses Cotton-leaf Bug.
Cslosoma inquisitor, 305,
sycophanta, 295, 304.
Cancer, 298.
Cantharides, sec Blister Boetle,
Cantharis vesicatoria, 216.
Carabide, see Ground Beetles.
Curabus surntus, 208. -
Carpocapsa pomonella, sce Codling
Moth.
Catorama tabaci, 270.
Cayor maggot, se¢ Tumbu Fly,
Cecidomyin destructor, see Hessian
Fl

Cecidomyyida:, see Gall Gnats.

Cerambyeida, see Longicorn Beetles.

Ceratitis capitata, s¢¢ Mediterranean
Fruit Fly.

Coratophyllus fascistus, sec European
Rat Fles.

Ceratostomella pilifera, 85.
Cetonia nurata, 194.

Cetonidem, scs Rose Beotles.
Chaleidide, 24, 319,

Cheese ‘‘ skipper,” 27, 244, 270.
Chelifer, 242.

Chelonus texanus, 319.
Chemotropism, 31.

Chermes msunifer, 213.
Chilocorus similis, 78, 300.
Chironomidse, 26.

Chlorid‘evu obeoleta, see Cotton Boll-

orm.

Cholera, 120, 124, 125,

Chrysomalids, 25,

Chrysomyia macellaris, se Screw-
warm Fly.
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Chrysops, 128.
‘* Chupanca,” 153,
Cicadas, 28, 212, 218,
periodical, 30, 65, 284.
damage, 56.
enemies, 57.
life-history, 56.
oviposition, 62,
ovipositor, 61.
song, 59,
types, 58.
septendecim, se¢ Periodical Cicada.
wredecim, se¢ Periodical Cicada.
Cicindela curvata, 211,
Cicindelide, se T\gwr Beetles,
Cimex lacmlnnus‘ sez Bed Bog,
Citros white fly, 312, 813, 814, 815,
316, §17.
Clmiﬁcnion, 21.
Coccidse, sce Scale Insects,
Cocoinella septem punctata, 215,
Coccinellide:, see Ladybird Beetles,
Coceobacillus acridiornm, 322,
Coceus pels, 231
Cochineal, 220, 225.
Cockchafer, 184, 210.
Cockroach, 23, 30, 217, 288, 284,
275, 276, 281.
American, 217, 246, 266.
Cong-nose, blood-sucking, 282,
Congo floor maggot, 27, 288, 288,
280.
Conorhinus sanguisugus, sec Blood-
sucking Cone-nose.
Contarinia sorghicola, 250.
tritici, sse Wheat Midge.
Copris sp., 216.
Cardy)obmuntbmpopbsga, see Tumby
Pl

Y-
Coreide, 28,
Corixa femumle, 211.
mercenaria, 211
Cosaus ligniperda, sez Goat Aoth.
Cotton holl- \wrm 62, 55, 318, 819,
ennnibalism, 5
life-history, 61,
Cotton-leaf bug, 55.
worm, 51, 52, 66, 296.
Cotton- square borer, 66
stainer,
Cricket, 23 204 217, 264.
field, 26
house, 217, 264,
mole, 265,
Crithidia, 242.
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Crustacea, 22.

Cryptognatha flavescens, 314, 817.

Caulex sp., ﬁO 101, 102, 103 104,
3, 2

pipiens, 100, 115.
c%uinqucfnscilma, 88, 90,
Culicide, 26, 92,
Curculionide, sec Weavils,
Curtille africana, 204,
Cuterebra emasculator, sec Emasculst-
ing Bot Fly.
Cyclorrapha, 26, 27.
Cynips galle tinctoria, 218,
rosm, 218,
Cyrucautlmcns septemfasciata,
ed Locust.
Cytodites nudus, see Air-sac Mites.

s

Dactylopins coccus, se¢ Cochineal,
Dacus olew, sez Olive Fly,
*“Death wnmh " 267, 273.
Demodex follxculorum, var, haminis,
see Follicle Mite,
Dendroctonns ponderosa, 35,
Dormacentor ap., 1
andersoni (venustus), see Rocky
Mountain Spotted-fever Tick.
nitens, see Tropical Horse Tick.
reﬂculntux 172,
Dermsnv&ms gulline, sce Bed Mite,
Dermatobia hominis, see Human Bot

Fly.
Dermat,orhﬂus penetrans, sec Chigoe

Dermestes lardarius, see Larder Beetle.
vulpinus, 268, 269,

Dermestide, see Leather Beetlos,

Diabrotica vittata, 5.

Diarrhoea, infantile, 122,

Diaspis pentagons, 320,

Diphtheria, 126,

Diptera, see Flies,

Dourine, 180,

Dragon flies, 24,

Drosophila fenestrarum, sec Fruit Fly.

Dysdercus  sutmrellus, sec Cotton

Stainer.
Dysentery, 126,

Earwig, 23, 217, 264, 265, 295,
Elntendl!, see Ohck Beatks
Elephantiasis, 116.

Elmis chilensis, 218.

Empusa musce, 241.
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Enteritis, 122, 128.

Ericerus pela, se¢ Pels Wax Scale.

Eunestea sticticus, 210.

Eupliea hamats, 207,

Eunproctis chrysorrhma, see Brown-
tail Aloth.

Fannia canicularia, sse Lesser House
¥l

scalarisy, ser Latrine Fly.
Fever, Carrion's grave, 148.
enteric, 122,
phlebotomus, 136.
red water, 166.
m!u ing, 141.
Rocky Mountain spotted, 144.
splencotic 144.
swine, 128.
Texas, 160, 164, 166.
tick, 141, 166.
typhoid, 98, 120, 121, 122, 123,
240.
verruga, 147.
yellow, 110, 137, 150.
Filaria banerofti, 116, 119, 193.
cruel, 193.
immitis, 193.
Filsriasis, 116,
Fire brat, 273.
Flata limbata, 219,
Flea, 128, 136, 144, 155, 289,
bah, 215 278,
Californian around squirrel, 158.
cat, 275, 277,
Chigoe, 275, 278.
Enropean rat, 158,
hen, 181.
human, 28, 29, 158, 101, 274, 283.
plague, 1
Flz, bat, 27.
low, 27, 237, 238, 240, 287, 289,

blue-bottle, 27, 237, 238, 240, 287,
289.

bot, 27.

carpet, see Window Fly,

oluster, 238, 289.

crane, 26

emasculating bot, 181.

flesh, 27, 32.

fruit (Drosophila), 239.
(Mediterranean), 80,

gad, 27, 88, 128.

gall, 26, 218, 321.

E:eembotﬂe, 37, 182, 240.
iry maggot, 188.
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FI% heel, .\md Ox Warble Fly.
essian, 18, 34, 78, 296.
damage, 78,
distribution, 78.
life-hiatory, 79.
parasites, 80.
horse, 151,
bot, 177, 180,
house, 26, 27, 29, 119, 128, 129,
174, 175, 284.
hover, 27.
human bot, 286,
latrine, 238.
lesser house 27, 234, 287, 238.
nostril, sz Sheep Bot Fly
olive, 206,
ox warble, 178, 179, 205, 286.
robber, 27, 242,

saud, 138.
screw-worm, 27, 288, 201,
sheep bot, 176, 181,
maggot, 182
stable, 27, 82, 128, 174, 175, 237,
238.
tiek, 27.

tsetse, 26, 27, 129,
Tumhu, 27, 288, 280.
typhoid, sez House Fly.
window, 230, 240,
yeliow duuﬂ 240.
Forficola aurlculanu see Barwig.
Forficnlide, sse Earww
Formioa, major, 218,
minor, 218,
Formicide, sez Ant.

| ** Frog hoppers,” 331, 322,

Gall insects, 24.
Gamaside, 241.
Gangrene, 120.
Gastrophilus equi, sce Horse Bot Fly.
Guttina, 195.
Gibbium seotias, 268.
Gigaothorhynehus hirondacens, 184,
Glossina fosca, 132.
morsitans, 131
pallidipes, 132.
palpalis, 129.
Glow -worm, 216.
Glycyphagus domesticus, see Grocers’
Iteh Mire,
Gruat, sez Mosquito.
buffale, 26,%8. 103, 128, 137, 189,
149, 151.
fangus, 26.
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Guat, gall, 28, 78.
Gossyparia mannifera, se¢. Manna,
Graazhopper, 23, 204, 217.

sempi, 218.
Green fly, see Aphides.
Green muscardine, 321.
““Grougrou,” 210,
Grylide, see Cricker.
Gryllotal pa vulgaris, see Mole Cricket,
Gryllus doraesticus, sec House Cricket.
““Gusena peludo, 287,

Habronems mosce, 242,
Haxmaphysalis sp., 162, 164.

leachi, 172,

leporis palustris, sec Rabbit Tick.

turicats, 168,
Harpet.omonns, 242,
Hosperide, gee ** Skippers.”
Hexapoda, 22.
Hippobosca camealing, 185.

equina, 185,

maculsta, 185.

nigra, 185.

rutipes, 185.

taurina, 185.
Hippoboscide, 27, 185.
Hippodamis convergens, 297.

gopsyﬂus apomalus, sc¢ Cali-
forninn Ground Squirrel Flea.
Horpet, 286.
Hyalumma wgyptium, #e Seuegal
Tick.

Hypoderma bovis, sec Ox Warble Fly.
lineata, sez Ox Warblo Fly.

leerya purchasi, see Fluted Scale.

Ichneamonides, 24.

Insecta, 22.

Invertebrates, 21, 22, 28.

Iridomyrmex humiljs, 526 Argentine
Ant.

Ixodes hexaganus, 168, 172,

ricinus, sce Castoy-bean Tick.
Ixodidee, 162.
Ixadimn, 161, 162.

Janthinosoma lutzi, 287.
e Kun?utu ” 141
‘*Eed,” sec Sheep Tick,
Kermes ilicis, 220,

Lae insoct, 222.
Lace winge, 28.

o

Lachnosterna arctnata, 195.
Lampyris noctiluea, se¢ Glow-wona.
Lamus megmlux, au 163.
sioderma scmcomc, see Cigarette
Beetle,

** Leal hoppers,” 84,

Leather jacket, ses Cranoe Fly,

Lepisms domestica, sce ¥ire Brat.
sacoharina, see Silver Fish.

Leprosy, 120, 298.

Leptoconops, 139,

Leptus americanus, see Harvest Mite.
sutumnalis, se¢ Harvest Mite,
irritans, sez Harvest Mite,

Lichen spinulosus, 203,

Looust, 18, 23, 3§, 203,

217, 218, 254, 322.
brown, 40,
Chargol, 217.
red, 40.
Rooky Mountain, 268.

Locusts africana, 217.
migratoria, 218.

Looustide, sec Grasshoppers.

Louse, 123 161, 218, 221, 222 283.
bir 18& 189 190
body 284.
book, 273.
crab, 284,
head, 284,
plant, sec Scule Insects.
wall, sec Bed Bug.

Lucamdm, aee Stag Bestles,

Lucanus cervus, see Stag Beetle.

Lucilia ceesar, sec Green-bottle Fly.
saricata, sce Sheep Mnggol. Fly.

Lycmmdm see * Blues.”

Lygwide, 28,

204, 200,

Malaria, 92, 137, 130.
bovine, 166.
parasite of, 98.
Mal de caderss, 130, 173,
la rosa, 137.
Mallophaga, sez Blrd Lice.
Manna, 213, 214
insects, 2 28,
Mansunmdcs sp., 87,
Mantide, 28.
Mary us sp.,
sng:&l?mﬂ gﬂO 168 169, 173,
auﬂtmlm 152
decoloratns, 168.
May fly, 24, 212
22
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Mealy-bug, common, 248, 256, 257, | Moths, codling, damage by, 74.

sse also Sealo Tusects.
sugar-cane, 248.
Mealy wing, 312,
Moguchile, see Leaf-cutter Bees.
Megills maculata, see Aphis-eating
Ladybird.
Melolontha hypoleuca, 210.
vulgaris, see Cockchafor.
Molophagas ovinus, sec Sheop Tick.
Mombracida, 28,
Merisus destructor, 80.
Metamorphosis, complote, 29.
inconplete, 29.
Metarrluzium anisopliee, scc Green
Muscardine.
Midges, 26.
gall, 34,
owl, 26, 136,
sorghum, 250.
wheat, 297,
Mites, 22, 241, 291, 292, 207,
air-sac, 102
cheese, 241, 242, 202.
chicken iteh, 190.
copra iteh, 291, 292,
follicle, 292.
grain iteh, 201
ocers’ itch, 202,
arvest, 293,
hypopus stage, 241, 243, 244.
itch, 281, 292,
mange, 192,
red, 180, 241.
waler iteh, 292.
Mixosporidia, 195.
Monss prodigiosa, 127.
Monedula cavolina, 321.
Monilia candida, 37.
Alonomorium pharaonis,s¢ Hovse Ant.
Meor ill or evil, 166.
¢ Mosca brava,” 174.
Mosquitoes, 26, 88, 113, 114, 118,
149, 174,193, 212, 257.
breeding places, 97.
life-history, 101.
Moths, 18, 26, 83, 87, 38, 64, 68,
205, 21

219!
brown-tail, 18, 219, 801, 302, 803,
305.

Bugong, 206.

clearwing, spple, 38,
earwing, currant, 38.

clothes, 26, 287, 271, 272.

codling, 18, 83, 37.

!

escription of, 77.
enemies, 77.
listory, 74.
life-history, 74.

gipsy, 18, 64, 246, 301, 302, 303,
307, 308, 311.
damage by, 66.
description of, 67.
distribution, 67.
history, 84.
gost, 38, 206.
in, 33.
awk, 28.
leaf-rolling, 26.
raeal, 271,
onon, 88,
procession, 219,
silkworm, 26, 64, 207.
tassar silk, 208,
tapestry, 272, 273,
wood leopard, 37.

| ‘*Muache,” 287.

Mule warts, 148,

Musea domestica, sz¢ House Fly.
Muscidwm, 27.

Muscina stabulans, 237, 238,

| Mutills antiguensis, 219.

Mutillida, sec Cow Ants.

| Mycetophilide, sec Fungus Gnats,

| Mylabnis cichorii, 216,

pustulata, 216,
Myriapoda, 22.

Nagana, 130, 185, 178, 174,
Nemohius sylvestris, sec Field Cricket.
Niptua hololeacus, 268.
Noctuide:, 26, 52.
Nosems apis, 196,
bombyris, 195, 196,
Notonecia unifasciata, 211,
Novius cardinalis, 73, 298, 299, 300,

314.
Nycteribiide, sce Bat Flies.
(Ecodoma cephalotes, s¢¢ Red-headed
Ant.
(Beophylls smaragdina, see Wood Ant.
(Estride, sec Bot Flies.

(Estras ovis, sec Sheep Bot Fly.
Opbhionectria coecicola, 35.

| Ophthalmia, 125, 128.

Ornithedorus megnini, sce Spinous
Ear Tick.
moubata, sce Fever Tick.
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Orthorrapha, 26.
Oscinidz, 27,
Osmia, 200.

Pachyoenron sp., 311,

Pachytilus guleicollis, se¢ Brown
Locust,

Papiliogidm, sec Swallow-tail Hutter-

y.
Paralysis, infantile, 127,
Parasitic insects, 24, 241,
Pébrine, 64, 195.
Pediculus, see Louse,
capitis, sz Flead Louse.
vestimenti, sce Body Louse.
Pela wax, 220, 230.
Pollagra, 187.
Pentutoms ornatum, 322,
Pentatomide, 28.
Periplanela americana, 217, 260.
orientalis, 217, 258.
Peste de caderas, 173.
Phasmidee, sec Stick Insects.
Pheidols megacephala, 246.
Phlebotorns sp., 153,
papatasi, see Sand Fly.
verrncarum, 163,
Phyllecnistis eitrella, 316.
Phyllodromia germsnica, 260.
Phylloxers vastatrix, 84, 287,
Pieride, sce Cabbage Butterflies.
Pieris l&lmssiue, sz¢ Cabbage Butter

s
Piophila casei, sec Cheeso ' Skipper.”
Piroplasma, 161, 185.

bigeminnm, 186,
Piroplasmosis, 162, 165,

of dogs, 172.

of horses, 172.

of gheep, 172,
Plague, 119, 128, 155.
Plant lice, 28.
Poliomyelitis, 127, 128,
Pollenia rudis, se# Cluster Fly.
Polyembryony, 318.
Polygonotus hicmalis, 296,
Pompilide, sec Sand Wasps.
Pontia rape, 206.
‘“ Poroponjy,” 141.
Porthetria dispar, sec Gipsy Moth.
Potato rot, 34.
Prionus coriarius, 206.
Priophorus padi, 32.
Proctotrypidie, 24.
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Prospaltells berlesei, 820,
lahorensis, 815, 817, 320,
Pseudococcus calcolaria, see Sugar-
cane Mealy-bug,
citri, sec Common Mealy-bug.
Psilura monncha, ses Nun Moth.
Psychodide, see Owl Midges.
Psyllide, 28.
Phthirius inguinalis, see Crab Louse.
Pulicide, sec Flea.
Pulex irritans, sec Human Flea.
P'yralis farinalis, see Meal Moth.

Red murrain, 166.

Reduviide, 28, 128, 164.

Rhipicephalus sp., 152,
bursa, 161, 172, 178, 188,
evertsi, 161, 172,
sanguinous, 172,

Rhizoglyphus parasitions, ses Water

h Mite.

Rhizotrogus assimilis, 210.
pini, 210,

Rhynchota, $c¢ Bugs.

Sarcophagidee, sec Flesh Flies,
Sarcopsylla gallivacea, see Her Flea.
Sarcopt/:x_ nutans, sec Chicken Itch

Mite,
scabei, see Itch Mite,
+ Sguba,” 208,
Saw fly, 24.
Scale insects, 18, 27, 28, 35, 69, 214,
219, 248, 254, 256, 207, 296,
208, 812, 320,
cotiony cushion, sec Fluted Scale.
fluted, 208, 299, 300, 312, 314.
lac, 222.
manna, sec Manna.
Pela wax, 220, 230,
San Jost, 18, 59, 246, 200, 301
control, 73.
description of, 70.
lifo-history, 71,
paragites, 60.
Scarabwide, see Scarab Beotles,
Scarabmus sacer, see Scarub Beetles.
Scatophags stercoraria, see Yellow
Dun% Fly.
Seenopinus fenestralis, sec Window Fly.
Schedins kuvane, 308, 308, 310, 311,
Seolytide, 36, .
Scorpions, false, se¢ Chelifers.
Scuty forceps, 242.
Sepside, 27,
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Sesia myopiformis, se¢ Apple Clear-
wing Moth,
tipuliformis, s¢e Currant Clearwing
Moth.

Sheep tick, 27, 182, 184.
8ilkworm, sec Silkwarm Moth,
Silver fish, 278,
Simulidez, sz Buffalo Gnats.
Simulinm liueatum, 139.
roptans, 189,
Siphonsptera, sec Fleas.
o hluppers,” 26, 211,
Sleeping sitkness, 129, 151, 242.
and big game, 133.
Smn11p0\ 126.
Solenopsis geminata, sec Fire Ant.
Span.iagsﬂy, see Blister Beetle.
Spheuophorus sericeus, 85,
Sphingidw, see Hawk Moths.
Spiders, 2!
Spirochietes, 141,
Spirochsta gallinarum, 193
Sporatrichum globnliferum, 322
Staphylinide:, sec Rove Beatles.
Stegomyia fasciats, 88, 39, 90, 92,
100, 102, 103, 104, 110, 111,
118, 114, 115
Stenodontes dnmlcoruis 21Q.
Stick insects, 28, 2.
Stomoxys calcxtmuh, see Stable Fly.
nebulosa, 174,
Stone fly, 24,
Surra, 130.
Syrphide, sszc Hover Flies.

Tabanide, sce Gad Flies,
Tachardia lacea, sec Lac Insect.
Tachinidse, 27.
Tarsonemide, 241.
Tenebrio mohtnr, see Mesl Worm
Beatle.
Tenebrionide, 25,
Tenthredinide, sec Saw Flios.
Termes srborum, 209,
fatale, 209.
favicolle, 208.
smesthmanni, 209.
Termites, 23, 250, 261.
Termitida, sec Termites,
Tettigonia verrueivors, 217.
Thrips, 27, 30, 34.
Thyroscers cincta, 256.
noptera, sce Thrips.
Ticks, 22, 80, 128, 141, 161.
bont, 161, 188.
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Ticks, castor-besn, 161, 168, 172, 188.
fever, 161, 191.
fowl, 168, 190.
rabbit, 163,
Rocky Mountain spotted-fever, 145.
Sonegal, 162, 168,
spinous ear, 15‘2, 160, 181, 164,
tropical horse, 1 1.
’I‘mea hiselliella, 271,
pellionells, sex Clothe& Moth.
tapetzella, see Tapestry Moth.
Tineidm, 28,
Tipulide, see Crane Flies.
Tomicus typographus, 216.
“Foreel,” 987,
Tartricide, 26.
Tribolium confusnm,
Flonr Beetle,
ferruginenm, sec
Flonr Beetle,
Trichogrsmma pretioss, 318, 819,
Trombidiide, 241, 203.
Trombidium, 203.
Tropical sore, 126,
Trypanosma brucei, 174.
cruzx, 153,
equinam, 173, 175.
gambiense, 129 180, 138, 134.
rhodesieuse, 100 133 134,
Trypanosomes, 12,
Trypanosomiasis, 180, 521.
Trypetide, 2
Tsetse fly disesse, ses Nagana.
T‘ub@mu?‘osis, 120, 126, 248,
““Tamby-a,” 173.
“Tamby-baba,” 173.
Tyndarichos sp., 311.
Tyroglyphus longlor, sec Cheese Mite.
castellani, see Coprs lteh Mite,
phylloxerwe, '207.
siro, see Cheeso Mite

scs Confused

Rust - coloured

lates, 274.
Ta," 287.
Unnoten malinus, see Cotton-square

Ustilago vioisceu, 35.

“ Ver macaquoe,” 287.
Vertebrates, 21.
Vespa crabro, see Harnet.
gammmm, see German Wasp.
aris, se¢ Common Wasp.
Vegplsaz, see Wasps.
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Wasps, 24, 266, 308, 32F,
common, 286,
Garmnu 266,

Weoﬂ]s, 18 26, 38, 34, 85, 42, 21
217.

apple, 34.

biscuit, 267,

cotton-boll, 18, 33, 42.
control, 60.
dumeage, 43.
dism—?ﬁcian, 15,
food plants, 46.
history, 42.
tife-history, 45.
oviposition, 47.
rate of development, 49,

Wennls, cobton-boll, related species,
syswmat(c position, 42,

I,
W 8“ dlsw.ue, 35,

Xenopsylla ch&-osm\s sez Plague Floa.
Xes [fmm tessellatum, see ' Death

Xylehuxu« dmpar 36, 267.
perforans, 35,

Yaws, 126.

Zeuzers aculi, se¢ Wood Leopurd
Moth.
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Alian, 200.
Aldrovandi, 205,
Alessi, 126.

Ares, 160,
Aristotle, 243, 286

Babes, 168,
Balbiani, 195,
Bancroft, 116, 117,
Barber, 252.
Barton, 149,
Bastianelli, 105.
Beaumont, 221,
Beauperthuy, 111
Bignami, 105,
Birt, 136,

Blair, 111.
Blanchard, 287.
Bobeman, 42.
Boiagiraud, 295,

Buchanan, 125, 126.

Budd, 125.

Calvertoy, 120,
Curnes, 296,
Carrion, 148.
Casal, 137, .
Celli, 125, 126.
Christy, 289,
Claparide, 243.
Columbus, 111.
Commodus, 107,
((]);-nwford, 120.
ighton, 83,
Cn(;lés, 10.

Darwin, 154,
Defoe, 158.

De Gomara, 226.
Demarqusy, 1186,

Do Ménonville, 228,
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