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PREFACE

MucH of the matter contained in the following pages was pre-
pared for the press more than six years ago, but owing to the rapid
advances made in the field of parasitology, particularly concerning
insects, the writer has withheld it until this time, when, after con-
siderable revision and addition, it has seemed expedient to pub-
lish the same. The manuscript has been in almost constant use for
a period of six years in teaching classes in Parasitology, both in the
University of California and in the San Francisco Veterinary Col-
lege. It has been the aim to include herewith a large part of the
‘writer’s original work, some of which has until now remained un-
published, as well as the published observations of many other
investigators in this field, all of which has gone to build up the
foundation of the new science of Medical Entomology.

This book is not intended to be a comprehensive treatise, touch-
ing all the investigations in the field of Medical Entomology, but
rather an attempt to systematize the subject and to assist in securing
for it a place among the applied biological sciences. However, a
discussion is included of all of the more important diseases and irri-
tations of man and of the domesticated animals in which insects and
arachnids are concerned, either as carriers or as causative organisms.

Owing to the irumense literature on insects as relating to disease,
much of which is widely scattered, the student in this field must
spend considerable time in searching for the desired information,
and what is more important, the information is not readily accessible
to the physician, the veterinarian, the health officer and the sani-
tarian. It is therefore to be hoped that this book will not only
prove useful as a text, but also as a handbook for all individuals
who are professionally interested in the health and well-being of
man and beast, as affected by insects and arachnids.

In the second place detailed accounts of experiments are included
here and there, so that the investigator might employ the methods
described in either the repetition of the work or in carrying on
further investigations along the lines suggested.

Although many special papers have been consulted in the prep-
aration of this work, a bibliography is not included herewith, inas-
much as this information is obtainable in much more complete form
in the bibliographical works of other writers. Reference to special

vii
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papers is usually made in footnote form, but where certain facts
have long been accepted as common knowledge, reference is ordi-
narily omitted.

Sources from which assistance has been drawn are too numerous
to adequately enumerate, but to all who have contributed toward
the preparation of this work I wish to express my sincere apprecia-
tion and thanks, but most particularly to my advanced students in
parasitology, who have contributed much valuable data, and to my

. colleagues, Professor C. W. Woodworth, Dr. Edwin C. Van Dyke,
Dr. W. A. Sawyer, and Mr. S. B. Freeborn, and to my wife, Lillie
M. Herms, who have at all times given generous codperation and
“kindly criticism. ' L

Unless otherwise credited the illustrations are from photographs
and drawings made by the author and various assistants. Thanks
are due particularly to Dr. William Colby Rucker for the use of
flea drawings, to Professor Herbert Osborn for permission to repro-
duce certain drawings of biting and sucking lice, to M. B. Mitzmain
for photographs of Tabanas striatus, to Prof. J. S. Hine for photo-
graphs of certain other Tabanids, and to Mr. W. C. Matthews,
Scientific Illustrator, for valuable assistance in the preparation of

many of the figures.
y & W. B. H.

[
BERKELEY, CALIFORNIA. '
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MEDICAL AND VETERINARY
ENTOMOLOGY

CHAPTER 1
INTRODUCTION

Scope and Methods. — Medical Entomology is concerned with the
study of insects and arachnids as they relate to the transmission and
causation of disease in man and beast, and is, therefore, a specialized
branch of the science of Parasitology. Mosquitoes and flies have for
centuries past been looked upon as a source of extreme annoyance to
the human family, and students of animal husbandry and of veterinary
medicine early recognized the importance of lice, flies and ticks as
sources of irritation to horses, cattle, hogs, etc. But that insects and
arachnids could be transmitters of disease was not considered seriously
until the latter part of the last century, and that certain species could
be the sole transmitters of specific diseases was scarcely suspected until
the latter few years of the past and the beginning of this, the twentieth,
century. To-day our knowledge of disease transmission by insects
has been greatly augmented by the work of a host of individual investi-
gators representing various departments of scientific research, such as
Medicine, Veterinary Medicine, Bacteriology, Hygiene, Zodlogy and
Entomology.

The usual training received in any one of the departments above
mentioned is necessarily of such a nature as to handicap any one under-
taking health problems in which insects and arachnids are concerned.
Therefore, to meet the ever growing demand for investigators in this
rich field, and to satisfy the question of responsibility, the science of
Medical Entomology has been evolved. This science shares a portion
of the fields of Pathology, Bacteriology and Entomology; the first, in
that certain phases of pathology are involved; the second, in that
pathogenic bacteria and protozoa are concerned; and the third, in that
the systematic and biological relationships of the insect must be studied
as well as the morphology of its mouth parts and digestive system. For
example, in the study of malaria, blood corpuscles are involved, calling
for a knowledge of both normal and diseased human blood ; an intimate
knowledge of blood parasites is imperative; and the insect host,

1



2 MEDICAL AND VETERINARY ENTOMOLOGY

the Anopheles mosquito, must receive particular attention, as to its
identification, anatomy and habits. It is evident at once that a knowl-
edge of the details of these three phases requires a specific training.

The ultimate aim of the science of Medical Entomology is the pre-
vention of diseases in which insects are concerned; it is therefore an
important adjunct to Preventive Medicine and Public Health.

Notable instances where the control of certain diseases has depended
upon the control of insects are, as is well known, the mosquito campaigns
of Cuba, Panama Canal Zone and the southern United States to control
yellow fever mainly, and in New Jersey, California, Italy and portions of
Africa to control malaria. Lately much attention has been paid the
common house fly; inasmuch as it has proved a gross carrier of certain
enteric or intestinal diseases, campaigns of considerable proportions
have been waged against this insect in many American cities from the
Atlantic to the Pacific. One of the most notable examples of preventive
work is that accomplished in San Francisco in the control of rats and
rat fleas, thereby exterminating bubonic plague in that city and pre-
venting its spread.

The very close bond between Preventive Medicine and our present
subject is at once evident, and its significance becomes more and more
apparent as men devote themselves to this highly fertile field of investi-
gation. .

Economic Considerations. —In this age of universal progress,
efficiency has been made the keynote, and losses traceable to disease are
now estimated very closely on a money basis. Even human life is given
a definite monetary valuation. Thus the California State Board of
Health has estimated that malaria costs the state of California $2,820,400
annually, and this state is largely free from that disease. An attempt
to estimate the loss due to malaria in any one of the intensely malarial
states of the South, would produce staggering results.

The above sum is based on the following items, viz., death of 112
citizens, average value $1700; 6000 acute cases of malaria at an average
of $20 per year for drugs, etc.; 6000 citizens’ earning power reduced
25 per cent by malaria (estimated average income $800); loss of life,
wages and illness from other diseases given opportunity through lowered
resistance brought about by malaria, estimating 50 deaths at $1700, and
1000 persons ill at $100 each; loss through sacrifice sales of farms and
moving expenses of families leaving malarial districts, estimating 250
families at $500; loss through depreciation in land values, estimating
81 per acre only on 1,000,000 acres under irrigation in parts concerned.
Nearly or quite all of this loss could be prevented by mosquito control
efforts.

Reduction in value of real estate in mosquito-infested regions is quite
unnecessary. Otherwise very desirable agricultural land is often made
unproductive because of hordes of mosquitoes attacking man and beast ;
and again otherwise desirable locations for summer homes are made
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uninhabitable because of the mosquito nuisance, — all of which could
be remedied at a comparatively small cost. Real estate dealers have
hardly begun to avail themselves of the services rendered by the study of
these conditions.

The expense incurred in the United States in the purchase of fly
traps, sticky fly paper, fly poison, etc., must certainly exceed two millions
of dollars annually, and Howard,! in a timely work on the economic loss
due to insects that carry disease, estimates the cost of screemng at over
ten millions of dollars per annum.

As affecting the animal industry equally large losses are involved.
According to the year book of the United States Department of Agri-
culture for 1904, the losses occasioned by Texas fever, solely transmitted
by a tick (Margaropus annulatus), amounted to about $100,000,000.
Ransome, in Tanners’ Work for October, 1913, estimates the total loss
produced by the ‘ ox warble fly’ ( Hypoderma lineata), at from $55,000,000
to $120,000,000 per year for the United States alone.

No effort has been made to estimate the losses caused by the Texas
screw worm and the horn fly as affecting cattle, the former producing a
direct loss, while the latter produces largely an indirect loss due to irri-
tation, involving loss of flesh, poor growth, reduction in milk secretion, ete.

To poultry raisers the losses due to the fowl tick (Argas persicus) and
the poultry mite (Dermanyssus galline) must also be quite considerable.

Control of Insect-borne Diseases.— Manifestly the control of insect-
borne diseases depends on two general conditions. The first is the
control of the focus, through which the insect becomes infected, the
insect being commonly only a carrier, and not a permanent receptacle.
In the case of certain infectious diseases in which the germ is found in the
dejecta, 7.e. feces and sputum, proper sanitary precautions are impera-
tive; thus properly constructed fly-tight privies prevent in large measure
the transmission of typhoid and dysentery by flies; the use of paper
sputum cups (cups to be burned) and fly-tight cuspidors by victims of
tuberculosis prevents in large measure the spread of this disease by flies.
The rigid enforcement of “ anti-spitting *’ laws and ordinances regulating
the construction of privies will bring about good results. Again, proper

_regulations requiring patients known to be ill with insect-borne diseases

to be screened against insects, prevent wholesale infection. Thus
yellow fever quarantine is imperative in order to prevent the mosquito
carrier (Adedes calopus) from becoming infected. If such regulations
were applied to malaria, there would be much less of this disease. How-
ever, in this latter case, quarantine would cause much hardship, because
the patient may not be ill enough to require close confinement, and yet
there is every opportunity to infect the Anopheline carrier. A further
element of importance enters in, namely immunity, under which condi-

! Howard, L. O., 1909. Economic loss to the people of the United States
thronﬁu% insects that carry disease. U. S. Dept. of Agr., Bureau of Entomology,
B 0. 78.
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tion the infected carrier is not a menace, as in the case of yellow
fever.

The second factor in the control of insect-borne diseases is the
practical extermination or control of the carrier, .. the insect. This
is the safest and surest method.

Insect Control. — In the control of disease-transmitting insects, the
most vulnerable point in the life history is sought, and the most effec-
tive combative methods are then applied. This involves an intimate
knowledge of life history and habits. The more familiar we are with
regard to these two factors, the better equipped are we to cope with the
problems of contral.

The application of control measures may be either of a temporary
or permanent nature. Temporary control involves the elimination of
a nuisance for a short time, a few hours or a few days, requiring constant
repetition; for example, the use of formaldehyde to kill flies, or penny-
royal or citronella to repel mosquitoes, or even oil as applied to mosquito-
breeding pools. Permanent control, on the other hand, involves the
elimination of breeding places, or permanent protection of the same by
mechanical or chemical means, to prevent the deposition of insect eggs,
for example, draining or filling up unnecessary ponds and pools of stand-
ing water, in which mosquitoes may breed; or placing horse manure
and general refuse in receptacles made fly-tight in order to forestall the
breeding of house flies.

Permanent control measures, when feasible, will always be far less
expensive in the end, and also very much more effective than the use of
temporary agents in the form of insecticides, which must be applied
over and over again, with continuous expenditure of time, labor and
money. Standing water can often be drained off with little expense,
whereas the repeated application of oil must eventually involve greater
outlay and inconvenience. To illustrate, the writer at one time observed
a small pond which was surely furnishing most of the mosquitoes for the
neighborhood ; it was the only pond near, and was within ten feet of
a rapidly running stream lower in elevation than the pond by at least
eighteen inches. This pond could have been drained very easily and
would have resulted in permanent prevention; however, oil was being
applied regularly. The pool was evidently of no use to any one, and
was within the limits of a mosquito campaign. Again, the common
house fly, a source of so much annoyance, is ordinarily combated with
poisons, sticky fly paper and screens, when the mere removal of perhaps
a single horse manure pile in the immediate vicinity would speedily
give ready and permanent relief.

Field Observations. — In the practical control of insects the obser-
vations made in the field are indispensable to the correct interpretation
of laboratory or clinical observations. A parasite removed from its
normal host and brought under unnatural conditions may not function
normally, the reproductive function is commonly disturbed, few or no
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eggs being deposited in captivity, or if so, they may not be fertile.
Therefore, it is far preferable to carry on observations where life history
is concerned in the field or under fairly natural conditions.

Popular Opinion. — A crusade against disease-transmitting organ-
isms such as insects always brings with it a storm of opposition on the
part of not a few people, who contend that it is a breach of trust with
Nature to proceed against any species already in existence. Few ideas
are-more firmly rooted in the mind of the average man or woman than
that Nature has brought forth nothing that is useless in the economy
of the human family. It must be good for something, otherwise it
would not be in existence, and should, therefore, not be exterminated or
even molested. True it is, that we must study Nature’s ways and
endeavor to find out what she is trying to do, then help her carry out
her plans more quickly and more accurately. Forinstance,if Naturehas
provided scavengers, she is endeavoring to clean up, thus pointing out
to man what he should do. The house fly is often spoken of as one of
Nature’s scavengers. By a careful study of the performance of this
function by the fly, it can be determined without question that this
insect is a very poor scavenger, and that this function is carried on better
by other insects (e.g. certain flesh flies) which do not commonly relate
to human food as does the house fly, if indeed this argument should
be necessary. Certainly noone would contend that it is necessary to
be infested with vermin as a substitute for bodily cleanliness, and surely
no one would argue that it is a breach of trust with Nature to annihilate
the Anopheles and Stegomyia mosquitoes, the transmitters of malaria
and yellow fever respectively.



CHAPTER II
‘ PARASITES AND PARASITISM

Parasitism. — It is well that a distinction be made at this time
between parasitic and predaceous insects, though the two groups will
not remain distinct throughout all species, since the beginnings of para-
sitism may not be readily distinguishable from the predaceous habit.
It is evident that a parasite can only be a parasite as it lives directly at
the expense of another organism, whether plant or animal. This defi-
nition, however, leaves few animals, if any, out of the category, inas-
much as the dependence of animals directly on other animals or
plants for food is obvious. But if we restrict this meaning to position,
living #n or upon another animal or plant for purposes of food, we come
nearer to the thought. But even here there are many organisms which
live in or upon living animals or plants, but merely shkare their food
with them without causing injury,—this we would term commensal-
tsm. Furthermore, organisms feeding in or upon dead bodies would
not be termed parasites, except as they also attack or feed on living
tissue, as in the case of certain flesh flies, e.g. the Texas screw worm
fly (Chrysomyia macellaria Fabr.), which as a larva may feed on the
flesh of either dead or living animals. Parasitism, then, involves the
process of one organism (the parasite) feeding upon another living
organism (the host), which host must not be destroyed before at least
the developmental or larval period of the parasite is‘completed, other-
wise the result would be disastrous to the parasite as well as to the host.

The definitiongiven by Braun!is “ By the term Parasites is undérstood
living organisms, which for the purpose of procuring food, take up their
abode, temporarily or permanently, on or within other living organ-
isms.” This definition will exclude predaceous animals (Raubtiere),
which capture their prey alive and usually kill it outright for purposes
of food.

Classes of Parasites. — Other than the two general classes, Ecto-
parasites (external parasites) and Enfoparasites (internal parasites),
all parasites may be placed in one of the following divisions, according
to the time spent on or within the host. Facultative parasites have the
power of changing from one host to another of a different species, e.g.
the cat and dog flea (Ctenocephalus canis Curtis) which may be found

1 Braun, Max, 1905. The Animal Parasites of Man. William Wood and
Company, New York. xviii + 453 pp.
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on the cat, the dog, the rat and man; the rat flea (Ceratophyllus fas-
ctatus Bosc.) on the rat and man; the wood tick (Dermacentor varia-
bilis Say) may be found on nearly all species of domesticated mammals
and man. Obligatory parasites are, restricted to one species of host,
on which they are obliged to remain throughout their life history,
e.g. the biting bird lice (Mallophaga), which perish if removed from the
host or if transferred to another species of animal. Intermittent para-
sites prey on the host at intervals, coming only to feed, after which
they leave again, e.g. female horseflies (Tabanide) in their relation to
horses and cattle; or the bedbug (Cimex lectularius Linn.) in its relation
to man. Transitory parasites pass only part of their life history at the
expense of a given host and are, during that time, obligatory, e.g. the
horse botflies (Gastrophilus equi Fabr.), which pass their larval or
developmental period within the stomach of the host, the adults being
free-living; or in other transitory parasites the remaining portion of
the life history may be spent at the expense of an entirely different
species of host, as is the case in tapeworms.

Effect of Parasitism on the Host. —That an animal is parasitized
does not necessarily involve it in death, nor even in great inconvenience,
even though the parasite is actually living at its expense. The presence
of a few bots in the stomach of a horse may not affect that animal in
the least, nor would the presence of a few lice on the body of an ox.
But with the multiplication of these parasites there will be increased
inconvenience to both hosts. The presence of a few maggots in the fleshy
part of a sheep’s tail might cause little damage, but let these be in the
nasal sinuses or in the brain, then the gravity of the situation becomes
greatly augmented. Thus the effect of parasitism on the host is de-
pendent both on the number and position of the parasite.

Effect of Parasitism on the Parasite. — All parasites are more or less
specialized in the direction of their habits; e.g. fleas are laterally com-
pressed, to effect ease of motion between hairs; lice are horizontally
flattened, and are provided with strong clasping organs by means of
which they hold fast to hairs; both of these examples are wingless and
have sacrificed much of the ordinary means of locomotion. Ento-
parasites are usually provided with specialized hooks, barbs, suckers,
etc., for purposes of attachment to the alimentary canal or other organs,
e.g. the botfly larvee, and among the Helminthes, the flukes (Trematoda),
the tapeworms (Cestoda), etc. Perhaps, because of the ease with
which food is secured, the sense organs are usually not strongly devel-
oped ; the eyes may be very simple or wanting. The mouth parts differ
in the several groups, depending on the special habits of the insect. It
is interesting to note that the parasitic habit has resulted in the devel-
opment of structural similarity. This is particularly apparent in the
clasping structures of the biting and sucking lice, which belong system-
atically to two different orders; namely, the Mallophaga and the
Hemiptera, respectively.




8 MEDICAL AND VETERINARY ENTOMOLOGY

Origin of Parasitism. — Modern parasites are restricted more or
less completely to particular host animals, which necessitates the deduc-
tion that the parasite must have developed its habit after the existence
of the host, and in consequence parasitism must be a recently acquired
habit on the part of a one-time free-living organism. This becomes more
apparent by a study of the life history of the parasite; invariably the
earlier stages point to a primitively free-living existence. Perhaps the
ancestors of a given group of modern parasites were attracted to the waste
food, offal and exudations of certain animals; the search for food having
become simplified, they began living as messmates, or commensalists, or
as scavengers ; the association between the two species became closer and
eventually the line of parasitism was completed. This is also borne
out by a stady of the nearest allies of a given parasite, in which the
gradatiom Trom the free-living animal to the parasite may be traced.
The very close structural similarity between the free-living, wingless
book louse, T'roctes divinatoria Mull. (a member of the order Corroden-
tia, family Psocidee) and a common hen louse, Menopon biseriatum
Piaget (a member of the order Mallophaga), leads us to believe that the
parasitic Mallophaga have been derived directly from the Psocidee.
Knowing the habits of the book louse, we can easily imagine how the
line of parasitism might eventually have become established ; i.e. from
the eating of feathers, skins and excretions off the animal to the eat-
ing of the same on the animal as a host is not difficult to imagine at
least.

Degrees of parasitism may also be illustrated by examples from the
biting lice (Mallophaga, in which there are species having the power to
run freely and live for a considerable length of time off the host, e.g.
Menopon pallidum Nitzsch., the common hen louse, while other related
species have become quite sessile, as in the extreme case of the worm-
like louse (Menopon titan Piaget), inhabiting the gular pouch of the
pelican. Among the fleas there are also good examples of gradation in
habit and structure, e.g. the human flea (Pulex irritans Linn.), which
has developed remarkable springing power and is comparatively free to
move from place to place, while the mature female hen flea (Echidnophaga
gallinacea Westw.) is usually quite sessile, holding fast to one point much
like a tick.

Systematic Position of Animal Parasites. — Though parasitic animal
organisms are found in other phyla, those affecting man and beast are
included almost exclusively in the following :

a. Protozoa,— unicellular animals (Fig. 1) ; e.g. Entamaba histolytica Schaudinn,
causing amcebic dysentery ; Plasmodium vivax Grassi and Feletti, caus-
ipgkmalaria. ; Trypanosoma gambiense Dutton, causing African sleeping
sickness,

b. Nemathelminthes, — bilateral, unsegmented worms of cylindrical form (Fig.
2); e.g. Trichinella spiralis Owen, causing trichinosis; Ascaris lumbri~
coides, roundworm of man; Ankylostoma duodenale Dubini, a hookworm
of man. Development is usually direct.
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c. Platyhelminthes, — bilateral worms; flattened dorsoventrally; no anal
opening. Usually requiring an intermediate host.

1. Cestoda, — head or scolex with separable segments called proglottides
(Fig. 3) ; e.g. Tenia solium Linn., the pork tapeworm of man; Tenia
saginata Goeze, the beef tapeworm of man; Dipylidium caninum
Linn., & common tapeworm of the dog.

B
. Fra. 2.—Examples of
a b parasitic round worms
’hylum Nemathel-
C D minthes, Class Nema-
toda). a. Round
Fia. 1. — Types of Protoszoa. Sarcodina, rep- worm of swine (Ascarss
resented by Entamba hutolytwa of Tropical suum) X .3; b. Tri-
Dysentery Mastigophora, represented by chinella sznralw (after
noaoma aambwme of African Sleeping Leuckart), tly en-
c ness Infusoria, represented by Balan- larged; ¢. Hookworm
tidium colt, ‘causative organism of a certain of man (Ankylostoma
oriental dysentery (redrawn after Leuckart), duodenale) X 1.25. .
D. Sporozoa, represented by (a) Coccidium -
oviforme from liver of rabhlt ® Plaamodmm
vivaz of Malaria shown in a red blood corpuscle.
(All greatly enlarged.)
F16. 3.— Examples of parasitic
flat worms (Phylum Platyhel- Fig. 4. — Example
minthes, Class Cestoda. A of parasitic flat
poultry tape worm (Drepani- worms (Phylum
dot.enia nfundibuliformis Platyhelminthes,
X 1) on the left; and a com- ClassTrematoda).
mon tape worm of cattle A liver fluke of
STwma expansa, greatly re- cattle (Distomum
uced) on the right. americanum) X 1.

2. Trematoda, — alimentary canal branched; mouth in a sucker; e.g.
Fasciola hepatica Linn., the sheep liver fluke (Fig. 4).
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d. Annelida, — bilaterally symmetrical, segmented or annulated worms.
1. Chetopoda,—locomotor ch&te; segmentation extending to internal
organs, e.g. Lumbricus terrestris Linn., a common earthworm (non-
parasitic) (Fig. 5).

|

F1a. 6.—Example of seg-
mented cylindrical worms
Phylum Annelida, Class

topoda). Earth- Fra. 6. — Example of
worm (Lumbricus sp., X.5) segmented cylindrical
non-parasitic, but may worms (Phylum Annel-
serve as an intermediary ida, Class Hirudinea).
host for certain poultry Leech (Hirudo medi-
tapeworms. cinalis) X .5.

2. Hirudinea, — flattened ; sucker at each end of body ; arrangement of in-
ternal organs does not correspond to external segmentation ; e.g. Hirudo
medicinalis Linn., the medicinal leech (Fig. 6).

- e. Arthropoda, — segmented body with jointed appendages; exoskeleton;

bilateral symmetry ; ventral nerve-cord;

F16. 7. — Examples of the Phylum Arthropoda, Class Crustacea. a. Shrimp X 1.2;
b. Crayfish X .6; c. Sowbug X 2. (All three examples are non-parasitic.)



PARASITES AND PARASITISM 11

" 1. Crustacea, — aquatic; gill respiration; two pairs of antenne; biramous
appendages; e.g. the shrimp, the crayfish and the sow bug. (These
examples are non-parasitic.) (Fig.7.)

F1c. 9. — Examples
of the Phylum

!

F1g. 8.— Example of the Arth;opo&!s. Class

g:xg':umhArthropoga, Class a xg{i‘ame 9;( 54: Jb\
racheata. eripatus 1pe€ 05 0.
(after Folsom) X .5. A millipede X .7.

2. Protracheata, — elongate, wormlike, segmented body; paired, unseg-
mented appendages; one pair of antennz; tracheal respiration;
elongate dorsal heart; e.g. Peripatus (Fig. 8) (non-parasitic).

3. Myriapoda, — body elongate and wormlike ; each segment except first two
and last one bearing one pair of jointed walking appendages, Centipedes,
some of which are venomous (Fig. 9a) ; or two pairs, Millipedes (Fig. 9b).

F16. 10. — Examples of the Class In-
secta. a. A Reduviid (cone nose)
X 1; b. Amosquito (Anopheles) X'2;
c. Bed bug (Cimex) X 2.5.

4. Insecta, — body divided into three divisions (head, thorax and abdomen) ;
three pairs of walking appendages on thorax; two pairs of wings on
thorax (may be reduced or absent); one pair of antennz; compound
eyes; usually three simple eyes; tracheated respiratory system; e.g.
Conorhinus protractus Uhler (cone-nose); Ctimex lectularius Linn.
%bﬁog-l;g;)z) ; Anopheles maculipennis Meig. (malaria mosquito); ete.
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5. Arachmda — head and thorax fused to form cephalothorax; four pairs

of wa.lkmg appendages on cephalothorax (larve may be hexapod) ;
ess; no antennz; eyes simple, when present; e.g. Latrodectes

Fi1g. 11. — Examples of the Phylum
Arthropoda, Class Arachnida. a. A
spider X .5; b. A tick X1.3; ¢. A
mite X 30.

mactans Fabr., ug;lsonoua spider; Hadrurus hirsutus Wood, scorpion ;
Margaropus annulatus Say, the Texas fever tick; Dermanyssus galline
Redi, th)e poultry mite; Psoroples communis Furst the scab mite.
(Fig. 11).



CHAPTER III

INSECT ANATOMY AND CLASSIFICATION

The Insecta (Fig. 10) are essentially segmented animals, the prim-
itive number of segments being probably nineteen or twenty, based on
ontological evidence. This number is no longer evident, owing to the
specialization of the head and posterior terminal segments. The most
striking condition is the separation of the body into three divisions; the

head bearing the antenns, mouth parts and
eyes; the thoraxr possessing the locomotor
appendages, usually two pairs of wings and
three pairs of legs; the abdomen, bearing no
appendages except the terminal organs of
sexual prehension in the male, or ovipositor in
the female. The respiratory system of the
insect consists of a complex series of tubes
(Fig. 12) ramifying all parts of the body,
carrying air from the outside through the
spiracles segmentally arranged on both sides
of the thorax and abdomen.

Insect Larvee. — When insect larve, para-
sitic or accidental, are encountered in the

F1g. 12.— A few tracheal tu-
bules taken from an insect.
(Greatly enlarged.)

body of man or beast, there may be some difficulty in classifying them
readily, with the result that they may be incorrectly placed among the
worms, for example, bots and warbles
(Estridee), or screw worms (Chrysom-
yia) or other flesh fly larvee in cases of
intestinal myiasis. Usually these larvae
(Fig. 13) are short and plump, ordinarily
possessing eleven or twelve well-marked
segments. Furthermore, microscopic ex-
amination will reveal a system of minute
tubules (Fig. 12), the tracheal breathing
system, ramifying all internal parts of
the body, even the minutest portions
Fra. 13. — Insect larvee, —showing hetween muscle fibers. This system is

typical external segmentation. X1.

not present in worms.

The larvee of Dipterous insects (flies) are commonly called ‘“mag-
gots” and are footless; the larvee of Coleoptera (beetles) are called
“ grubs,” and have three pairs of feeble legs; the larve of Lepidoptera

13
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(moths and butterflies) have never less than four pairs of legs including
prolegs and are known as “caterpillars”’ ; Neuropterous larve (dobson
flies, etc.) are not easily distinguished, but the presence of three pairs
of legs with more than twelve body segments, including the head, will
serve to distinguish these in at least many cases.

Importance of Knowing Internal Anatomy. — It is important that
the student familiarize himself with the internal anatomy of the insect,
with special reference to the digestive system and its accessory struc-
tures, such as the salivary glands. Two cases will point out this
necessity :

1st. The simplest condition in which the internal organs of insects
are concerned in disease transmission is in the case of the house fly, in
which pathogenic organisms are sucked up with dejecta and are passed
out with the feces of the fly, and deposited on human food, either in
their original virulent condition or more or less attenuated or weakened.

2d. The more complicated condition is in the case of the Anopheles
mosquito, which sucks up pathogenic organisms (malaria parasites)
with the human blood, and these undergo very important and vital
sexual changes within the body of the insect, eventually finding lodg-
ment in the salivary glands of the same before introduction by the
“ bite ” into the next human victim, — thus the insect is an essential
intermediary host.

Digestive System. — There are three distinct regions to the insect
intestine (Fig. 14); namely, (1) the fore-gut, consisting of the mouth,
pharynx, esophagus and proventriculus; (2) the maid-gut, consisting
of the stomach; and (3) the hind-gut, consisting of the ileum, colon,

F1a. 14. — Drawing of a typical insectan alimentary tract. a. fore-gut; b. mid-gut; ¢. hind-
gut; 1. pharynx; 2. ccsophagus; 3. crop; 4. gizzard ; 5. hypopharynx; 6. mandibles ;
7. stomach; 8.ileum; 9. colon; 10.rectum; 11.anus; 12. gastric ceeca; 13. Mal-
pighian (excretory) tubules; 14. salivary gland; 15. salivary duct. X 2. .(Adapted
after Folsom.)

rectum and anus. The proventriculus presents merely a widened
portion of the esophagus in the more generalized forms and serves as a
food receptacle. In the more specialized groups, such as the Diptera
and Lepidoptera, the crop is expanded into a capacious pocket or pouch.
In such forms in which the gizzard is present this organ consists of a
highly muscular dilation provided internally with chitinous teeth for
grinding food ; for example, the grasshopper. The stomach is a simple
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sac into which open the gastric ceca, generally few in number, which give
rise to certain digestive fluids. At both ends of the stomach are located
valves which direct the flow of the food. There is much variation in the
length and degree of convolution of the hind intestine, but usually the
three regions mentioned, namely, ileum, colon and rectum, may be
located. Emptying into the ileum are the excretory or Malpighian
tubules varying in number and length in the various groups of insects.

The salivary system consists
of a pair of salivary glands
(Fig. 15) which may be lobed,
situated within the head, often
extending into the thorax.

Usually each gland empties into

a salivary duct, the two ducts

joining into a common duct

which opens into the esophagus

or pharynx. In many species _ o

of insects there is present & Pait " iucer, — s cckeonsh 1. Belivary slande;
of 3aliwry reservotrs; these may 2. Salivary duct;-a. Common salivary duct ;
be located near the opening of :fmnryﬁ?ﬂﬁ;yf ’Bens.;yf}"”"”‘ (Adapted
the common duct and then pre-

sent a compound condition, or may be situated on either side of the
esophagus at the end of a long slender duct.

Insect Classification. — The Medical Entomologist must be equipped
with a good knowledge of the basic principles of classification, so as to be
able to correctly place the insect at hand in its proper order and family at
least, and in the case of parasitic insects should be able to run the speci-
men to the species with the aid of a key. To determine the Order to which
an insect belongs one need usually only know the character and structure
of the wings when present and the type of the mouth parts. This will en-
able the student to place at least ninety per cent of the commoner insects
in their proper Orders. Unfortunately the parasitic forms have under-
gone many changes such as reduction or loss of the wings and great modi-
fication in form, but generally the mouth parts will serve as a ready means
for rough identification. Before passing on to a list of the Orders of
insects, the usual basis for classification will be considered here, viz. : —

1. Wings, — (a) presence or ab-
sence of, (b) form, (¢) structure.

2. Mouth parts, — (a) biting
(mandibulate), (b) sucking (haus-
tellate).

3. I\I;Ietamorpho(sis, — (a) primi-

) . tive, (b) simple (incomplete), (c)
Fio 1o Fonouoicl oe of ine oon1e) complete)
Cu. cubitus; M. media; R. radius; Wings. — The earliest systems

8c. subcosta. (Redrawn from Folsom, . . .
after cgmmclf and Needham.) of insect classification were based on
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wing characters, which together with the mouth parts offer a basis for

the more modern arrangement also. The venation of insect wings is
so markedly characteristic for each species that even a part of a wing is

2dvein . N liary vein. castal vein

Fra. l;. — Wing of an insect](Tabanus), to illustrate terminology as applied to venation
and cells.

often all that is necessary for determination. There are typically two
pairs of wings present, situated on the mesothorax and metathorax,
though in many parasitic insects, such as the bedbugs, lice, fleas, cer-
tain louse flies, etc., the wings are
absent. Wingless insects such as
those mentioned should not be in-
cluded with the Aptera, which is an
order of primitively wingless insects.
The parasitic wingless insects fall
under several different orders, as
will be seen. To avert confusion it
is therefore probably better to dis-
pense with the term Aptera and
substitute the term Thysanura as
used by a number of entomologists.
In form the wing presents a
more or less triangular appearance.
Generally the fore and hind wings
differ considerably in size; the fore
wing in some groups, such as the
May flies, many butterflies and
Fra. 18. — Illustrating primitive meta- moths, and the bees and. wasps, .is
g:ergglozi&ma. oung of :él;llxgmrfm;%n larger than the hind wing, while
same. (After Kellogg.) °' *% in the grasshoppers, cockroaches,
beetles, etc., the fore wing is narrow

and serves largely as a cover (elytron) to the hind wing, which folds
tanlike. Again, in the dragon flies, white ants and ant lions, the fore
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and hind wings are nearly equal. In the flies, the hind pair of wings is
replaced by club-shaped organs known as halteres, leaving consequently
only one pair of wings, hence the name Diptera (two-winged).

There is also a great variation in structure of the wings, though
for each order a certain general condition prevails; e.g. the Neuroptera
have thin membra-
nous wings, often quite
filmy ; however, Dip-
tera and many Hem-
iptera have the same
texture, but possess-
ing fewer wing veins
and a different vena-
tion. The Diptera
can, of course, be
readily distinguished
by the presence of
but a single pair of
wings. The typical
Hemiptera have the
front wings thickened
at the base, while
the apical portion is
membranous (Hemip-
tera-Heteroptera).
The other two divi-
sions of this order,
one of which has a
pair of entirely mem-
branous wings (Hem-
iptera-Homoptera),
the other wingless
(Hemiptera-Para-
sita), can be readily
distinguished on the

basis of mouth parts. Fre. 19. — Illustrating simple metamorphosis. a. Young
. wingless grasshopper ; b. ghowing wing pads after the first
The venation of molt; c. Adult of the same. (Redrawn after Packard.)

the insect wing, as

has been mentioned, is an important factor in classification on account
of the great variety of arrangement, and the reliability of this character
for identification of the family and species. By a careful study of the
evidence, a fundamental type of wing venation has been constructed by
Comstock and Needham. The figure (Fig. 16) illustrating this type
will be useful in determining the identity of the principal veins. The
spaces between the veins are called cells, shown in Fig. 17, which figure
also illustrates the use of -the numerical system of nomenclature.
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Metamorphosis. — In order to attain to the size and development
of the parent the young insect undergoes greater or less change in size,
form and structure, which series of changes is termed metamorphosis.
The least change is found in the Thysanura (Aptera), which are primi-
tively wingless, and hence the newly emerged young individual is ex-
ternally unlike the parent only in size, — this type of metamorphosis
is termed primitive (Fig. 18).

A greater difference is found in the young and adult grasshopper
(Fig. 19). Other than the difference in size and sexual maturity the
absence of wings in the young is at once apparent. In order to reach
the winged condition, the young individual molts at intervals, and with
each molt secures longer wings until after a definite number of molts
the fully developed wings are present. The following stages may be
recognized : (1) egg, (2) nymph, (3) imago (not sexually mature) and
(4) adult or sexually mature individual. This type of metamorphosis
is termed stmple or incomplete.

The greatest difference between the newly hatched young and the
parent occurs in such forms as the house fly (Fig. 20), the butterfly,

Fi1a. 20. — Illustrating complex metamorphosis. Life history of the common housefly.
a. egg; b. larva; c. pupa; d. adult. ‘

etc. In these forms the newly emerged young individual has no re-
semblance whatever to the adult, having the appearance of a seg-
mented worm. (Of course, the internal anatomy and certain other
features are distinctly insectan.) The fact that the young are man-
dibulate and the adults haustellate in Diptera and Lepidoptera offers
much interesting ground for ecological discussion, but is out of order
at this time. In order to attain the winged condition of the adult

—_— =
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frora the wingless, wormlike condition of the young, many profound
changes must be undergone and a new stage is entered, the pupa, or rest-
ing stage, in which this transformation is accomphshed The newly
emerged young insect is called the larva, and we have consequently the
following stages to deal with: (1) egg, (2) larva, (3) pupa, (4) tmago,
(5) adult. This type is termed complex or complete metamorphosis.
External Anatomy. — In order to familarize himself with the external
anatomy of insects, especially with the parts upon which classification
is mainly based, the student should study carefully some hard-bodied
insect of a generalized nature. Such an insect need not be a parasite,
indeed, the author prefers that a non-parasitic form be used because
there is less specialization. The common grasshopper answers the
purpose very well, and a careful study of Fig. 21 is recommended.

Keys to Classification. — The student is now prepared to better
understand the use of a key to classify any insect at hand. The first
thing he needs to do is to place the insect in its proper order, which may
be done with the aid of the following key. While the use of a key in
classification of animals may seem to be essential, the student should
not become a slave to this very mechanical method of placing creatures
in their proper class, order or family.

Key 1o THE ORDERS OF INsSECTS!

A. Primitive wingless insects; mouth parts well developed, but all except the apices
of the mandibles and mazille withdrawn into a cavity in the head; tarsi
(feet) always one or two clawed; body sometimes centipede-like, with
well-developed abdominal legs, in this case tarsi two-clawed — (the
gimplest insects) . . . APTERA

AA. Normally winged msects wmgs sometlmes rudlmentary or absent mouth
garts not withdrawn into a cavity in the head.

Mouth parts, when developed, with both mandibles and mazxille fitted
Jor biting; abdomen broadly joined to thorax; tarsi mever bladder-
shaped; when mouth parts are rudimentary, if the wings are two,
there are no halteres; if the wings are four or absent, the body is
not densely clothed with scales.

C. Posterior end of abdomen with a pair of prominent unjointed
forceps-like appendages; (lore wings, when present, short vein-
y or Earwigs) . . EUPLEXOPTERA

CC. Posterwr end of abdomen usually without prominent unjointed

forceps-like appendages; when these are present the fore

wings are a.lwavs developed, veined.

D. Fore wings, when present, veined and membranous, parch-
ment-like or leathery, when absent, the labium (under-
lip) either cleft in the middle, or the mouth parts pro-
longed into a distinct beak.

E. Fore wings, when present, thicker than hind wings,
somewhat leathery or parchment—hke hind wings
folded several times, lengthwise, like a fan, in repose;
when wings are absent, prothorax large —

(locusts, crickets, cockroaches, ete.)
ORTHOPTERA

1 After Kellogg (by permission) arranged by Professor H. E. Summers.
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EE. Fore wings membranous, of same siructure as hind
wings; hind wings usually not folded; but oc-
casionally folded like a fan, when wings are
absent, prothorax small.

F, Antenne inconspicuous.

G. Hind wings smaller than fore or absent;
posterior end of abdomen with two or
three many-jornted filaments — (May
flies) .. EPHEMERIDA

GG. Hmdmnganotemallerthanfore, posterior
end of abdomen without many-jointed

Jfilaments — (dragon flies and damsel

flies) . . . ODONATA

FF, Ammue compzcuous
. Tarsi less than five-jointed; labium cleft

in the middle.

H. Wings always present, although some-
times very small; hind wings
broader than fore wings, folded in
repose; prothoraz large, nearly
flat on dorsal surface — (Stone
flies) . . . PLECOPTERA

HH. Hind wings, when present, not broader
than fore wings, not folded in re-
pose, prothorax small, collar-like.

I. Tarsi four-jointed, wings when
present equal in size — (Ter-
mites) . . . ISOPTERA

II. Tarsi one to three jointed.
Tarst one or two jointed
always wingless — (bit-
ing lice)
MaALLOPHAGA
JJ. Tarsi usually three-jointed;
ly two-jointed,
in which case wings al-
ways present, fore wings
larger than hind wings —
(Book lice, ete.)
CORRODENTIA
GG. Tarsi fivejointed, but with one joint some-
times difficult to distinguish; labium
usually entire in middle, sometimes
slightly emarginate.

H. Wings, when present, naked or
slightly hairy; hind wings withjor
without folded anal space; in
Jormer case prothoraz large and
nearly flat on dorsal surface; in
wingless forms mouth prolonged
into a distinct beak.

I. Mouth parts not prolonged into a
distinct beak, at most slightly
conical — (Dobsons ant
lions, etc.) NEUROPTERA
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II. Mouth parts prolonged into a dis-
tinct beak — (Scorpion flies,
etc) . . MECOPTERA

HH. Wings, when present, thickly covered
with hairs; hind wings usually
with folded anal space; prothoraz
small, collar-like; mouth not pro-
longed into a beak — (Caddis
flies) . . . TRICHOPTERA

DD. Fore wings, when present, veinless; horny or leathery;
when absent, labium entire, and mouth parts not pro-
longed into a distinct beak — (Beetles) COLEOPTERA
BB. Mouth parts, when developed, more or less fitted for sucking,; sometimes
also fitted in part (the mandibles) for biting; in this case either
(1) base of abdomen usually strongly constricled, joined to thorax
by a narrow peduncle, or (2) the tarsi bladder-shaped, without claws ;
when mouth is rudimentary either the wings are two and halteres
are present, or the wings are four or none and the body (and wings
if present) are densely clothed with scales.

C. Prothorax free; body (and wings if present) never densely clothed
with scales; maxillary palpi usually absent; when present,
tarsi bladder-shaped, without claws.

D. Tarsi bladder-shaped, without claws; wings four (sometimes
absent), narrow, fringed with long hairs; maxille trian-
gular, with palpi— (Thrips) . THYSANOPTERA

DD. Tarsi not bladder-shaped, usually clawed; ‘wings not fringed
with long hairs ; mazilla (when mouth is ) bristle-
. like, without palpi — (Bugs) . . . HEMIPTERA
CC. Prothoraz not free; maxillary palpi present, sometimes rudi-
mentary and difficult to see, in which case body (and wings if
present) densely clothed with scales; tarsi never bladder-

shaped, usually clawed.

D. Mandibles often. rudimentary, when present bristle-like.

E. Wings four (sometimes wanting), clothed with scales;
body covered thickly with scales or hairs; mouth,
when developed, a slender, sucking proboscts, closely
cotled under head — (Moths and butterflies)

LEPIDOPTERA
EE. Wings two (or wanting), naked or with scattered hairs;
kind wing in winged forms represented by halteres;
body either naked or with scattering hairs; mouth,

a soft or horny beak not cotled under head.
F. Prothoraz poorly developed, scarcely visible from
dorsalside — (Flies) . . . . DIPTERA
FF. Prothorax well developed, distinctly visible from
dorsal side; wings never present (Fleas)
SIPHONAPTERA
DD. Mandibles well developed, fitted for biting; wings four
(sometimes two or none), naked or with scattered hairs —
(Ichneumon flies, gallflies, wasps, bees and ants)
HYMENOPTERA




CHAPTER 1V
INSECT MOUTH PARTS

Importance of Mouth Parts. — It is evident that an insect possessing
mouth parts capable of penetrating the skin of the higher animals must,
be looked upon as a possible carrier of blood infection, although it may,

F1a. 22. — Head and proboscis of the common house fly (Musca domestica) on the left;
the stable fly (Stomozys calcitrans) on the right. Though closely related systematically,
the mouth parts of the two species are very different ; both are suctorial, but the former
3:301; pierce the skin while the proboscis of the latter encloses piercing setee adapted for

purpose.

in actual experience, never attack such animals. If the insect is pro-
vided with mouth parts of the usual biting type or is non-piercing, it
cannot relate to the transmission of infection introduced into the cir-
culation, except through a previously inflicted open wound.

23
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The mosquito would be harmless as far as malaria and yellow fever
are concerned if the mouth parts were of the mandibulate or biting type.
These insects together with certain other species such as the stable fly
(Stomozxys calcitrans), the tsetse flies and the ticks are important be-
cause of the power which they possess of piercing the skin of higher ani-
mals and thus introducing pathogenic organisms into the blood.

The actual measures of control are often dependent on a knowledge
of the mouth parts of the insect concerned.

Classification of Mouth Parts. —From the standpoint of Medical
Entomology it is not serviceable to divide insects into only two general
groups based on the mouth parts, i.e., mandibulata (biting) and haustel-
lata (sucking). This becomes evident when it is considered that the
house fly (Musca domestica) and the stable fly (Stomozys calcitrans) both
have haustellate mouth parts (Fig. 22), belong to the same family
(Muscide), and are, therefore, systematically closely related; yet from
the standpoint of disease transmission differ widely. By virtue of the
piercing stylets enclosed within the labium, the stable fly relates to direct
infection (inoculation), while the proboscis of the house fly, quite ineffec-
tive as a piercing organ, relates it to indirect infection. Because of the
deficiencies of the older systems of mouth-part classification the follow-
ing types will be recognized.

1. Orthopteron type, — generalized mouth parts consisting of opposable jaws used
in biting and chewing, as in the grasshopper.

2. Physopodan type,— mouth parts representing an intermediate type; ap-
proaching the biting form, but functioning as suctorial organs, as in
the thrips.

3. Hemipteron type, — mouth parts consisting of piercing suctorial organs, com-
prising three or four stylets closely ensheathed within the labium, as
1n the cone-nose and bedbug.

4. Dipleron type, — suctorial organs, piercing or non-piercing; no special rep-
resentative is available for the entire group of Diptera, hence the
following subtypes must be recognized.

a. First subtype, —mosquito; mouth parts consisting of six piercing
stylets, loosely ensheathed within the labium.

b. Second subtype, —horsefly; mouth parts consisting of six short blade-
like structures used for piercing and cutting, all loosely ensheathed
within the labium.

c. Third subtype, — stable fly; mouth parts consisting of two heavy,
piercing stylets, closely ensheathed within the labium.

d. Fourth subtype, —house fly; mouth parts consisting of a muscular
proboscis, not suited for piercing; stylets aborted.

5. Hymenopteron type,— mouth parts consisting of suctorial, lapping org
mandibles specialized for portage and combat, as in the bee, wasp m
ant.

6. Lepidopteron type,— mouth parts consisting of a suctorial coiled tube, as in
the cabbage butterfly.
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MorpHOLOGY OF MOUTH PARrTs

The Orthopteron Type. — To illustrate this type either the grass-
hopper or the cockroach may be used, but since the former is more easily
obtainable and can be handled more satisfactorily, it will serve this
purpose well. - This type, the mandibulate or biting, is the generalized
or primitive form and will serve as a basis for later comparisons and
derivations. It is not of direct importance in relation to Medlcal Ento-
mology except as
it furnishes a basis
for a better un-
derstanding of the
haustellate or
sucking type.

If the head of
the grasshopper
(Fig. 23) is viewed
from the side and
again- from the
front, the relative
position of the
parts will be bet-
ter understood.
Separating  the

mouth parts (Fig.
24) of the grass- Fia. 23. — Head of a grasshopper, to lllustmta the relatlve
hopper, the fol- tion of head structures in insects. A. side view; B. ront

G view. 1. antenns; 2. compound eye; 3 oeelh eeyee).
lowing structures 4. gena (cheek): 5. clypeus; 6. labrum ( ;l

will be observed. (Redrawn after Folsom.)

In front, low down on the head, hangs the labrum or upper lip, easily
lifted as one would raise a hinged lid, the hinge line being at the lower
part of the sclerite or plate, known as the clypeus.

The labium functions as does the upper lip in higher animals, <.e., it
draws the food toward the mandibles. In this the labrum is greatly
aided by a rough structure called the epipharynz, which forms the inner
lining of the labrum and clypeus. Because of the close association of
these two structures they are often referred to as a double organ, the
labrum-epipharynz. Removing the labrum, a pair of heavy, black,
opposable jaws, the mandibles, is exposed. These are biting structures
par excellence. They are toothed and movable laterally, instead of ver-
tically as in the vertebrates. Dlslodgmg the mandibles brings into view
the pair of maxille, or accessory jaws. These organs are known as first
mazxille. They are composite structures separable into cardo, stipes,
lacinia, galea and palpus, which should be carefully observed, masmuch
as they undergo great modification in the remaining types of mouth parts.
The two supporting sclerites of the maxille are called the cardo (basal)

—— i —
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and stipes (the second), while the distal lobes are called (1) the maxillary
palpus (a jointed structure), (2) the galea (median and fleshy), (3) the
lacinia (inner and toothed, capable of aiding in comminuting food).

Fra. 24. — Mouth parts of a grasshopper, typical mandibulate structures, Orthopteron
type. a. labrum; b. mandibles; c. maxilla, consisting of (1) cardo, (2) stipes,
3) palpus, (4) lacina, (5) galea; d. labium, consisting of (1) submentum, (2) mentum,
3) palpus, (4) ligula; e. hypopharynx or tongue.

Underneath the maxillee and forming the floor of the mouth lies the
lower lip or labium, a double structure frequently called the second
mazilla. On the same plan as the maxille, the labium consists of a
basal sclerite, the submentum, followed by the mentum, upon which rest
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the labial palpt (a pair of outer jointed
structures to ‘the right and left), and the
ligula (a pair of strap-like plates which
together correspond to the upper lip). The
labium is also subject to much modification
in insects.

The fleshy organ stlll remammg in
the mouth cavity after the parts just de-
scribed have been removed is the tongue
or hypopharynz, an organ of taste, func-

tionally comparable to the tongue of verte-

brates.

The mandibles are most useful landmarks,
since they are almost universally present in
insects, though in various degrees of devel-
opment from the strong mandibles of cer-
tain beetles (Lucanide) to the vestigial
structures in certain Lepidoptera. In the
Hymenoptera, even though the order is of
the haustellate type, the mandibles are never-
theless important structures, serving, for ex-
ample, in the honeybee as wax implements
and organs of defense, and in ants as organs
of portage and combat. In Hemiptera
and Diptera the mandibles are modified
into piercing organs.

27

F1g. 25. — Head and mouth parts
of thrips, mandibulate in struc-
ture but crudely sucwnal in
function. n type.
Front viewof head. (1) labrum
(2) mandlblee, [©)) manlle

axillary palpi, (5) labmm.

(6) labial palpi, (7) hypophar-

ynx (1), (8) eyes, (9) antennse.

(Redrawn after Uzel.)

The maxille are subjected to great modification.

Physopodan Type. — Though like the first type, unimportant in its

Fre. 26, — Head and mouth t’gm't;s of a cone-nose,
iercing and suctona.l, with jointed proboscis.
emipteron type. A. side view of head showing
(1) portion of antenna, (2) compound eye,
(3) ocellus, (4) clypeus, (5) jointed labium,
(6) rotruding sete or piercing bnstles, consisting

f the mandibles and maxille. Shows sets
w1 thdrawn from labium. (7) ma.ndlbles, (8) max-
ilie, (9) hypopharynx.

piercing and are suctorial in function.

relation to disease trans-
mission, this type, the
Physopodan (Fig. 25), is
distinctly important phylo-
genetically as a connecting
link between the biting
and piercing-sucking mouth
parts. It is in the very
minute thrips (Physopoda)
that we find a transitional
type of mouth parts, biting
in general structure but
sucking in function. The
parts are all more or less
readily traceable to the
generalized  Orthopteron
type, but have become
considerably elongated for
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Fi1a. 27.— Head and mouth parts
of a mosquito (Culez sp.). Il-
lustrating the gene: ip-
teron type of mouth parts (first
subtype) with maximum num-
ber (mx) of bristle-like stylets.
(1) Nematoceran ant.ennw.
(2) compound eyes; (3) clypeus;
4) labium ; (5) abella (6) man-

ibles; (7 ) maxilla ; (8) maxil-

lary pa.lpl, 9) labrum, (10)
hypopharynx.

F1a. 28.— Head and mouth parts of a horsefly (T'abanus).
parts is retained, but the piercing structures are distinctly blade-like.

second subtype.

, labium removed.
epipharynx.

(6) mandlbles. ) ;:lnan

Hemipteron Type. — A very different
sort of organ than those above described
is found in the Hemiptera (Fig. 26). Here
the labium forms a prominent beak which
is usually three (rarely one or four) jointed
and telescopic. This beak incloses a pair
of mandibles, often provided with terminal
barbs, and a pair of maxille, all stylet-like
and of great efficiency in piercing the skin.
The maxillee are more or less completely
joined, forming a tube, so that only three
stylets can be seen on examination. The
labrum is quite short and inconspicuous.

Dipteron Type. — (a) First Subtype,
the Mosquito. — The most generalized type
of Dipteron mouth parts is found in the
mosquito (Fig. 27), hence here we find the
maximum number of stylets representing
the structures of the more generalized type,"
loosely ensheathed within the elongated
labium, the whole forming a prominent
beak or proboscis. The identity of the
six stylets is not well established, though
it is generally accepted that they represent
the two mandibles, the two maxzille (dis-
tinctly serrated distally), the hypopharynz,
and the labrum-epipharynz. The palps

The maximum number of
Dipteron type,

A. Side view of head showmg (1) antenna (brachycemus) (2) com-
pound eye, (3) labium, (4) labella, (5) maxill

Piercing structures ex-

alpus.
‘]f (9) labrum-

le, (8) h.vpopharynx.
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are conspicuous structures in all mosquitoes and are useful as a means _

for identification. These represent the
maztllary palpt of the grasshopper, while
the pair of flattened lobe-like organs
forming the distal portion of the pro-
boscis are said to represent the labial
palpr and are called the labella.

(b) Dipteron Type, Second Subtype, the
Horsefly. — While retaining the same
number of parts as the mosquito, this
subtype is distinctly characterized by
its flattened blade-like condition (Fig.
28). That these mouth parts serve
primarily as cutting structures is evident
from the quantity of blood usually drawn
by the “bite” of a horsefly, especially
one of the larger species such as the black
horsefly (Tabanus atratus). The labium
is the conspicuous median portion loosely
ensheathing the blades and terminating
in large labella. The mandibles are dis-
tmctly flattened and saber-like, while the

F1G. 29. — Head and mouth parts
of the stable fly (Stomozys calcs-
trans). Stylets redueed m num-
ber, closely ensheathed by the
labium. ipteron type, third
subtype. 8ide view. (1) antenna,
(2) com lE)und eye, (3) labium,
(4) labella, (5) labrum, (6) hypo-
pharynx, (7) maxillary palpi.

are narrower and provided with conspicuous palpi. The

hypopharynz and labrum-epipharynx are both lancet-like.

In the male

Fia. 30.— Head and mouth parts of the house fly (Musca domestica).
rudimentary. Muscular fleshy proboscis not suited for piercing the skin of
fourth subtype. A. Side view. (1) Antenna, (2) compound
bella, (5) labrum, (6) hypopharynx, (7) maxill

animals. Dipteron tyfe
-eye, (3) labium, (4)
B. Front view of proboscis.

Plercmg stylet
higher

ary palpi;
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these piercing parts are very weakly developed and are not useful as
weapons of attack.

(¢) Dipteron Type, Third Subtype, the Stable Fly.— This subtype
(Fig. 29) is represented by a group of flies in which the mouth parts are
distinctly specialized for piercing, and show, together with the next
subtype, to what extent these structures may become differentiated
within the same family of insects.

The proboscis at rest is carried at the position of a bayonet at charge,
and is therefore provided with a prominent muscular elbow or knee.

F1a. 31.— Head and mouth parts of the honeybee (A pis mellifera). Both types of mouth
parts well developed but the mandibles are used chiefly for portage and modeling.
(Hymenopteron type.) A. Front view of the head showing (1) antenne, (2? com-
pound eyes, (3) simple eye, (4) labrum, (5) mandibles, (6) maxille (lacinia), (7) labium
Spalpi only), (8) hypopharynx (?) ; B. Mouth parts removed to show the garts. (5) man-

ibles, (6) maxillee (lacinia), (7) labium (palpi only), (8) hypopharynx (?), (9) bouton,
(10) maxillary palpus, (11) mentum, (12) submentum, (13) cardo, (14) stipes.

This conspicuous organ (the proboscis) is the labtum terminating in the

labella, which are provided with a complex series of cutting and adhesive

structures. Within the folds of the labium and easily removable through
the upper groove lie two sete, the labrum, the uppermost and heavier
stylet, and the hypopharynz, a lower and weaker one, the two forming

a sucking tube supported within the folds of the labium. The maxillary

palpi are located at the proximal end of the proboscis.
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(d) Dipteron Type, Fourth Subtype, the House Fly.— Here (Fig.
30) the prominent fleshy proboscis consists mainly of the labium, which
terminates in a pair of corrugated rasping organs, the labella, and is
attached in elbow-like form to the elongated head. The entire structure
is highly muscular and may be either protruded in feeding or partially
withdrawn while at rest. Lying on top of the grooved labium is the in-
conspicuous prolonged spade-like labrum, which forms, with the hypo-
pharynx, a sucking tube, supported by the labium, which latter also in-
closes the salivary canal. By an examination of the labrum it will be
seen that it forms a kind of convex covering to the concaved hypopharynx,
thus giving rise to a food tube. The maxille have evidently become
fused with the fleshy elbow of the proboscis and only the prominent
maxillary palpi remain.

Hymenopteron Type. —In this type the two general classes of
mouth structures, the Mandibulate and Haustellate, find a rather strong
development in the same species, though the mandibles are not in-
volved in the feeding process. The honeybee (Fig. 31) serves as a
representative species. The labrum is narrow and quite simple, the
mandibles are easily distinguishable and are useful wax implements.
In ants the mandibles are
highly efficient carrying organs
and weapons of defense. The
maxille form the lateral con-
spicuous wings of the suctorial
parts; the lacinia and galea
are fused and the maxillary
palpi are minute. The labium
is represented by the long
structures to the right and left
of the middle tube which is
probably the hypopharynx.

The hypopharynx terminates — A L&) 8
in a spoon-like labellum or
bo“afn which completes the ~(vanessa 8p.). (a) Side view. Suctorial, coiled
lapping character of the sub- ::)33 ({'ggéffzg;@mﬁm' g:l:igmnﬁhg)ofg;
type. galem, (4) labial palpus. (The labrum is not
Lepidopteron Type. — This  Ybls s sde view) | () Soction of proboseis
type, represented by the com-

moner butterflies and moths, is typically a coiled, sucking tube capable
of great elongation. Taking the cabbage butterfly (Pontia rape) as an
example (Fig. 32) the labrum is seen tg be greatly reduced, the mandibles
absent. (These may be weakly present in the lower Lepidoptera.)
The maxille are apparently only represented by the galee, which by
close approximation of their inner grooved surfaces form the long coiled
proboscis. The double structure of the proboscis can be easily demon-
strated by manipulation. The labium is represented by the labial palp:.

F1a. 32.— Head and mouth parts of a butterfly.
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ORrDERS OF INSECTS ARRANGED ACCORDING TO MouTH ParTs witH TYPE

L

I.

VI

OF METAMORPHOSIS INDICATED

Orthopteron type.! Biting or chewing mouth parts.

1. Order Thysanura, — Bristletails, springtails, et al., mouth parts with-
drawn in cavity of head ; pmmtwe meta.morphosm
2. Order Ephemerida, — May ﬂles, — mouth parts vestigial; simple
metamorphosis.
3. Order l?dmata, — Dragon flies and damsel flies, — simple metamor-
phosis
4. Order Plecoptera, — Stone flies, — sunfle metamorphosis.
5. Order Isoptera, — White ants, — simple metamorphosis.
6. Order Corrodentia, — Book hce, et al., — simple metamorphosis.
7. Order Mallophaga, — Biting lice, — mmple metamorphosis.
8. Order Orthoptera, — Grasshoppers, cockroaches, et al.,— simple meta-
morphosis.
9. Order Euplexoptera, — Earwigs, — simple metamorptosis.
10. Order Neuroptera,— Dobson flies, ant lions, aphis lions, et al.,— com-
plex metamorphosis.
11. Order Mecoptera, — Scorpion flies, —mouth parts prolonged into a
beak with mandibles at the tip; complex metamorphosis.
12. Order hTrwhoptera, Caddis flies (moth-like); complex metamor-
phosis

13. Order Coleoptera, — Beetles, — complex metamorphosis.

. Physopodan type. Biting in structure but sucking in function; represents

a transitional form between the biting and sucking insects.

14. Order Physopoda, — Thrips, — simple metamorphosis.

Hemipteron type. Eionga.ted typically 3 or 4 segmented proboscis (un-
segmented in the true lice), snugly enclosing stylet-like organs;

piercing and suctorial.
15. Order Hemiptera, — Cicadas, bedbugs, cone-noses, et al.; simple
metamorphosis.
Dipteron type. Unsegmented proboscis, which may or may not contain
piercing stylets.
16. Order Diptera, — mosquitoes, flies, e al.; complex metamorphosis.
a. First subtype he mosquito, — loosely ensheathed, piercing,

delicate, stylet-like structures, six in number, suctorial.
b. Second subtype, — The horse fly, — piercing, blade-like structures,
six in number; suctorial.
¢. Third subtype, — The stable fly, — closely ensheathed, piercing,
heavy, stylet-like structures, two in number; suctonal
d. Fourth subtype, — The house fly,—fleshy, non-piercing ; suctorial.
17. Order Siphonaptera, — Fleas, — piercing mouth parts closely related
to second subtype ; complex metamorphosis.

. Hymenopteron type. For feedmg purposes the mouth parts are of a non-

piercing, lapping type, but for purposes of combat and portage
the mandibles are well developed.
18. Order }I:!ymenoptera,—Ant.s bees, wasps, et al.; complex metamor-
osis
Lepuiopteron type. Proboscis in the form of a greatly elongated coiled
tube ; non-piercing, suctorial.
19. Order Lepidoptera, — Moths and butterflies; complex metamorphosis.

! The term ‘‘Orthopteron’ is here merely applied to indicate a type which

varies considerably in the Order Orthoptera.




CHAPTER V
HOW INSECTS CARRY AND CAUSE DISEASE!

Environmental Considerations. — Manifestly it is necessary to know
under what environmental conditions pathogenic organisms naturally
exist in order to ascertain how the insect becomes infected and in turn
is able to infect man or beast. Two factors must be considered in this

“connection, first, the natural longevity of the pathogenic organism, and

secondly, the degree of virulence of the same when away from the normal
host. For example, bubonic plague is a bacterial disease, traceable to
Bacillus pestis, of which the rat is an important host. From this host,
fleas (which are provided with piercing and sucking mouth parts) become
infected and in the bodies of these insects the bacilli multiply and remain
virulent ; now if such infected fleas find their way to human beings, these
latter in turn may become infected. It may be seen that certain environ-
mental conditions must be considered in this connection; namely, in
what part of the body of the rat are the buboes (plague lesions) found,
and does this correspond to the distribution of the flea on the host; and
if the flea sucks up plague bacilli, how long will these remain virulent ;
will this be long enough for the insect to leave its first host, find and
infect a second host? Then again the question arises as to how the
plague bacilli are introduced into the body of the human being. Is the
flea the only means of dissemination? These are questions which, with
others, must be answered for each case.

On the other hand malarial fever is traceable to a protozoon
(Plasmodium) which cannot exist in a living condition away from
the human body except in the Anopheline mosquito. Its normal envi-
ronment is very restricted. In the human being it is a blood parasite,
requiring a blood-sucking insect or other mechanical means to extract
it together with blood. Manifestly there are many blood-sucking
insects which could withdraw parasntnzed blood. It has, however, been
abundantly proved that malaria parasntes cannot reproduce sexually
except in the bodies of Anopheline mosquitoes; in all other insects the
parasites perish.

Similar examples involving environmental peculiarities might be
cited; for example, in tuberculosis, a bacterial disease, the causative
organism (Bactllus tuberculosis) occurs largely in a transmissible infec-
tive form away from the body in sputum. On the other hand African

1 Students not familiar with the classification of bacteria and protozoa are
referred to the appendix.
33
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sleeping sickness, caused by a protozoon (Trypanosoma gambiense),
occurs both in the blood of humans and certain native animals
(reservoirs), and is carried by a blood-sucking fly, the tsetse fly ; again,
anthrax, a bacterial disease (traceable to Bacillus anthracis), if in the
pustular form may be transmitted by blood-sucking flies of the family
Tabanide (horseflies), as well as in other ways, while Texas cattle
fever, traceable to a protozoon (Babesia bigemina), is transmitted
solely by the tick, Margaropus annulatus,in which infection is hereditary.

These few examples will serve to show the necessity for having a
working knowledge of the pathogenic members of the two great groups
of unicellular organisms, namely the Bacteria and the Protozoa. In gen-
eral it may be said that the longevity and pathogenicity of the Bacteria,
when outside the host is considerably greater than in the Protozoa,
owing to the highly specialized environment required by the latter.

How Insects Carry Disease. — The simplest way in which insects
enter as a factor in the transmission of disease is by means of sotled feet
and mouth parts. Any insect might accidentally become contaminated
with infective sputum or fecal matter and in turn might accidentally
come in contact with human foods, thus becoming an indirect factor in
transmission. In this connection the normal habit of the insect must
be considered, i.e. its breeding habits, food habits and general behavior.
Thus the house fly enters as a factor in the transmission of such diseases
as typhoid fever and dysentery, because of its naturally filthy habits.

A second purely mechanical method of disease transmission, though
more restricted, is by means of a sotled piercing proboscis, in cases of
certain parasitic blood diseases. In the first-mentioned method the
type of mouth parts does not figure as a restrictive factor, but in the
second method, in order that the proboscis may become soiled with
blood, the mouth parts must be capable of piercing the skin, thus coming
in contact with the blood and its contained parasites, if present. The
inoculation of the second host may be purely mechanical. Insects that
belong to this class of carriers ordinarily have heavy piercing mouth parts
capable of drawing considerable blood, are intermittent parasites and go
from host to host within a short space of time. The horsefly (Tabanus)
is a good representative of this class in its chance relation to anthrax.

A more highly complicated method is involved in the transmission
of bubonic plague by fleas. In this case the carrier has piercing mouth

parts, is blood-sucking and an intermittent parasite. The plague bacilli

when taken into the stomach of the flea multiply and do not become
attenuated, but pass out per anum with the feces or even in undigested
blood; the direct inoculation is accomplished by a “rubbing in”
process either on the part of the host or flea. Infection may also take
place by regurgitation in the act of biting.

The greatest complexity is involved in those cases in which the insect
carrier is a necessary intermediary host of the pathogenic organism, e.g. the

Anopheles mosquito in its relation to malaria. A given period of time
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must elapse after the mosquito imbibes infective blood before it can trans-
mit the causative organism. This period corresponds to the time
required for the plasmodium to pass through its sexual cycle in the
stomach of the mosquito and find its way into the salivary glands, ready
to be inoculated into the blood of the mosquito’s next victim.

How Insects Cause Disease. — Insects and arachnids may relate
to pathological conditions, whether serious or of little consequence, in
one or more of the following ways: first, by direct infection; second,
by indirect infection; third, by internal parasitism; fourth by ea:temal
parasitism; and lastly, by venoms. The same species may fall as
legitimately into two divisions, as for example, the Texas fever tick,
which if not infected with the causative organism of the fever need only
be considered as an external parasite, but when the causative fever organ-
isms are present in the tick, would relate it also to direct infection.

Direct Infection. — Direct infection under ordinary conditions could
only be produced by an insect or arachnid possessing piercing mouth
parts, and here no special order or larger group can well be referred to,
inasmuch as closely related insects may have very different mouth
structures. The common house fly and the stable fly, for example, belong
to the same family (Muscide), therefore are closely related, yet have
widely different mouth parts; though both are suctorial, the former is
unable to pierce the skin, whereas the latter can do so with ease.

By direct infection is meant the introduction of a pathogenic organ-
ism, whether bacterial or protozoan, into the circulation of a higher
animal. The Anopheles mosquito is therefore related to this manner
of transmission, because it introduces the malaria parasite (Plasmodium)
directly into the blood stream of man. The same is true of the Steg-
omyia (Ades) mosquito and yellow fever; the Glossina flies and sleep-
ing sickness; horseflies and anthrax. Direct infectors are usually
temporary, intermittent ectoparasites permitting transfer of activity
from animal to animal.

However, there is still a possibility for an insect with mandibulate
mouth parts or with non-piercing haustellate mouth parts to infect an
animal as directly as one possessing piercing mouth parts. Thus the
house fly may, by means of its feet and mouth parts, transmit septicaemic
infection to an animal undergoing surgical operation or suffering from
an open wound.

Indirect Infection. — This form of infection relates chiefly to enteric
diseases in the causation of which the pathogenic organism is deposited
upon food by the insect. Thus the food is first infected and with it the
pathogenic organism is implanted within the alimentary canal of the
victim; in this way the insect is only concerned indirectly. The house
fly, one of the grossest transmitters of enteric diseases, is only so because
of accident of habit and structure, feeding as it does indiscriminately
on excrement and food of higher animals, and with proboscis and feet
so constructed as to certainly collect germ-laden particles of excrement.
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Insects possessing mouth parts not adapted to piercing the skin
(whether biting or sucking) may relate to this form of infection, and
indeed any insect or arachnid may be an indirect carrier by accident.
Furthermore, insects ordinarily relating only to indirect infection may
produce direct infection of certain kinds where there is access to an open
wound as already explained. .

Internal Parasitism. — There are no insects so far as is known
which spend their entire life history in the form of internal parasites.
There are, however, a number which pass their larval period (period of
growth) within the alimentary canal or in the muscle tissue of higher
animals. The best-known representatives of this group are the botflies
and the warble flies, the former found in the stomach and intestine of
equine animals, while the latter are found in the muscle tissue of bovine
and equine animals, rodents, and sometimes man. The harm done by
internal insect parasites is of various kinds, e.g. irritation, impaired
digestion, loss of nutrition, etc.

External Parasitism. — The most important and most abundant
external parasites of man and of the domesticated animals are found
among the insects and arachnids. Very serious and often fatal results
are due to this form of irritation, and the loss of blood due to an abun-
dance of blood-sucking species must not be overlooked. External
parasites may be either permanent or temporary in relation to the
host. The commonest permanent parasites are the biting and sucking
lice, which are usually transferred from host to host by close association
of mammals while sleeping together in close quarters, or while in copu-
lation; in poultry generally while roosting. The sucking lice are also
important disease vectors, which involves transfer of activity from
animal to animal, usually brought about by close association, inter-
change of garments and toilet articles. Thus lice are carriers of
typhus fever and relapsing fever, infection being brought about by the
bite or by crushing the parasites and scratching or “rubbing in”’ the
infective agent. Temporary intermittent ectoparasites are the most
important of all disease carriers, owing to their habit of changing hosts.
It may well be seen that herein lies the danger of transmitting infec-
tious diseases from animal to animal. The temporary ectoparasites are
well represented by the fleas, bedbugs and certain ticks.

Insect Venoms. — Another form of irritation is produced by the
introduction of a specific venom by contact, pierce or sting. Many
insects produce severe irritations by their bites, which fact can be ac-
counted for by the presence of a venom-secreting gland, often salivary.
The cone-noses or kissing bugs (Reduviide) inflict a very painful wound
aggravated by a poison; other insects produce nettling when handled,
e.g. the blister beetles (Meloidee); and the familiar sting of the bee
(Apidee) and wasp (Vespide) is chiefly painful because of the injection
of specific poisons.




CHAPTER VI
COCKROACHES — BEETLES — THRIPS

A. THE COCKROACHES

Order Orthoptera, Family Blattide

FEw insects excepting the lice are looked upon with as much disgust
as are the cockroaches. The mere suggestion that these insects might
be present in a dwelling or place of business leads usually to a rough
snubbing. Such is the experience of inspectors whose duty it is to keep
a record of vermin and noxious insects in connection with health move-
ments in certain cities. A flat denial
is often forthcoming in the face of
the strongest evidence.

Habits. — Cockroaches belong to
that group of insects which attack
human food in all degrees of prepara-
tion. Not only human food but all
manner of organic material is at-
tacked ; nothing seems to be exempt,
as all will attest who have spent ,
some time in tropical or subtropical > -
sections in particular. They are
omnivorous, with a special incli- a b
nation toward starchy and sugary .
materials. Where everything seems Fie. 33. — Egg cases (odtheca) of cock-
to be shipshape during the daytime,  foaches. (&) oriental roach; (b) cro-
at night one can hardly take a step ) )
without hearing that ominous crackling underfoot as these creatures
are crushed by the tread. During the day the cockroaches are in
hiding in dark corners, behind wainscoting, under boxes, in cupboards
and the like, regardless (yes, perhaps with predilection) of filth.

Life History. — There seems to be little difference in the life history
of the various species of cockroaches. The female is often seen with a
chestnut-colored, chitinous object (Fig. 33), partly protruding from the
terminal abdominal segment. This is the egg case, or oéthecum, which
is carried around by the female often for several weeks until the
young are ready to hatch. These egg cases appear at all times of the
year, hence it seems that there is no special season to which egg
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deposition is limited. The young roaches are quite active from the
beginning, having the same food habits as the adults. Their

Fi16. 34. —The croton bug uscockrouch). Blatella (Ectobia) germanica, in various stages of
development. The adult female is shown with egg case or odthecum in normal posi-
tion protruding from the terminal abdominal segment. X 2.

metamorphosis is simple, quite like that of the grasshopper, requiring
about one year to reach maturity, prob-
ably somewhat less in tropical and
: subtropical countries. The writer has
/ | kept cockroaches (the croton bug)
j under observation in glass jars for
many weeks in order to note their
growth, which was seen to be very
slow. As the individuals molt, the
shed skins are eaten, as are also the
dead roaches, — an economical habit.
Structural. — Cockroaches have
characteristically, dorsoventrally, flat-
tened bodies, generally of a chestnut
brown to black color. The wings of
the males are usually well developed,
but the females often have mere ves-
tiges. While the winged forms pos-
sess the power of flight, the group as
F1a. 35. — The oriental roach, Blatta & whole is running in habit and the
orientalis. X 1.3. individuals can cover ground in this
way with marvelous rapidity. The mouth parts are of the biting
type, distinctly orthopteron.
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Species and Distribution. — As household pests cockroaches are
widely distributed, brought about chiefly through maritime trading;
holds of vessels as well as the crew’s sleeping quarters are oftentimeg over-
run with these miserable pests. The most widely distributed species
are the croton bug, Blatella germ