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PREFACE TO THE FOURTH EDITION

TuE ORIGINAL MaNUscripT for this book was prepared about forty
years ago, and the first edition, entitled Medical and Veterinary Ento-
mology, appeared in 1915. The book was most generously received from
the beginning and has been widely and increasingly used in each suc-
ceeding edition. It took considerable perseverance to complete another
revision for a fourth edition. With the encouragement of long-time users
of the work and the assistance of colleagues, graduate students, and
others this has now been accomplished.

The science of medical entomol has been fully accepted as one
of the important fundamentals for&mplete knowledge and under-
standing of public health operations as well as for an understanding of
the health of domestic animals; it is essential to a complete understand-
ing of the epidemiology of disease. Medical entomology is now taught
in the entomological curricula of most colleges and universities, as well
as in curricula of public health, preventive medicine, and tropical medi-
cine.

The general plan of the book remains essentially unchanged; but ow-
ing to the rapid expansion of knowledge pertaining to arthropods as
vectors of infections of man and animals and because of changes in con-
trol technique due to the discovery of new insecticide, such as DDT, a
complete revision of nearly all chapters became necessary. Stress con-
tinues to be placed on biology (life history and ecology) as fundamen-
tal to rational control and as basic to sound epidemiological procedures.

While it is recognized that the advent of DDT did measurably change
arthropod-control concepts, the use of this and other new insecticides
precipitated new problems or new phases of old ones, particularly as
these newer insecticides affect the public health either directly or in-
directly and to some degree also the “balance” in nature. Instead of
requiring less knowledge concerning the ecology of living things (so-
called “shot-gun” methods of application have too largely prevailed),
the wise and successful use of these insecticides requires much more
fundamental knowledge of the ecology of the offending organisms as
well as of others living in the same niche. Hazards to the health of man
and his domestic animals must be well considered. Those in charge of
training military personnel for vector control operations (to check
malaria, tsutsugamushi disease, etc.) under military conditions must
recognize, as do public health officials, that sole reliance on the tech-
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viii PREFACE TO THE FOURTH EDITION

niques of chemical control (use of insecticides) and the neglect of knowl-
edge of vectors can lead only to failure in the long run.

Among the many persons to whom I am indebted for assistance I
wish to thank Professor E. O. Essig, my successor as head of the Divi-
sion of Entomology and Parasitology, University of California, for plac-
ing clerical and other assistance at my disposal. Thanks are due Professors
W. M. Hoskins, M. A. Stewart, R. Craig, and Dean Furman for technical
assistance, and to Dr. W. C. Reeves, H. F. Gray, Willis Doetschmann,
and Richard Coleman for critical reading of certain chapters. I wish to
thank Arve Dahl and Richard Peters of the Bureau of Vector Control of
the California State Department of Public Health for many courtesies
extended during the preparation of this edition. My thanks go partic-
ularly to Mrs. K. E. Frick for the task of typing the manuscript. To my
wife for long-continued encouragement I owe more than words can
express.

W. B. H.
Berkeley, California

April, 1949



PREFACE TO THE FIRST EDITION

Mucr of the matter contained in the following pages was prepared
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 considerable revision
and addition, it has seemed expedient to publish the same. The manu-
script has been in almost constant use for a period of six years in teach-
ing classes in parasitology, both in the University of California and in
the San Francisco Veterinary College. It has been the aim to include
herewith a large part of the writer’s original work, some of which has
until now remained unpublished, 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 touching all
the investigations in the field of medical entomology, but rather an at-
tempt 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 irritations of man and of the
domesticated animals in which insects and arachnids are concerned,
either as carriers or as causative organisms.

Owing to the immense 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 physi-
cian, the veterinarian, the health officer, and the sanitarian. It is there-
fore 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 de-
scribed 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 prepara-
tion of this work, a bibliography is not included herewith, inasmuch as
this information is obtainable in much more complete form in the bibli-
ographical works of other writers. Reference to special papers is usually
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X PREFACE TO THE FIRST EDITION

made in footnote form, but where certain facts have long been accepted
as common knowledge, reference is ordinarily omitted.

Sources from which assistance has been drawn are too numerous to
enumerate adequately, but to all who have contributed toward the
preparation of this work I wish to express my sincere appreciation and
thanks, but most particularly to my advanced students in parasitology,
who have contributed much valuable data, and to my colleagues, Pro-
fessor C. W. Woodworth, Dr. Edwin C. Van Dyke, Dr. W. A, Sawyer,
and Dr, S. B. Freeborn, and to my wife, Lillie M. Herms, for generous
cooperation and kindly criticism.

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 reproduce certain draw-
ings of biting and sucking lice, to Dr. Bruce Mayne for photographs of
Tabanas striatus, and stomachs of infected Anopheles mosquitoes, to
Professor J. S. Hine for photographs of certain other tabanids, and to
Mr, W, C. Matthews, scientific illustrator, for valuable assistance in the
preparation of many of the figures.

W. B. H.
Berkeley, California
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CHAPTER 1

INTRODUCTION

Historical. In the King James version of the Old Testament '( Exodus
8: 24) we read, “ . . . and there came a grievous swarm of flies into the
house of Pharoh, and into his servants’ houses, and into all the land of
Egypt: the land was corrupted by reason of the swarm of flies.” The
Douay Version reads, “and the land was corrupted by this kind of flies.”
Whether the term “flies” as used in this passage is coextensive with the
modern use of the word may be questioned, but it is interesting to con-
template the implications. As early as 1577 Mercurialis'® expressed the
belief that flies carried the virus of plague from those ill or dead of the
disease to the food of the well. Although we now know that this is not the
usual mode of plague transmission, the principal role that flies play as
vectors of disease was correctly interpreted; i.e., they are food contam-
inators. ,
In 1587 Gabriel Soares de Souza? stated that flies suck poisons from
sores (Framboesia tropica) and leave them in skin abrasions on healthy
individuals, thus infecting many persons. In 1769 Edward Bancroft® ad-
vanced a similar theory, but it was not until 1907 that Castellani* demon-
strated experimentally that flies do transmit Treponema pertenue Cas-
tellani, the causal agent of yaws. The role of the housefly as a vector of
disease was, however, not fully appreciated until 1898 when, as the result
of investigations made during the Spanish-American War, Veeder® wrote:

I have made cultures of bacteria from fly tracks and from the excrement
of flies and there seems to be not the slightest difficulty in so doing. Indeed
the evidence of every sort is so clear that I have reached the conclusion that
the conveyance of infection in the manner indicated is the chief factor in
decimating the army. Certainly so far as is known to the writer, nothing
adequate has been said about it in current discussions.

Although popular beliefs in many parts of the world had for some
time connected mosquitoes with various tropical fevers, no well-formu-
lated ideas were advanced until 1848, when Josiah Nott® of New Orleans
published his belief that mosquitoes gave rise to both malaria and yellow

* Superior figures in the text refer to Bibliography at the end of each chapter.
1



2 MEDICAL ENTOMOLOGY

fever. In 1854 Beauperthuy,” a French physician in the West Indies,
formulated an excellent theory that mosquitoes were responsible for the
transmission of yellow fever, believing, however, that the unknown
disease factor was carried by the insect from certain decomposing matter
and in turn introduced by it into the human body.

While considerable was known by early naturalists and physicians
concerning the larger intestinal parasites, such as roundworms and tape-
worms, little information relating to microdérganisms was available until
after the development of the microscope by Anton van Leeuwenhoek
(1695),* who found that his “material contained many tiny animals
which moved about in a most amusing fashion; the largest of these
showed the liveliest and most active motion, moving through the water
or saliva as a fish of prey darts through the sea.” This discovery led to
the study of hitherto invisible organisms and eventually to the formula-
tion of the “germ theory” by Pasteur® in 1877.

Although according to Howard® no standard medical treatise men-
tioned any specific disease as insect-borne prior to 1871, Raimbert'
showed in 1869 by experiment (inoculation of proboscides, wings, etc.,
of nonbiting muscids into guinea pigs) that anthrax (Bacillus anthracis
Cohn) could be disseminated by flies, which as early as 1776 was be-
lieved by Montfils’? to be the case. The first discovery of primary im-
portance in the field of medical entomology, however, was made in 1878
by Patrick Manson*® who, working in China, observed the development of
Wuchereria (= Filaria) bancrofti (Cobbold) in the body of a mosquito,
Culex quinquefasciatus Say (= Culex fatigans Wied.), and eventually,
together with Bancroft, Low, and others, proved the mosquito to be the
intermediary host and vector of the causal organism of filariasis.

The discovery by Laveran'* in 1880 of the causal organism of malaria
(Plasmodium malariae) living parasitically in the red blood cells of man,
marks an epoch in protozodlogy. Taking rank with Laveran’s discovery of
the malaria parasite is the discovery by Theobald Smith in 1889 (Smith
and Kilbourne, 1893 of the causal protozodn organism (Babesia bi-
gemina) of Texas cattle fever, also living parasitically within the red
blood corpuscles of the host. Associated with Smith in the investigation
of the disease was F. L. Kilbourne, and together in 1893 they made the
second great fundamental discovery in the field of medical entomology,
namely that the cattle tick, Bodphilus annulatus (Say) = (B. bovis
Riley), is the necessary intermediate host of the causal agent of the
disease. This knowledge, combined with Manson’s discovery concerning
mosquitoes and filariasis, established a new basis for the control and
prevention of disease in both man and domestic animals.

In quick succession there followed a series of famous discoveries. In
1895 Bruce'® investigated nagana, the fatal tsetse-fly disease of Africa
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(Zululand) and established the fact that the infection is conveyed from
animal to animal through the agency of Glossina morsitans Westwood.

In 1897 Ronald Ross'” announced that he had found the zygotes of
the malaria parasite in two “dapple-wingled mosquitoes” (anophelines)
which had been bred from the larva and fed on a patient whose blood
contained crescents. In the discovery that mosquitoes carry malaria there
are linked the names of Ross; Manson;'®* MacCallum;*® Bastianelli, Big-
nami, and Grassi;?** Koch;#* and Sambon and Low,** the last two having
(1900) demonstrated beyond a doubt the fact of transmission.

One of the world’s outstanding achievements in the field of experi-
mental medicine is that of the United States Army Yellow Fever Com-
mission, consisting of Reed,?* Carrol, Lazear, and Agramonte, which in
1900 on the island of Cuba proved conclusively that yellow fever is car-
ried by a mosquito, Aedes aegypti (Linn.) [then known as Culex fasci-
atus Fabr. and later as Stegomyia fasciata (Fabr.)]. Carlos Finlay,** a
-Cuban physician, had as early as 1880 propounded the theory and con-
ducted experiments in an attempt to prove it; hence he, too, amply
deserves recognition and great praise.

These two discoveries concerning malaria and yellow fever gave great
impetus to the subject of mosquito control, although L. O. Howard had
already demonstrated the value of kerosene in his experiments in the
Catskill Mountains in 1892. Howard’s pioneer book entitled Mosquitoes:
How They Live; How They Carry Disease; How They Are Classified;
How They May Be Destroyed, appeared in 1901.

During almost a third of a century following these fundamental dis-
coveries little advance was made in knowledge concerning the transmis-
sion of malaria and yellow fever, and the complete solution of the prob-
lem of control of both diseases seemed to be within reach—that is, simply
mosquito control. However, in 1937 malaria was again referred to as a
mysterious disease by Hackett?® in his treatise Malaria in Europe vis.:
“ . under close examination malaria became only more intricate and
impenetrable, more protean in its character, more diverse in its local
manifestations.” The expression “anophelism without malaria” came into
use, and malariologists became more interested, as Hackett points out, in
the anophelines which did not transmit malaria than in those that did.
The discovery by Falleroni®** in 1926 that Anopheles maculipennis
Meigen, an important vector of malaria, was in reality separable into
races on differences in the'egg pattern, led Hackett, Martini, and Missi-
roli*” (1932) to the discovery that the races of this species differ markedly
in their vector relationship to malaria, thus opening new avenues of re-
search. Now what appeared to be a clear-cut situation in 1898 became
once more a malaria “puzzle.”

Furthermore, the apparently well-solved problem of yellow fever



4 MEDICAL ENTOMOLOGY

control through the control of Aedes aegypti (Linn.) was again com-
pletely thrown open for further investigation by the discovery of Stokes,
Bauer, and Hudson?® in 1927 that experimental animals (monkeys) can
be infected with yellow fever. Now, because of the availability of experi-
mental animals, more than a dozen species of mosquito instead of just
one species are known to have the ability to transmit the infection from
monkey to monkey by the bite.

In 1932 there was first observed in the Valle de Chanaan, Espirito
Santo, Brazil, a type of yellow fever designated as jungle yellow fever
(Soper, 1936),2 differing from the known type, transmitted usually by
Aedes aegypti (Linu.), only in that it occurs under conditions suggesting
that infection takes place away from urban habitations, that man may not
be an essential factor in the continuity of infection, indeed “man may be
but an accident in the course of an epizodtic in the lower animals, or it
may even be due to the persistence of the virus in invertebrate vectors
for long periods of time.”

In 1898 Simond*® succeeded in transmitting plague from a sick rat to
a healthy rat through the agenlcy of infected fleas. This discovery was at
first discredited, but the experiments were successfully repeated by
Verjbitski® in 1903 and Liston® in 1904,

The designation sylvatic (selvatic) plague has come into use par-
ticularly since 1928 (Ricardo Jorge®*) to specify plague of wild rodents
in which fleas play an important role as invertebrate reservoirs as well
as vectors.

At this juncture of our historical review of the subject it is appro-
priate to call attention to the first comprehensive treatise dealing with
arthropods as carriers of disease, namely the work of the late Professor
George H. F. Nuttall** entitled, On the Role of Insects, Arachnids and
Myriapods as Carriers in the Spread of Bacterial and Parasitic Diseases
of Man and Animals. A Critical and Historical Study. Every student of
medical entomology should be familiar with this publication. The follow-
ing quotation from that work is significant:

Whilst hygienists have given much attention to the study of pathogenic
organisms in air, water, soil and food, their behavior under different chemical
and physical conditions, as also to the possibility of their direct or indirect
transmission from diseased to healthy individuals; relatively little attention
has been paid to one of the means by which infectious diseases are spread, to
the rdle played especially by insects, which may serve either as carriers or
intermediary hosts of disease-agents. The most thorough work in this direc-
tion has been done by parasitologists. Very few of the works on hygiene even
mention the réle of insects as carriers of infection, and those that do, gener-
ally speak vaguely on the subject.

Nuttall deserves to be called the father of medical entomology.
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In 1901 Forde*® observed certain parasites in the blood of persons
suffering from Gambian sleeping sickness, which Dutton®*:*’ recognized
as trypanosomes and named Trypanosoma gambiense; and in 1903 Bruce
and Nabarro®® showed that Glossina palpalis (Robineau-Desvoidy) was
the carrier, thus adding another tsetse-fly disease to the list. Stephens and
Fantham® in 1910 described Trypanosoma rhodesiense as the causal
organism of Rhodesian sleeping sickness, and Kinghorn and Yorke*® in
1912 proved Glossina morsitans Westwood to be the responsible vector.

Graham,” while working in Syria in 1902, found that dengue, or
breakbone fever, a widely distributed disease particularly of warm
climates, though frequently occurring elsewhere, is mosquito-borne. He,
and later Ashburn and Craig,** reported that possibly several species of
mosquitoes, notably Aedes aegypti (Linn.), are able to transmit the
infection. A closely related disease is pappataci fever, also known as
“three-day fever” and “sand fly fever,” transmitted by Phlebotomus
papatasii Scopoli, as proved by Doerr, Franz, and Taussig® in 1909.

In 1903 Marchoux and Salimbeni** proved that fowl spirochetosis
caused by Spirochaeta gallinarum Blanchard is tick-borne and that Argas
persicus (Oken), the common fowl tick, is a vector. Another tick-borne
disease came to light when Dutton and Todd** and Ross and Milne*
in 1904 discovered that African relapsing fever is carried by the tick
Ornithodoros moubata (Murray), the causal organism being Borrelia
(= Spirochaeta) recurrentis Lebert = (Spirochaeta duttoni Novy and
Knapp). Furthermore, in 1906 Ricketts,*” working in Montana (U.S.A.),
proved conclusively that another tick, which he believed to be Derma-
center occidentalis Neum., but now known to be Dermacentor andersoni
Stiles [ Dermacentor venustus (Banks)], is the principal vector of Rocky
Mountain spotted fever. Wolbach** (1919) named the causal organism
Dermacentroxenus rickettsi.

Although lice have for centuries been associated with filth and disease,
apparently little thought was given these insects as possible carriers of
infection, even though Melnikoff** had shown in 1869 that the biting
dog louse, Trichodectes canis DeGeer, was an intermediate host of the
double-pored dog tapeworm, Dipylidium caninum (Linn.), which also
occasionally occurs in humans. Aubert® (1879), according to Nuttall,
considered that pediculi were spreaders of impetigo, and the cause of
prurigo, pityriasis, etc. Also, in experiments conducted by Deweévre® in
1892, lice were shown to carry the specific microdrganisms mechanically
on their front legs, and infection was thus accidentally transmitted to
healthy persons. Furthermore, Fligge®? in 1891 and Tictin® in 1897
both supposed that disease might be carried by vermin and conducted
experiments with bedbugs. In 1907 Mackie* working in India found that
relapsing fever was transmitted by the body louse, Pediculus humanus
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Linn., in whose body the causal organism, Borrelia (= Spirochaeta)
recurrentis Lebert (S. carteri Manson ), multiplies.

Nicolle, Comte, and Conseil,** working in Tunis in 1909, and Ricketts
and Wilder®® working independently in Mexico in 1910, proved experi-
mentally jhat the body louse (Pediculus humanus Linn.) is a carrier of
typhus fever, the causal organism of which, Rickettsia prowazeki, was
described and named by Da Rocha-Lima®* in 1916.

Members of the insect family Reduviidae (conenose bugs or kissing
bugs) have been long known for their fierce bites and bloodthirstiness,
but it was apparently not until 1909 that insects of this group were ex-
perimentally proved to be disease carriers. In that year Chagas,®® who
had already described the causal organism [Schizotrypanum (= Try-
panosoma) cruzi,] of Chagas’ disease, also known as “Brazilian trypano-
somiasis,” demonstrated that this disease is carried by the conenose bug
Mestor megistus (Burm.) [Triatoma megista (Burm.) = Panstrongylus
megistus (Burm.)]. In 1933 Kofoid and Donat® showed that the try-
panosome of the conenose bug Triatoma protracta (Uhler) in California
is identical with that found in Mestor megistus (Burm.).

Flies of the family Tabanidae (horseflies, gadflies, earflies, deer flies,
etc.) were looked upon with suspicion as early as 1776, but apparently
no satisfactory evidence against them was forthcoming until 1913, when
Mitzmain®® (Mayne), working in the Philippine Islands, demonstrated
transmission of surra of the carabao by Tabanus striatus Fabr., which he
regarded as the principal carrier. Strong evidence against tabanid flies
of the genus Chrysops as intermediary hosts of Loa (= Filaria) loa
(Cobbold ) was advanced by Leiper,* also in 19183,

Bloodsucking gnats belonging to the dipteron family Simuliidae are a
terrible scourge to both man and beast in many parts of the world and
have long been under suspicion as vectors of disease. In 1926 Blacklock®?
reported Simulium damnosum Theob. as the vector of the filarial worm
Onchocerca volvulus (Leuckart), the causal agent of onchocercosis, In
1934 O'Roke®*® reported Simulium venustum Say to be the vector of a
disease of ducks caused by Leucocytozoon anatis Wickware.

Tularemia, also known as Pahvant Valley plague (Utah, U.S.A.) or
deer fly fever, was shown by Francis and Mayne® in 1921 to be carried
from rodent to rodent by the tabanid fly Chrysops discalis Williston, and
presumably from rodent to man in the same manner. The causal organism
of this disease, Pasteurella (= Bacterium) tularensis, was described in
1911 by McCoy and Chapin as the cause of a plague-like disease of
California ground squirrels. Though transmitted in nature by the deer
fly and several other species of arthropods, particularly the tick Derma-
centor andersoni Stiles, which is involved hereditarily, the infection is
most commonly contracted by handling infected rabbits.
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In 1933 Kelser®® announced that he had succeeded in transmitting the
virus of equine encephalomyelitis from inoculated guinea pigs to a horse
by the bite of the mosquito Aedes aegypti (Linn. ).

The discovery of the insecticidal value of the compound dichloro-
diphenyl-trichloroethane (DDT) represents the beginning of a new era
in the prevention of insect-borne diseases as pertains to both plants and
animals, particularly of such a devastating disease of man as malaria.
This compound was first synthesized by Othmar Zeidler*® in 1874 at
Strasbourg, Germany. Zeidler apparently was ignorant of its insecticidal
properties. It was not until about 1939 that Paul Miiller, (Lauger et al.*")
then a member of the scientific staff of Geigy Company in Basle, Switzer-
land, discovered its remarkable insecticidal value. For this discovery
Miiller was awarded the Nobel Prize in Medicine for 1948.

Both historically and for future investigation the relation which the
protozoon subfamily Herpetomoninae of Castellani and Chalmers bears
to insects and their relation to animal and plant diseases, is one of interest
to parasitologists. Numerous insects are knogn to harbor Leptomonas
(inclusive of Herpetomonas), Crithidia, Leishmania, and other genera,
some of doubtful classification, but the problem of segregating those
which are zod- and phytopathogenic from those which are merely en-
tomoparasitic in exceedingly difficult and fraught with snares and pitfalls.
Apparently the earliest discovery in this connection concerning plants
was made by Lafont®® in 1910 when he demonstrated that Leptomonas
davidi Lafont, the cause of “flagellosis” in three species of Euphorbiaceae,
required as its intermediary host the bug, Nysius euphorbiae Horvath.
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CHAPTER IT

———-———

SCOPE AND METHOD

Scope. The preceding brief outline of the historical development of
knowledge pertaining to the relationship of arthropods to diseases, para-
sitic infestations, and various disorders of man and his domesticated ani-
mals will in itself give the student some understanding of the scope of
medical entomology. The name, medical entomology, as a designation
for this field of knowledge apparently did not come into use until about
1909.* Even at that late date there were those in high places who ridi-
culed the importance of arthropods as vectors of disease in spite of im-
portant entomological discoveries relating to the transmission of plague,
malaria, and yellow fever. Today medical entomology is not only recog-
nized as a science in its own right, but also takes equal rank with some
of the older sciences contributing to the fields of public health, tropical
medicine, preventive medicine, and veterinary medicine.

Medical entomology may be defined as the science which deals with
the relation of insects, arachnids, and other arthropods to parasitic infes-
tations and diseases of man and beast: they may be causal agents, as in
scabies; or vectors, as in the malarias. The science is directly concerned
with the biology and control of the offending arthropods. It contributes
to the conservation of the public health and the health and well-being
of animals.

Training. The medical entomologist must be thoroughly trained in
general zodlogy; he must be particularly well trained in entomology and
arachnology; and his training must include protozodlogy, helminthology,
and bacteriology. He must be a parasitologist in the truest and widest
sense. He must be well versed in field ecology. Many insect-borne diseases
of man and his domesticated animals are maintained in nature in wild
mammalian and other reservoir animals; hence the medical entomologist
must have a thorough understanding of vertebrate zodlogy and also a
wider knowledge of invertebrates (particularly fresh-water forms) than
is offered in the usual courses in zodlogy and entomology. Familiarity
with aquatic organisms is also helpful in determining public health im-
plications when these organisms are found in domestic water supplies.
Familiarity with insects attacking stored and dried foods, stored grain,

11
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and foods in general is valuable. A knowledge of house-invading animals
is essential. Entomological training must emphasize immature stages
in the developmental cycle. Although mycology is not usually considered
essential, the author has derived much benefit from a course in that field
and recommends it to students of medical entomology. Much direct
benefit will be derived from many of the courses offered in medical,
veterinary, and public health curricula, such as general anatomy, general
physiology, epidemiology, pathology, histology, toxicology, hematology,
and coprology. If available, training in public health administration
should be acquired. A substantial knowledge of chemistry is essential.
In order to solve certain field problems involving arthropods, for example,
mosquitoes and flies, knowledge of such phases of engineering as pertain
to drainage and sewage disposal is useful. Familiarity with these last-
named subjects will enable the medical entomologist to cooperate in-
telligently with other medical investigators and with engineers or, on
occasion, to make intelligent use of the professional services of phy-
sicians, veterinarians, engineers, epidemiologists, and other experts and
specialists in the solution of complicated problems. For a more extended
consideration of the preparation required for a career as a medical
entomologist the student is referred to an article by the author in the
Journal of Economic Entomology for February, 1943.2

Objectives. The aim of medical entomology is the pursuit of knowl-
edge concerning disease vectors and particularly concerning the control
and prevention of arthropod-borne diseases. There are many notable
examples of the service rendered by workers in this fertile field, such as
the control of malaria and yellow fever in Cuba and the Panama Canal
Zone? and the campaign against rats and fleas in San Francisco in 1907.¢
The latter resulted in the eradication of plague from that city, thus
averting the spread of this terrible scourge to the surrounding area.
The eradication during 1939-1940 of Anopheles gambiae Giles in Brazil
after its devastating introduction from tropical Africa is an excellent
recent example.® The benefit derived by animal industry is well illustrated
in the control of the tick vector [Bodphilus annulatus (Say)] of Texas
cattle fever in the southern United States.

Method. In common with researchers in other related fields, the medi-
cal entomologist must employ the experimental method to advance his
science.® The experimental method is described by Thomas Hunt Morgan
(1907)" in Experimental Zoology (by permission of The Macmillan
Company, publishers) as “the most important tool of research that
scientists employ. . . . The essence of the experimental method consists
in requiring that every suggestion (or hypothesis) be put to the test of
experiment before it is admitted to a scientific status. . .. It is the
method of attacking problems that is the chief characteristic of experi-
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mental work. . . . We demand in the case of a problem in experimental
science that the conditions under which an event takes place be dis-
covered, and that, if possible, we reproduce artificially the result by con-
trolling the conditions. In fact the control of natural phenomena is the
goal of experimental work.” Ivy (1948)® states, “It has been through the
experimental method of controlled or conditioned observation, and only
through this method, that scientists have discovered and will continue
to discover the most intimate secrets of Nature.”

Since discovery of disease vectors and development of methods for
the control of arthropod vectors and reservoir animals are aims of medical
entomology, it is highly important that the experimental method be em-
ployed. An examination of the literature pertaining to arthropods and
disease shows that much of the work in this field is still largely in the
descriptive stage. Knowledge of taxonomy, morphology, anatomy, his-
tology, and physiology of arthropods is fundamental to sound work in
the field of medical entomology, but such knowledge alone, even of in-
sects of public health importance, does not per se qualify one as a medi-
cal entomologist. Referring to the importance of fundamental knowledge,
Morgan (loc. cit.) states: “The carrying out of an experiment implies
the formulation of a working hypothesis, and this usually presupposes
some knowledge of the possible conditions that control the phenomena.
The experimental work becomes more explicit and accurate the more
we know beforehand of the possible conditions that may enter into the
result. . . .7

In the experimental study of insect vectors one would ordinarily first
determine by experiment whether or not laboratory animals are sus-
ceptible to a certain disease. If they are, further experimentation is
greatly simplified. After long years of slow progress, rapid strides were
made in our knowledge of yellow fever when it was discovered that
laboratory animals such as monkeys and white mice could be used in
experimentation.®*°

Well does the author remember the experiment completed December
16, 1909, which proved Diamanus montanus (Baker) = (Ceratophyllus
acutus Baker), the ground-squirrel flea, to be a transmitter of plague
from ground squirrel to ground squirrel. The cage used by the United
States Public Health Service in San Francisco for the experimental ani-
mals was an ordinary galvanized iron garbage can 33 inches high by 19
inches in diameter, suitably screened and smeared at the rim with “tangle-
foot” to prevent the escape of the fleas. Every possible precaution was
taken to obviate danger. McCoy** describes the experiment as follows:

A ground squirrel was inoculated subcutaneously with a broth culture
of Bacillus pestis derived from a human case of plague. This animal died on
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the fifth day. Three days before its death, one hundred fleas (Ceratophyllus
acutus) were put in the cage with it. While yet warm the dead rodent was re-
moved from the cage, and twenty-seven live fleas were taken from its body.
Two of these were crushed, and staining of the resulting smears showed an
abundance of pest-like bacilli in each. The twenty-five fleas remaining were
put in a clean cage with a healthy squirrel. This animal died of subacute
plague ten days later. . . . This experiment is conclusive in showing that
C. acutus may convey plague from a sick to a healthy squirrel. It should be
stated that all of the squirrels were kept in quarantine for at least a month
prior to their being used for the experiment. In fact, all of these squirrels
were obtained in a region in which no plague squirrels have ever been found.

Although human malaria was not known to be transmissible to labo-
ratory animals, knowledge of the vector was hastened because a related
malaria occurs in birds. Discoveries by MacCallum (loc. cit.) on bird
malaria furnished the key to the famous discoveries of Ross, Grassi,
Bignami, and others. Naturally induced (mosquito-transmitted) as well as
blood-induced malaria in the routine therapy of neurosyphilitics has
enabled investigators to make progress, heretofore impossible, in the
understanding of the behavior of Plasmodium vivax and other human
malaria plasmodia (Young, 1944).12 Also the discovery of a malaria in-
tection in monkeys caused by Plasmodium knowlesi opened the way for
much experimental work applicable to human malaria.*?

Faust'* has aptly stated: “In most experimental work with human
parasitic infections laboratory animals can be utilized for all practical
experimental tests, thus obviating the need for any potential risk by
human volunteers. . . . Yet in certain crucial types of experimentation
it has been found highly desirable to know if human host-parasite rela-
tionships are directly parallel to those of susceptible animals.” Less
dangerous diseases such as tick-borne relapsing fever have been given
human tests (see Chapter XX). Ivy (1948), loc. cit.) states: “In the
medical sciences, the only method which can clearly reveal and establish
the cause, prevention, and treatment of disease is the method of con-
trolled experimentation on animals and volunteer human subjects.”

In experiments in the field of medical entomology an unusual amount
of care is required to prevent the escape of infected insects. Also much
skill and patience are needed to rear an adequate supply of living insects
in the laboratory for experimental use and to secure normal feeding
responses on the part of imprisoned insects.

Importance of ecology. The importance of ecological knowledge in
the investigation of insect-borne diseases has been long stressed by the
author. As early as 1909 (loc. cit.) he pointed out that “It is essential
that the student become familiar with the habits and habitat of the insect
in the field, its life history under normal and unusual conditions.” Ecology
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is variously defined, but few of the later proposed definitions define it
as well as did Haeckel (1869) when he described it as the “relation of
the animal to its organic as well as its inorganic environment.” Chap-
man’ said, . . . “he [Haeckel] considered oekologie to include the
general economy of the household of nature.” In many instances man
will need to learn how to live in the same world with these now threaten-
ing members of that “household.” Pearse'® in a paper on the ecology of
parasites points out that “Man has succeeded by changing the environ-
ment or by changing his own characteristics as a habitat, in ridding him-
self of many of his parasites.”

In dealing with the importance of ecology in relation to malaria,
Richard P. Strong' has stated

In addition to these effects of the immediate environment upon the human
host, ecological studies must often consider its effects upon the intermediate
hosts in instances where they exist. Here, also, climate plays an important
role, not only in the character of the vertebrate fauna which the region har-
bors, but especially of the invertebrate fauna. Also, at temperatures below
a certain degree, the parasites in the insects which transmit them may be
unable to multiply or the insects satisfactorily to breed or even exist, as, for
example, the parasites and insects concerned in the transmission of sleeping
sickness and of malaria.

The epidemic of malaria with its high mortality which has recently been
raging in Ceylon, India, is a striking example of the effect that climatic con-
ditions and environment may exert upon a disease. This epidemic has occurred
in what has been hitherto regarded as the most healthy and prosperous por-
tion of the island, the southwestern part, in which there has usually been
a high annual rainfall and where there has been evidence that the percent-
age of the population infected with malarial parasites has been but small,
and hence the population relatively non-immune to the disease. This year
the prevailing rains which are brought so regularly by the southwest monsoon
failed to supply the usual amount of water, resulting in a prolonged drought.
Then came a few heavy rains and drought again. Thus conditions arose greatly
favoring the breeding of the mosquito. Anopheles culicifacies, which trans-
mits the disease in this region, as many shallow pools were formed along the
river beds and streams. Through these innumerable temporary breeding places,
more perfect conditions for the production of mosquitoes could probably
not have been devised. The outbreak of malaria was followed by failure of
the crops, also due particularly to the lack of rain. Thus the people became
further impoverished and the general state of their health reduced, and with-
in five months there were 113,811 deaths, of which 66,704 were estimated to
be due to malaria.

The complexity of ecological factors as pertains to medical ento-
mology is well shown in malaria, in which three animal species are in-



16 MEDICAL ENTOMOLOGY

volved, namely, man the victim, the vector mosquito, and the causal
plasmodium—each species having characteristic ecological requirements.
The complexity becomes even greater when a reservoir animal enters
the epidemiological picture, as in endemic (tick-borne) relapsing fever
in California. In the cycle of this disease man is again involved, then
there is a tick vector, a spirochete as the pathogen, and a fourth species,
a chipmunk, as a reservoir. Meyer® has clearly portrayed the complexity
of an ecological approach to the study of plague in his De Lamar lecture,
entitled “The Ecology of Plague.”

The student of medical entomology will do well to sturdy Uvarov’s®®
Insects and Climate, Martini's®® Wege der Seuchen, and Buxton’s*
“The Effect of Climatic Conditions upon Populations of Insects.” The
latter author (p. 326) remarks, “ . . . the geographical spread of human
diseases and the seasonal occurrence of certain epidemics appear to be
directly due to alteration in the numbers of insects which are the essen-
tial vectors of these diseases. Our ultimate objective is to know the num-
bers of particular sorts of insects which are capable of infecting us with
the organisms which they carry.”

Control of insect-borne diseases. The control of insect-borne diseases
involves not only the control of the responsible insect vectors, often very
difficult or even at times impossible, but depends also upon the control
of the fomites from which the arthropod receives its infection.

In the simplest form of insect transmission, i.e., by mechanical con-
tamination of food and drink, the source of infection may be found in
human excreta or other dangerous animal wastes, in which case the
possibility of spread by insects may be largely overcome by correcting
the defect in sanitation. Properly constructed fly-tight privies and septic
tanks would largely prevent the spread of typhoid fever and related filth
diseases by flies in rural areas. Rodent control is intended to destroy the
natural reservoirs of plague, as the flea is usually only an agent of trans-
mission. The control of plague through flea control alone does not satisfy
all requirements. '

The handling of persons with infectious diseases is a matter of great
importance, as for example the screening of yellow fever patients against
the mosquito vector during the critical infectious stage of the disease.
Furthermore the proper screening of malaria patients against mosquitoes
is a factor in malaria control. Searching out and adequately treating.
carriers, while beset with many difficulties, should not be overlooked in
a program for control of insect-borne disease. There are situations where
vector control is not economically possible; for example, there are highly
malarial areas where mosquito control cannot be economically practiced,
yet certain agricultural procedures or construction work must go on. In
such cases suppressive (prophylactic) treatment is indicated.
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In the face of universal rapid transportation by airplane and other
means, including automobile, and in the light of wartime experience,
health authorities of states and nations should be thoroughly familiar
with the vector potentialities of arthropods within their respective geo-
graphical boundaries (Herms, 1947).* Vigilance at the point of depar-
ture and proper quarantine measures at the destination should be main-
tained to avoid the spread of arthropod-borne diseases.?

Vector control. In the control of disease-transmitting arthropods the
most vulnerable point in the life history is usually sought and the most
effective control means are then employed. This involves an intimate
knowledge of biology. The more familiar one is with the life history,
habits, and ecology of the vector, the better equipped one will be to
cope with the problems of control.

Control measures may be only of a temporary nature for purposes of
immediate relief and hence must be repeated; or they may be intended
to have permanent effect. Temporary control measures involve holding
a nuisance in check for a short time, a few hours or a few days, and
require constant repetition: for example, the use of aerosols to kill adult
mosquitoes and flies, the use of mosquito repellents, or even the applica-
tion of oil to mosquito-breeding pools. Permanent control, on the other
hand, involves correction of breeding places by mechanical or other
means in order to prevent vector breeding: for example, draining or fill-
ing unnecessary ponds and pools of standing water in which mosquitoes
may breed; the correction of irrigation defects, particularly errors in
drainage; the disposal of manures and organic wastes in such a manner
as to prevent breeding of houseflies, e.g., close packing or immediate
spreading of manure. Permanent control measures are usually more eco-
nomical in the long run.

Species sanitation implies that control measures aimed at disease
vectors must fit the particular offending species. The importance of this
procedure is particularly applicable in vector-control operations where
closely related species or subspecies occur in the same general area but
only one is of public health importance. By concentrating appropriate
efforts on the proven vector species or subspecies, for example, in malaria
control operations in the presence of two or more anopheline species,
good results may be economically obtained.

Naturalistic control implies a planned change in the natural habitat
of an offending species, such as a disease vector, so as to make it im-
possible for the species to continue breeding in effective numbers. For
example, Anopheles albimanus Wied., a potent vector of malaria in the
Caribbean area, bréeds abundantly in certain coastal lagoons having a
salinity between 15 and 25 per cent. By simply connecting these lagoons
with the sea so as to facilitate tidal action and thus increase the salinity
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CHAPTER 111

PARASITES AND PARASITISM

Symbiosis and parasitism. Biologists are not agreed as to the definition
of symbiosis, but for our purpose it may be regarded as a condition of
conjoint life existing between different organisms, and in its most perfect
form the associated organisms or symbionts “are completely adapted to
a life in common,” while on the other hand a poor adaptation to a sym-
biotic existence may lead to serious pathological reactions and even “to
the death of the organism that is invaded.” This interpretation of sym-
biosis by Nuttall* differs from the usual definition, which denotes a con-
dition of conjoint life that is more or less beneficial to the associated
organisms.

Nuttall (loc. cit.) well said “ . . . it is difficult to imagine that sym-
biosis originated otherwise than through a preliminary stage of parasitism
on the part of one or the other of the associated organisms, the conflict
between them in the course of time ending in mutual adaptation.” When
the symbiotic relationship is of benefit to both organisms (i.e., recipro-
cal) it may be termed mutualism. For example, the tiny staphylinid bee-
tles Xenodusa cava (Lec.) and Xenodusa montana (Csy.) secrete a fluid
which ants, Formica rufa Linn. and other species, suck from glandular
hairs; and in return for this favor the ants feed the beetles, which are
said to be unable to feed themselves and hence perish if unassisted by
the ants. Also the corn root aphid, Aphis maidiradicis Forbes, is cared
for in a most solicitous fashion, from egg to adult, by several species of
ants, Lasius sp., which feed on the so-called honeydew secreted by the
aphids.

When only one of the two organisms is benefited by the symbiosis, -
the relationship is known as commensalism. Thus a minute species of
cockroach, Attaphila fungicola Wheeler, is said by Wheeler? (p. 397)
(reprinted by permission of Columbia University Press) to lick the sur-
faces, feeding on oily secretions of Atta ants, which tolerate the little
roaches, “without the slightest signs of hostility.” No harm, of course,
results to the ants, and evidently no benefit is derived by them.

Parasitism. The definition of parasitism is well within the meaning of
the term symbiosis; however, the parasitologist instead of using the term
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symbionts as applied to the associated species employs the terms host,
the physically larger of these, and parasite, the smaller in size, assuming
that the latter lives at the expense of the former. This conception of the
relationship of the associated species has led to a commonly used defini-
tion, viz.: parasitism is the state of one organism, the parasite, gaining
nourishment and other advantage, such as shelter, at the expense of
another living organism, the host. However, the latter (the host) must
not be destroyed as the result of this association before at least the
growth period of the former is completed, otherwise the result would
be disastrous to the parasite as well as the host. The life of a true parasite
is closely tuned to the life cycle and habits of the host. Essentially “a

arasite is an organism which lives at the expense of its host, giving
nothing of value in return” (Stunkard, 1929°). In spite of the fact that
the life of a parasite is commonly regarded as an easy one, it is rigor-
ously circumscribed and full of dangers. It is sometimes referred to as
a form of “hopeless specialization,” since it leads eventually to extinction,
unless conceivably the parasite were able to work back gradually from
parasitism to a free-living condition. On the other hand if parasitism is
but the beginning of an ill-adapted symbiotic life, then conceivably it
might gradually end through progression into a condition of mutual
adaptation. Indeed Nuttall (loc. cit.) has gone so far as to point out that
“ ... it is difficult to imagine that symbiosis [in the restricted sense,
that is, mutual adaptation] originated otherwise than through a prelim-
inary stage of parasitism on the part of one or other of the associated
organisms.”

Swellengrebel* describes a heavy malaria parasite incidence in the
blood of isolated bush Negroes in the interior of Dutch Guiana, yet with
no malarial fever (disease) resulting from this infection. He reports that
this high and constant malarial infection (mostly falciparum) leaves not
only the adult natives unaffected but does little harm even to the
youngest children. Swellengrebel himself suffered an infection while
among these bushmen after stopping “quinine prophylaxis,” and in due
time (11 days) became ill with falciparum malaria. The parasites, there-
fore, had lost none of their potential virulence when introduced in the
usual manner by mosquitoes into the body of a nonbushman.

Swellengrebel argues that this phenomenon in the case of these
isolated bush Negroes is the outcome of an interaction, a struggle, be-
tween host and parasite in which “both have had to sacrific€ something,”
“a nicely adjusted equilibrium” having been achieved. “It is an adaptation
of the host to a greatly subdued parasite” which does no harm to its host
and consequently none to itself; it behaves as an “efficient parasite.”
Swellengrebel points out that the title of his paper might perhaps better
have been “The Efficient Host.”
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There are many species Qf insects which are parasitic on other insects,
and some of these are very useful in holding certain agricultural pests in
check. Such “parasitoid” insects, as they are better termed, are often
reared in insectaries in enormous numbers to be liberated at a proper
time for control purposes. This practice is known as “biological control.”
While only of indirect concern to the medical entomologist, it is never-
theless a subject which will interest him in insect-control operations. The
“parasitism” of “parasitoids” results in the slow death of the parasitized
host insects. Predator insects kill their prey quickly, e.g., ladybird beetles
of the family Coccinellidae; also the Chrysopidae, commonly known
as aphid lions. These latter predators capture their prey and literally
eat it; while still others, such as the kissing bugs of the family Reduviidae,
suck the vital juices; but in all cases $he prey is killed quickly.

An interesting form of social parasitism occurs in social insects such
as ants and hornets, where one species lives in the colony of another
species which is “deluded” into feeding both the adults and progeny of
the invaders. It has been suggested that this form of parasitism exists
among human societies as well. The extreme case, as suggested by Root®
would appear to exist among certain wasps that construct no cells of
their own and do not hunt, but provide for the future of their progeny
by placing their eggs in the cells which have been constructed and
stocked with food by some other species of wasp, and in some cases the
egg or larva which originally inhabited the cell is bundled out to starve,
or is devoured.

Parasitism in its various forms is widespread in nature among many
'groups of animals from the Protozoa to the Chordata, but as Stunkard
(loc. cit.) has so well stated, “ . . . few clearly apprehend that it com-
prises one of the most distinctive categories of animal existence, and
constitutes a discrete and characteristic phenomenon. Careful and critical
study of large numbers of parasites belonging to various classes of ani-
mals, has demonstrated that parasitism has certain basic and fundamental

. characteristics, no matter in what group of animals the parasitic habit
may have been developed. The same general tendencies are manifest,
similar attributes and relationships appear, and similar consequences
inevitably follow the adoption of the parasitic habit.”

Classes of parasites. Animal parasites are known as zodparasites, while
parasitic organisms belonging to the plant kingdom are known as
phytoparasites. Parasites which live either temporarily or permanently on
the outside of the body are termed ectoparasites, and animals of this
group are known as ectozoa, e.g., the lice. Parasites which live within
the body or its cavities are called endoparasites, the animals being called
entozoa, e.g., tongue worms. Obligatory parasites are forced to remain
during their entire life in or on the body of the host, e.g., both biting
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and suckling lice. Facultative parasites are able to exist as free-living or-

anisms, and they can also live as parasites, e.g., the larvae of various
species of blowflies and flesh flies. Adult female mosquitoes are example
of intermittent parasites which prey upon the host at times only and are
free-living during intervals between meals.

Many other forms of parasitism are recognized, such as transitory
parasitism, which is said to refer to cases in which the organism is
parasitic during only a part of its life history, e.g., botflies. When two
or more hosts are required for the development of an obligatory parasite,
that host in which the parasite reaches sexual maturity is termed the
primary or definitive host, while the other, or others if more than one
species is required, should be referred to as the secondary host or hosts.
This is illustrated in the life history of the malaria Plasmodium, which
reaches sexual maturity in the body of certain anopheline mosquitoes,
the primary or definitive host, while the human being is the secondary
host. The lung fluke, Paragonimus westermani (Kerbert), requires both
a melaniid snail (Melania libertina, etc.) and a fresh-water crab or cray-
fish (Astacus japonicus W. de Haan, etc.) as secondary hosts, while man
(and certain other mammals) is the definitive or primary host.

Effects of parasitism on host and parasite. Parasites are adapted to
their mode of life in two general respects: physiologically, in that they
require a certain host species or group of species as food; and mor-
phologically, in that their structure is modified to this end. These adap-
tations become the more intense and exclusive as this mode of life prog-
resses, i.e., the further back one goes in the history of a parasitic species,
the more nearly like its free-living relations it becomes. This accommoda-
tion is obvious in those species in which the young are free-living and
resemble the young of related wholly free-living species. The extreme
case of the cirriped “louse,” Sacculina carcini (Rathke), is illustrative of
this recapitulation. The parasitic Cirripedes, fish “lice,” show striking
structural adaptations to a parasitic mode of living: thus the first pair of
antennae may become well-formed hooks for holding fast and the first
pair of maxillipedes become suckers; the mandibles are transformed
into piercing organs, and the mouth becomes a sucking tube.

With the introduction of easily assimilable substances into the diges-
tive tract of the parasite, the digestive organs gradually become modi-
fied; and with the entire body in direct contact with “predigested food,”
as is the case with tapeworms and other intestinal parasites also, to
a certain extent, with fleshfly larvae, the outer covering of the parasite
becomes modified to allow direct absorption, and thus the digestive tract
becomes wholly unnecessary and may be entirely lost. However, modifi-
cation of the digestive tract is not restricted to parasites by any means.

The modification or loss of wings in wholly parasitic insects, such
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as the Mallophaga, Anoplura, and certain Hippoboscidae, is commonly
said to be the result of the parasitic mode of life; however, this phenom-
enon is again not characteristic of parasitic forms alone, as all will
readily concede. There are numerous examples of wing reduction and
extreme modification of appendages in nonparasitic forms.

Keilin and Nuttall® report that while Pediculus humanus capitis
DeGeer, the head louse of man, and Pediculus humanus corporis
DeGeer, the body louse, can be distinguished on morphological grounds,
“typical capitis lose all their distinctive morphological characters when
raised experimentally on man under conditions which are favourable for
the propagation of corporis, and they acquire all the morphological
characters of corporis after four or more generations” (Nuttall”). Adap-
tations of each of these races to the host are apparently quickly acquired.
Typical capitis is more active at a lower temperature than is corporis
owing, no doubt, to the exposed environment on the scalp of the host,
while the latter is protected among the clothing. Capitis is smaller in size
and has stouter legs, hence can climb hairs more rapidly than can cor-
poris. Under a normal environment corporis imbibes larger meals at
longer intervals in conformance with the resting habits of the host, while
capitis with continuous opportunity for feeding takes a small amount of
food at short intervals. Furthermore, Nuttall (loc. cit.) remarks that,
“The effect of darkness no doubt is responsible for corporis possessing
longer and slimmer antennae and legs than capitis. The latter is more
exposed to light upon the head than is corporis beneath the clothing in
most instances. It is, of course, well known that arthropods inhabiting
dark places have longer antennae and legs than those living exposed to
light.” Adaptation to the skin color of the host appears to be common.
Lice collected from the heads of the brown-skinned Gilbertese during
the author’s investigations among these people on Fanning Island® were
strikingly sooty in color. Rearing lice in pill boxes of different colors in-
side, as carried on by Nuttall,® shows that change of color is rather
easily accomplished.

Nuttall’s conclusions based on the observations cited above are very
interesting, namely, “There is little doubt in my mind that capitis is being
converted into corporis today in nature, and that the latter, when man
has become hairless, will constitute a species whose birth we are wit-
nessing.”

The wider adaptability of parasites, ie., adaptation to different host
species as compared with different parts of the body of the same host, as
in Pediculus humanus Linn., is shown in the different races of Sarcoptes
scabiei (Linn.), the itch or mange mite of humans, swine, horses, and
other animals. While there appear to be specific differences in pigmen-
tation, cuticular markings, and chaetotaxy, they are not constant, though
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some insist on the validity of these characters. Transfer from host to host
of different species can be more or less readily accomplished. Other
examples could be cited to illustrate this adaptability, such as certain
polymorphic mammalian tryanosomes, namely, T. brucei Plimmer and
Bradford, T. gambiense, and T. rhodesiense, as cited by Duke,** who
refers to these as physiological variants of a single species.

The relation, both as to behavior and structure, between the parasite
and the host becomes more perfect as the symbiosis grows more intimate.
The true parasite and its host represent a type of machine with all its
parts functioning codrdinately, hence it is difficult to discuss the behavior
of the former without also dwelling on the behavior of the latter. The
stage in this relationship when the former cannot exist without the latter
is certainly reached in many instances, but one may well wonder whether
the reverse condition is ever actually achieved through the agency of
parasitism.

In the case of insects which suck the blood of human beings, one is
impressed with the large degree of tolerance that is manifested toward
those species which are wholly or largely dependent on man; no doubt
immunity is an important factor, and in turn one wonders just how far
the parasite has gone in making its blood lust less offensive. Thus several
extreme cases will illustrate what is meant. Gilbert Islanders with whom
the author spent some time during the summer of 1924 will reluctantly
give a few head lice on request, but prefer keeping them for festive
reasons. To an old timer the body louse is not so offensive as it is to a
tenderfoot.

The bite of Anopheles maculipennis Meigen is generally benign, while
the bite of Aedes dorsalis (Meigen), a common salt-marsh species, is
almost always viciously irritating. The former species has become closely
associated with man and is a potent vector of malaria, the latter is a
“wild” species and not a disease vector in nature. The bite of Triatoma
protracta (Uhler) is very painful to most persons, and one is inclined to
suggest that this species must moderate its bite before it can become a
successful disease vector. Besides adaptations of mouth parts for piercing
and bloodsucking, and moderation of venoms to lessen pain in the host,
there is also the factor which prevents blood coagulation. This factor is
particularly well developed in the bloodsucking helminths such as leeches
and hookworms. Much needs to be done to explain the specific symptoms
caused by arthropod salivary fluids following-insect and tick bites, such
as urticaria following the bite of Triatoma protracta (Uhler) and paraly-
sis following the bite of Dermacentor andersoni Stiles.

The study of parasitism has contributed much during the past few
years to the field of pathology #nd clinical medicine. Disturbances re-
sulting from parasitism are usually of a specific nature, and hitherto un-
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known causes of certain symptoms are now often readily attributable to
specific parasite infestations. The student of medical entomology will
certainly consult Parasitism and Disease by Theobald Smith** (Princeton
University Press).

Origin of parasitism. Parasitism is one of the ways in which organisms
acquire food and is only one of the avenues, though an important one,
that bring the arthropod into relation with man and other animals as
potential pathogenic agents. Scavenger insects with indiscriminate feed-
ing habits, for example, scavenger flies and cockroaches, which may feed
on excrement, often become food contaminators and consequently may
be important factors in the dissemination of filth diseases such as typhoid
fever. Also predaceous arthropods, such as the black widow spider and
the conenose bugs, may attack man and inject venoms. While the female
black widow spider probably bites human beings only in self-defense or
in defense of her cocoon, certain reduviid bugs, such as Triatoma,
are said actually to suck the blood of sleeping persons, though many
other warm-blooded animals may also serve as hosts. It is but a short
step from sucking blood by tapping the body of a bedbug which has
fed on a person and tapping the body of the person directly. This pro-
cedure is followed at least in some instances by Triatoma protracta
(Uhler). Various species of bloodsucking arthropods secure blood meals
by tapping the abdomens of their blood-engorged associates.

Parasites may be restricted more or less completely to particular
species of host animals (host specific); hence, the parasite must have
developed its parasitic habit after the host came into existence, i.e., para-
sitism 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; the earlier stages commonly point to a primitively
free-living existence. Perhaps the ancestors of a given group of present-
day parasites were attracted to waste food, offal, and exudations of cer-
tain animals. When the search for food became simplified, they began
living as messmates, or commensalists, or as scavengers; thus the asso-
ciation between the two species became closer and eventually the para-
sitic habit was established. This is borne out by a study of the nearest
allies of a given parasite, in which the gradation from the free-living
animal to the parasite may be traced. The very close structural similarity
between the free-living, wingless book louse, Troctes divinatoria (Miill.)
(a member of the order Psocoptera, family Psocidae), and a common
hen louse, Menopon gallinae Linn. (= M. pallidum Nitzsch) (a member
of the order Mallophaga), leads us to believe that the parasitic Mallo-
phaga have been derived from the primitive Psocidae. Knowing the
habits of the book louse, we can easily imagine how the practice of
parasitism might eventually have become established, ie., from the eat-
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ing of feathers, scales, and excretions off the animal to the eating of the
same on the animal as a host.

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 gallinae Linn. (= M. pallidum Nitzsch ), the common hen louse,
while other related species have become entirely 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: the human flea, Pulex irritans Linn.,
has developed remarkable springing power and is comparatively free to
move from place to place, while the mature female sticktight flea, Tunga
penetrans (Linn.), is quite sessile, holding fast to one spot much like a
tick.

The medical entomologist is continually pressed with question con-
cerning the origin of the present intimate relationship existing between
insects and causal organisms of diseases of higher animals. It is interest-
ing to know that Galli-Valerio'? found that Herpetomonas pyrrhocoris
Zotta et Galli-Valerio lives part of the time in flagellate form in the
rotting blossoms of the meadow saffron, Colchicum autumnale, where it
is picked up apparently by the bug in the spring and is deposited in
nonflagellate form again in the blossom during the autumn by means of
the insect’s excreta. This is believed to be a very primitive degree of the
adaptation of a saprophytic protozotn to an internal parasitic life in an
insect. The relationship existing between Leptomonas davidi, already
referred to, living in the latex of Euphorbia and carried by the bug
Nysius euphorbiae Horv., represents a step in advance.

Systematic position of animal parasites. Though parasitic animals are
found in other phyla, those of economic importance affecting man and
beast are included almost exclusively in the following groups:

a. Protozoa: unicellular animals; e.g., Endamoeba histolytica (Schau-
dinn), causing amoebic dysentery; Plasmodium vivax (Grassi and
Feletti), causing malaria; Trypanosoma gambiense Dutton, causing
African sleeping sickness.

b. Nemathelminthes: bilateral, unsegmented worms of cylindrical
form; e.g., Trichinella spiralis (Owen), causing trichinosis; Ascaris lum-
bricoides Linn., roundworm of man; Ancylostoma duodenale (Dubini),
a hookworm of man. Development is usually direct (Fig. 1).

c. Platyhelminthes: bilateral worms; flattened dorsoventrally; no anal
opening. Usually requiring an intermediate host.

1. Cestoda: scolex with separable segments called proglottids;
e.g., Taenia solium Linn., the pork tapeworm of man; Taenia



Fic. 1. Examples of para-
sitic  roundworms  (Phylum
Nemathelminthes, Class
Nematoda). (A) roundworm
of swine (Ascaris lumbri-
coides); (B) Trichinella
spiralis, greatly enlarged.

Fic. 2. Examples of parasitic flat-
worms (Phylum Platyhelminthes, Class
Cestoda). (Left) a poultry tapeworm
(Choanotaenia infundibulum, x 1), and
(right) a common tapeworm of sheep
(Moniezia expansa, greatly reduced).
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Fic. 3. Example of parasitic flatworms (Phylum Platyhelminthes, Class
Trematoda). A liver fluke of sheep (Fasciola hepatica). x 1.

Fic. 4. Example of segmented eylindrical worms (Phylum Annelida, Class
Chaetopoda). Earthworm (Lumbricus sp., X.5) nonparasitic, but may serve
as an intermediary host for certain poultry tapeworms.

Fic. 5. Example of segmented cylindrical worms (Phylum Annelida, Class
Hirudinea). Leech (Hirudo medicinalis). x.5.
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saginata Goeze, the beef tapeworm of man; Dipylidium caninum
(Linn. ), a common tapeworm of the dog (Fig. 2).

Trematoda: alimentary canal branched; mouth in a sucker;
e.g., Fasciola hepatica Linn., the liver fluke of sheep (Fig. 3).

d. Annelida: bilaterally symmetrical, segmented or annulated worms.

1.

Chaetopoda: locomoter chaetae; segmentation extending to in-
ternal organs; e.g., Lumbricus terrestris Linn., a common earth-
worm (nonparasitic) (Fig. 4).

Hirudinea: flattened; sucker at each end of body; arrangement
of internal organs does not correspond to external segmenta-
tion; e.g., Hirudo medicinalis Linn., the medicinal leech (Fig.

5)

e. Arthropoda: segmented body with paired jointed appendages;
chitinous exoskeleton; bilaterally symmetrical; heart dorsal; ventral nerve

cord.

1.

Crustacea: head and thorax often united to form a cephalo-
thorax; numerous paired, biramous appendages; two pairs of
antennae; respiration usually branchial; habitat usually aquatic;
e.g., shrimp, crayfish, and the sow bug (the latter terrestrial).
These examples are nonparasitic (Fig. 6).

. Onychophora (Protracheata): vermiform and externally unseg-

mented; numerous paired, imperfectly segmented legs; one pair
of antennae; tracheal respiration; habitat terrestrial; e.g.,
Peripatus (nonparasitic) (Fig. 7).

Chilopoda: body flattened dorsoventrally; one pair of jointed
legs on each segment except first two and last one; one pair of
antennae; eyes simple; genital pore posteriorly located as in
insects; habitat terrestrial; e.g., centipedes (nonparasitic) (Fig.
8a).

. Diplopoda: cylindrical in form; two pairs of jointed legs on

each segment except first two and last one; simple eyes; one
pair of antennae; genital pore anteriorly located; habitat terres-
trial; e.g., millipedes (nonparasitic) (Fig. 8b).

. Symphyla: very small; body flattened dorsoventrally; one pair

of jointed legs per segment and not more than 12 pairs in all;
spinnerets present at posterior end; eyeless; one pair of anten-
nae; genital pore anterior; e.g., garden centipedes (non-
parasitic).

. Pauropoda: minute; body flattened; nine, seldom ten, pairs of

jointed legs; antennae branched; eyes generally absent; e.g.,
pauropods (nonparasitic). -

. Insecta or Hexapoda: body divided into three pairs (head,

thorax, and abdomen); three pairs of walking appendages on
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Fic. 6. Examples of the
Phylum Arthropoda, Class
Crustacea. (A) shrimp, x1.2;
(B) crayfish, x.6; (C) sow-
bug, x2. (All three examples

aré nonparasitic.)

thorax; two pairs of wings on thorax (may be reduced or
absent); one pair of antennae; compound eyes; usually three
simple eyes; tracheated respiratory system; e.g., Triatoma pro-
tracta (Uhler) (conenose bug); Cimex lectularius Linn. (bed-
bug); Anopheles maculipennis Meig. (malaria mosquito) (Fig.
9).

8. Arachnida: head and thorax fused to form cephalothorax; four
pairs of walking appendages on cephalothorax (larvae may be

7 8

Fic. 7. Example of Phylum Arthropoda, Class Ounychopora. Peripatus.
X.5. (After Folsom.)

Fic. 8. Examples of the Phylum Arthropoda: (left) Class Chilopoda, a

centipede, X.5; (right) Class Diplopoda, a millipede, X.7. '
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hexapod); wingless; no antennae; eyes simple, when present;
e.g., Latrodectus mactans (Fabr.), a poisonous spider; Hadrurus
hirsutus (Wood), scorpion; Boophilus annulatus (Say), the

9 10
Fic. 9. Examples of the Class Insecta. (A) a reduviid (conenose). x!;
(B) a mosquito (Anopheles), X2; and (C) bedbug (Cimex), x2.5.
Fic. 10. Examples of the Phylum Arthropoda, Class Arachnida. (A) a
spider, x.5; (B) a tick, x1.3; and (C) a mite, x30.

Texas fever tick; Dermanyssus gallinae (DeGeer), the poultry
mite; Psoroptes communis var. ovis (llering), the sheep scab
mite (Fig. 10).
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CHAPTER IV

HOW ARTHROPODS CAUSE AND
CARRY DISEASE

Arthropod and pathogen. When one considers the fact that man and
his domesticated animals are daily closely associated with scores of
species of insects® and their kin, the wonder is that there are not more
arthropodan infestations and insect-borne diseases. Many of the one-
time free-living arthropods have in time become parasitic; some now
burrow into the skin, as do certain mites (acariasis); others have invaded
the alimentary tract, as do larvae of botflies (myiasis); still others have
become bloodsuckers, as are bedbugs, sucking lice, horseflies, mosqui-
toes, etc. Bloodsuckers, by virtue of their bloodsucking habit, may readily
become vectors of pathogenic blood-inhabiting microérganisms. It has
been well said that no bloodsucking arthropod can be trusted; eventually
many more species will prove to be vectors of disease.

The medical entomologist must acquaint himself with the detailed
biology of the disease-producing microdrganisms as well as with that of
the vectors. In order to know where and how the arthropod acquires
the pathogenic agent and how it, the vector, becomes infectious, the be-
havior of such organisms must be studied; their habitat in the body of
the diseased host or reservoir must be known; the gateways of escape
must be ascertained; their longevity and virulence when removed from

~the host as well as many other pertinent factors must be determined.
After having acquired the pathogenic organism, its course within the
body of the arthropod must be studied in order to know how escape is
effected and how it reaches the body of the next host. A knowledge of
the feeding habits and mouth parts of arthropods is essential. (See
mechanism of infection, p. 36.)

Bubonic plague, for example, is a bacillary disease caused by Pas-
teurella pestis, of which the rat, among other animals, is an important
host. Man readily succumbs to the infection. While the pathogenic or-
ganisms may pass from host to host in several ways, it has been found

®Z. P. Metcalf estimates the number of species of insects alone, described for

the whole world between 1758 (Linnaeus) and 1940, at 1,500,000. ( Entomological
News, 1940, 51:219-22.)
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that rat fleas are the most important vectors. The bacilli are found in
great abundance in the buboes which are situated largely in the axillary
and inguinal regions of the infected rat, and it has been observed that
these regions are favored by fleas, which, because of their bloodsucking
habits, imbibe the highly infectious fluids. If the rat dies of the plague,
the fleas leave the body and seek another host; this interval in the change
of hosts raises the question of environmental resistance and longevity of
the bacilli. Do all species of rat fleas lend themselves equally well as
hosts? Can the bacilli resist the digestive fluids of the flea, and if so,
how long do they remain infective in the body of the flea? In the mean-
time what course do these organisms take within the body of the insect,
and how do they make their escape? How does the flea find another host,
and what animals will it attack? How long can the flea live without food?
How are the plague bacilli introduced into the body of the next victim?
Will the flea remain infective throughout the rest of its normal life? What
is the length of life of a flea, and does this vary with the species?

Malaria of man, another example, is caused by certain species of
plasmodia which live under far more restricted conditions than do the
plague bacilli. In the human being these invade the red corpuscles part
of the time and so far as is known do not live in the blood of other warm-
blooded animals. They require certain mosquitoes belonging to the genus
Anopheles as definitive hosts. Although many other bloodsucking in-
sects imbibe parasitized blood, these do not offer the necessary environ-
ment within the alimentary canal for the completion of the life cycle of
the parasite.

Chain of infection. For each arthropod-borne disease there is a chain
of events which leads to the successful transfer of an infection by an
arthropod vector from one animal to another. This chain consists of
several links, each more or less vulnerable and hence subject to rupture,
which could prevent successful transfer of the infection. The first link in
this chain is the developmental cycle of the pathogen within the body
of an appropriate host. This link may be broken by medicinal treatment,
as in malaria. The second link in the infection chain involves the vector,
its access to infection, its feeding habits, its manner of ingesting food, the
structure of its mouth parts, etc.; the third link represents the progress of
development of the pathogen (also more or less complicated) within
the body, stomach, or other organs of the vector; the fourth link repre-
sents the manner in which the now infectious microrganism leaves the
body of the now infectious vector and thereupon enters the body of the
next susceptible animal, thus resulting in infection—specifically it is the
mechanism of infection, e.g., (1) simple contamination by means of
germ-laden houseflies or cockroaches coming in contact with food, milk,
etc.; (2) simple mechanical inoculation of anthrax bacilli by m¥ans of
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contaminated horsefly mouth parts, or inocylation of sexually mature
malaria plasmodia by an Anopheles mosquijto, (83) regurgitation of
plague bacilli upon the skin by fleas while biting after a proventricular
blockage; (4) fecal contamination where trypanosomes of Chagas’ disease
are deposited on the skin when the conenosg bug bites; (5) skin con-
tamination with crushed tissues of infectiouy arthropods, e.g., crushed
infected ticks may result in spotted fever infoction.

The terminal link in the infection chain iy the successful completion
of a cycle similar to that of the first link but i, the body of another host
animal after the intervention of an arthropoq vector., Other links in the
chain of infection as well as other variations j; the mechanism of infec-
tion will occur to the student as he progresges in the field of medical
entomology.

Pathological conditions caused by arthropods, The ways in which
arthropods relate to the public health and the health and well-being of
animals are almost as numerous as the specieg of responsible arthropods
dramseibes: Haak spraty; duwever similor & ¢ next o &, das cercarn
characteristics which affect the host difterently. 1t is nevertheless possible
to classify the relationships of arthropods to hegith, putting them into
two divisions, each of which is subject to fuyther segregation. The two
major relationships may be designated as (4) pathological conditions
caused directly by arthropods, and (B) arthx-opods as vectors of patho-
genic organisms. The first major division (A) includes such categories
as (1) entomophobia, (2) accidental injury tq genge organs. (3) enveno-
mization, (4) dermatosis, (5) myiasis, (6) allergy. The second major
division (B) may be subdivided into (1) aecidental carriers, and (2)
obligatory vectors involving some degree of development (cyclical or
propagative) within the arthropod.

As our subject develops in the remaining chapters of this book, the
student will classify the way or ways in which the particular groups of
arthropods fit into the scheme presented in th;g chapter.

Entomophobia. Insects and spiders, even though they may be wholly
innocuous, frequently cause man acute annoyance and worry which may
eventually lead to a nervous disorder with sensory hallucinations.* This
class of mental disturbances may perhaps degerye a specific designation
such as entomophobia.

The author has observed two or three casgg of this nature each year
for many years. The cases are usually réferreq o him by physicians, pri-
marily because the patient is assumed to hgye confidence in one who
has knowledge of the control of tormenting ingects. The patient usually
imagines that insects of very minute size pergist in threatening him and
biting him, usually at particular sites of the body, and that they achieve
this contact in the most cunning ways in spite of every precaution.
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Accidental injury to sense organs. Various species of insects, like other
minute objects, may accidentally enter the eye; this is most likely to be
true of small flying insects. Some of these, notably several species of
rove beetles, Staphylinidae, cause extreme pain because of an irritating
secretion. Many species of insects discharge odoriferous fluid or vapor,
and in some instances the fluid is so forcibly ejected that it may be
thrown some distance from the insect, Stewart (1937)* records the case
of a phasmid walking stick, Anisomorpha buprestoides (Stoll), squirting
fluid a distance of two feet and striking 2 person in the eye. “The pain
in the left eye was immediately excruciating; being reported to be as
severe as if it had been caused by molten lead. Quick, thorough drench-
ing with cool water allayed the burning agony to a dull, aching pain.
The pain eased considerably within the course of a few hours. Upon
awaking the next morning the entire cornea was almost a brilliant scarlet
in color and the eye was so sensitive to light and pressure for the next
forty-eight hours that the patient was incapacitated for work. Vision was
impaired for about five days. The cornea gradually cleared of congestion
and vision improved so that at the end of this time the eye was perfectly
normal again. No subsequent ill effects were experienced.” Stewart re-
marks that, “In Texas there is a rather common belief that devil’s horses
will spit in human eyes.”

Injury to the human eye is often caused by the spiny larva of the
sheep botfly or head maggot fly, Oestrus ovis Linn. This fly deposits liv-
ing young in the nostrils of sheep, and persons working in the field with
sheep are occasionally “struck” in the eye by the fly and one or more
larvae may be deposited. This indicates that the fly may “strike” sheep
similarly at times.

Insects commonly enter the ears of sleeping persons and may cause
much pain before they are removed. Thus in the author’s experience a
carpet beetle larva (Dermestes sp.) was taken from the ear of an elderly
man, and a hyaline grass bug, Corizus hyalinus (Fabr.), family Coreidae,
from the ear of a child, having caused much pain in each case. The
spinose ear tick, Otobius megnini (Dugés) also invades the ears of man
and many animals.

Envenomization. Venoms of insects cause reactions which are remark-
ably characteristics. The effects may be classified under the following
headings: (1) hemolytic, (2) hemorrhagic, (3) neurotoxic, (4) vesi-
cating. The venoms are introduced in the following ways: (1) by the
bite, as of conenose bugs and black widow spiders; (2) by the sting, as
of bees, wasps, scorpions; (3) by urticating hairs, as with the brown-
tail moth; and (4) by contact, as with vesicating fluids from blister
beetles. (See Chapter XXII.)

Dermatosis. Various skin irritations are caused by arthropods, either



ARTHROPODS AND DISEASE 39

by bites or by skin invasions. Some of these irritations could be appro-
priately classified as envenomizations. Skin irritations commonly result
from the bites of such insects as mosquitoes, fleas, lice, and bedbugs.
Various species of burrowing mites cause skin irritations known as
acariasis. Among the latter are the itch mites, Sarcoptes scabiei (Linn.);
the scab mites, Psoroptes communis Hering; the follicle mites, Demodex
folliculorum Simon; the chigger mites, Eutrombicula alfreddugési (Oude-
mans ), and other trombiculids.

Myiasis. An invasion of organs and tissues of man and beast by mag-
gots, the larvae of Diptera, is termed myiasis. The invading maggots may
be specific myiasis-producing forms, i.e., obligatory sarcobionts, which
invade cutaneous tissues, as does Dermatobia hominis (Linn.) in man
and Hypoderma bovis (DeGeer), the warble fly of cattle; invading the
gastric and intestinal tract are the botflies of horses, Gasterophilus intes-
tinalis (DeGeer); and invading the nasal and frontal sinuses are the
head maggots of sheep, Oestrus ovis Linn. The invading maggots may be
necrobionts or facultative sarcobionts, in which case traumatic dermal
myiasis may result, as with infestations of screwworms, Callitroga (=
Cochliomyia) americana C. & P. Accidental myiasis may be the result of
fly larvae in food, or the result of flies attracted by anal, vaginal, or nasal
discharges. The larvae of blowflies, bluebottle flies, and greenbottle flies
commonly occur in accidental intestinal myiasis as well as in traumatic
myiasis.

Allergy caused by insects. The condition of being specifically hyper-
sensitive to certain insect proteins is a fairly common and widespread
phenomenon among persons working habitually with bees or collections
-of dead insects, or exposed for longer periods to pulverized insect parts,
scales of butterflies, moths, and caddis flies. Residents on the shores of
lakes where cast skins of mayflies abound, are subject to attacks of
“asthma” as the result of allergens (Figley, 1929).2

Mechanical (simple) carriers of infection. Many species of insects may
accidentally contribute to the transmission of various filth diseases; how-
ever, when insects habitually and alternately feed and/or breed in excre-
ment and then feed on human food prepared for the table, they may
be classified as food contaminators and a real menace to the public
health, e.g., flies, particularly the common housefly, and cockroaches.
The causal organisms of filth diseases, such as typhoid fever, cholera, and
amoebiasis, may adhere to the mouth parts and feet of these insects and
may be deposited on human food, with resulting infection to the con-
sumer. The mechanical transmission of yaws (a spirochete infection)
and of certain eye infections (so-called pinkeye) is similarly effected
by flies, particularly Hippelates. The eggs of helminth parasites, notably
pinworms [Enterobius vermicularis (Linn.)] may also be so dissemi-
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nated. Not only do pathogenic bacteria, protozoa, and helminthic ova
cling to the mouth parts, feet, wings, and other parts of the insect body,
but they may also be swallowed by the insect and pass uninjured
through its alimentary canal and be deposited on food with the insects’
feces or be regurgitated with similar effect.

It has been amply proved that coprophagous fly larvae (maggots),
which feed on and develop in human excrement, may transfer bacteria
taken up in this stage through the pupal stage to the mature flies. In this
manner the infection of anthrax (Bacillus anthracis) may be disseminated
by flesh flies, bred in carcasses of animals dead of this disease. This is a
strong argument in favor of the incineration of dead animals.

Another purely mechanical method of disease transmission is by
means of contaminated piercing mouth parts, in which these organs in
the act of feeding become contaminated with blood-inhabiting patho-
genic organisms, and simple inoculation may result from the next feeding.
Here again, as in the aforementioned cases, the pathogenic organisms
undergo no interim developmental change. Insects that belong to this
class of simple carriers generally have strong, piercing mouth parts, cap-
able of drawing considerable blood and are intermittent feeders, flying
readily and quickly from one host to another, e.g., horseflies (Tabani-
dae), which may be vectors of anthrax in this manner.

Cyclico-propagative transmission. Of the several ways in which so-
called biological transmission by arthropods is effected, the cyclico-pro-
pagative type is the one most likely to be used to illustrate insect trans-
mission of disease; however, Huff* has pointed out that there are actually
at least two other ways in which this occurs, namely, cyclico-developmen-
tal and propagative. In the cyclico-propagative type of transmission the
causal organisms “undergo cyclical change and multiply” in the body of
the arthropod, as in the transmission of malaria plasmodia by anopheline
mosquitoes and in the transmission of Babesia bigemina of Texas cattle
fever by the Texas fever tick, Boophilus annulatus.

Cyclico-developmental transmission. When the causal organisms “un-
dergo cyclical change but do not multiply” in the body of the arthropod,
transmission may be classified as cyclico-developmental, as in the mos-
quito transmission of the worm Wuchereria bancrofti, causal organism of
filariasis.

Propagative transmission. When “the organisms undergo no cyclical
change, but multiply” in the body of the vector, transmission is said to be
propagative only. The transmission of bubonic plague is probably prop-
agative, since it is known that the causal organism, Pasteurella pestis,
can multiply in the fore-gut of the flea. It is also very probable that the
transmission of relapsing fever by ticks falls into this category.

Fecal contamination. The feces of several species of disease-trans-
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mitting arthropods are known to be infectious after the insect has fed on
infectious animals, for example, the feces of fleas fed on plague-infected
rodents, also the feces of conenose bugs, Triatoma, after feeding on ani-
mals infected with Brazilian trypanosomiasis, Chagas’ disease. The feces
of infective yellow fever mosquitoes are said to be highly dangerous.
The Rockefeller Foundation (Annual Report, 1930) states that a dilution
of between one ten-millionth and one-billionth of one cubic centimeter of
yellow fever virus has frequently proved fatal to monkeys and that
infection through the unbroken skin is readily accomplished.

Hereditary transmission. Transmission of infection through the ar-
thropodan egg was discovered by Smith and Kilbourne in 1893 in their
investigation of Texas cattle fever. When the cattle tick, Boophilus an-
nulatus (Say), reaches maturity on the body of the animal, it drops to
the ground, where the female deposits her eggs and dies. The young
ticks on emerging from the eggs are infective and transmit the causal
protozodn, Babesia bigemina, to susceptible cattle. The term “hereditary
transmission” is not correctly applied to the transmission of this disease,
since no hereditary or genetic mechanism is involved; however, it is now
widely used and may be permissible under the circumstances. Substitutes
such as congenital contamination, ovarian contamination, or transovarian
transmission have been suggested.

Other infections transmitted transovarianly are Rocky Mountain
spotted fever, caused by Rickettsia rickettsi (Wolbach) and transmitted
by ticks, e.g., Dermacentor andersoni Stiles; tularemia caused by Pas-
teurella (= Bacterium) tularensis and transmitted by the tick Derma-
centor andersoni Stiles; relapsing fever, caused by Borrelia (Spirochaeta)
recurrentis and transmitted by several species of ticks belonging to the

- genus Ornithodoros. Ticks play an important role in the hereditary
transmission of infections involving protozoa, rickettsiae, bacteria, and
spirochetes. Hereditary transmission of virus diseases is not so clear,
although sand fly fever, or Pappataci fever, has been produced by the
bites of Phlebotomus papatasii Scopoli bred from infected parents
( Whittingham 1922, according to Hinman ).

Arthropods as intermediate hosts of helminths. Numerous arthropods
serve as intermediate hosts of many species of parasitic worms. There
are about 150 known species of worms parasitic in vertebrates which
have arthropods as intermediate hosts and for which the primary hosts
are known. About 275 species of arthropods are known to serve in this
capacity; of these nearly 200 are insects, about 75 are crustaceans, and the
remainder are arachnids and myriapods. No doubt hundreds of such life
histories are still to be ascertained. Hall® states that only 1 per cent of the
life histories of the known tapeworms have been worked out.

The reasons for the frequent host-parasite relationships between
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arthropods and helminths are no doubt mainly the following: (1) the
arthropods are an exceedingly large group of animals; (2) they constitute
an important food supply for fish, amphibians, birds, and some mam-
mals; (3) herbivorous animals are sure to ingest arthropods which are
habitually present on plants; (4) many species of insects feed on and
breed in manures, and are thus exposed to infection from eggs and
larvae of worms parasitic in hosts responsible for the manure; (5) many
arthropods are transient or permanent ectoparasites feeding on blood in
which there may be parasitic worms. ’

Monoxenous worms such as Ascaris and Enterobius during the course
of their life histories transfer from one host animal to a similar host
animal without the intervention of an intermediate host. “The heterox-
enous worms have life histories in which in most cases the worms pass
from mature stages in one host animal to larval stages in a host animal
of a different sort, the intermediate host, and then return to a host animal
of the first sort or a more or less closely related species and develop in
this animal to maturity. In some instances two intermediate hosts are
utilized in sequence for larval stages.” (Hall, loc. cit.)

As already pointed out, knowledge concerning arthropods serving as
intermediate hosts for the Cestoda (tapeworms) is quite fragmentary.
Among the better-known instances are the double-pored dog tapeworm,
Dipylidium caninum (Linn. ), which requires either the biting dog louse,
Trichodectes canis DeGeer, or a flea, Ctenocephalides canis (Curtis), as
intermediate host. Choanotaenia infundibulum (Bloch), a fowl tapeworm,
utilizes the housefly, Musca domestica Linn. (See appropriate chapters. )
Stunkard” has shown that Moniezia expansa (Rudolphi), an important
tapeworm of sheep and other herbivores, uses a species of oribatid mite,
Galumna sp., as intermediate host. Eggs of the tapeworm were fed to
these mites and in time the onchospheres were recovered in large num-
bers from the body cavity of the mites. More recently Stunkard® (1944)
reported a similar developmental pattern in oribatid mites for anoplocep-
haline cestodes of rabbits and for the monkey-human species.

Numerous trematodes (flukes) of fish, amphibians, reptiles, and
other insectivorous animals use arthropods as intermediate hosts. Since
many of the vertebrate hosts are aquatic or semiaquatic, so most of the
arthropods are also aquatic, such as dragonflies (Odonata), caseworms
(Trichoptera), mayflies (Ephemerida), and stoneflies (Plecoptera).
Among these flukes are the poultry fluke, Prosthogonimus pellucidus
(v. Linstow), particularly of ducks, which use the larvae of the dragon-
fly, Libellula quadrimaculata Linn., as intermediate host. The important
lung fluke of man, Paragonimus westermani (Kerbert), requires as its
second intermediate host (the first is a melaniid snail) a crustacean,

Astacus spp., crayfish.
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Among the Nematoda (threadworms) are numerous species that
use arthropods as intermediate hosts; These include the Gongylonema
worms (Spiruridae), such as G. pulchrum Molin, which causes an infec-
tion of humans (also of the pig, sheep, ox, etc.) known as gongylone-
miasis. These worms occur as larvae in such insects as cockroaches
(Blattidae ), meal worms (Tenebrionidae), and a few other forms. The
mature worms, extremely slender (0.5 mm diameter), reach a length of
145 mm in the female. In the vertebrate hosts the worms are found in
burrows of the mucosa and submucosa of the mouth, tongue, and esopha-
gus. The eggs are evacuated with the fecal material of the host and do
not develop until ingested by an insect. The eggs hatch in the digestive
tract of the insect and soon penetrate the intestinal wall, coming to rest
as encapsulated larvae in the body cavity. There they remain until the
insect is ingested intact or in fragments by an appropriate vertebrate
host. In this host the.larvae are freed and migrate along the digestive
tract to the oral cavity, where they mature. Sambon®*® based his deduc-
tions concerning cancer on a study of Gongylonema worms. (See Chapter
VIL)

Other nematodes which require arthropods as intermediate hosts are
certain species belonging to the family Filariidae, such as Wuchereria
bancrofti and Onchocerca volvulus, the former requiring mosquitoes and
the latter black gnats (see later chapters).

The thornheaded worms (Acanthocephala) use beetles' (Scara-
baeidae) mainly as intermediate hosts, e.g., the thornheaded worm of
swine, Macracanthorhynchus hirudinaceus (Pallas).

The famous guinea worm of the Nile Valley. and equatorial Africa,
Dracunculus medinensis (Linn.), a worm which as an adult female
may measure from 70 to 120 cm in length, requires Crustacea belonging
to the genus Cyclops as intermediate hosts.

Reservoir animals. Reservoir animals play an important role in the
natural distribution of insect-borne diseases. Since true reservoir animals
suffer little or no ill effect from certain microdrganisms pathogenic to
man their presence may go unnoticed, as is the case with rabbit reservoirs
of Rocky Mountain spotted fever; however, rat epizodtics are commonly
the forerunners of human plague epidemics. The human being may him-
self be a reservoir of certain insect-borne infections, even plague. Since
there are numerous vertebrates which serve as disease reservoirs, it be-
hooves the medical entomologist to acquaint himself thoroughly with
the broad field of vertebrate zotlogy, particularly the ecological aspects,
and with the parasitic ectozoa of wild mammals. Greater attention must
be given to the problems of forest sanitation in recreation areas.

There are at least seventy species of mammals which may serve as
possible reservoirs of plague, according to Stallybrass.** The rickettsial
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infections are notable for their wild-animal reservoirs: Rocky Mountain
spotted fever with its rabbits, badgers, woodchucks, field mice, and
others; typhus fever with rats; Japanese flood fever with voles. The
spirochete infections are equally noteworthy in that the relapsing-fever
reservoirs are evidently fairly numerous; thus young porcupines, as well
as armadillos and opossums, have been listed, and in California certain
squirrels and chipmunks. Trypanosome infections are well represented
by sleeping sickness with its numerous big-game reservoirs, and Chagas’
disease with its armadillos, opossums, dogs, and cats.

Hudson'? calls attention to the fact that the animal reservoir host
plays a prime role in tropical medicine. In tropical regions of the earth
as well as in the less highly organized countries of the temperate zone
there is a striking increase in the number of diseases drawn from animal
reservoirs. Here huge numbers of human victims are “encompassed by
an intricate web of animal and insect life, in a physical environment of
extraordinary complexity and variability.”

Recently a remarkable suggestion has been made by Maldonado®®
that certain plants may act as reservoirs of the causal organism of verruga,
a disease of man, and that the species of Phlebotomus flies that transmit
the disease may feed on the latex. It is also suggested that this would
explain why these sand flies are so abundant during the rains (January
to April), when this particular plant growth (Jatropa basiacantha and
Orthopterygium huancui) is most luxuriant.
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CHAPTER V

—_—-———

STRUCTURE, DEVELOPMENT, AND
CLASSIFICATION OF INSECTS
AND ARACHNIDS

The Insecta (Hexapoda] constitute the largest class in numbers of
species (see footnote, p. 35) in the Phylum Arthropoda, which in turn
comprises a greater number of species than all of the animal kingdom
combined. As members of the Phylum Arthropoda, insects share the fol-
lowing arthropodan characteristics: segmented body with paired, jointed
appendages; bilateral symmetry; dorsal heart; ventral nerve cord; and
chitinous exoskeleton. Insects have the body divided into three more or
less distinct parts, the head, the thorax, and the abdomen. There were
primitively 20 or 21 segments, but owing to the specialization of the
head and posterior terminal segments, there are now only about 12
recognizable ones. The head of the adult insect bears a pair of antennae,
the mouth parts, and the eyes; the thorax bears the locomotor appendages,
usually two pairs of wikgs, (these may be reduced or absent), and three
pairs of jointed legs; the abdomen bears no appendages except the
terminalia. Respiration is effected by means of a complex system of
microscopic tracheal tubules opening through the body wall and carrying
air directly to all parts of the body of the insect. Immature insects be-
longing to many of the orders differ markedly from the mature forms,
e.g., maggots of flies, but all possess tracheal tubules. -

External anatomy. In order to familiarize himself with the external
anatomy of insects, especially with the parts upon which classification is
mainly based, the student should study carefully some large hard-bodied
insect, such as the horsefly (Fig. 11) or the cockroach. He should give
sufficient time to this exercise in the laboratory to become thoroughly
informed.

Wings. The earliest systems of insect classification were based on
wing characters, which together with the mouth parts and metamorphosis
afford a basis for modern classification. The venation of insect wings is so
markedly characteristic for most species that even a part of a wing is
often all that is necessary for determination. The winged insects are
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usually referred to as the Pterygota, and may be either Exopterygota
(wings developing externally), e.g., cockroaches; or Endopterygota
(wings developing internally), e.g., beetles (see under orders). 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, certain louse flies, etc., the wings are absent. The wingless insects
just mentioned should, of course, not be included with the Apterygota,
a term designating a group of primitively wingless (apterous) forms.
The above-mentioned parasitic, wingless insects belong to several dif-
ferent orders, as will be seen later.

In form the wing presents a more or less triangular appearance. The
three sides are called margins: the costal margin is cephalic or anterior,
the anal margin is posterior or caudad, and the outer margin (apical) is
between these. The three angles connecting the margins are humeral (at
the base ), apical (apex of wing) and anal (between the apical and anal
margins ). Generally the fore and hind wings differ considerably in size;
the fore wing in some groups, such as the mayflies, many butterflies and
moths, and the bees and wasps, is larger than the hind wing; while in the
grasshoppers, cockroaches, beetles, etc., the fore wing is narrow and
serves largely as a cover (tegmina) to the hind wing, which folds fan-like.
In the dragonflies, termites, and ant lions, the fore 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 ). In the calypterate Diptera
(muscoid flies) there are present large lobes (squamae, also called
“alulae”) at the junction of the wings and the thorax.

There are some differences in the structure of the wings within the
order, though for each order a certain general pattern prevails; e.g., the
Neuroptera have thin membranous wings, often quite filmy; however,
the wings of Diptera and many Hemiptera have the same texture through-
out but possess fewer and differently arranged veins. The Diptera can, of
course, be readily distinguished, as stated above, by the presence of but
a single pair of wings. The winged Hemiptera-Heteroptera have the
front wings thickened at the base, while the apical portion is membranous.
The winged Homoptera have two pairs of wings of even texture.

The venation of the insect wing is an important element in classi-
fication, on account of the great variety of arrangement and the reliability
of this character for the identification of the family and genus. The veins
are hollow, rib-like structures which give strength to the wing. The
areas of membrane between the veins are called cells; they are said to
be open if the membranous area extends to the wing margin. By a care-
ful study of the evidence, a fundamental type of wing venation has been
constructed by Comstock and Needham and revised by Tillyard. The
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accompanying figure (Fig. 12A) illustrating this type will be useful in
determining the identity of the principal veins. Fig. 12B illustrates Till-
yard’s revision of the R-C-N (Redtenbacher, Comstock, and Needham)
system of nomenclature, which is used in this book.

Metamorphosis. In order to achieve the size and development of the
parent, the young insect undergoes greater or less change in size, form,
and structure. This series of changes is termed metamorphosis. The least

A PRIMITIVE WING TILLYARD B TABANUS

Fie. 12. (A) diagram of wing venation after the R-C-N nomenclature
(Tillyard revision) with associated sclerites. A, anal veins = V, vannal veins
except the first; Ax, axillary sclerites (1, 2, 8, 4); AxC, axillary cord; C, costa;
Cu, cubitus; h, humeral cross-vein = hm; HP, humeral plate; i-m, inter-medial
cross-vein; ir, interradial cross-vein (often spoken of as a spur on the third
vein); J, jugal veins; jf, jugal fold; M, media; mf, medial form; m, m’, median
plates; m-m, median cross-vein = im, intermedial cross-vein; m-cu, medio-
subital cross-vein; Pcu, postcubitus (first anal); R, radius; r, radial cross-vein;
7f, radial fork; rf, 1st radial fork; r-m, radio-medial cross-vein; Rs, radial sector;
S, sectorial cross-vein; Sc, subcosta; tg, rudiment of tegula; V, vannal veins;
vf, vannal fold.

(B) wing of Tabanus labeled (in parenthesis) according to terminology of
the Dipterists. Veins: C (costal); Sc (auxillary); R: (Ist longitudinal); R
(2nd longitudinal); R:, Rs (3rd longitudinal); M:, M. (4th longitudinal); Ms,
M.Cu (5th longitudinal); A (6th longitudinal). Cells: C (costal); Sc (sub-
costal); R: (marginal); B. (lst submarginal); R: (2nd submarginal); Rs (st
posterior); M: (2nd posterior); 2°M: (3rd posterior); Ms (4th posterior): M.
(5th posterior); 1lst M: (discal cell); R (1st basal); 2°M (2nd basal); cu
(ana] cell); A: (axillary). .

change is found in the Apterygota (silverfish and springtails), which
are primitively wingless insects, and hence the newly emerged young
individual is externally unlike the parent only in size: this type of
metamorphosis is termed primitive (Fig. 13).

A greater degree of metamorphosis occurs in the grasshopper. There -
is not only a great difference in size, but the absence of wings in the
young is at once apparent. In order to reach the winged condition, the
young individual casts its skin at intervals, and with each ecdysis achieves
longer wings until, after a certain number of molts, the fully developed
wings appear. The following stages may be recognized: (1) egg, (2)
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nymph, (3) imago or sexuvally mature adult. This type of metamorphosis
is called simple or incomplete, and the orders comprising these are known
as the Heterometabola (Fig. 14).

The greatest difference between the newly hatched young and the
parents occurs in such forms as the housefly (Fig. 15) and the butterfly.
In these forms the newly hatched insect has no resemblance whatsoever

ric. 13. Illustrating primitive meta-
morphosis. (a) young of a Thysanuran
insect {Campodea), (b) adult of the
same. (After Kellogg.)

to the adult, but looks more like a segmented worm. However, the in-
ternal anatomy and certain other features are distinctly insectan. The
fact that the young are mandibulate and the adults haustellate in Diptera
and Lepidoptera offers much interesting ground for ecological discussion.
In order to attain the winged condition of the adult, the wingless, worm-

Fic. 14. Hlustrating simple metamorphosis. (A) young wingless grass-

hopper; (B) grasshopper showing wing pads after the first molt; (C) adult of
the same. (Redrawn after Packard.)

like form must undergo many profound changes, and a new stage is
interjected, the pupa, or resting stage, in which this transformation is
accomplished. The newly hatched young insect emerging from the egg
is called the larva, hence the following stages: (1) egg, (2) larva, (3)
pupa, and (4) imago. This type is termed complex or complete meta-
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morphosis, and the orders comprising these are known as the Holo-
metabola.

Importance of knowing internal anatomy. It is important that the
student familiarize himself with the internal anatomy of insects,’ giving
special attention to the digestive system and its accessory structures, such
as the salivary glands. Two cases will illustrate reasons for this:

1. The simplest condition in which the internal organs of insects are
involved in disease transmission is in the case of the common housefly,
in which pathogenic organisms may be sucked up with infectious dejecta
from those ill with cholera or typhoid fever and passed out with the
feces of the fly, which may be deposited on human food, either in their
original virulent condition or more or less attenuated. Regurgitation on
the part of the insect may be equally effective.

Fic. 13, [lustrating complex metamorphosis in the lite cycle of the common
housefly: egg, larva, pupa, adult.

2. A more complicated situation exists in the case of the Anopheles
mosquito, which sucks up pathogenic organisms (plasmodia) with its
meal of human blood, whereupon these parasites undergo vital sexual
changes within the body of the insect, eventually finding lodgment in the
salivary glands before final introduction by the “bite” into the next
human victim. The insect in this case is the essential natural vector.

Digestive system. There are three distinct regions to the insect intestine
(Fig. 16); namely, (1) the fore-gut, consisting of the mouth, pharynx,
esophagus, crop, and proventriculus; (2) the mid-gut, comprising the
stomach; and (3) the hind-gut, consisting of the ileum, colon, rectum,
and anus. The crop 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 as the
cockroach and grasshopper the proventriculus consists of a highly muscu-
lar dilation provided internally with chitinous teeth for grinding or
straining food. The stomach is a simple sac into which open the gastric



Fie. 16. Showing digestive tract of cockroach, Order Orthoptera (top):
of conenose bug, Order Hemiptera (middle); and of anopheline mosquito,
Order Diptera (bottom). Explanation of abbreviations: Ac.G., accessory glands;
in., anus; Aor., aorta; A.S.G., accessory salivary gland; Br., brain; Ca., cardia;
Co., colon; Cr., crop; Ej.D., ejaculatory duct; Eso., esophagus; Eso.D., esopha-
veal diverticula; Gas.C., gastric caeca; He., heart; Hyp., hypopharynx; IL,
ilium; Labm., labium; Labr., labrum; Max.S., maxillary stylet; Md.S.; mandi-
bular stylet; M.G., mid-gut; M.T., Malpighian tubules; N".C., nerve cord; Pe.,
penis; Ph., pharynx; Pr., proventriculus; Pre.C., preoral cavity; P.S.G., principal
salivary gland; R., rectum; R.O., reproductive organs; R.P., rectal papilla;
Sal.D., salivary duct; S.G., salivary gland; Sal.P., salivary pump; S.R., salivary
reservoir; St., stomach; T, testis; V.D., vas deferens. (Top figure adapted after
Miall; middle figure adapted after Elson; und lower figure, Herms.)
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caeca, generally few in number, which give rise to certain digestive
fluids. At both ends of the stomach are located valves which control the
flow of the food. There is much variation in the length and the degree
of convolution of the hind intestine, but usually the three regions men-
tioned, namely, ileum, colon, and rectum, can be located. Emptying into
the ileum are the excretory or Malpighian tubules, varying in number
and length in the several groups of insects. -

The salivary system consists of a pair of salivary glands which may
be lobed; they are situated within the head, often extending into the
thorax. Usually each gland empties into a salivary duct, the two ducts
" discharging into a common duct which opens into the mouth at the base
of the labium. In many species of insects there is present a pair of sali-
vary reservoirs; these may be located near the opening of the common
duct and then present a compound condition, or may be situated on
either side of the esophagus at the end of a long slender duct.

Insect larvae. When insect larvae, parasitic or accidental, are en-
countered in the body of man or beast, confusion may arise because of
the worm-like appearance of the invaders, which may be incorrectly
classified as worms, for example, muscoid fly larvae. These larvae are
short and plump, and have 11 or 12 well-marked segments. Microscopic
examination of fragments will reveal tracheal tubules, which are not
present in worms. The student of medical entomology must be thoroughly
familiar with the immature stages of arthropods.

Although the larvae of insects belonging to the Order Diptera (flies
and mosquitoes) are characteristically legless and usually have an un-
chitinized, eyeless head, the variations within the order are considerable.
Maggots of muscoid flies, for example, are smooth, with the body taper-
ing to the inconspicuous head, which bears hook-like mouth parts; while
the larvae (wrigglers) of mosquitoes have a chitinous, freely moving,
conspicuous head with faceted eyes, and both the head and body bear
many hairs, spines, and bristles. The larvae of fleas (Order Siphonaptera )
are also legless; the chitinous head is well developed; and each of the
thoracic and abdominal segments is well armed with a band of bristles.
The larvae of beetles (Order Coleoptera), commonly called grubs, have
three pairs of legs on the thorax only; the head is well developed; the
body may be hairy, spiny, or naked. The larvae of moths and butterflies
(Order Lepidoptera) have three pairs of thoracic legs and two to five
abdominal prolegs; the head is prominent, and the mouth parts are
usually well developed and mandibulate; they are commonly called
caterpillars and are hairy, spiny, or naked. The larvae of ants, bees, and
wasps (Order Hymenoptera) are usually called grubs; they are usually
without legs (apodous); the head is more or less well developed; t':e
body is usually fairly smooth and gourd-shaped.
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Insect classification. The medical entomologist must be equipped with
a good knowledge of the basic principles of classification so that he may
be able to place the insect at hand correctly in at least its proper Order
and family; in the case of insects of importance in medical entomology
he should be able to run the specimen down to the species with the aid
of a key. To determine the order to which an insect belongs one need
usually know only the venation and structure of the wings, if present, and
the type of mouth parts. This knowledge will enable the student to place
at least 90 per cent of the commoner insects in their proper orders. Un-
fortunately, the parasitic forms have undergone many modifications,
such as reduction or loss of wings and great alteration in form, but
generally the mouth parts will serve as a ready means of crude identifi-
cation. Before passing on to a list of the orders of insects, the usual basis
for classification may be pointed out, viz.:

1. Wings: (a) presence or absence, (b) form, (c) structure.

2. Mouth parts: (a) biting (mandibulate), (b) sucking (haustellate).

3. Metamorphosis: (a) primitive, (b) simple (incomplete), (c¢) complex
(complete).

The orders of insects. The following list of orders of the class Insecta
includes those generally recognized by present-day entomologists. The
Comstocks in 1901 listed 19 orders of insects. The present number, 33
(Essig, 19422) has been primarily achieved by splitting up the original
Orthoptera and Neuroptera. ‘
Subclass I. Apterygota (Ap'ter-y-go'ta), apterous (primitively wingless) in-

sects.

1. Order Protura (Pro-tura), (protos, first; oura, tail), proturans; (be-
cause of certain affinities with the Chilopoda and Symphyla, these in-
sects are sometimes placed in a separate class, Myrientomata Berlese);
biting mouth parts; primitive metamorphosis.

2. Order Thysanura (Thy'sa-nu’ra), (thysanos, a tassel; oura, tail); silver-
fish, bristletails; biting mouth parts; primitive metamorphosis.

~8. Order Aptera (Ap'ter-a), (d-, without; ptera, wings); campodeids;
biting mouth parts; primitive metamorphosis.

4. Order Collembola (Col-lem'bo-la), (colla, glue; embolos, wedge or
peg); springtails, snowfleas; biting mouth parts; primitive metamorpho-
sis.

Subclass II. Pterygota (Pter'y-go'ta), winged insects.
Division 1. Exopterygota (Exo-ptery-go'ta).
(Heterometabola: Insects with simple metamorphosis.)
5. Order Orthoptera (Or-thop'ter-a), (orthos, straight; ptera, wings);
grasshoppers, locusts, katydids, crickets, mole crickets; biting mouth
parts; simple metamorphosis.
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. Order Blattaria (Blat-taria), {blatta, insect that shuns the light);

cockroaches; biting mouth parts; simple metamorphosis.

. Order Dermaptera (Der-map'ter-a), (derma, skin; ptera, wings); ear-

wigs; biting mouth parts; simple metamorphosis.

. Order Grylloblattodea (Gryl'lo-blat-to-de’a), (gryllus, a cricket; blatta,

a cockroach); grylloblattids; biting mouth parts; simple metamorphosis.

. Order Phasmida (Phas'mi-da), (phasma, an apparition); walking sticks,

leaf insects; biting mouth parts; simple metamorphosis.
Order Mantodea (Man-to'de-a), (mantis, a prophet; eidos, form, like);
preying mantids, praying mantids, soothsayers; biting mouth parts;
simple metamorphosis.
Order Diploglossata (Dip'lo-glos'sa-ta), (diplos, double; glosso,
tongue); hemimerids; biting mouth parts; simple metamorphosis.
Order Plecoptera (Ple-cop'ter-a), (plektos, to weave; ptera, wings);
stoneflies, salmonflies, perlids; biting mouth parts; simple metamorpho-
sis.
Order Isoptera (I-sop'ter-a), (isos, equal; ptera, wings); termites, white
ants; biting mouth parts; simple metamorphosis.
Order Zoraptera (Zor-ap'te-ra), (zoros, pure; ptera, wings); zorap-
terans; biting mouth parts; simple metamorphosis.
Order Embioptera (Em'bi-op’-ter-a), (embios, lively; ptera, wings);
embiids, webspinners; biting mouth parts; simple metamorphosis.
Order Corrodentia (Cor'ro-den’ti-a), (corrodens, gnawing); book lice,
bark lice, dust lice, psocids; biting mouth parts; simple metamorphosis.
Order Mallophaga (Mal-loph'a-ga), (mallos, a lock of wool; phagein,
to eat); bird lice, biting bird lice; biting mouth parts; simple metamor-
phosis.
Order Ephemerida (Eph'e-mer'i-da), (ephemeros, living but a day);
mayflies, dayflies, ephemerids; vestigial mouth parts; simple metamor-
hosis.
grder Odonata 40-don'a-ta), (odontos, a tooth); damsel flies, dragon-
flies, mosquito hawks, devil's darning needles, snakedoctors; biting
mouth parts; simple metamorphosis.
Order Thysanoptera (Thy'sa-nop'ter-a), (thysanos, fringe; ptera,
wings); thrips; rasping-sucking mouth parts; simple metamorphosis.
Order Anoplura (An'o-plura), (anoplos, unarmed, oura, tail) true lice,
sucking lice; piercing-sucking mouth parts; simple metamorphosis.
Order Hemiptera (He-mip'ter-a), (hemi, half; ptera, wings); bugs,
cicadas, treehoppers, leafhoppers, aphids, scale insects, etc.; piercing-
sucking mouth parts; simple metamorphosis.

Division II. Endopterygota (En-do-pter’y-go'ta).
(Holometabola—Insects with complex metamorphosis).

-28.

24.

Order, Megaloptera (Meg'a-lop'ter-a), (megalos, great; ptera, wings);
dobsonflies, alderflies, sialids; biting mouth parts; complex metamor-
phosis.

Order Neuroptera (Neusrop'ter-a), (neura, nerves; ptera, wings); lace-
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wings, nerve-winged insects; biting mouth parts; complex metamor-

phosis.

. Order Raphidiodea (Ra-pbid'i-o'de-a), (raphis, needle; referring to

ovipositor of female); snakeflies, serpent flies; biting mouth parts; com
plex metamorphosis.

. Order Mecoptera (Me-cop'ter-a), (mecos, length, long; ptera, wings):

scorpionflies; biting mouth parts; complex metamorphosis.
Order Trichoptera (Tri-chop'ter-a), (thrix, hair; ptera, wings); caddis

flies, caseflies, water moths; biting mouth parts, complex metamorphosis.

. Order Coleoptera (Col'e-op'ter-a), (coleos, sheath; ptera, wings);

beetles, weevils, biting mouth parts; complex metamorphosis.

. Order Strepsiptera (Strep-sip’ter-a), (strepsi, twist; ptera, wings);

stylops, twisted wings; biting mouth parts; complex metamorphosis.
Order Diptera (Dip'ter-a), (dis, two; ptera, wings); flies, gnats, mos-
quitoes; sucking mouth parts; complex metamorphosis.

Order Siphonaptera (Si'pho-nap’ter-a), (siphon, u tube; aptera, wing-
less); fleas, chigoes; piercing-sucking mouth parts; complex metamor-
phosis. {See Snudgrass.”)

Order Hymenoptera (Hy'men-op'ter-a), (hymen, a membrane; ptera,
wings); bees, wasps, ants, sawflies, horntails, etc.; Japping-sucking
mouth parts; complex metamorphosis.

Order Lepidoptera (Lep'i-dop’ter-a), (lepidos, scale; ptera, wing);
moths, butterflies; sucking mouth parts; complex metamorphosis.

The Arachnida, The class Arachnida includes the ticks, mites, spiders,
scorpions, and related forms. Among the species of arachnids are some
of the most important parasites and vectors of diseases of man and beast,
such as the ticks which carry spotted fever and relapsing fever of man,

Fic. 17. Showing external morphology.of a spider. C, coxa; Ch., chelicera:
E, eyes; Fm., femur; Op., opisthosoma; Pat., patella; Pd., pedipalp; Pr..
prosoma; Ptar., pretarsus: Sp., spinnerets; Tar., tarsus; Th., tibia; Tr., troch-

anter.

and Texas cattle fever and bovine anaplasmosis. Parasitic mites cause
acariasis, often serious, such as mange, scabies, and various forms of itch,
and may, like the ticks, serve as vectors of disease, particularly Tsutsuga-
mushi disease.
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The more important arachnids lack distinct segmentation of the body,
e.g., ticks, mites, and spiders; while scorpions, pseudoscorpions, and a
few others are clearly segmented. The body is divided into two parts
(Fig. 17): first the cephalothorax (prosoma) composed of combined
head and thorax, and second, the abdomen (opisthosoma ). In the ticks
and mites there is a strong fusion of the cephalothorax and the abdomen
so that the body becomes sac-like in form.

Adult arachnids with few exceptions have four pairs of legs, though
the larvae of ticks and nearly all mites have but three pairs. In spiders
there is a pair of pedipalpi, which in scorpions, whip scorpions, and
pseudoscorpions are strongly chelate. All arachnids are devoid of wings
and antennae. Eyes, when present, are simple; compound eyes are want-
ing. The mouth parts usually consist of a pair of piercing chelicerae,
pedipalpi, and in the Acarina a hypostome. The respiratory system of
many arachnids, particularly ticks and mites, is tracheal as in insects,

Fic. 18. Showing internai anatomy of a spider. A, anus; B.L., book lung;
Che., chelicera; D.M., dorsal muscle; D.M.G., diverticula of mid-gut; E., eye;
H., heart; M.G., mid-gut; M.T., Malpighian tubule; P., pericardium; Pd.,
pedipalp; Sp., spinneret; S.St., sucking stomach. (Redrawn and adapted after
various authors.)

except that there is usually but one pair of spiracles. In spiders the
respiratory organ is a combination of lung books and tracheae. There is
frequently a strong sexual dimorphism in the arachnids; the males are
‘commonly smaller than the females. (See later chapters dealing with
ticks, mites, and spiders. )

In general the arachnids are predatory and perhaps most of them
are nocturnal, although there are some species of spiders and scorpions
which are largely diurnal.

Arachnid development. Arachnida deposit eggs in all the orders
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except the scorpions and some mites (Pediculoides), which are vivipa-
rous. Eggs are usually numerous, particularly in the ticks, which may
deposit as many as 18,000 per female. The newly hatched individuals
have the general form of the adults, although the number of legs may
vary, e.g., newly hatched ticks and mites usually have three pairs of legs.
Metamorphosis is simple, as in cockroaches and grasshoppers. Molting
takes place as in insects, the various stages being termed instars as in
the Insecta. The longevity of many arachnids is remarkable: ticks have
been known to live for as many as six to seven years, and some species
are able to endure starvation for several years.

Internal anatomy. The digestive tract of arachnids (Fig. 18) is charac-
terized by various types of diverticulae and branched tubules. The
diverticulae, which diverge from the tract between the sucking organ
of the pharynx and the mesenteron, range, according to Savory* from
two short simple sacs directed forward in the cephalothorax to a condi-
tion of five pairs, four of which extend laterally, reaching the bases of
the legs, and enter the coxae for a short distance; also there is a very
complex type which branch and divide and become very large. Leading
from the mesenteron is a complex system of branched tubules which
occupy most of the abdomen and function partly as a digestive gland
and partly as a reservoir. The Arachnida are thus enabled to store large
quantities of food and to undergo long periods of fasting, an adaptation
which particularly favors the parasitic forms.

The excretory organs of the arachnids are Malpighian tubules, which
empty into the gut, and coxal glands which empty excretory products
into tubules and discharge to the exterior from openings which vary in
relations to the coxae with the several orders.

Arachnid classification.” Excluding the marine arachnid order Xipho-
sura, king-crabs or horseshoe crabs, the following orders, all terrestrial,
may be considered in a classification for the purposes of this work,
namely, (1) Scorpionida, scorpions; (2) Araneida (Araneae), spiders;
(8) Pedipalpida, whip scorpions; (4) Pseudoscorpionida (Chelonethida),
false scorpions; (5) Solpugida (Solifugae), sun spiders or wind scorpions;
(6) Phalangida (Opiliones), harvestmen pr harvest spiders; (7) Acarina
(Acari), mites and ticks. ’

Among the more important gross characters used to separate the
terrestrial arachnids into orders are the following: segmentation of the
body; presence or absence of pedicle; presence or absence of telson;
chelicerae, large or small; pedipalpi, chelate or unchelate; location and
form of spiracles. v '

 Some authors include among the Arachnida the Pycnogonida (Pantopoda)
sea-spiders, the Tardigrada (water-bears), and the Pentastomida (Linguatulida)
tongue worms.
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Key to the Terrestrial Orders of the Class Arachnidaf

. Abdomen distinctly segmented
Abdomen not segmented ...
. Abdomen with tail-like prolongation ...
Abdomen without tail-like prolongation ..o
. Tail stoutly armed with a sting at end .............. Scorpionida (Scorpions)
Tail slender, without sting .................. Pedipalpida (Whip scorpions)
. Palpi chelate ............. Pseudoscorpionida (False or Pseudoscorpions)
Palpi not chelate........................i
. Abdomen constricted at base and narrowly joined to the cephalo-
thorax ... e, Pedipalpida
Abdomen not constricted at base and broadly joined to cephalothorax
. Legs very long and slender, body hairless, whole body fused together
...................................................................... Phalangida (Harvest spiders)
Legs moderate; body hairy, appearing 3-segmented ...
....................................................... Solpugida (Solpugids, Vinegarroons)
. Abdomen constricted at base and joined to cephalothorax by a narrow

stalk Araneida (True spiders)
Abdomen fused with cephalothorax .......... Acarina (Ticks and Mites)
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CHAPTER VI

—— - ——————

INSECT AND ARACHNID MOUTH PARTS

Importance of mouth parts. No doubt all insects possessing mouth
parts capable of piercing the skin of man and beast may be regarded
with some suspicion by the medical entomologist as being potential vec-
tors of blood-inhabiting microparasites, even though the bloodsucking
habit may not normally prevail. The nonpiercing insects manifestly can-
not be responsible for infections introduced directly into the circulation,
except through previously injured surfaces. Thus the housefly although
possessing nonpiercing mouth parts, is recognized as one of the vectors
of Trypanosoma hippicum Darling, a blood-inhabiting parasite and the
causal organism of murrina of horses and mules. It carries the parasites
on its proboscis, which becomes contaminated while it is feeding from
bleeding wounds caused by stable flies (Stomoxys) or other means, and
conveys the organisms thence to open wounds on healthy animals.

The student of arthropods in relation to disease must have a thorough
knowledge of their mouth parts and feeding habits for at least two rea-
sons: first, that he may know how the pathogenic organisms are acquired
as well as transmitted and, secondly, that he may know, if occasion re-
quires, what control measures may be best employed. The medical en-
tomologist will soon find that a knowledge of the feeding habits of the
adult insect alone is inadequate and that he must be familiar with the
feeding habits of the insect in all stages of its life cycle. The larvae of
many of the sucking insects have mandibulate (biting-chewing) mouth
parts. The biting mouth parts of the worm-like flea larva enable it to
ingest particles of excrement or other matter in which eggs of the double-
pored dog tapeworm occur, and it may thus become an intermediate
host of this worm, passing the infection on to the adult flea which, if
ingested by a suitable host, becomes the agent of infection. Insects with
complete metamorphosis commonly change from chewing mouth parts in .
the larval stage to the sucking type in the adult. Insects with simple
metamorphosis, like the cockroaches, have biting mouth parts in all active
stages of development. Snodgrass® describes the feeding apparatus of
biting and sucking insects affecting man and animals in great detail.

Classification of mouth parts. All insect mouth parts, however highly

' 60
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specialized, may be traced to the simple primitive type still existing with
some modification in the cockroach. Insect mouth parts are commonly
divided into two general classes: (1) mandibulate, i.e., biting and chew-
ing, as in the cockroaches, grasshoppers, and beetles; and (2) haustellate,
ie., sucking, as in the bugs, flies, bees, butterflies, and moths. This
classification is far from satisfactory for use in the field of medical en-
tomology. For example, the common housefly, Musca domestica Linn.,
and the stable fly, Stomoxys calcitrans (Linn.), both possess haustellate
mouth parts and belong to the same family of insects, Muscidae, hence
are systematically closely related, yet are quite unrelated in their man-
ner of disease transmission. By virtue of its efficient piercing stylets the
stable fly has the power to pierce the skin and suck blood, thus enabling
it to become a direct infector; whereas the housefly, because of the struc-
ture of its proboscis and its inability to suck blood by piercing the skin,
is only indirectly responsible for infection, i.e., it is more particularly a
food contaminator.

Obviously insects could be grouped on the basis of mouth parts and
feeding habits, into two simple divisions: (1) piercing as in mosquitoes,
and (2) nonpiercing, as in cockroaches. This, however, leaves much to
be desired in the light of medical entomology, hence the following
grouping is suggested.

1. Orthopteron type: generalized mouth parts consisting of opposable jaws
used in biting and chewing; upper and lower lips easily recognized, as
in the cockroach and grasshopper.

2. Thysanopteron type: mouth parts representing a transitional type, minute
in size; approaching the biting form, more particularly rasping, but func-
tioning as suctorial organs; as in the thrips; the right mandible is greatly
reduced or possibly even absent, causing a peculiar asymmetry shown in
the drawing (Fig. 20).

3. Hemipteron type: mouth parts consisting of piercing-sucking organs, com-

- prising four stylets closely ensheathed within the elongated labium, form-
ing a proboscis, as in the conenose bug and bedbug.

4. Anopluran type: mouth parts piercing-sucking, in a sac concealed within
the head but evertible when functioning. Three stylets, i.e., one consist-
ing of the pair of united maxillae, the other two consisting of the hypo-
pharynx and labium; mandibles vestigial, e.g., sucking lice.

5. Dipteron type: suctorial organs, piercing in some, nonpiercing in others;
no single representative is available to illustrate the entire group of Dip-
tera, hence the following subtypes may be recognized.

a. First subtype: mosquito; mouth parts consisting of six 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.
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c. Third subtype: stable fly; piercing stylets reduced to two in number,
closely ensheathed within the labium.

d. Fourth subtype: housefly; mouth parts consisting of a muscular pro-
boscis, not suited for piercing; stylets rudimentary.

e. Fifth subtype: the louse fly; mouth parts closely related to those of
the third subtype.

6. Siphonapteron type: piercing-sucking, fully exposed mouth parts consist-
ing of a pair of broad maxillary lobes bearing long palpi; two (paired)
stylets, a pair of maxillary lacinae (lacinial blades), chief cutting organs
commonly regarded as “mandibles”; a slender labium with parallel palpi,
and a median unpaired stylet, the “epipharynx,” the labrum is difficult to
interpret (Snodgrass), e.g., fleas. .

7. Hymenopteron type: mouth parts consisting of suctorial, lapping organs,

mandibles specialized for portage and combat, as in the bee, wasp, and

ant. '

8. Lepidopteron type: mouth parts consisting of a suctorial coiled tube, as
in the butterfly.

MORPHOLOGY OF MOUTH PARTS

Orthopteron type. To illustrate the orthopteron type of mouth
structure either the grasshopper or the cockroach may be used. This .
type, the mandibulate or biting-chewing, is the generalized or primitive
form and will serve as a basis for later comparisons and derivations. It is
not directly of importance in medical entomology except as it furnishes
a basis for a better understanding of the haustellate or sucking types.

If the head of a cockroach (Fig. 19) is viewed from the side and
again from the front, the relative position of the separate parts will be
better understood. Separating the individual parts, the following struc-
tures will be observed. In front, low down on the head, hangs the
labrum or lip, easily lifted as one would raise a hinged lid, the hinge
line being at the lower edge of the sclerite or plate, known as the clypeus.

The labrum functions as does the upper lip in higher animals, i.e., it
draws the food toward the mandibles. In this the labrum is greatly
aided by a rough structure called the epipharynx, 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-epipharynx. Removing the labrum, a pair of heavy, opposable
jaws, the mandibles, is exposed. These are biting structures par excel-
lence. They are toothed and movable laterally. Dislodging the mandibles
brings into view the pair of maxillae, or accessory jaws. These organs are
known as first maxillae. They are composite structures separable into
~ cardo, stipes, lacinia, galea, and palpus, which should be carefully ob-
served, inasmuch as they undergo great modification in the remaining
types of mouth parts. The two supporting sclerites of the maxillae are
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MOUTH' PARTS

MAXILLA MAXILLA

Fic. 19. Head and mouth parts of a cockroach. Orthopteron (mandibulate)
type of mouth parts.
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cardo (basal) and stipes (the second), while the distal lobes are (1)
the maxillary palpus (a jointed structure), (2) the galea (median and
fleshy), (3) the lacinia (inner and toothed), capable of aiding in com-
minuting food.

Underneath the maxillae and forming the floor of the mouth lies the
lower lip or labium, a double structure frequently called the second
maxilla. On the same plan as the maxillae, the labium consists of a basal
sclerite, the submentum, followed by the mentum, upon which rest the
labial palpi (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 still remaining in the mouth cavity after the parts
just described have been removed is the tongue or hypopharynx, an organ
of taste, comparable in a measure to the tongue of higher animals.

GCOMPOUND EYE

CLYPEUS

MANDIBLE

MAXILLA

MAXILLARY PALP

;sggUPTiARYNX Fic. 20. Head and mouth parts
LABRUM of a thrips. Thysanopteron type.

LABIAL PALP (Redrawn after Borden.)

The mandibles are most useful landmarks, since they are almost
universally present in insects, though in various degrees of development,
from the strong mandibles of certain beetles (Lucanidae) to the vestigial
structures of fleas (Siphonaptera). In the Hymenoptera, even though the
order is haustellate, the mandibles are nevertheless present and important
structures, serving, however, in the honeybee as wax implements and
organs of defense, and in ants as organs of portage and combat. In
Hemiptera and many Diptera the mandibles are converted into piercing
organs while the maxillae are also greatly changed in form.

Thysanopteron type. This type (Fig. 20) is interesting phylogeneti-
cally as a connecting link between the biting-chewing and piercing-
sucking mouth parts. It is in the very minute thrips. order Thysanoptera,
that we find this transitional type of mouth parts, biting in general struc-
ture but sucking in function. According to various authors the right man-
dible is reduced, and by others it is said to be entirely wanting, making
the head and mouth parts asvmmetrical; the left mandible, maxillae, and
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hypopharynx are elongate, suggesting the stylet of the piercing type,
and adapted to move in and out through a circular opening at the apex
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Fic. 21. Hemipteron type of mouth parts. (Adapted atter various authors.)

of the head. No food channel is formed, but the sap from plants is lap-
ped up as it exudes from the abraded surface.

Hemipteron type. A very different sort of organ from those above
described is found in the order Hemiptera (Fig. 21). Here the cylindri-
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cal labium forms a prominent beak-like proboscis which is usually three-

or four- (rarely one- or two-) jointed and telescopic. It is devoid of

palpi. The proboscis encloses a pair of mandibles, often with terminal
Head
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Fic. 22. Head and mouth parts of a sucking louse. Anopluron type of mouth
parts. (Redrawn and adapted after various authors.)

barbs, and a pair of maxillae, all four are stylet-like and efficient pierci‘ng
organs, the maxillae operating as a unit and the mandibles functioning
separately. The maxillae are closely apposed, forming the food and
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are narrower and provided .with conspicuous palpi. The lypopharyny
and labrum-epipharynx are both lancet-like. In the male these piercing
parts are very weakly developed.

HEAD
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| / ,
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HYPOPHARYNYX LABRUM-EPIPHARYNX
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LABRUM LEFT MANDIBLE LEFT MAXILLA LABELLA

Fic. 24. Head and mouth parts of a horsefly. (In part redrawn after
: Snodgrass. )

(¢) Third subtype, the stable fly. This subtype (Fig. 25) is repre-
sented by a group of flies in which the mouth parts are distinctly
specialized for piercing, and show, together with the next subtype, to
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what extent these structures may become modified 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.
This conspicuous organ (the proboscis) is the labium terminating in the
labella, which are provided with a complex series of rasping denticles.
Within the folds of the labium and easily removable through the upper
groove lie two stylets: the labrum, the uppermost and heavier, and the
hypopharynx, a lower and weaker one, the two forming a sucking tube
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Fic. 25. Head and mouth parts of the stablefly. (Redrawn and adapted after
various authors.)

supported within the folds of the labium. The maxillary palpi are located
at the proximal end of the proboscis.

(d) Fourth subtype, the housefly. Here (Fig. 26) 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
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may be either protruded in feeding or partially withdrawn while at rest.
Lying on top of the grooved labium is the inconspicuous spade-like
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Fic. 26. Head and mouth parts of the common housefly. Lower right-hand
figure shows detailed cross section of a pseudotrachea in the labella. (Redrawn
and adapted after various authors. )

labrum, which forms, with the hypopharynx, a sucking tube, supported
by the labium, which latter also encloses the salivary canal. By an ex-
amination of the labrum it will be seen that this forms a sort of convex
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covering to the concaved hypopharynx, thus giving rise to a food tube.
The maxillae have evidently become fused with the fleshv eltbow of the
proboscis, and only the prominent maxillary palpi remain.
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Fic. 27. Head and mouth parts of a flea. See text for explanation of parts.
(Redrawn and adapted after various authors.)

(e) Fifth subtype, the louse fly. The louse flies, members of the
family Hippobos¢idae, have mouth parts closely related to those of the
third subtype, the stable H)«’; the characteristic tubular or cy]indrica]
hanstellum is adapted for penetration into the skin of the host. The



INSECT AND ARACHNID MOUTH PARTS 73

labrum- epipharynx is stylet-shaped; its proximal portion is strongly
chitinized and rigid, whereas the distal end is membranous and very
flexible.* The hypopharynx in the two common species, Pseudolynchia
canariensis  (Macq.) = [Lynchia maura (Bigot)] and Melophagus

Fic. 28. Head and mouth parts of the honeybee (Apis mellifica). 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) antennae, (2) compound eyes, (3) simple eye, (4) labrum,
(5) mandibles, (6) maxillae (galea), (7) labium (palpi only), (8) labium
(glossa), (9) bouton, (10) maxillary palpus. (B) mouth parts removed to
show (5) mandibles, (6) maxillae (lacinia), (7) labium (palpi only), (8)
labium (glossa), (9) bouton, (10) maxillary palpus, (11) prementum, (12)
mentum, (13) cardo, (14) stipes.

ovinus Linn., is nearly as long as the combined haustellum and labellum
and is a very slender and hyaline mouth part.

Siphonapteron type. The mouth parts of the Siphonaptera (fleas)
(Fig. 27), though typically of a piercing-sucking type, are peculiar to
this order of insects. The broad maxillary lobes bearing long palpi are
conspicuous landmarks (Fig. 27); the other organ (slender) bearing
long parailel palpi is the labium. The principal blade-like piercing organs
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are a vair of independently moveable structares commonly -eferred to as
mandibles but are said to be maxillary laciniae by Snodgrass (loc. cit.)
and others. The mandibies are belicved to be rudimentary ic fleas. The
median stylet (unpaired) is said to be the epipharynx, not the laboum
of many autbors, the labrum being difficult to demonstrate. vhe epi-
pharynx is seid to be closely embraced by the laciaial blades. “he three
stylete (a pair of maxiilary laciniae and the epipharynx) aie helda in the
channel of the labium. The labrum is rudimentary, and the existence of
a hypopharynx is uot demonstrable. The wound is made Dy the protrac-
tion and retraction of the maxillary lacinize. As soon as the blood begins
to flow, it is drawn up into the pharynx by the action of both the cibaria;
and the pharyngeal pumps.

Hymenopteron type. In this type the two general classes of mouth
structures, the mandibulate and haustellate, find {ull develonment in the
same species, though the mandivles are not invoived in the feediag proc-
ess. “nc honeybee (:7ig. 28) serves as a representative species. The
labrim is narrow and quite simp.e; the mandibles are easily distinguish-

Fi1c. 29. Head and mouth
parts of a butterfly (Vanessa
sp.). (A) side view: suctorial,
coiled tube, Lepidopteron type.
(1) antennae; (2) compound
eye; (3) proboscis, consisting
only of galeae; (4) labial pal-
pus. (The labrum is not visible
in side view.) (B) section of
proboscis showing double
nature.

able and are useful wax implements. In ants the mandibles are highly
efficient organs of portage and weapons of defense. The maxillae form
the lateral conspicuous 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 in the spoon-
like labellum or bouton which completes the lapping character of the
subtype.

Lepidopteron type. This type, represented by the commoner butter-
flies and moths, is typically a coiled, sucking tube capable of great
elongation. Taking the cabbage butterfly, Pieris rapae (Linn.), as an
example (Fig. 29) the labrum is seen to be greatly reduced, and the
mandibles are absent. (These may be weakly present in the lower
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Lepidoptera.) The maxillae are apparently represented only by the
galeae, which by close approximation of their inner grooved surfaces
form the long, coiled proboscis. The double structure of the proboscis
can be easily demonstrated by manipulation. The labium is represented
by the labial palpi.

Orders of Insects Arranged According to Type of Mouth Parts

I. Orthopteron type:® Biting and chewing (mandibulate) mouth parts.
Orders Orthoptera, Blattaria, Dermaptera, Grylloblattodea, Phasmida,
Mantodea, Coleoptera, Isoptera, Odonata, Diploglossata, Plecoptera,
Zoraptera, Embioptera, Corrodentia, Mallophaga, Ephemerida (vesti-
gial mouth parts), Megaloptera, Neuroptera, Raphidiodea, Mecop-
tera, Trichoptera, Strepsiptera, Protura, Thysam;ra, Collembola, Ap-
tera.

II. Thysanopteron type: Rasping-sucking; biting in structure, but sucking
in function; right mandible reduced or wanting; represents a transi-
tional form between biting and sucking motith parts.

Order Thysanoptera.

III. Hemipteron type: Elongated (beak-like), 3- or 4-segmented proboscis,
snugly enclosing stylet-like mandibles and maxillae; piercing -and
suctorial.

Order Hemiptera (including Homoptera).

IV. Anopluran type: Piercing-sucking mouth parts lie in sac concealed in
head when not in use; mandibles vestigial; maxillae, hypopharynx,
and labium form functional stylets; circlet of evertible oral teeth
provides means of attachment when feeding. :
Order Anoplura.

V. Dipteron types: Unsegmented probosms which may or may not contain
piercing stylets (see previous descnptlon)

Order Diptera.

VI. Siphonapteron type: Piercing-sucking mouth parts; principal blade-like,
plercing organs consisting of a pair of independently moveable
maxillary lacinjae, which together with stylet-like epipharynx are
held within the channel of the labium. .

Order Siphonaptera.

VII. Hymenopteron type: For feeding purposes the mouth parts are of a non-
piercing, lapping type; mandibles present, but used for combat and
portage. :

Order Hymenoptera.

VIIL. Lepidopteron type: Greatly elongated coiled sucking tube; nonpiercing.

Order Lepidoptera.

Arachnid mouth parts. In his recent excellent study of the feeding
organs of Arachnida, Snodgrass® points out that arachnids come from

Orthopteron is used here merely to indicate a bltmg-chewmg type which varies
considerably within this grouping of the orders.
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an ancestral line that never acquired organs for mastication and even
today have no true jaws, hence are forced to subsist on liquids. A liquid
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Fic. 30. Tick, capitulum; showing mouth parts of a tick (Arachnida, Acarina).
diet requires an ingestion pump, and with all arachnids a highly

developed sucking apparatus constitutes the essential part of the feeding
mechanism. The chelicerae (a pair) are the first postoral appendages of
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the arachnid (see Chapter XX), and while functioning more or less as
“jaws” they are not homologous with the mandibles of insects; they are
used for grasping, holding, tearing, crushing, or piercing, The leg-like
pedipalps are the second postoral appendages of the Arachnida and are
the homologues of the mandibles of mandibulate arthropods (Snod-
grass ). These organs are modified in various ways, functioning as organs
of prehension, protection, and, in male spiders, as sperm-carrying organs.
In the scorpions the pedipalps are chelate and serve for catching, hold-
ing, and crushing the prey.

According to Snodgrass (loc. cit.) the only features of the acarine
(ticks and mites) mouth parts that cannot be homologized with struc-
tures generally present in other Arachnida are the variously developed
appendicular lobes or processes often associated with the distal part of
the hypostome (Fig. 30). Also among the trombidiform mites the
chelicerae become progressively adapted for piercing by a transforma-
tion of the moveable digits into hooks or stylets.
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CHAPTER VII

——_————————

COCKROACHES AND BEETLES

A. COCKROACHES
Order Blattaria

Cockroaches of today are direct descendants of the huge ancient
cockroaches (Paleoblatta), some reaching about six inches in length,
which together with enoromous dragonflies (Protodonata) “had con-
quered the world™ some 250,000,000 years ago. Though much smaller
in size but still cosmopolitan, modern cockroaches have changed but
little in general structure. They are usually flattened dorsoventrally with
smooth (sometimes pilose) tough integument, varying in color from
chestnut-brown to black in the more pestiferous house-invading species,
but commonly green, or orange and other colors, in tropical species. The
head is decidedly flexed backward and downward when at rest. The
prominent antennae are filiform and many segmented. There are two
pairs of wings in most species; in some species the wings are vestigial, in
others the wings are well developed in the males and short in the females,
e.g., Blatta orientalis Linn. The outer pair of narrow wings (tegmina) is
thick and leathery, while the inner pair is membranous and folds fan-
like. While most cockroaches possess the power of flight, they are typi-
cally runners (cursorial) and can move swiftly by means of their long
well-developed legs. They are highly gregarious and primarily nocturnal.
but most cockroaches may be seen occasionally singly during the day.
Metamorphosis is simple.

Feeding habits. The mouth parts of cockroaches are of the generaﬁzed
biting-chewing type (Orthopteron). They feed on a great variety of
foods (omnivorous), with preference for starchy and sugary materials.
They will sip milk, nibble at cheese, pastry, meats, grain products, sugar,
sweet chocolate—in fact, practically no edible material available for
human consumption is exempt from attack by these vile insects which
just as freely feed on book bindings, the sized inner lining of shoes, dead
insects, their own cast-off skins and dead and crippled kin, fresh and
dried blood, excrement, and sputum. They feed principally at night,
hence we live in ignorance as to their disgusting and dangerous feeding
habits.

78
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Furthermore, roaches habitually disgorge portions of their partly
digested food at intervals and drop their feces wherever they go. They
also discharge a nauseous secretion from both the mouth and from glands
opening on the body, imparting a persistent and typical “cockroach” odor
to food and dishes with which they come in contact.

Species of sanitary importance. There are about 2,250 species of cock-
roaches belonging to some 250 genera heretofore placed in the Family
Blattidae of the Order Orthoptera, now generally put into the Order
Blattaria. Cockroaches occur throughout the world but are chiefly
tropical. World-wide distribution of certain species has been effected by
maritime trading; holds of vessels, the galleys, and crew’s sleeping quar-

Fic. 31. The German cockroach, Blatella germanica, in various stages of
development. The adult female is shown with egg case or ottheca in normal
position protruding trom the terminal abdominal segment. X 2.

ters are often overrun with cockroaches. Among the better known species
invading the household, restaurants, hotel kitchens, etc., particularly in
neotropical regions, are described below:

Blatella germanica (Linn.), known as the German cockroach, water
bug, or croton bug, belongs to the Family Phyllodromiidae. It is the best
known and probably the most widely distributed species. It is a small
species, native to Europe, measuring from 14 to 16 mm in length, and is
pale yellowish-brown in color with two dark brown longitudinal stripes
on the pronotum. Both sexes are fully winged. The female carries the egg
capsule partly protruding from the tip of the abdomen (Fig. 31) until
hatching time.

Blatta orientalis (Linn.), known as the Oriental cockroach and also
as the “black beetle,” is very much darker than the German roach. It is
dark brown to black in color, whence its common name “black beetle”
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(Fig. 32). It is about 25 mm in length; the wings of the female are rudi-
mentary, and those of the male do not quite reach the tip of the abdo-
men. Enormous colonies of the Oriental cockroach are often found in
damp basements where food is available. This species belongs to the
Family Blattidae.

Periplancta americana (Linn. ), commonly called the American cock-
roach (Fig. 33), is a very large (30-40 mm in length) chestnut-brown
species, nutive to Mexico and Central America, but now widely distrib-
uted over the earth. Both sexes have long wings, which are frecjuently
used in flying short distances. This species also belongs to the Family
Blattidae.

32 33

Fic. 32. The Oriental roach (female), Blatta orientalis. X 1.3.
Fic. 33. The American cockroach, Periplaneta americana. X1.3.

Periplaneta australasiae (Fabr.), while commonly called the Austra-
lian roach, though probably not indigenous to Australia, is, like ameri-
cana, a cosmopolitan species. It is reddish-brown in color resembling
americana, but has a strong straw-colored streak extending about one-
third of the way down the outer margins of the wing covers (tegmina )
as well as a yellow area around the margin of the pronotum forming a
double dark area on the dorsum. The wings are well developed in both
sexes. This species, too, belongs to the Family Blattidae.

Supella supellectilium Serv., known as the brown-banded or tropical
cockroach, resembles the German cockroach in appearance but is smaller
(10-12 mm) and has two yellow cross bands, one at the base of the
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wings and the other about ;¢ of an inch farther back. The wings do not
quite reach the tip of the abdomen; adults fly readily when disturbed.
the species is a decidedly gregarious one. Unlike the German cockroach,
which confines its activities to the kitchen or around water and heat
pipes, the tropical cockroach hides in cupboards and pantries, invades
all rooms of the house, and seems to prefer “high locations, such as
shelves in closets, behind pictures and picture moldings, and the like.”
This species, like the German cockroach, belongs to the Family
Phyllodromiidae. Tt is rapidly becoming cosmopolitan.

Leucophaea surinamensis (Linn.), the dusty-tail roach, or Surinam
cockroach, is a dark brown to blackish tropical species measuring from
14 to 20 mm in length. It is a burrowing species, burrowing under piles
of debris, leaves, etc. ’t, too, belongs to the Fami'y 2hyllodromiidae.

Fic. 34. Egg cases (oGthecae) of
cockroaches: (left) Oriental roach,
(right) croton bug. X3.

Panchlora cubensis Sauss. is the green Cuban roach which is tre-
quently brought to the ports of many lands in bunches of bananas from
Central America.

Tokuichi Shiraki? lists 68 species of cockroaches for japan, many ot
these newly described.

Life his:ory. The eggs of cockroaches are assemb.ed in leathery bean-
shaped capsules, ootheca (Fig. 84), within the body of the female and
are thus carried for some time, often weeks, usuallv partly protruding
from her abdomen until just before hatching. when they are dropped.
There are several tropical species belonging to the Family Panchloridae
which are ovoviviparous, i.e., give birth to living young. The number of
cggs within each capsule varies with the species. For Peripluncta ameri-
cana the number is usually 16, and occasionally 18 to 24 (Gould and
Deay)?®; the normal number for Blatta orientalis is also 16, while the
number per capsule for Blattelle germanica varies between 30 and 40
with a maximum of 48; and for Supella supellectilium the average is 18.
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The latter species drops the egg capsule after a day or two and attaches
it to some bit of debris. The Oriental roach may do this too. Many egg
capsules are produced during the lifetime of the female cockroach, e.g.,
as many as 90 by the American cockroach, 18 by the Oriental, and but
4 to 6 by the German (Gould and Deay, loc. cit.).

The length of the incubation period varies with temperature and
humidity. At a constant temperature of about 86° F and a relative
humidity of about 70 per cent, Gould.and Deay (loc. cit.) found the in-
cubation period for the American cockroach to be 31.8 days, at room
temperature it averaged 52.9 days. For the Oriental cockroach the same
authors found the incubation period at room temperature to vary from
42 to 81 days; for the German cockroach under similar conditions (room
temperature averaging 76° F) it was 28.4 days. The eggs of this latter
species hatched in 16 days at a temperature of 88° F or higher. The
brown-banded roach required 90 days to hatch at room temperature
of 73° F and 49 days at 82° F.

On hatching, the young cockroaches are almost white and quite wing-
less; the skin is cast on emergence, with a second molt usually in three or
four weeks, followed by other molts at intervals of several weeks until
maturity is reached. The American roach may have as many as 13 molts,
with wing pads appearing in the third or fourth molt; maturity being
attained in from 285 to 642 days; however, Gould and Deay report as
high as 971 days under similar conditions for one specimen. Rau* reports
the developmental period for the Oriental roach as one year. For the
smaller species, such as the German cockroach, the developmental period
is much shorter; an average of about two months (50 to 60 days accord-
ing to Seamans and Woodruff’; and 90 to 95 days at room temperature
according to Gould and Deay). There are normally six molts, but there
may be seven under adverse conditions. This permits the development of
two or more generations a year for the German cockroach.

The longevity of the American cockroach is reported by Gould and
Deay to range from 102 to 588 days under room conditions, and the
complete life span of three females of this species is reported to have
been 783, 793, and 913 days respectively. The mean length of life of
female German cockroaches is reported by these authors to be 200 days,
with a maximum of 303 days. :

Cockroaches as vectors. Herms and Nelson® by means of a simple
bacteriological experiment showed that cockroaches (Blatella germanica)
can acquire specific bacteria by crawling over cultures and then deposit
the bacteria on food, e.g., by crawling over sugar. They also showed that
these roaches carried a minimum of 13,370 bacteria. There were more
bacteria on the hind pair of legs than on the other two pairs of legs,
probably due to the fact that the insect’s hind legs are more constantly
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in contact with surfaces and that the forelegs are very frequently brushed
clean by means of the antennae. The number of bacteria carried by a fly
ranges from 550 to 6,600,000 according to Esten and Mason,” hence,
potentially at least, the fly is a more effective carrier of microdrganisms.

Longfellow® has shown that Escherichia coli (Migula), Proteus vul-
garis Hauser, Staphylococcus aureus Rosenbach, S. citreus (Migula),
and a bacillus of the subtilis type are carried on the legs of roaches and
that the same organisms are found in the feces, passing uninjured
through the alimentary tract. However, the most important results have
been obtained by Barber,” experimenting with the roach Periplaneta
americana (Linn.). He fed dejections of cholera patients to roaches and
found that a single insect would frequently ingest as much as 0.2 cc. In
eight cases cholera vibrios were recovered from the insect’s feces and in
one case as long as 79 hours after feeding. After the vibrios were dis-
charged by the roach on such moist materials as fresh beef, lettuce, etc.,
they remained mobile for at least 16 hours, and no loss of virulence was
observed when the vibrios remained in the insect’s intestine as long as
29 hours. Barber also found that the roaches disgorged portions of their
meal at intervals after feeding and that such disgorged material contained
cholera vibrios. .

Cockroaches as intermediate hosts of nematode parasites. It was very
early known that cockroaches may become infected with Spirura rytip-
leurites (Deslgch.) of the rat by feeding on rat feces, and that other rats
may become infected in turn by feeding on infected roaches. Galeb*
(1878) reports that he discovered numerous parasites in the adipose
tissue of the roach, Blatta orientalis Linn., which were identical with
nematodes found in the rat, Rattus r. norvegicus. He also observed hair
of the rat in the alimentary canal of the roach. On feeding rats (Rattus
r. rattus) on infected roaches and examining them after the expiration
of eight days, he found the parasites in the folds of the mucous mem-
brane of the rats’ stomachs. Several nematodes (three females and one
male) had already developed sexual organs.

According to Fibiger'? much evidence is at hand to prove that certain
nematode parasites (Spiroptera) of the rat produce true malignant
tumors. Eggs of these nematodes were found in the rat feces but no em-
bryos, and he reports that none developed for six months and also that
rats could not be infected with the eggs, the roach being a necessary
intermediate host. Two species of roaches were used, namely, Blatta
orientalis Linn. and Periplaneta americana (Linn.). Ransom and Hall*!
found that although Aphodius beetles are the normal carriers, the croton
bug, Blatella germanica (Linn.), might also serve as an intermediate host
for Gongylonema pulchrum Molin, a nematode parasite of sheep and
cattle. Referring to the discovery of Fibiger relative to sarcoma in rats
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cited above and based on his (Sambon’s) epidemiological studies on
human cancer Sambon (1925, loc. cit., Chapter IV ) concluded:

Similar to the role of the filaria in elephantiasis is, no doubt, that of
gongylonema in cancer. Like the filaria, so the gongylonema is not the direct
essential cause of the disease it gives rise to, but it probably is, in certain
localities, an etiological factor of considerable importance. The gongylonema,
known to be a cancer-producing agent in the rat, seems an equally likely
factor in the incidence of cancer among human beings in certain regions,
such as the Romagna and the Trentino. Here the disease affects principally
the upper portion of the alimentary tract and more especially the buccal
cavity, the tongue, the oesophagus, the larynx, and the cardia (situations
invaded by these forms) and here cockroaches, meal beetles, and cellar beetles
(certain beetles such as Tenebrio and Blaps of the family Tenebrionidae are
suitable intermediary hosts of these worms) are an ever present vermin in the
old houses in which such cancer cases occur. These observations so clearly
designative of a relationship between worm and neoplasm, are strengthened
by the fact that gongylonema is present and common in the majority of the
domestic animals of these regions.

Although Sambon dwells particularly on Gongylonema he points out
that other helminths bear a similar relationship, each according to the
organ which is usually invaded and in which irritation is set up, thus
inviting the cancer factor. It is pointed out that cockroaches, either in-
tact or in fragments, are only too frequently found in bread and other
food which may be insufficiently baked to kill the encysted Gongylonema.
Cockroaches appear to lend themselves to many species of parasitic
nematode worms (see Chitwood?).

Cockroach control. Cockroach infestations are generally an indication
of a breakdown in good housekeeping practices, whether in the home, a
restaurant, a hotel, or a grocery store. There are many ways in which
these insects (in any stage of development) may be brought in to start
an infestation, e.g., in boxes of groceries, in sacks of produce from ware-
houses, in freight shipments. They may come in under their own power
at night from neighboring foci; they may follow water pipes, sewers, etc.
Many homes and nearly all restaurants, grocery stores, etc., have a few
cockroaches now and then. Kill the individual intruders at once in any
convenient way; do not let them gain a foothold by providing them with
food, because of poor garbage disposal or other poor housekeeping
practices. See to it that there are no convenient hiding places in cracks
in walls, etc.; use plastic wood to fill up such cracks. Dark, moist, clut-
tered-up situations favor cockroaches; open, clean and neatly kept spaces,
permitting plenty of daylight are not inviting to these darkness-loving
pests.

The abatement of infestations generally calls for the application of

'
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an appropriate insecticide. The use of sodium fluoride is one of the most
effective methods for the control of roaches, of all species. It is, however,
toxic to man and other animals and hence must be used with caution.
As an insecticide it is usually given a bluish color so that it will not be
confused with flour, soda, etc. Do not store this insecticide in the kitchen
or pantry, and do not dust sodium fluoride in cupboards or where food
can be contaminated with it. The container should be labeled “Poison.”
For use against cockroaches a mixture is made of sodium fluoride (25
per cent by volume) and tested pyrethrum powder (75 per cent). This
mixture is applied by means of a dust gun to all cracks and crevices and
places where cockroaches may be in hiding or where they congregate.
Applying the powder in the evening is advised, and the application
should be repeated in a week or two. The insects come in contact with
the dust when running over the treated surfaces, and afterward they
clean themselves and swallow the particles adhering to their feet and
bodies; thus the sodium fluoride acts as a stomach poison. Various other
materials may be used as substitutes for this insecticide, such as finely
powdered borax and boric acid, which may be dusted safely in cupboards
and kitchens. This powder is effective only as long as it is dry; it kills
very slowly.

DDT is useful in the control of all the common house-invading
cockroaches, but Blatella germanica, the croton bug, requires somewhat
special treatment. Using the same methods of application as for sodium
fluoride, force a 10 per cent DDT powder (in 90 per cent powdered
pyrophyllite) into cracks and crevices and over surfaces where cock-
roaches crawl. Against the German roach precede the dusting with a 5
per cent DDT-xylene spray. Apply a 5 per cent oil solution of DDT
spray to the undersides of shelves, sinks, drawers, and tables. Do not
allow DDT to fall on dishes, food, or cooking utensils. Outside areas,
dooryards, the vicinity of garbage cans, and other places where cock-
roaches lurk should be dusted with DDT.

Chlordane (empirical formula, C,,H:Cls) ranks high as a cockroach
poison when used as a 2 to 5 per cent dust. Its “knock-down” powers, in
common with some other newer insecticides is low, hence formulations
should contain pyrethrum or one of the thiocyanates. In oil formulations
used as sprays, 2 per cent chlordane is recommended. Precautionary
measures with reference to food, dishes, cooking utensils, etc., must be
exercised as for DDT.

B. BEETLES

Order Coleoptera

The Order Coleoptera consists of over 250,000 described species of
beetles, comprising 40 per cent of all known members of the Class In-
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secta. Very few of the families of beetles concern the medical entomolo-
gist directly, but because of their abundance and successful invasion of
all sorts of environments it is certain that contact will be made with mem-
bers of this Order of insects sooner or later. Familiarity with the Order
is important.

Characteristics. Beetles are readily distinguishable from all other in-
sects. Their integument is leathery; their mouth parts are strongly man-
dibulate, i.e., biting-chewing. Although wings may be absent in some
species, there is usually a pair of wings present; the forward pair, elytra,
not used in flight are horny, and when at rest meet in a straight line down
the dorsum; the hind wings are membranous and functional, often fold-
ing both horizontally and vertically. Metamorphosis is complex (egg,
larva, pupa, imago), with hypermetamorphosis in certain species. The
larvae are commonly known as “grubs” and may usually be recognized
by the presence of three pairs of fairly well-developed legs; however,
the larvae of weevils are apodous.

Scavenger beetles. All scavenger beetles, of which there are several
families, are potentially of some public health importance since their
habit of feeding as larvae or'adults on dead animals, hides, or other
animal matter may accidentally bring them in contact with pathogenic
organisms. They may carry infection in at least two ways, either me-
chanically on their legs, mouth parts, or body, or in their excreta after
feeding on infectious material. Destruction of carcasses by incineration
is urged.

Nuttall (loc. cit., p. 4) reports that, as early as 1894, “Proust in ex-
amining goatskins taken from anthracic animals, found quantities of
living Dermestes vulpinus Fabr. upon them. He found virulent anthrax
bacilli in their excrements, as also in the eggs and in the larvae. It is
evident from this that these insects which feed on the skins permit the
anthrax spores to pass uninjured through their alimentary tract. Heim
(1894) also had occasion to examine some skins which were suspected
of having caused anthrax in three persons engaged in handling the
leather. He found larvae of Attagenus pellio Linn., Anthrenus museorum
Linn. (both Dermestidae ), and Ptinus; also fully developed insects of the
latter species on the skins. All these insects had virulent anthrax bacilli
(spores) on their surface and in their excreta, from which Heim con-
cludes they might spread disease. He says the excreta are very light and
easily scattered by the slightest current of air. Heim does not believe the
_bacilli multiply in the bodies of these insects, but that the latter may be
dangerous through their scattering the spores about.”

Among the families of scavenger beetles are the following:

1. Family Staphylinidae, commonly known as rove beetles, includes many
species that feed on carrion, dung, and decaying animal matter; they are
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characterized by the abbreviated condition of the wing covers (elytra), which
leaves much of the abdomen exposed and gives these beetles a larval or worm-
like appearance; the abdomen is flexible and is often curled up and thrown
forward dorsally; the long functional wings are folded up and concealed be-
neath the short wing covers when not in use. The scavenger species are com-
monly seen on turning over carrion, hides, heaps of bones, etc. Among these
are members of two representative genera, Creophilus and Staphylinus (Fig.
35).

2. Family Silphidae, commonly known as carrion beetles, burying beetles,
or sexton beetles, are as a rule attracted to dead animals which they undermine
and, in the case of small ones, may even bury. They deposit their eggs on
the dead animals, and the larvae feed on the decomposing flesh. Two genera,
Silpha and Necrophorus (Fig. 36) illustrate the familv.

36A 36B

Fic. 35. Rove beetles (Staphylinidae); (A) Creophilus, (B) Staphy-
linus. X 1.5.

Fic. 36. Sexton beetles (Silphidae); (A) Silpha americana, (B) Necrop-
horus sp. X1.5.

8. Family Dermestidae, hide beetles, larder beetles, museum pests, der-
mestids, are small oval or elongate beetles, often mottled, grayish, or brownish
in color. The hairy larvae as well as the adults feed on dead animals, museum
specimens, wool, cured meats, cheese, and many other animal as well as
vegetable products (cereals). Dermestes lardarius Linn. is known as the larder
beetle; Dermestes vulpinus Fabr. is commonly used to clean dried flesh from
bones for museum use; Anthrenus scrophularige (Linn.) is known as the
carpet beetle, a serious household pest. Larvae of the carpet beetle may enter
the ears of persons and cause much discomfort (Fig. 37).

Beetles as intermediate hosts of helminths, Many species of beetles
serve as intermediate hosts of helminthic parasites of man and of wild
and domesticated animals. This common relationship is no doubt due
to the variety of feeding habits of beetles which enables them to ingest
fecal matter in which eggs of intestinal parasites of animals commonly
occur; thus many cereal and omnivorous feeders, as well as coprophagous
beetles may readily lend themselves as intermediate hosts. As suggested
previously (see cockroaches) the infective stage of nematode worms of
the genus Gongylonema belonging to the family Spiruridae commonly
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occur in dung beetles belonging to the beetle family Scarabaeidae, such
as members of the genus Aphodius; also in meal worms, belonging to the
family ‘Tenehrionidae such as Tenebrio molitor Linn. Gongylonema
pulchrum Nolin parasitizes many specics of maiamals, such as goats,
swine, and occasionally man. It invades tissues of the oral cavity and
esophagus, causing gongylonemiasis. Adult females measure about 145
mm in length and are very slender. Eggs are evacuated in feces and lie
dormant until ingested by an appropriate insect in whose gut the larva
hatches and comes to lie encapsulated in the body cavity untii the insect
is ingested by an appropriate vertebrate host.

May beetles or cockchafers (family Scarabaeidae) are known to be
intermediate hosts both in the larval and adult stages of the thorn-headed
worm, Macracanthorhynchus hirudinaceus (Pallas) [ = Gigantorhyn-

Fic. 37. The varied carpet beetle.
Anthrenus verbasci; showing larva
and adult.

il fljl]\

chus gigas (Bloch)], a parasite of swine also said to occur in man in
rare instances. This nematode worm in its adult stage measures from 20
to 30 cm in length and about 3 to 5 mm in thickness, and inhabits the
small intestine of its host. The eggs are deposited in the intestine and
pass out with the feces, which may be swallowed by larvae of cock-
chafers. These are often extremely abundant among the rootlets of grass
in heavily sodded pastures, and swine with free range are fond of these
grubs, in search of which they diligently root up the soil with their
snouts, Thus every opportunity is given for the grubs to become intected
and in turn the swine.

After the ova have been ingested the larvae hatch in a few days
within the intestine of the insect and proceed to burrow through the in-
testinal wall and into the muscles, where they are said to encyst them-
selves. In Europe the intermediate insect host is commonly Melolontha
melolontha (Linn.) or Cetonia aurata (Linn.). May beetles of the genus
Lachnosterna (according to Stiles, Lachnosterna arcuata Smith, and
others) are probably all more or less concerned. The life of nearly all
May beetles is quite long, the larval stage alone often requiring nearly
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three years. In districts infested with the thorn-headed worm a systematic
crusade against cockchafers would be the logical means of control, to-
gether with the treatment of swine.

Numerous species of beetles have been proved to be intermediate
hosts of the fowl tapeworm, Raillietina cesticillus (Molin). The species
listed by Reid, Ackert, and Case'* belong to the following families,
Scarabaeidae, twa species; Tenebrionidae, one species; Carabidae, sub-
family Harpalinae, 26 species, to which they added 12 not previously
reported, giving a total of 38 species in this family. The beetles belonging
to the genus Amara proved to be particularly favorable hosts although
the largest number of cysticercoids were produced by a species of
Pterostichus, a total of 626 by one beetle which had been fed on four
proglottids.

The adult tapeworms, which measure from 10 to 12 cm in length,
are generally attached to the lumen of the upper third of the chicken
intestine. The terminal gravid proglottids which break off pass from the
body of the host with the feces and continue to be motile for a short
time after evacuation. If the proglottids are eaten by appropriate species
of beetles the hexacanth embryos develop, penetrate the intestinal wall
of the host, and become mature cysticercoids in the body cavity of the
beetle in from 14 to 21 days or longer, usually in 14 to 16 days during
the hot part of the summer. If the beetles are now eaten by chickens
the mature ovoid yellowish-brown cysticercoids, which measure from
363 to 521p in length by 199y to 398y in width, according to the above-
mentioned investigators, are freed in the duodenum of the birds and in
about two weeks adult tapeworms are produced. The onchosphere stage
of R. cesticillus can be distinguished from onchospheres of other species
of fowl tapeworms by two funnel-like structures in the membranes which
surround the hexacanth embryo, (Reid, Ackert, and Case).

Canthariasis is a term used to designate the rare accidental beetle
(larva or adult) infestations of organs of the body, e.g., infestations of
the alimentary canal by larvae of the churchyard beetle, Blaps mortisaga
Linn., as the result of superstitiously drinking foul graveyard water in
which these beetles may occur. The ingestion of meal- and flour-infest-
ing insects such as the meal worm, Tenebrio molitor Linn., has also been
known to occur.

Vesicating beetles. Many beetles possess a vesicating substance in
their body tissues which produces blisters when coming in contact with
the skin. The family Meloidae, commonly referred to as the “blister
beetles,” contains the species which are the important source of can-
tharidin used medicinally. Among these species are the Spanish fly,
Lytta vesicatoria (Linn.) the telini fly, Mylabris cichorii (Linn.), and
Epicauta hirticornis (Haag-Rutenberg) of India. At least two species of
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the family Oedemeridae, Sessinia collaris (Sharp) and S. decolor Fairm.,
known as coconut beetles by the Gilbertese, cause severe blistering if
the skin is contacted. (See Chapter XXII.)

Rose chafers poisonous to poultry. The rose chafer, Macrodactylus
subspinosus (Fab.), family Scarabaeidae, was found by Lamson?® to be
poisonous to chicken, ducklings, goslings, and young turkeys. He reported
that chickens fed in quantity on rose chafers showed the following symp-
toms after from four to five hours: “Drowsy appearance, with wings
dropping. the eyes closed, and a slight shaking of the body. This drowsi-
ness increased, leg weakness developed, until the chickens no longer
stood, but slept resting on their feet and legs, and later died. Death oc-
curred usually from five to twenty-four hours after they had fed upon the
rose chafers. Convulsions occurred in about five per cent of the deaths.
Chickens that survived the twenty-four-hour period after eating rose
chafers seldom died from the poison, though they did not seem alto-
gether normal for several days afterward.”

Sundry annoying beetles. Aside from any economic or other injury for
which beetles may be responsible, the sheer abundance of certain species
at times causes annoyance. For example, while trying to do microscopic
work or write reports by lamp light the author, stripped to the waist
during warm evenings in the tropics, was greatly disturbed by the pres-
ence of hordes of the so-called copra “bug” (red-legged ham beetle),
Necrobia rufipes Fabr., family Corynetidae.’® These small greenish-blue
beetles, 3-5 mm long, originated in vast numbers in copra stored in
neighboring sheds. The larvae of this species may also enter the ears of
persons.

Tiny (3 mm long) saw-toothed grain beetles, Oryzoephilus surinam-
ensis (Linn.), belonging to the family Cucujidae, may invade bed cham-
bers in great numbers and crawl over the bodies of occupants and nibble
the skin. An infestation of this kind was traced to the bathroom and
thence out of the house through the yard and into an old barn where,
under the stalls, grain from the manger had collected, affording a breed-
ing ground for the beetles. Extreme dryness had apparently driven the
insects to the bathroom for moisture and the attack on occupants of the
adjoining bedchamber was merely incidental.

Minute species of Staphylinidae (such as Atheta occidentalis) Bern-
haeur, a blackish species 3 mm long, are often encountered on the wing
in the late autumn and may accidentally enter the eyes, causing a severe
burning sensation, and temporarily blinding the victim. Such a mishap
to a person driving a motor car might lead to a serious accident. These
minute species breed in cow dung and decomposing plant refuse.

The so-called tule beetle, or stink beetle [Platynus maculicollis
(Dej.)], of California is normally a beneficial predator, but when its



COCKROACHES AND BEETLES 91

natural habitat in the marshes becomes dry in summer it commonly
leaves in search of moisture and may invade homes in the neighborhood.
Heavy early winter rains and cold weather may likewise cause invasions.
The nauseous odor of this beetle is almost intdlerable. It belongs to the
family Carabidae which contains many other species possessing vile
odors.

Beetles as parasites. Belonging to the family Platypsyllidae, indeed
the only representative of this family, is the coleopterous parasite of the
beaver, Platypsyllus castoris Ritsema (1869). This is a permanent, oblig-
ate parasite in all its stages. The eggs are deposited on the skin of the
beaver among dense hairs. It occurs on these animals in both Europe
and North America.

Another family of Coleoptera, the Leptinidae, includes beetles which
are parasitic on beavers, and certain other rodents. The three known
species are Leptinus testaceus Muller, parasitic on mice and shrews in
Europe and North America; Leptinillus validus (Horn) found on North
American beavers; and Leptinillus aplodontiae Ferris, taken on Aplodon-
tia, a genus of rodents known as mountain beavers, peculiar to the Pacific
coast (Ferris).'” ‘

Key to the Families of Coleoptera Referred to in this Chapter®

1. Antennae variable in structure but never lamellate ... 2
Antennae with a club composed of from three to seven leaf-like seg-
ments (lamellae); legs usually fossorial; tarsi five-segmented. (May
beetles, June beetles, Cockchafers) ... Scarabaeidae

. Anterior and intermediate tarsi five-segmented; posterior tarsi four-seg-
mented
All of the tarsi either three-, four-, or five-segmented ... 4

3. Head as wide as prothorax; anterior coxal cavities open behind; body

not heavily chitinized (Blister beetles) ... e Meloidae
Head narrower than -prothorax; anterior coxal cavities closed behind;
body usually heavily chitinized (Darkling ground beetles) ... ...
.............................................................................................. Tenebrionidae

t. Elytra long, covering most of abdomen; abdominal tergites mostly

MEMDBIANIOUS  ......ooii o 3

Elytra short, exposing most of abdomen; abdominal tergites mostly

ChiiNOUS ... 8

Fourth segment of tarsus distinct, free; antennae clavate, capitate or

moniliform ....... OO OO O PP SOEUT U NPT P O PP 6

Fourth segment of tarsus very small, fused with fifth segment; antennae

usually filiform; body often brightly colored (Leaf beetles)................

e e L, Chrysomelidae

[\

Ut

Prepared by Dr. E. Gorton Linsley.



92 MEDICAI. ENTOMOLOGY

6. Abdomen with five visible sternites................. ... ... 7
Abdomen with six visible sternites; tibial spurs large; antennae gradually
thickened or clavate (Carrion beetles, Burying beetles) ... Silphidae

7. Anterior coxae conical,, prominent; antennae moniliform; flat, nonscaly
beetles (Flat beetles, Grain beetles) .. .......................... Cucujidae
Anterior coxae globular, not prominent; antennae capitate or clavate;
convex, scaly beetles (Leather beetles, skin beetles) ............ Dermestidae

8. Wingless; eyes wanting or abortive. ... 9
Winged; the wings folding under the short elytra; eyes usually well
developed; tarsi from three- to five-segmented.... ... ... Staphylinidae

9. Auterior coxae globular (Beaver beetles)..................... Platypsyllidae
Anterior coxae flat (Rodent beetles) ... Leptinidae
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CHAPTER VIII

——————————

THE BUGS

BEDBUGS, CONENOSES, AND OTHER BUGS
Order Hemiptera

Order Hemiptera. The Hemiptera comprise all the insects, about
48,000 species, included in the Heteroptera and the Homoptera. The
order Hemiptera is divided into two suborders: (1) Heteroptera, in
which the fore pair of wings (hemelytra) is usually thickened at the base
and the distal overlapping portion is membranous, and (2) Homoptera,
in which the fore pair of wings is usually of about the same thickness
(membranous) throughout.

The suborder Homoptera includes such important phytophagous
families as the Aphididae (plant lice), Cicadidae (cicadas or harvest
flies), Cicadellidae (leafhoppers, sharpshooters), Membracidae (tree-
hoppers) and many others of great agricultural importance, particularly -
many important vectors of plant diseases. These families include plant-
feeding insects with piercing mouth parts, such as leathoppers and tree-
hoppers, many of which have been reported as biting and sucking blood
from human beings. Usinger' attributes this rather rare phenomenon of
bloodsucking in the normally phytophagous groups of the Hemiptera to
three influences, namely, the “stimulus of artificial light or other unusual
conditions of the environment, the attractive qualities of exposed liquids,
mainly perspiration, and hunger.” He remarks further that this change
“from plant feeding to bloodsucking, is not such a profound one as would
at first be supposed. This is evidenced by a comparison of the composi-
tion of plant juices and blood and by the various plant-feeding groups,
some members of which have adapted themselves to a predaceous habit
or have shown their ability occasionally to suck the blood of mammals.”

The Hemiptera-Heteroptera are the true bugs and are characterized
by a jointed suctorial proboscis attached anteriorly, which, when not in
use, is commonly flexed under the head. The winged members of this
order normally have the wing covers, hemelytra (fore pair of wings),
thickened at the base and the distal overlapping portion more or less
membranous. The true bugs are separated into two divisions, (1) the
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Gymnocerata, in which the antennae are conspicuous and capable of
being moved freely in front of the head, e.g., Cimex lectularius Linn.,
the common bedbug; Anasa tristis (DeGeer), the squash bug; and
Triatoma protracta (Uhler), a conenose; and (2) the Cryptocerata, in
which the antennae are concealed in small concavities (foveae) and are
closely pressed to the under side of the head, e.g., Lethocerus americanus
(Leidy), the giant water bug. Metamorphosis is simple.

A. THE BEDBUGS
Family Cimicidae

Family Cimicidae. The family Cimicidae (Acanthiidae) includes the
bedbugs, swallow bugs, and the poultry bug, characterized by a very
short, broad head, broadly attached to the prothorax, an oval body, well-
developed compound eyes, absence of ocelli, four-jointed conspicuous
antennae, three jointed proboscis lying in a groove beneath the head
and thorax, very short pad-like hemelytra. The bodies are broad and flat,
enabling the bugs to creep into narrow crevices. A nasty pungent odor
is attached to the group as a whole with few exceptions. They are night-
prowling and bloodsucking in habit, some feeding on birds and bats
and others on human beings. Peculiar to these bugs is the organ of
Berlese located in the IV or V abdominal segments. The presence or
absence of this organ and its particular location when present provides
a character useful in identification of species.

The three principal genera of the family Cimicidae? are: (1) Cimex,
e.g., C. lectularius L., the cosmopolitan bedbug; C. hemipterus (Fabr.)
[C. rotundatus (Sign.)], tropical and subtropical, also known as the
Indian bedbug; C. boueti Joyeux,?® the tropical bedbug of Africa and
South America, all of which resemble each other very closely as do the
following: C. columbarius Jenyns, parasitic on pigeons in Europe, C.
pipistrelli Jenyns, parasitic on bats in Europe, and C. pilosellus (Horv.)
parasitic on bats in North America; (2) (Eciacus, in which the body is
clothed with long silky hairs, the filiform third and fourth joints of the
antennae only a little thinner than the first and second, e.g., (Eciacus
hirundinus (Jenyns), the European barn-swallow bug and O. vicarius
Horv., the corresponding American species; (3) Haematosiphon, in
which the rostrum is long, reaching to the posterior coxae, of which
Haematosiphon inodora (Duges) is the only known species. This species
infests poultry in the southwestern United States and in Mexico and is
often a serious household pest. Its native hosts are the California condor
and great horned owl (Usinger*). Although there are less than 40 de-
scribed species in the family, a more intensive study will no doubt result
in the discovery of additional species and changes in genera, as sug-
gested by the work of List.®
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The common bedbug. The adult of the common bedbug, Cimex
lectularius Linn. (Fig. 38), measures from 4 to 5 mm in length and
3 mm in breadth, it is obovate in form and much flattened. The adult is
reddish brown in color, whereas the young are yellowish white. Among
the local names applied to bedbugs are “chinches,” “chintzes,” “red
coats,” “mahogany flats,” “wall louse,” “bedbugs,” or simply “bugs.”

Bedbugs, like lice, have been the constant companions of man for
centuries; the earliest writings on natural history (Pliny and Aristotle)
mention them. Bedbugs occasionaily gain a foothold among laboratory
animals such as white rats and guinea pigs, upon which they feed readily.
They are nocturnal in their feeding habits, hiding in crevices during the

Fic. 38. The com-
mon bedbug, Cimex lec-
tularius. Eggs shown at

right.

day. At night they are very active, crawling out of their hiding places.
often traveling considerable distances to attack their victims. This is

especially true ‘where ron bedsteads are used, as these do not provide

convenient hiding places for the bugs. Ordinarily where the old-fashioned

wooden bedsteads are used the bugs stay closer to their point of attack.

Mattresses in any case may afford harborage. Bedbugs are gregarious.

hence often great assemblages may be found in some convenient crevice

or beneath some nearby loose wallpaper, where the eggs are deposited

and the tarry black excrement collects.

The females deposit eggs in batches of from 10 to 50, totaling from
200 to 500, spread out in a yellowish patch. The eggs are large and yel-
lowish white in color. Oviposition occurs at intervals during a period of
from two to three months, apparently limited to the spring and summer
months, notwithstanding‘ the fact that the insects are commonly favored
by warm rooms during the winter. The young hatch in from 7 to 30 davs
(usually about ten days), according to temperature, which also affects
their later growth. The time required for development from egg to
maturity is given as from 45 days to 11 months, although the time is
greatly influenced by temperature; there may be three or more genera-
tions a year under average condition. Ordinarilv they require six to
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eight weeks to reach maturity. Bedbugs are evidently sensitive to high
temperatures; even a temperature of 100° F with fairly high humidity
will kill many of them. Activity ceases at about 60° F. At 60° F to
65° F bedbugs have lived for 136 days without food. Normally fed indi-
viduals may survive from 54 to 316 days under ordinary room-temperature
conditions. The presence or absence of food influences longevity; without
food adults may survive from 17 to 42 days (Marlatt®). Bedbugs molt
five times, and the minute wing pads characteristic of the adult insect
make their appearance with the last molt. Ordinarily but one meal is
taken between each molt and one before egg deposition; an average
period of eight days is required between moltings. Metamorphosis is
simple.

Methods of distribution. Bedbugs, lice, or other organisms cannot
originate spontaneously in filth as is believed by many; infestations are
traceable to introduced eggs, young, or adults. Thus the introduction of
one impregnated female might furnish the nucleus for a well-developed
colony in a few months. Hence the best-regulated household is not
exempt from invasion, though cleanliness is the best preventive against
the multiplication of any household pest.

Public conveyances are commonly means for the dissemination of
bedbugs. Furthermore, migration from house to house by way of water
pipes, walls, and the like is not at all unlikely when infested houses are
vacated and the food supply is cut off. The insects are also easily carried
in clothing, traveling bags, suiit cases, etc.

Bedbug bites. Persons “bitten” by bedbugs respond differently; in
some the bite produces marked swellings and considerable irritation,
while in others not the slightest inconvenience is caused. (This is true
also in the case of flea bites and mosquito bites.) The bite, so-called, of
the bedbug is produced by piercing organs of the hemipteron type al-
ready described. It is probable that puncture by these stylets, unattended
by contamination or specific poisons, would produce little pain. The
welts and local inflammation are unquestionably caused by a specific
poison secreted by the salivary glands of the insect and introduced in
the act of feeding. The bedbug is able to engorge itself completely with
blood in from three to five minutes. Although persons are usually bitten
at night while in bed because of the normal nocturnal habits of the bed-
bugs, the insects will bite freely in subdued light by day.

The fact that bedbugs are obliged to feed at least five times either
upon the same or a different host in order to reach maturity, has placed
these insects under grave suspicion as potential vectors of disease.

Disease transmission. In consequence of statements made by various
authors that bedbugs are capable of transmitting plague and other
septicemic infections, Nuttall (1899, loc. cit., p. 4) carried on a series
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of experiments with these insects. Mice were used as the experimental
animals because they are very susceptible to the infections in question.
He allowed the bugs to bite mice which had just died or were dying of
anthrax, plague, and mouse septicemia and then transferred them to
healthy mice. His experiments with anthrax are particularly instructive.
Mice inoculated with anthrax died in from 18 to 24 hours, after which
they were placed in glass-covered dishes and hungry bugs were intro-
duced. As soon as the bugs had sucked a little blood they were removed
to test tubes by means of a small camel's hair brush and transferred to
a shaved spot on healthy mice by inverting the tubes. Eight mice bitten
by 124 infected bugs all remained healthy. Variations of this experiment
gave similar results. It was found that the anthrax bacilli died in the
stomach of the insect in 48 to 96 hours at 13° to 17° C, and in 24 to 28
hours at 37°, and that the feces from the bugs contained living bacilli
during the first 24 hours after feeding. In view of these experiments it
may be concluded that infection through the bite of a bedbug either
does not occur or is exceptional. Infection might occur if recently in-
tected bugs were crushed while feeding and the punctured parts were
thereupon scratched. The feces of such bugs may also be infectious.
Nuttall” showed that spirochetes survive in the bodies of these bugs for a
period of six days at a temperature of 12° C and for a much shorter
period (six hours) at 20° to 24° C. He did succeed in transmitting the in-
fection to a mouse, in one instance, by transferring 35 bugs from an in-
fected mouse to an uninfected mouse. Patton in 1907% reported experi-
ments with Cimex hemipterus (Fabr.) [= C. rotundatus (Sign.)] in
which he was able to trace the development of the Leishman-Donovan
body of kala-azar through all its intermediate stages up to the formation
of the mature flagellates. Francis and Lake® reported transmission of
tularemia to mice by means of Cimex lectularius; however, Davis'® points
out that during the hour-long interrupted feeding the tails of the mice
became soiled with bug feces and that in his tests bedbugs failed to
transmit P. tularense when a “clean” method of feeding was used, ie.,
when fecal contamination of the host was eliminated.

The bedbug would appear to be relatively unimportant as a disease
vector, as indicated by the experiments cited above as well as many
others performed by various investigators. In spite of the fact that bed-
bugs can experimentally transmit the pathogenic agents of plague, re-
lapsing fever, leprosy, kala-azar, and tularemia (?), there is no convincing
evidence that the bedbug is a vector of these or any other diseases at
present known. It is of course possible, as shown in laboratory tests, that
occasional transmissions may be effected.

Bedbug control. With the advent of “DDT” the older methods of
bedbug control have been largely discarded; however, the use of hydro-
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cyanic acid gas for house fumigation in some types of pest-control
operations will continue to be a sound practice in the hands of pro-
fessional operators.’* Where live steam under pressure is available this
may be employed with good results in bunkhouses and the like.

DDT in bedbug control. A bedbug infestation in dwellings, barracks,
etc., can be successfully eradicated by the thorough application of a 5
per cent DDT spray applied to beds, mattresses, wall crevices, and other
infested situations. A single correct treatment will “bug proof” for six
months or longer. A 5 per cent DDT spray (xylene-Triton X-100) is
recommended; it is applied as a spray until misty-wet to all parts of
mattresses (standing on edge), bedsprings, and bedsteads. In heavy
infestations the walls around the beds, particularly cracks along base-
boards, surfaces back of loose wall paper, and all other harborages must
also be sprayed. Chicken coops infested with the chicken bedbug can
also be freed of these pests by using DDT spray. Not only should food
be protected against the spray, but spraying must not be done near an
open flame.

Key to North American Cimicidae®

1. Head longer than broad, clypeus narrowed anteriorly. Labrum much
longer than broad. Legs very long, the femora extending beyond sides of
body for a distance greater than width of pronotum. Organ of Berlese
absent. Primicimex cavernis Barber
Head broader than long, clypeus broadened anteriorly. Labrum short,
about as broad as long. Legs relatively short; the femora not much
longer than width of pronotum and only briefly projecting beyond sides
of body. Organ of Berlese present................................ 2

2. Middle and hind coxae subcontiguous, the metasternum compressed.
Large bristles of body dentate only at their tips. Organ of Berlese
AOTSal o 3
Middle and hind coxae rather widely separated, the metasternum broad
and plate-like, widening posteriorly. Large bristles of body dentate
on convex side. Organ of Berlese ventral ... ... 6

3. Rostrum long, reaching hind margin of mesosternum. Posterior ab-
dominal tergites in female strongly sinuate, organ of Berlese located at
middle of fifth segment. New Mexico, Texas, Oklahoma, California,
Mexico. Hosts: California condor, Great horned owl, domestic chicken.
Haematosiphon inodora Duges.

Rostrum shorter, not reaching mesosternum. Posterior abdominal sutures
only feebly sinuate..................... SUUTURRRRURR 4

4. Pronotum strongly narrowed posteriorly. Posteroventral portion of head

and adjoining prosternum strongly convex. California, Nebraska. Host:

White-throated swift. ... Synxenoderus comosus List
Pronotum not strongly narrowed posteriorly. Head beneath and proster-
num not Strongly COMVEX............ii 5

® Prepared by Dr. Rabert L. Usinger,
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5. Body clothed with long bristles, sides of abdomen with some bristles
twice as long as width of an eye. Colorado, Mexico. Hosts: Graybreasted
martin and other swallows ....... ... .. Hesperocimex coloradensis List
Body with very short, inconspicuous bristles, those of sides of ab-
dominal segments much shorter than width of an eye. Eastern and
central United States. Host: Chimney swift........ Cimexopsis nyctalis List

6. Pubescence long and sericeous. Last two antennal segments subequal in
length.................l Oeciacus vicarius Horvath
Pubescence short, stiff. Third antennal segment longer than fourth.
Genus Cimex Linn

7. Sides of pronotum not widely dilated and not reflexed, fringed with
sparse, nearly straight hairs. Hemelytra with apical margins distinctly
rounded. Tropicopolitan. Host: Man. Cimex hemipterus (Fabr.)
Sides of pronotum widely dilated, broader than width of an eye, and
densely fringed with backward-curved hairs. Apical margins of heme-
lytra nearly straight, rounded towards inner anngles ... ... .. 8

8. Length of contiguous portions of hemelytra shorter than scutellum
Second antennal segment slightly shorter than third. Fringing hairs of
pronotal margin shorter than width of an eye. Widely distributed in
temperate regions. Host: Man........... ... Cimex lectularius Linn.
Length of contiguous portions of hemelytra longer than scutellum.
Second and third antennal segments equal in length. Fringing hairs
of pronotum longer than width of an eye...... . v 9

9. Marginal hairs relatively long. Tergum strigate. Eqsteln North Amcrlca
Host: Bats.........oooe Cimex adjunuctus Barber
Marginal hairs relatively short. Tergum not transversely strigate. West-
ern North America. Host: Bats..................... Cimex pilosellus Horvath

B. THE CONENOSES

Family Reduviidae

Family Reduviidae. The Reduviidae are typical examples of the heter-
opterous Hemiptera. They are commonly known as conenoses, kissing
bugs, and assassin bugs. There are over 2,500 species divided among 15
subfamilies, of which the Harpactocorinae is the largest, containing
more than a third of all the species, and next in size is the subfamily
Reduviinae. A very large percentage of the reduviids are predaceous and
feed on insects, many of which are harmful; hence the family is in the
main beneficial. A number of the species when handled carelessly defend
themselves by biting, and a very few have developed a definite habit
of sucking blood. The subfamily Triatominae comprises those members
of the family which feed exclusively on blood of vertebrates. This sub-
family is predominantly American.

"~ In addition to the characteristic wings already described, the head
of these insects is more or less elongated or cone-shaped, giving rise to
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the name conenose; the head has remarkably free movement; the eyes
are conspicuous; the ocelli, if present,v are located behind the compound
eyes; the sturdy, three-jointed proboscis can be thrust forward, but in
repose lies beneath the head; the piercing stylets can be extended far
beyond the tip of the proboscis; the long, slendler, four- or five-segmented
antennae are situated in front of the eyes or on the border of the head;
the prothorax is strongly developed; most of the species are able to fly
well.

Life history. The rather large, usually smooth, more or less barrel-
shaped eggs of reduviids (often with stellate or fringed caps) are gen-
erally deposited in situations where the adults occur, ie., the ground-
inhabiting forms deposit their eggs on the ground; arboreal forms lay
their eggs on leaves and stems; and house-inhabiting forms in dusty

Fic. 39. Egg (left) and larva
(right) of a conenose bug, Triatoma
protracta. X 4.4

corners. The eggs of many of the species are illustrated by Readio,
who has also published an excellent account of the biology of the family."

The eggs are commonly deposited singly, but sometimes in small
clusters, the total number per female varying considerably from a few
dozen to upward of 600. The incubation period varies from 8 to 10 days
to nearly a month, depending upon the species and temperature. The
newly hatched nymphs are wingless (Fig. 39). The usual number of
nymphal instars is five, although Readio states that Melanolestes picipes
(Herrich-Schaeffer) passed through only four. Some species overwinter
in the egg stage, others as adults, and still others as nymphs. In most
cases there appears to be but one generation a year. The length of the
life cycle of Triatoma rubrofasciata (DeGeer) was found by Neiva to
cover 210 days and for Mestor megistus (Burm.) 260 days. Usinger'
reports a two-year life cycle for Triatoma longipes Barber.

The alimentary canal of Triatoma protracta (Uhl). The alimentary
canal of Triatoma protracta (Uhl.) according to Elson' is, as in other
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Hemiptera, divided into three regions, the fore-, the mid-, and the hind-
intestine (Fig. 16). The fore-intestine comprises the pharyngeal duct,
the pharynx, and the esophagus, and measures 4.3 mm in length. The
pharyngeal duct consists of a delicate tube which connects the pharynx
with the suction canal of the maxillae. It is a very short duct and difficult
to distinguish from the pharynx. The pharynx may be considered as a
highly specialized portion of the alimentary canal. It is a boat-shaped
organ, which measures on an average about 2 mm in length and .3 mm
in diameter in the adult. The esophagus is a delicate duct, measuring
about 2 mm in length and .1 mm in diameter. Before reaching the pro-
ventriculus the esophagus expands and forms the proventricular vestibule.
The mid-intestine comprises the main portion of the alimentary tract and
consists of the proventriculus, the ventriculus or stomach proper, and an
elongated section. The stomach is a large sac, which when filled with
blood, occupies the greater portion of the body cavity and crowds the
other organs to the sides and behind. When empty it is wrinkled, but
when replete with blood it is smooth and pear-shaped. The mid-intes-
tine-3 is a much-coiled and narrowed portion of the mid-intestine; mid-
intestine-4 is a short dilated portion. The hind-intestine is the shortest
portion of the alimentary canal and comprises the rectum. This is a large
muscular sac, capable of considerable distension and usually containing
fecal material. It is pear-shaped with the broadest part 2.5 mm in diame-
ter and the length 3 mm. At the termination of the mid-intestine there
appears a circular whitish zone, the rectal gland. The ampullae, or en-
larged bases of the Malpighian tubules (four in number and of equal
size), form a rosette at this point. The Malpighian tubules are about
twice the length of the insect, and it is difficult to unravel them.

The salivary apparatus consists of two pairs of glands, the principal
and the accessory. The principal glands measure from 1 to 1.5 mm in
length and .8 mm in diameter and are situated in the mesothorax, one
on either side of the proventriculus. The spherical accessory glands,
about .5 mm in diameter, are located in the metathorax directly posterior
to the principal glands, with which they are connected by a duct.

Conenose bites. Many of the species of conenoses inflict a painful bite
when handled carelessly. Most notorious perhaps of all is the “kissing
bug,” Reduvius personatus (Linn.), a widely distributed species (belong-
ing to the subfamily Reduviinae) particularly active in the middle west-
ern and eastern United States. As early as 1899 Howard,** quoting
Le Conte, writes as follows:

This species is remarkable for the intense pain caused by its bite. I do
not know whether it ever willingly plunges its rostrum into any person, but
when caught or unskillfully handled it always stings (pierces). In this case
the pain is almost equal to that of the bite of a snake, and the swelling and
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irritation which result from it will sometimes last for a week. In very weak
and irritable constitutions it may even prove fatal.

The wheel bug, Arilus cristatus (Linn.), belonging to the subfamily
Harpactorinae, also has a bad reputation as a biter. Reporting on the
bite of this species, Hall'" states:

The finger became reddened and felt hot to the touch. In the course of
a few days, growths resembling papillomas developed at the sites of the punc-
tures, the largest of these projecting as a small hornlike structure. Both of
these growths persisted for months, the largest slowly disappearing between
six and nine months after the infliction of the bite. The injured finger remained
warmer than the other fingers during this period, and, according to the
patient’s statement, still feels warmer than the other fingers, a year later. The
development of pronounced cutaneous growths after a bite appears indicative
of the action of some toxin as a stimulant jrritant.

A B

Fic. 40. Members of the family Reduviidae. (A) Triatoma protracta, (B)
Rasahus thoracicus.

The symptoms produced by the bites of Triatoma protracta (Uhler)
(Fig. 40A), a widely distributed Pacific coast species commonly known
as the China bedbug or cross bug and normally occuring in the nests
of wood rats, Neotoma spp., are described as follows by reporting phy-
sicians: “In a few minutes after a bite the patient develops nausea,
flushed face, palpitation of the heart, rapid breathing, rapid pulse, fol-
lowed by profuse urticaria all over the body. The symptoms vary with
individuals in their intensity.” A blood examination made on a man
about four hours after he was bitten on the left arm showed a leucocyte
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count of 11,000 (polymorphonuclears, 66 per cent; lymphocytes, 28 per
cent; monocytes, 3 per cent; eosinophils, 3 per cent). This man’s symp-
toms a few minutes after the bite were large hive-like swellings in the
regions of the glands; intense itching and redness, especially in the hands;
pulse rate, normally 60, increased to 140.

Inquiries concerning these insects in California are most frequent
during May and June. They often attack sleeping individuals during the
night. Tests made in the laboratory indicate that some persons experience
no ill effects from the bite of this species (Wood*®).

The bloodsucking conenose or “Mexican bedbug,” Triatoma san-
guisuga (Lec.), inflicts a very severe bite, which, because of the uniform
character of the resulting symptoms, supports the view that a specific
venom is injected with the bite. The bite is said to result in “a burning
pain, intense itching and much swelling . . . with red blotches and
welts all over the body and limbs.” The effects of the bite may last for
months; however, they usually disappear within a few days.

The “two spotted corsairs,” Rasahus biguttatus (Say) and Rasahus
thoracicus Stdl (Fig. 40B), belonging to the subfamily Piratinae, the
former common in the southern United States, Cuba, and South America,
and giving way to the latter in the Northwest and California, are the
cause of many complaints. Howard (1899, loc. cit.) cites the following
paper concerning “so-called spider bites,” published by Dr. A. Davidson
in the Therapeutic Gazette of February 15, 1897, in which that author
arrives at the conclusion that almost all of the so-called “spider bites” met
with in southern California are produced by no spider at all but by
Rasahus thoracicus Stal. The symptoms which he describes are as follows:

Next day the injured part shows a local cellulitis with a dark central spot;
around this spot there frequently appears a bulbous vesicle about the size
of a ten-cent piece and filled with a dark grumous fluid; a smaller ulcer forms
underneath the vesicle, the necrotic area being generally limited to the central
part, while the surrounding tissues are more or less swollen and somewhat
painful. In a few days with rest and proper care the swelling subsides, and
in a week all traces of the cellulitis are usually gone. In some of the cases
no vesicle forms at the point of injury, the formation probably depending-on
the constitutional vitality of the individual or the amount of poison introduced.

The use of warm compresses of magnesium sulphate is recommended
for the bites of conenoses. '

Chagas’ disease (American trypanosomiasis also known as Brazilian
trypanosomiasis) was first described in 1909 by Chagas (loc. cit., p. 6)
from Brazil. He named the causal organism Schizotrypanum cruzi (now
more generally known as Trypanosoma cruzi), a spindle-shaped try-
panosome, with a single flagellum and a characteristic undulating mem-
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brane. The trypanosome occurs sparsely in human blood, hence diagnosis
of the infection by recovery of the organism from the blood is very dif-
ficult. The diagnostic method of Brumpt'® to which he gave the name
“le xénodiagnostic” is now widely used; he described the method as fol-
lows: “Je donne le nom de xénodiagnostico (zenos, hote) au diagnostic
pouvant étre fait au moyen de I'héte agent vecteur habituel de la maladie
parasitaire, ou a l'aide d’un héte vicariant pouvant assurer la culture et
I’evoluation du parasite. C’est en somme une culture naturelle du parasite
chez des hétes favorables.” Essentially this refers to the use of appropri-
ate noninfected (clean) Triatoma bugs, which are allowed to feed upon
a person suspected of having the disease, and after incubation in the
body of the insect the trypanosomes, if present, may be recovered very
easily from the digestive tract of the bug either by dissection or by
microscopic sampling of feces taken from the rectum by means of a
slender pipette.

The most apparent symptom of Chagas’ disease in most cases is the
unilateral swelling of the eyelid and face known as the sign of Romafia.
The disease is most prevalent in children in whom it causes a high, long-
continuous fever, facial edema, adenitis, and anemia. Infection may last
many years. Symptoms of the chronic stage are commonly cardiac, be-
cause of the cardiotropism of the causal organisms; death is frequently
due to chronic myocarditis and is commonly sudden. The Leishmania
form of the trypanosome invades and destroys endothelial and other cells
notably cardiac and striated muscle. In a recent contribution, Romafia*’
(1947) re-emphasizes the nervous forms of Chagas’ disease, based on a
study of cases of chronic encephalopathy; the patients presented “a
syndrome of psychic states and of spastic paralysis” which agrees with
the classical descriptions of Chagas and Villela. The disease occurs in
man throughout most of South and Central America from Argentina to
Mexico. In reservoir animals the infection occurs also in the southwestern
United States. A

Transmission of the infection. Chagas (loc. cit., Chapter I) reported
successful transmission of the infection through the agency of Triatoma
(= Conorhinus) megistus (Burm.), but believed it was effected by
means of the bite of the insect. Brumpt® (1912), using Rhodnius prolixus
Stal, disproved the salivary theory of transmission by demonstrating that
the infectious stage of the life cycle of the trypanosome is completed in
the hind-gut of the insect and that the infection reaches the victim in the
feces of the bug, which almost invariably defecates on the skin of its
victim while in the act of sucking blood. From the soiled skin trypanos-
omes are readily transferred by fingers or otherwise to the highly recep-
tive conjunctiva of the eyes or the mucosa of the mouth or nose, and
infection takes place. Inoculation may also be effected by rubbing in
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the organisms through the excoriated skin, e.g, by scratching. The
incubation period in man is said to be from 10 to 12 days.

Although bugs may receive their infection from man, it is no doubt
usually received from reservoir animals. On ingestion, the metacyclic
trypanosomes lose the flagella, change to oval “Leishmania forms,” and
multiply, giving rise to “crithidial forms” and the final infectious meta-
cyclic stage in the hind-gut of the insect. This life cycle requires from
6 to 15 days. The percentage of Triatoma found infected in nature is
startling; thus studies of this nature by various workers in widely sep-
arated areas cited by Usinger (loc. cit.) showed that 43 per cent of
4,181 bugs were infected.

The following species of conenose bugs, among others, have been
found naturally infected: Rhodnius prolixus Stal in Mexico and Vene-
zuela; Panstrongylus geniculatus (Latr.) in Brazil and Panama; Triatoma

A B ¥ D

Fic. 41. Examples of Reduviidae: (A) Triatoma protracta, (B) Triatoma
sanguisuga, (C) Panstrongylus geniculatus, and (D) Rhodnius pallescens.

dimidiata (Latr.) in Mexico, Panama,** Guatemala, and San Salvador;
Triatoma rubrofasciata (DeGeer) in Brazil; Triatoma rubida (Uhl),
T. hegneri Mazzotti, T. barberi Usinger, and T. phyllosoma (Burm.), all
in Mexico; Triatoma sordida (Stal) and T. delpontei Romafia y Abalos,
in Argentina; Triatoma flavida (Neiva) in Cuba; Triatoma sanguisuga
(Le Conte), T. ambigua Neiva, T. gerstaeckeri (Stal), T. heidemanni
Neiva, and T. protracta woodi Usinger in Texas; T. longipes Barber, T.
protracta (Uhl) and T. rubida uhleri Neiva, in Arizona; in California,
S. F. Wood** found a high natural infection in Triatoma protracta (Uhl.),
namely 25 per cent of 816 bugs examined (Fig. 41).

The infection occurs in natural reservoir animals such as armadillos,
opossums, house mice, rats (Norway), bats (several species), cats,
dogs, squirrels (Sciurus), and wood rats.
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Kofoid and Donat (1933%') reported on the occurrence of the infec-
tion in the wood rat, Neotoma fuscipes macrotis Thomas, in San Diego
County, California, with Triatoma protracta (Uhler) the vector. F. D.
Wood,* reporting more fully later (1934), states that the bloodsucking
bug, Triatoma protracta (Uhler), and the wood rat, Neotoma fuscipes
macrotis Thomas, are natural carriers of Trypanosoma cruzi in south-
ern California. She was able experimentally to infect the following ani-
mals with the trypanosome: albino rats, albino mice, rhesus monkeys, a
puppy, an opossum, the dusky-footed wood rat, and five species of white-
footed mice. S. F. Wood?*® (1943) reports naturally infected conenose
bugs from Arizona. Packchanian®’ reports successful experimental infec-
tion of a human being in Texas, using Triatoma heidemanni Neiva as
the vector.

It is of interest to note that Morishita (1935)2® has conducted experi-
ments with Trypanosoma conorhini Donovan, which is regarded as non-
pathogenic; it resembles T. cruzi in its insectan phase, occurring com-
monly in the gut of Triatoma rubrofasciata (DeGeer) in Formosa. The
natural vertebrate host has not yet been discovered.

Several species of bedbugs are capable of transmitting the infection
experimentally, as well as many species of ticks, among these Amblyomma
cajennense (Fabr.), Rhipicephalus sanguineus (Latr.), Ornithodoros
moubata (Murray ), and Ornithodoros savignyi (Audouin ). Ornithodoros
turicats (Duges) has been proved to be an experimental vector of the
Brazilian strain by Wheeler.2®

Control. The medical and social importance of Chagas’ disease is
being widely recognized with the growing knowledge of the disease and
particularly with the advance in the knowledge of its vectors. There
appears to be no effective etiologic treatment, and there seems to be no
spontaneous cure. Measures to prevent the spread of the infection should
be aimed at the suppression of the insect vectors and limitation of reser-
voir animals. The widespread distribution and common occurrence of
both vectors and reservoirs add tremendously to the difficulty of the
problem. Educational measures that will reach the general public in all
infested areas are of paramount importance.

It is generally agreed that one of the major approaches to the prob-
lem is improvement in housing conditions in endemic areas, so as to
reduce and exclude reservoir animals (both wild and domestic) and to
prevent entrance and multiplication of the responsible insects.

Disinfestation of sleeping quarters, dwellings, and outhouses by the
use of one or more of the newer insecticides, such as benzene hexa-
chloride, chlordane, and special formulations of DDT has been recom-
mended. Romafia and Abalos®*® consider the first named as the preferred



108 MEDICAL ENTOMOLOGY

insecticide, to be used on roofs, walls, furniture, henhouses, corrals, etc.
at the rate of 500 mg “Gammexane” per square meter, giving six months’
protection.

Key to Some Predaceous Reduviidae Likely to Be of
Medical Importance®

1. Hemelytra with a quadrangular or discoidal cell at the base of the

membrane. Subfamily Harpactocorinae....................................... 2
Hemelytra without a quadrangular or discoidal cell at the base of the
MEMDIAIIE ... 4

2. Sides of mesosternum without a tubercle or fold in front. Basal seg-
ment of beak about as long as front portion of head. Tribe
Zelind .. Zelus socius Uhler

Zelus exsanguis (Stal)
Sides of mesosternum with a tubercle or fold in front of the hind angles
of the prosternum. First segment of the beak longer than front por-
tion of head. Tribe Harpactocorini.................................. 3

3. Front femora but little, if at all, thickened, unarmed, a little granulated.
Pronotum produced posteriorly over scutellum and with a high, median,
tuberculate ridge. Form robust................. Arilus cristatus (Linn)
Front femora thickened, spinose, densely granulated. Pronotum not
produced or elevated as above. Form slender......Sinea diadema (Fabr.)

4. Pronotum constructed behind the middle. Front coxae with outer sides

flat or concave. Subfamily Piratinae ... 5
Pronotum constricted at or before the middle. Front coxae not flattened,
their outer sides convex. Subfamily Reduviinae......................... 6

W

Apical portion of anterior tibia angulately dilated beneath, the spongy
fossa being preceded by a small prominence. Hemelytra entirely
black. ... Melanolestes picipes (H. S.)
Tibia not dilated, the spongy fossa elongate. Corium and membrane
of hemelytra each marked with a yellow spot....Rasahus thoracicus (Stal
Rasahus biguttatus (Say)

6. Antennae inserted on top of head between margins close to eyes. An-
tenniferous tubercles not projecting from sides of head. Beak stout,
distinctly curved. Front of head turned downward. Tribe Reduviini

Reduvius personatus (Linn.)
Antennae inserted in lateral or dorsolateral margins of head. Anten-
niferous tubercles projecting slightly from sides of head. Beak slender
and relatively straight. Head strongly produced anteriorly. Tribe
TriatominL ... 7

7. Head very long and slender with antennae inserted near the apex

................................................................................ Rhodnius prolixus Stal

Head moderately long with the antennae inserted at or behind ante-

ocular region....................... ... Triatoma sanguisuga (Lec.)

Triatoma protracta (Uhl.)

' Prepared by Dr. Robert L. Usinger for the purposes of this book.
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C. SOME OTHER BUGS

Family Polyctenidae

This family includes the relatively little known bat bugs, which have
led a very uncertain systematic existence since 1874, when Westwood
founded the family Polyctenidae to receive these insects as aberrant
Anoplura. Later they were placed with the Hippoboscidae, or louse flies
( Waterhouse, 1879). The number of known species is quite small (less
than a score); all are bloodsucking ectoparasites of bats. They have a
four-jointed rostrum (three-jointed in a single species from Africa),
tarsi three-jointed and antennae four-jointed, eyes wanting, hemelytra
short; the body commonly bears ctenidia (combs). They are viviparous,
the young being born at an advanced stage of development.

The two species known from the United States have recently been
described by Ferris and Usinger. One of these, Hesperoctenes hermsi,
was taken on the free-tailed bat, Tadarida macrotis (Gray), in the Chisos
Mountains, Texas, at an elevation of 6,200 feet, by Mr. A. E. Borell. The
other, Hesperoctenes eumops, has been taken at several localities in
southern California on another free-tailed bat, Eumops perotis californicus
(Merriam).

Key to the Principal Families of Hemiptera-Heteroptera of
North America which contain predaceous species®

1. Antennae at least as long as the head; either free or, in the Phymatidae,
fitting in a groove beneath the lateral margins of the pronotum. Sub-

order Gymnocerata. ..., 6
Antennae shorter than the head and nearly or quite concealed in a
cavity beneath the eyes. Suborder Cryptocerata....................... 2

2. Ocelli present. Shore-frequenting insects. (Toad bugs)... ... ...
................................................................................ Family Gelastocoridae
Ocelli absent. Aquatic forms................... ... ... 3

3. Hind tarsi with indistinct, setiform claws (except in the minute, 3
mm or less, Pleine). Swim with ventral side upward (Back swim-

INETS ) oo Family Notonectidae
Hind tarsi with distinct claws ... 4
4. Membrane of the hemelytra without veins. Abdomen without caudal
appendages (Water creepers) .. .0 .. ... Family Naucoridae
Membrane of the hemelytra with distinct veins. Abdomen with caudal
APPENAAZES .....ooooii e 5
5. Caudal appendages of abdomen long and slender. Tarsi one-segmented
(Water SCOrPIOnS)...........ccccoooiiiiiiiiiiioiiiir Family Nepidae
Caudal appendages of abdomen short, flat, and retractile. Tarsi two-
segmented (Giant water bugs). ... Family Belostomatidae

® Prepared by Dr. Robert L. Usinger for the purposes of this book.
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Apex of last tarsal segment more or less split. Claws of at least the
front tarsi inserted before the apex. Superfamily Gerroidea ... ... . .
Last segment of tarsi entire, with claws of all the legs inserted
At APEX

. Hind femora much surpassing apex of abdomen. Middle and hmd

coxae approximate, distant from front ones (Water striders)............
.......................................................................................... Family Gerridae
Hind femora scarcely surpassing tip of abdomen. Middle coxae (ex-
cept in Rhagovelia) equally distant from front and hind ones. (Broad-
shouldered water striders)........................cccoooieiiiii. Family Veliidae

. Head very long, at least as long as the three thoracic segments com-

bined. Body linear. Legs and antennae very long and slender (Marsh-
treaders) ... Family Hydrometridae
Head shorter than pronotum and scutellum together

. Antennae five-segmented. (Only members of the subfamily Asopinae

are predaceous. These have nonraptorial front legs, three-segmented
tarsi, and the first segment of the beak short, thick, and free) (Stink-
BUgs) o Family Pentatomidae
Antennae four-segmented (except in one genus of the Hebridae and
the genus Pagasa of the Nabidae, where they are five-segmented, and
in the Ectrichodine genus Rhiginia of the Reduviidae, where they are
eight-segmented. These exceptions do not have the combination of
characters listed under Asopinae)
Beak three-segmented
Beak four-segmented................ccooii
Front legs more or less raptorial. Head cylindrical. Prosternum with
a median longitudinal stridulatory groove which receives the tip of
the beak ... ... e
Front legs not raptorial. Head rarely cylindrical. Prosternum without
a median longitudinal stridulatory groove between the front coxae
Front legs with greatly thickened femora (Ambush bugs)...............
........................................ =i Family  Phymatidae
Front femora somewhat thickened but much less than half as wide
as long (Assassin bugs) ... Family Reduviidae
Hemelytra with a cuneus (e.g. apical triangular region of corium
separated by a fracture) (Flower bugs)........... Family Anthocoridae
Hemelytra without a cuneus......................o
Ocelli absent. Hemelytra reduced to small pads, without any trace of
a membrane. Body oval in form (Bedbugs, bat bugs, etc.).............
........................................................................................ Family Cimicidae
Ocelli present

Membrane, when present, without veins; Clavus of same texture as
membrane. Body linear (Water treaders)......... Family Mesoveliidae
Membrane with distinct, looped veins. Clavus and corium alike in
texture. Body suboval (Shore bugs).................. Family Saldidae
Hemelytra with a cuneus (Leaf bugs)........... Family Miridae

Hemelytra without a cuneus

10
11
16

12

13

14

15
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17. Body densely clothed with a very short, velvety pile. Membrane with-
out veins (Velvet water bugs)........ ... Family Hebridae
Body not clothed with a velvet pile................................. 18

18. Hemelytra reduced to small pads. Ctenidia present at least on under
side of head and often on antennae, head, pronotum, and elsewhere
(Bat bugs) ... Family Polyctenidae
Hemelytra usually well developed. Without ctenidia.... ... .. 19

19. Front legs raptorial. Beak with basal segment stout and very short; 20
Front legs not raptorial. Beak long and slender, the first segment
long, held between the bucculae at rest............................. 21

20. Hemelytra entirely membranous (Gnat bugs). Family Enicocephalidae
Hemelytra with the basal portions thickened to form a corium distinct

from the apical membrane (Damsel bugs)............ Family Nabidae

21. Membrane with numerous veins which more or less run together

{Squash bug, etc.} ...l Family Coreidae

Membrane with only four or five simple veins usually arising from

the base (Chinch bug, ete.)....................... Family Lygaeidae
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CHAPTER IX

THE LICE

A. THE SUCKING LICE
Order Anoplura

General characteristics. The sucking lice comprise the order Anoplura.
Some believe them so closely related to the biting lice that both groups
are placed in the same order, viz., Anoplura, with the Mallophaga (biting
lice) reduced to a suborder and the sucking lice placed in the suborder
Siphunculata. There is little to support placing these parasites in a sub-
order (Parasita) of the Hemiptera. For the purposes of this work the
lice are classified as members of two orders, Anoplura (sucking) and
Mallophaga (biting), resembling each other in many respects, but differ-
ing radically in their feeding habits, the former being bloodsuckers while
the latter feed on scales, secretions, and detritus of the skin. Wings are
absent in both groups, and metamorphosis is simple. The body is flat-
tened; the legs are in part adapted for clinging to hairs and feathers.
The Anoplura have a protrusible proboscis at the tip of the head; the
Mallophaga have a pair of tiny mandibles situated on the under side of
the head. The biting lice are, as a rule, much more active than the suck-
ing lice.

The Anoplura parasitize mammals, while the Mallophaga are parasites
of both mammals and birds and in all cases are normally host specific,
permanent ectoparasites, very rarely except accidentally or experimen-
tally transferable to a different species. The United States Bureau of Ento-
mology is successfully rearing the human body louse on selected rabbits.
The entire life cycle, egg to egg, is normally spent on one host.

Classification of Anoplura. Students technically concerned with the
sucking lice will need to consult the classical works of Ferris, particularly
his monograph appearing in eight parts, 1919 to 1935, in Publications of
Stanford University Press.' The order comprises some 30 genera and
500 species (Essig); these are arranged according to various authors in
. four families: (1) Echinophthiriidae, with body thickly covered with
short stout spines and scales, antennae four- or five-jointed, spiracles
small; occurring exclusively on marine mammals, e.g., Antarctophthirus
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trichechi (Boh.) on the Pacific walrus, and Echinophthirus phocae
(Lucas) on the seal; (2) Haematopinidae, body spines or hairs in rows,
never with scales, tibiae with thumb-like process opposing the claw,
eyes lacking, antennae five-segmented, e.g., Haematopinus suis (Linn.)
on swine, and Linognathus vituli (Linn.) on cattle; (3) Haematopi-
noididae, lice of gophers in North America; (4) Pediculidae, the most im-
portant family of all from the public health standpoint, since it includes
body lice, head lice, and pubic lice of man and other primates. Haema-
tomyzidae, heretofore included as a family of the Anoplura, has been
placed by Ferris? in the Mallophagan suborder, Rhynchophthirina; it
includes but the single species Haematomyzus elephantis Piaget of the
elephant.

The lice of man® and other primates. The family Pediculidae the only
eye-possessing lice, includes the three genera, Pedicinus, Pediculus, and
Phthirus. The genus Pedicinus belongs exclusively, according to Ferris,
to the Cynomorpha monkeys, and includes eight known species,
Pedicinus eurygaster (Burm.) on Macacus; Pedicinus longiceps Piaget
on Pithecus; Pedicinus albidus (Rudow) on Macaca (Barbary ape);
Pedicinus hamadryas Mjoberg on Hamadryas; Pedicinus patas (Fahren-
holtz) on Cercopithecus patas; Pedicinus ancoratus Ferris on Presbytis;
Pedicinus pictus Ferris on Colobus caudatus; Pedicinus obtusus (Rudow)
on Semnopithicus maurus. '

The genus Pediculus, according to Ferris, includes only three species:
(1) Pediculus humanus Linn., the head louse and body louse of man,
commonly referred to in medical literature as two distinct species,
namely, Pediculus capitus, head louse, and Pediculus vestimenti, body
louse; (2) Pediculus mjobergi Ferris of Ateles apes; and (3) Pediculus
schaffi Fahrenholz, of the chimpanzee.

The genus Phthirus (also spelled Phthirius) includes the so-called
crab lice, Phthirus pubis (Linn.) of man; and Phthirus gorillae Ewing,
of the gorilla.

’ SUCKING LICE OF MEN

The human head louse, Pediculus humanus capitis DeGeer (Fig. 42),
is gray in color, but is said to vary according to the color of the hair and
color of the host (Murray®). The male averages 2 mm in length and
the female 3 mm. This species occurs on the head, about the ears and
occiput, but from reliable observations made by a number of observers it
may in heavy infestations establish itself on other hairy parts of the body.
In severe infestations the hair may become literally matted with eggs

® For extensive list of references (961) see “Bibliography on Lice and Man,
with particular reference to wartime conditions,” by Mary E. Grinnell and Ina

L. Hawes, U. S. Dept. Agric. Washington, D. C. Bibliographical Bull. no. 1, July,
1943.
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(nits ), parasites, and exudate from the pustules which originate from the
louse bite. The term plica palonica is applied (Stiles) to the fetid mass.
forming a sort of carapace (trichoma), in which fungus may develop.
and beneath which myriads of lice may be found.

. The number of eggs deposited by the female ranges from 50 to 150.
These are glued to the hair and hatch in from 5 to 10 days, an average
of 7 days. Development is very rapid (incomplete metamorphosis with
three molts), three weeks usually covering the entire cycle from egg to
egg. Lice are easily disseminated by physical contact and otherwise,
hence slight infestations may occur under the best of sanitary conditions,
particularly among school children. However, the continued presence
of lice on head or body is inexcusable since eradication is simple (see

Fic. 42. Life cycle of the head
louse, Pediculus humanus capitis.
(A) egg attached to hair, (B)
nymph, (C) male, and (D) female.

lousicides, p. 124). The mere use of soap and water in washing the head
and hair is ineffective in destroying lice present in the hair.

The pubic louse, Phthirus pubis (Linn.) (= Phthirus inguinalis Redi),
also called crab louse (Fig. 43), is easily recognized by its crab-like ap-
pearance. It measures from 1.5 to 2 mm in length, is nearly as broad as
long, and is grayish white in color. It infests the pubic regions particu-
larly but also the armpits and more rarely other parts of the body, such
as the mustache, beard, eyelashes, and eyebrows. The writer has seen
soldiers infested with this species of louse from the ankles to the eye-
brows. These lice are remarkably stationary in their habits, often re-
maining attached for days at one point with mouth parts inserted into
the skin. The pruritus caused by the bites of these parasites is very in-
tense, and a discoloration of the skin usually results if infestation con-
tinues over a longer period of time. The term phthiriasis may be em-
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ployed to designate infestations of pubic lice, although the term pubic
pediculosis is also used.

The female louse deposits its eggs on the coarser hairs of the body
where the parasites occur. The number of eggs deposited per female is ap-
parently quite small, although Nuttall* states that he would not be sur-
prised to learn that 50 or more eggs may be layed. The incubation period
seems to be from six to eight days. After three molts the adult stage was
reached in Nuttall's experiments in from 15 to 17 days, and the egg-to-
egg period was 22 to 27 days. Pubic louse infestations are very common
among adults. Spread is usually by physical contact with infested in-
dividuals or use of infested toilet seats, blankets, etc.

Fic. 43. The pubic louse, Phthirus
pubis. Egg attached to hair.

The body louse, Pediculus humanus corporis DeGeer (= Pediculus
vestimenti Nitzch) (Fig. 44), is the common clothing louse which dur-
ing World War I became known as the “cootie,” also called the “gray-
back.” During World War II it became known as “mechanized dandruft”
and “seam squirrel.” Parasitologists now quite generally agree that there
is no specific difference between it and the head louse; both are regarded
as racial forms of Pediculus humanus Linn. Evidence concerning this
matter is presented by Nuttall,® whose admirable treatises on lice and
their relation to disease and control should be read by all students in-
terested in the subject. Patrick A. Buxton’s The Louse® is an important
contribution.

Body lice infest the clothing where it comes in close contact with
the body rather continuously, e.g., the fork of the trousers, the armpits,
the waist line, neck, and shoulders. In his inspection of troops at de-
lousing stations during World War I, the author usually found lice on
the underclothing, but the nits were generally found in the seams of the
breeches at the crotch if present at all. After all clothing was removed
lice were occasionally found on the body. Eggs are undoubtedly by
preference deposited on fibers in the seams of clothing as already men-
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tioned. Nuttall and others have satisfactorily proved that the body louse
may at times attach its eggs to the coarser hairs of the body.

Nuttall states that a female body louse may lay from 275 to 300 eggs,
the average number laid per day being about 10 for 20 to 30 days. The
shortest incubation period varies from 5 to 7 days when eggs are kept
near the body at between 35¢ and 37° C. Hatching, according to Leeson”
(1941), does not occur when the temperature reaches 23° C or below,
nor at 38° C or higher. At 24° C the incubation period is 17 to 21 days;
at 29° C it is from 9 to 11 days; at 35° C it is 5 to 7 days; at 38° C the

Fic. 44. Human body louse. Pedi-
culus  humanus corporis. x 15.

eggs will not hatch. The effective zone for the egg stage is apparently
from about 23° to 88° C.

The young lice begin sucking blood at pnce on hatching from the
eggs and throughout their development feey frequently both day and
night, particularly when the host is quiet. Maturity is reached in 16 to
18 days from the time the eggs are deposited. There are three molts.
Females begin laying eggs a day or two after reaching maturity. The
egg-to-egg cycle averages about three weeks. Unfed lice soon die; prob-
ably 10 days would cover the longest period of survival without food.
However, if fed, lice may live from 30 to 40 days. Moist fecal matter in
masses or spiral threads is extruded as the Jouse feeds; the feces drys
quickly in the air. Death may lurk in the excrement of a louse.

The following summary of temperature influences on lice given in a
lecture on the “Life History of the Human 1ouse,” by Pierce,® June 17,
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1918, while varying somewhat from Leeson’s (loc. cit.) results, is worth
repeating: '

In the absence of definite humidity data we may roughly describe the
zones of climatic influence on the lice as follows. The zone of minimum fatal
temperatures for eggs in below 20° C. (88° F.) and for adults lies below zero
centigrade (32° F.). The zone of dormancy in adults extends from about -10°
to 5° C. (14° to 41° F.). The zone of sluggish movement without reproduc-
tive activity and with practically no digestive processes extends from 5° to
20° C. (41° to 68° F.). Digestion ceases at 12° C. The zone of optimum
activity lies between 20° to 40° C. (68° to 104° F.) with the optimum about
30° C. Practically all egg hatching occurs within this zone, as does all oviposi-
tion, practically all assimilation of food, and all normal activity. From 40° to
44° C. the lice are wildly active; this zone represents one of exhaustion in
which death of eggs occurs. Above 44° C. (112° F.) lies the zone of maximum
fatal temperatures.

Dissemination of body lice. Lice live normally on the surface of the.
the body or in clothing being worn. Lice do not voluntarily leave unless
the body grows cold in death or becomes hot with high fever. Even then
they cannot travel far but are easily dislodged and may fall to the
ground; they will quickly invade a new host if there is one close enough.
Proof that lice are uncommon in blankets used by heavily infested troops
was obtained by Peacock® who reports 0.8 per blanket and 31.4 per man
including clothing. Louse infestation is mainly the result of contact with
lousy persons or their infested clothing. As many as 10,428 lice and
10,253 nits have been reported on one shirt; in heavily infested popula-
tions one may readily collect 400 to 500 lice from one person.

Pediculosis. The presence of lice on any part of the body may be re-
ferred to as pediculosis. That louse bites may produce certain systemic
disturbances seems to be indicated in a report made by Moore:?°

I started feeding about 700 to 800 twice a day. Almost immediately a
general tired feeling was noticed in the calf of the legs and along the shin
hones, while on the soles of the feet and underneath the toes this tired feel-
ing was so intense as often to prevent sleep until late in the night. An irritable
and pessimistic state of mind developed. An illness resulted with symptoms
very similar to grip and a rash similar to German measles was present, par-
ticularly over the shoulders and abdomen.

The skin of persons who continuously harbor lice becomes hardened
and deeply pigmented, a condition designated as vagabond’s disease or
morbus errorum. To relieve itching due to pediculosis a lotion made of
1 per cent spirits of thymol may be used, or a mixture of 5 per cent ben-
zocaine, 2 per cent methyl salicylate, and 0.5 per cent salicylic acid made
up with 70 per cent alcohol.

Favus and impetigo. Experiments conducted by Dewévre (1892,
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loc. cit., p. 5) and others prove that lice may carry the causal organ-
isms of both favus (Achorion schoenleini Lebert) and tropical impetigo
(Diplococcus pemphigi contagiosi Wherry). Nuttall (1899, loc. cit., p.
4) states the Dewévre “removed ten pediculi from a child suffering
from impetigo and placed them on a healthy infant, which a few days
later developed impetigo. The experiment was repeated several times
with the same results. In a second series of experiments, he took scrap-
ings from under the nails of children that had impetigo and placing
them on artificially scratched places, reproduced the disease. Lastly he
took pediculi from a child that was not affected with impetigo and
placed them on a child that had the disease; removing them after twenty
minutes, he replaced them on a healthy child. The latter acquired the
disease, as did 50 per cent of the children so experimented with. He
claims the specific microdrganism adheres to the front legs especially,
also to the hairs of the insect, and the latter carries them as bees do
pollen. In the last set of experiments, he only allowed the pediculi to
remain half an hour on the healthy head, but this was sufficient to pro-
duce infection.”

Epidemic relapsing fever has occurred in many parts of the world and
may be regarded as at least having been cosmopolitan in distribution.
Widespread epidemics no longer occur. Great epidemics did occur, how-
ever, during World War I, notably in Rumania and later (1921) in
Africa. There were frequent epidemics of this disease in Europe during
the 18th and 19th centuries, and it was in the 1868 epidemic in Berlin
that Obermeier observed “myriads of living and actively motile spirilla
in the blood of relapsing fever patients during the febrile attack.” In
1873 during another epidemic he applied Ehrenberg’s nomenclature and
called these organisms “Spirochaeta.” To honor the discoverer of the or-
ganism in the blood of relapsing fever patients Cohn gave the name
Spirochaeta obermeieri. The designation Spirochaeta recurrentis (Lebert)
has gained wide acceptance; however, because of priority one should
now use Borrelia recurrentis (Lebert).

Although lice had long previously been under suspicion it was not
until 1907 that Mackie'* in India secured evidence that relapsing fever
is a louse-borne disease. He noted that the spirochetes multiplied within
the gut of the lice and that they could be found in the ovary, testis, and
the Malpighian tubules of the insects. Mackie believed that infection
might result from the insect’s regurgitating the contents of its gut into
the wound in the act of feeding. Later (1912) Nicolle, Blaizot, and
Conseil** failed to transmit the spirochetes through the bites of infected
lice and found that the only reliable successful experiments involved the
injection or subcutaneous inoculation of an extract of infected lice. On
the basis of experiments in which men and monkeys were exposed to
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hundreds of bites, they came to the conclusion that infection results from
spirochetes which collect under the fingernails and on the finger tips of
an individual after he has crushed lice on his skin, and which, in scratch-
ing, he inoculates into the excoriated skin.

Nicolle and his colleagues also found that the spirochetes disappear
from and later reappear in the louse. Only a few remain in the insect’s
intestine up to 5 or 6 hours after infection, and none after 24 hours; but
they reappear in the insect in from 8 to 12 days and are then present
in the general body cavity, none being found in the alimentary canal.
The authors believed that the spirochetes were transmitted to the oft-
spring of infected lice. Chung and Feng'® (1936) state that transovarian
transmission of Borrelia recurrentis does not occur in lice. They also state
that the salivary glands and Malpighian tubules of infected lice do not
contain the spirochetes, and that the feces of infected lice are not in-
fectious. The gastric juice of lice is detrimental to the Borrelia; only .
about 1 to 5 per cent or less of the ingested spirochetes gain access to
the tissue and coelomic cavity where multiplication takes place, multi-
plication being by transverse division,

Man is the reservoir of the louse-borne infection (man-to-louse-to-
man ). There must be a human carrier in a lousy population. In tick-borne
or endemic relapsing fever, endemicity is maintained in reservoir animals
(rodents, etc.) Nuttall has reported that a single infective louse crushed
upon the excoriated skin has produced relapsing fever. The incubation:
period in the human is from 6 to 10 days. The onset of the disease is
sudden, with headache, chills and fever, and generalized pains. The
fever remains high for four to six days and subsides abruptly, with an
afebrile period of four to eight days followed by a relapse. There may be
several relapses. Mortality is usually low but may vary from 2 to 50 per
cent, or even higher in crowded poverty-stricken and louse-infested
populations. Microscopic (darkfield) examination of blood smears taken
during febrile periods will readily reveal Borrelia. Mouse inoculation with
the patient’s blood will produce the organisms in the blood of the mouse
in from 24 to 48 hours. (For tick-borne or endemic relapsing fever consult
Chapter XX.)

Typhus fever. Classical or old world typhus fever, known also as
tabardillo (Mexico), Brill's disease (United States), jail fever, or war
fever, is a disease of ancient origin and wide distribution, chiefly in
Europe, north Africa, Asia, and higher altitudes of Mexico and Central
and South America. The causal organism is Rickettsia prowazeki Da
Rocha-Lima. Wherever human beings are concentrated in close quarters,
especially in times of war and famine, this disease may become rampant.
* It is chiefly a disease of winter and spring, with mortality from 15 to 75
per cent. The disease is characterized by a high fever continuing about
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two weeks, backache, intense headache, bronchial disturbances, mental
confusion, stupor, a congested face (designated also as a “besotted
expression”), and on the fifth or sixth day by a brick-red macular erup-
tion on chest and abdomen, which later spreads to other parts of the
body, even to hands, feet, and face. This mottling led to the belief that
tabardillo of Mexico was identical with spotted fever of Montana, a
fact that was proved to be erroneous by Ricketts and Wilder.** Ricketts
contracted typhus fever during the course of this investigation and died
of the disease. Laboratory tests for typhus consist of complement fixation
with typhus antigen, becoming positive in the second week; and Weil-
Felix reaction (agglutination of B. proteus strain OX-19).

Transmission by lice. That the louse (Pediculus humanus Linn.) is
probably the sole agent in the transmission of typhus fever from man to
man was shown by Nicolle, et al.,** (1909, working in Tunis) and Ricketts
and Wilder*® (1910, working in Mexico). The latter found that Pithecus
(Macacus) rhesus (Desmarest) can be infected with tabardillo (Mexican
typhus) invariably by the injection of virulent blood from man taken
on the eighth to tenth day of fever, that the monkey may pass through
an attack of typhus so mild that it cannot be recognized clinically, and
that immunity results. Typhus was transmitted to the monkey by the bite
of the louse in two experiments, the lice in one instance deriving their
infection from man and in another from the monkey. Another monkey
was infected through the introduction of the feces and abdominal con-
tents of infected lice into small incisions. There is a tendency to disregard
the head louse (P. humanus capitis) as a vector of typhus; however, it
must be remembered that Goldberger and Anderson*’ (1912) did succeed
in transmitting typhus to a monkey by cutaneous injection of a saline
suspension of crushed head lice.

Nuttall® points out that if lice (Pediculus humanus corporis) are
crushed 9 or 10 days after an infective feed, or if their feces are collected
three to six days after they have fed on infective blood, their contents
and feces respectively are capable of producing infection if placed upon
excoriated skin. It is now believed that the usual channel of infection is
through fecal contamination. The Rickettsiae may remain alive and
virulent in louse feces kept dry at room temperature for more than 60
days, thus infection may be acquired through the respiratory passages
by inhalation of minute particles of louse excrement. It is generally be-
lieved that the normal channel is through scratches or abrasions and
through conjunctival contact by fingers contaminated with louse feces.

The typhus fever patient is infectious for the louse, generally speak-
ing, from early in the disease to about the tenth day, though later infec-
tions are possible. The Rickettsiae multiply enormously in the mid-gut
of the louse; the epithelial cells become so distended after a few days
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that they rupture and enormous numbers of Rickettsiae appear in the
insect’s feces. It is believed that infected lice may die in a week or 10
days because of the enormous multiplication of these organisms. It is
believed that few lice become infected while feeding on a typhus fever
patient, probably less than half. If a louse survives the infection it remains
infective for the rest of its life.

Murine typhus fever (flea-borne) is maintained in nature in rats,
and transmission to man is effected through the agency of rat fleas. The
causal organism is Rickettsia mooseri Montiero (sometimes designated
as Rickettsia prowazeki mooseri). This disease is clinically similar to
louse-borne typhus except that its course is milder and the rash is less
profuse. The mortality is low, perhaps about 3 per cent. It is widely
distributed in many parts of the world, particularly in warmer climates,
in contrast to epidemic typhus which occurs in cooler climates favoring
lousiness. Both may occur in the same areas. The use of the terms “en-
demic” and “epidemic” to distinguish the “flea-borne” from the “louse-
borne” strain of typhus is open to criticism, since both must have an
endemicity to survive and both may be epidemic at times. Furthermore
it is now generally believed that “flea-borne” murine typhus may become
“louse-borne” and epidemic, with high mortality. (The relation of fleas
to murine typhus is discussed in Chapter XIX.)

Trench fever, also known as five-day fever, Volhynia fever, shank
fever, His-Wernerische Krankheit, and Febris quintana, is a nonfatal
disease characterized by sudden onset of fever, headache, dizziness,
pains in the muscles and bones, particularly in the legs, with especial
tenderness of the shins, and lasting 24 to 48 hours or longer, followed at
intervals of about five days by other attacks of fever of less and less
severity. While this disease was of considerable importance during World
War I, it did not make its appearance during World War II.

The causal organism of trench fever is believed to be Rickettsia
quintana, so named by Da Rocha-Lima®® in 1916, confirming the earlier
work of Toepfer.?® This organism is found in the stomach lumen of the
louse, while Rickettsia prowazeki of typhus invades the epithelial cells.

Two commissions, one British consisting of Byam, Carroll, et al., and
the other American, consisting of Strong, Swift, et al., carried out very
thorough investigations, during World War I; the summary, in part, of
the findings of the British commission follows:

1. The whole blood from febrile trench fever cases, up to the 51st day
of disease, when injected intravenously, is capable of reproducing the dis-
ease. The incubation period in such infectious varies greatly—from 5 to 20
days. .

2. The virus as contained in the circulating blood is destroyed by the
addition of distilled water in large quantities.
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8. The bites alone of infective lice do not produce trench fever.

4. The excreta of infective lice when applied to a broken surface of
skin do readily reproduce trench fever. The incubation period of such infec-
tions is remarkably constant and averages 8 days. .

5. The excreta passed by lice fed on trench fever patients are not in-
fective till the expiration of not less than 5 days from the commencement of
the feeding on trench fever blood, thus indicating @ developmental cycle in
the louse or a period during which the organism multiplies.

6. Once lice are infective they remain so till af least the 23rd day from
date of their infection.

7. The virus of trench fever, as contained in infected louse excreta, is
capable of withstanding drying at room temperature, exposure to sunlight,
keeping for not less than 16 days, and heating to 56° C. for 20 minutes.

8. 80° C. for 10 minutes destroyed the virus, which is therefore not a
spore-bearing organism.

9. The bodies of infected lice when crushed npon the broken skin are
capable of producing trench fever. When lice becomne so infective remains to
e dekexcmined,,

9a. Active trench fever blood equivalent to the content of 11 lice does
not produce trench fever when rubbed into the broken skin.

10. Infection probably does not take place by the mouth or by inhala-
tion.

11. The excreta of lice are not normally capable of producing trench fever.
[Note: Some reports indicate that feces may be highly infectious for as long
as 4 months.]

12. Trench fever infected lice do not transmit the disease to their off-
spring.

18. There is a possibility of some attacks of trench fever being afebrile
throughout.

14. The percentage of individuals naturally immune to trench fever is
exceedingly small.

15. OId age is no bar to infection.

16. Such immunity as results from an attack of trench fever is not perma-
nent, and may only persist for so long as the individual shows evidence of
the disease.

17. Even as late as the 79th day of disease a patient’s blood may remain
infective and be capable of infecting lice fed on such a patient while febrile.

Delousing methods practiced over a long period of years prior to and
including the early part of World War II were cumbersome and usually
expensive. The results were as a rule not wholly satisfactory in that the
recently deloused individual was immediately subject to reinfestation if
exposed to lousy persons. Among the methods available during the
period of World War I were the following:

Fumigation of clothing, persons to be properly bathed while this was being

done; required specially constructed sealed chambers, stationary or portable;
fumigants, even when vacuum was used did not as a rule kill louse eggs;
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among gases used were hydrocyanic acid gas, carbon tetrachloride,” and
chlorpicrin,

Laundry methods, washing of rough cotton goods® at 180° F. for 30
minutes destroyed lice and their eggs; woolen goods® required a different
treatment to avoid shrinkage. ‘

Dry heat, temperature of 60° C. (140° F.) for 20 minutes killed both
lice and eggs; required special types of heat chambers in order to circulate
heat to insure equal distribution among the loosely hung garments.

Ironing with a hot iron.

Steam sterilization, insured disinfestation as well as disinfection; disad-
vantageous in that shrinkage and wrinkling resulted; required special expen-
sive equipment such as steam sterilizers, delousing stations, etc; vacuum of
from 12 to 15 inches for about 5 minutes, followed by 15 to 20 pounds steam
pressure for 15 minutes, then allowed steam to escape and create 15 inches of
vacuum, broke vacuum and unloaded contents when zero was reached. Serbian
barrels were also used to generate steam.

Storage of garments, to kill lice by starvation; it was assumed that dry
storage for about three weeks would prove effective.

Louse powder, N.C.I., consisting of commercial naphthalene 96 per cent,
creosote 2 per cent, and iodoform 2 per cent, dusted in underclothing once
a week.

Following World War I and up to 1941 little attention was paid to
the development of new methods of louse control. Control methods fell
back into the old groove of temporary relief, in spite of the fact that
insect toxicology had advanced enormously as applied to agricultural
pests. There was added, however, a new fumigant for delousing, namely
methyl bromide, a very dangerous gas which destroys all stages of the
louse. It was employed in two ways for delousing clothing, (1) fumiga-
tion of quantities of clothing in large gas-tight vaults; 30 minutes’ ex-
posure in a 330 cubic-foot vault with three pounds of the gas; lower
temperatures required either more of the gas or a longer exposure; (2)
fumigation of single outfits of clothing in individual gas-tight bags—
each bag, 56 by 30 inches, was equipped inside in a pocket with an
ampule containing about 20 cc of methyl bromide; after clothing was '
placed inside the bag and the bag closed, the ampule was crushed,
liberating the gas; after 45 minutes the bag was opened and the clothing
shaken out and aired. The use of this gas (methyl bromide) and practi-
cally all other aforementioned methods of delousing finally gave way
to lousicidal powders in wartime practice.

Lousicides. Great credit is due to the group of workers stationed at
the Orlando, Florida, laboratory of the United States Bureau of Ento-
mology and Plant Quarantine who developed the “MYL” insecticide
powder, which according to Miscellaneous Publication No. 606, United
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States Department of Agriculture, August 1946, is composed .of the fol-
lowing ingredients: 0.2 per cent of pyrethrins, 2 per cent of N-isobuty-
lundecylenamine, 2 per cent of 2,4-dinitroanisole, and 0.25 per cent of
Phenol S (isopropyl cresols, by-product of thymole manufacture) in
pyrophyllite (all per cents by weight). It is effective against all species
of human lice and not only repels them but kills them and their eggs.
The powder is dusted lightly into the seams of the underclothing or on
the infested parts of the body at weekly intervals.

Then came the Swiss louse powder, Neocid, consisting of 5 per cent
mixture of DDT (dichloro-diphenyl-trichloroethane) in tale. With the
successful field tests made with the three lousicide powders—MYL, DDT,
and the British AL-63 (containing rotenone)--there was opened a new
era in the control of louse-borne diseases. The Germans, according to
Bushland?* (1948), developed chloromethyl p-chlorophenyl sulfone
(“Lauseto neu”), which was highly toxic to lice and an excellent ovicide,
but not nearly so persistent in residual effect as DDT. The arresting of
small typhus epidemics in native villages of Egypt, Algeria, and Mexico
proved that the louse powders are practical. The enormity of this dis-
covery can only be measured in the light of the great loss of life due to
typhus during 1917-1921 (World War I) when, according to the Statis-
tical Bulletin of the Metropolitan Life Insurance Company (November,
1941), Russia alone is said to have lost 2,500,000 to 3,000,000 of her
people; millions more died as the epidemic swept through the Balkans,
Poland, and Germany.

Typhus fever was again threatening in the early years of World War
1. During 1942 there were some 3,000 cases in Egypt and about 80,000
cases in the rest of North Africa. When Allied forces landed in Italy
in September, 1943, a typhus epidemic was threatening Naples, a city with
a population of nearly a million persons, where there was congestion,
insanitary living conditions, food scarcity, undernourishment, and con-
fusion. The United States of America Typhus Commission was charged
with responsibility for control of the disease on January 3, 1944
(Wheeler?®); however, actual dusting operations were instituted on De-
cember 15, 1943, by a dusting team previously trained by a member of
the Health Commission of the Rockefeller Foundation. Wheeler, a mem-
ber of the United States Typhus Commission describes the measures
used in the epoch-making campaign to control typhus in Italy. Although
both MYL and DDT powders were used in the beginning of the cam-
paign, it was essentially a DDT program, a mixture of 10 per cent DDT
in tale being used.

Procedure. The procedure used in applying louse powders is de-
scribed by Wheeler (loc. cit.) as follows:
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It consisted essentially of forcefully blowing powder, by hand dusters
or power dusters between the layers of clothing worn by the individual and
between the innermost layer of clothing and the skin of the body. This was
accomplished by a uniform technique, inserting the nozzle of the duster up
the sleeves, down the neck (both front and back), around the waistline and
into the crotch area of clothing. Hair and any cap or hat were dusted
thoroughly. An infested person properly dusted is no longer a menace to
others and will remain so for a period of at least two weeks, at the end of
which time he should be redusted. Approximately 1 to 1% oz. of powder
per person is sufficient to insure the thorough dusting of all clothing worn.

The total number of dustings were reported as 8,265,786. By February
20, 1944, the typhus fever epidemic in Naples appeared to have been
definitely broken, and upon direction of Brigadier General L. A. Fox, the
majority of the United States Typhus Commission members were called
back to headquarters in Cairo.

In the use of louse powders under military conditions, dusting with
power dust guns should follow a certain routine to avoid missing some
parts of the clothing being worn. Also in spite of the fact that few lice
occur in blankets, bedding, extra clothing, and mattresses, these must
be dusted to prevent reinfestation. If the treatment is done by the in-
dividual himself with a “sifter can” it is necessary to remove all the
clothing from the body. From 1%, to 2 oz of the powder is needed on an
average per person; however, under field conditions as much as 4 oz
may be needed. Lice are usually killed in 24 hours, but the eggs are not
killed; however, because of the lasting qualities of DDT all the young
lice will be killed eventually on hatching. Where troops or others are
working in intimate contact with infested populations, semimonthly
dusting is recommended to prevent reinfestation.

Classical typhus has been the scourge of armies throughout recorded
history. During World War I military hospitals in the Balkan countries
were crowded with typhus patients, thousands being admitted daily
during 1915. In striking contrast there were only 64 cases of louse-borne
typhus in the American Army during all of World War II (Philip).

Treatment for head lice. Among the many and various methods em-
ployed in the eradication of head lice, from the primitive use of fingers,
still a practice among natives as many of us have observed, and the use
of a fine-toothed comb dipped in kerosene, which some of us have ex-
perienced, to the most modern use of DDT louse powder, only a few
need be mentioned here:

1. A towel wet with 10 per cent solution tincture of larkspur wound turban-
like around the head for several hours, repeat in about a week.

2. Washing the hair and scalp with 2 per cent solution of creolin; repeated in
about a week.
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8. A wash made of a mixture of 5 level tablespoonfuls of derris or cube
powder, 2 level tablespoonfuls of neutral soap, and one quart of warm
water, applied thoroughly to the hair, mopped up with a towel without
drying the hair, and allowed to remain for at least eight hours; repeat in
about ten days if necessary.

4. An organic thiocyanate lotion recommended by Busvine and Buxton®
(1942), Lethane 284 Special: 12.5 per cent N-butyl carbitol thiocyanate,
37.5 per cent beta-thiocyanoethyl laurate; 50 per cent refined paraffin
(Busvine and Buxton diluted the paraffin to 25 per cent); apply a little of
the fluid to several parts of the scalp, exposed by parting the hair, then
massage with the fingers.

5. Dusting the scalp with derris or cube powder containing 3 per cent
rotenone; part the hair little by little and bring the powder in contact with
the scalp with the fingers; leave the powder in the hair for 48 hours before
washing.

6. Dusting the hair and scalp with DDT or MYL louse powder previously
described, rubbing the powder in with the hands; an additional treatment
is suggested in a week to 10 days later; the head should not be washed
for at least 24 hours after each treatment.

7. NBIN formula, recommended by the United States Bureau of Entomology
and Plant Quarantine: * benzyl benzoate 68 parts by weight, DDT 6 parts,
benzocaine (or ethyl p-amino-benzoate) 12 parts, and Tween 80 (sorbitan
monooleate, polyoxyalkylene derivative) 14 parts; dilute in 5 volumes of
water and apply to scalp and hair; one treatment will kill all lice and nits.

Treatment for crab lice. Usually the treatments effective against head
lice can also be used against crab lice, Phthirus pubis. The liquid or
powder must be applied to the pubic and anal regions of the body,
under the arms and wherever the body is hairy; in particularly hairy
persons the lousicide must be applied from neck to foot, perhaps also to
the eyebrows and beard. Whatever material is used it must be well
distributed and must reach the skin. DDT, MYL, and NBIN (already
described) as well as 5 per cent rotenone in 10 parts of petrolatum, are
all effective if used as directed.

SUCKING LICE OF MAMMALS

Anoplura affecting domesticated mammals. The important sucking’
lice of domesticated ungulate mammals belong to the family Haematopi-
nidae and are arranged mainly under three genera, Haematopinus,
Linognathus, and Solenopotes. Swine have one species of louse, Haemato-
pinus suis (Linn.) = (H. urius Nitzsch) (Fig. 45). This is the largest
species of the entire group, measuring as much as 5 to 6 mm in length;
it is cosmopolitan in distribution. The members of this species occur
chiefly in the folds of the skin on the neck, at the base of and inside the
ears, along the belly, and on the inner sides of the legs. According to

* Publication 608 on DDT.
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Florence:™ hog lice feed readily on man but will not feed on guinea pigs.
The same author summarizes, as follows, the life history of these lice at
35° C, when they were kept continuously next to the body in vials: in-
cubation period of eggs (Fig. 46), 13 to 15 days, first molt after five to
six days, second molt after four days, third and last molt after four to
five days, sexual maturity after three days, a total of 29 to 33 days from
egg to egg.

Cattle lice belonging to the Anoplura number five species, namely,
(1) Linognathus vituli (Linn.), commonly known as the long-nosed ox
louse or “blue louse,” measuring about 2 mm in length and distinguished

45 46
Fic. 45. Hog louse, Huematopinus suis. X 7.

Fic. 46. Nits (eggs) of the hog louse attached to the hair of the host. Onc
of the eggs has hatched. X 10.

from the next species by its long nose and slender body; cosmopolitan in
distribution; (2) Haematopinus eurysternus (Nitzsch), the cosmopolitan
short-nosed ox louse, somewhat larger (3.5 to 4.75 mm in length) than the
former and much broader in proportion; (3) Haematopinus tuberculatus
(Burm.), the buffalo louse, infests cattle in parts of Australia; common
on cattle and carabao in India; absent in North America; measures
from 8.5 to 5.5 mm; resembles H. eurysternus closely but differs in that
the number of setae at the margin of the ahdominal segments caudad of
the paratergal plates is usually eight or more (may be five or six); (4)
Haematopinus quadripertusus Fahr., the tail louse; (5) Solenopotes
capillatus Enderl. has been redescribed by Bishopp® and shown to have
a wide distribution in the United States as well as in many other parts
of the worid. Tt is known as the little blue cattle Jouse. It measures from
1.2 to 1.5 mm in length and in general appearance resembles the short-
nosed ox louse.

All species cxcept the tail louse show a tendency to attach on the
head, neck, and shoulders of the host. where the eggs are glued to hairs.
In heavy infestations many parts of the animal are infested. The eggs
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of the short-nosed ox louse are usually whitish in color, while those of the
long-nosed louse are dark blue, and those of the Solenopotes pale yel-
lowish. The incubation period averages about 12 days with a range of
from 8 to 15 days. The life cycle from egg to egg requires from 20 to 30
days. There are three molts at about four-day intervals. Lamson*” reports
that the short-nosed ox louse lays from 35 to 50 eggs over a period of
from 10 to 15 days. Anyone concerned particularly with cattle lice will
certainly consult Bulletin 832, Cornell University Agricultural Experiment
Station (Matthysse®?).

Horses, mules, and asses are frequently infested with one species of
sucking louse, Haematopinus asini (Linn.) = [H. macrocephalus
(Burm.)], which measures from 2.5 to 3.5 mm in length. It resembles
the hog louse except that the head is relatively longer and more robust.
The lice usually congregate at the base of the mane and forelock and the
root of the tail. Hall** (loc. cit.) reports that 22 out of 38 horses examined
were infested with this species. The same author reports the incubation
period for the egg to range from 10 to 19 days (eggs kept in Petri dishes
at from 21° to 31° C). It is quite probable that this species requires
about the same time as the hog louse for the completion of its life cycle,
ie., from 29 to 33 days from egg to egg.

Sheep in some parts of the United States are affected by the so-called
foot louse, Linognathus pedalis (Osborn). The author has observed this
species on sheep from California and Nevada, and Osborn has reported
it from Iowa. It occurs on the legs, especially in the region of the dew
claws, but in heavy infestations it may actually invade the wool above
the knee. Deaths have been reported as due to this louse. The species
measures about 2 mm in length; and as it is the only sucking louse likely
to attack sheep in the manner described above, its identity can be easily
established. Goats often suffer heavy infestations of Linognathus stenopsis
(Burm. ).

Sucking lice on dogs and rabbits. Dogs are commonly heavily infested
with Linognathus piliferus (Burm.), and rabbits harbor Haemodipsus
ventricosus (Denny ).

Control of sucking lice of mammals. Poorly fed animals, crowded pens,
and dark, insanitary quarters are factors in the multiplication of lice, but
the parasites may gain a foothold in spite of plenty of food, clean quar-
ters, and adequate space; hence the stock farmer living in climates per-
mitting this should not neglect to install a good dipping vat as a part
of his equipment. Although lice will not breed away from their host,
they may drop off with hair and may remain alive for probably not over
five days; and the same animals after dipping or other animals of the
same species, introduced into quarters before the dropped lice have died,
may become reinfested. Furthermore, the great majority of the ordinary
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dips do not destroy the eggs present at the time of treatment; hence a
second dipping is usually necessary after the young lice have hatched.
This second dipping should be properly timed and in most cases should
be done 16 to 18 days after the first. Dipping procedures are described
by Babcock and Laake,** who recommended for cattle-louse control two
dippings in a sulfur-rotenone dip, containing one pound of cube (5 per
cent rotenone) and 10 pounds of wettable sulfur in 100 gallons of water.
Application of dusts containing 10 per cent derris or cube (0.5 per cent
or more of actual rotenone) is highly recommended by Matthysse (loc.
cit.) for the control of all species of cattle lice. Experiments with DDT
indicate that it is not as effective as rotenone; however, a 0.3 per cent
DDT emulsion dip has been reported effective with one treatment (Fur-
_man),

Furman®* (1947) reports complete eradication of Haematopinus
eurysternus and Linognathus vituli with a single dip in a 0.3 per cent
~suspension of benzene hexachloride (approximately equivalent to 0.036
per cent gamma isomer ). This material, which is now being used widely,
should not be applied to lactating dairy animals. Furman and Hoskins**
(1948) have shown that benzene hexachloride appears in the milk for
several days following application. It is also known that this material may
occur in the body fat of treated animals as long as 30 days after treat-
ment where a concentration approximately double that used for louse
control.

B. THE BITING LICE
Order Mallophaga

Classification. The biting lice (Mallophaga), of which there were
about 1,400 described species®® in 1916, and about 2,500 in 1937 accord-
ing to Muesebeck, may be divided into two suborders: (1) Amblycera
with short, clavate or capitate, four-segmented antennae, concealed in
shallow cavities on the under side of the head; four-segmented maxillary
palpi, mandibles horizontal; and (2) Ischnocera, with short, slender
three- or five-segmented, exposed antennae, no palpi, mandibles vertical.

The Amblycera are divided into six families among them (1)
Gyropidae, having tarsi with one claw, infesting mammals only, e.g.,
Gyropus ovalis Nitzsch and Gliricola porcelli (Linn.), both of the guinea
pig; (2) Menoponidae, having tarsi with two claws, infesting birds
mainly, e.g., Menopon gallinae Linn. (= Menopon pallidum Nitzsch),
the common hen louse, and Trinoton luridum Nitzsch of ducks; (3)
Botpiidae, a small family of biting lice on kangaroos and wallabies, con-
fined to Australia, e.g., Heterodoxus longitarsus (= H. armiferus Paine),
may also occur on dogs. The Ischnocera are divided into four families,
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among them (1) Trichodectidae, with antennae three-segmented, tarsi
with one claw, infesting mammals only, e.g., Bovicola bovis (Linn.)
[= Trichodectes bovis (Linn.)] [(= Trichodectes scalaris Nitzsch)] of
cattle; and (2) Philopteridae, with antennae five-segmented, tarsi with
two claws, infesting birds mainiy, e.g., Goniodes stylifer Nitzsch, the
large turkey louse, and Lipeurus caponis (Linn.), the wing louse of
chickens.

Injury done by biting lice. The injury done by the biting lice is largely
restricted to poultry, although some trouble may result when mammals
are badly infested. The injury is largely due to irritation or to itching
caused by the creeping insects and their incessant gnawing at the skin.
This irritation causes the host to become exceedingly restless, thereby
affecting its feeding habits and proper digestion; egg production in fowls

Fic. 47. Eggs of biting lice (Mal- ||
lophaga) on feathers of a bird. !fﬁl. -

is greatly reduced and development retarded. A lousy flock of poultry
is not a good investnent. When lice are abundant uncleanliness and
overcrowded conditions usually exist.

The life history of a biting louse. One of the most complete life history
studies of a biting louse of birds was made by Martin* on the pigeon
louse, Columbicola columbae (Linn.) (= Lipeurus baculus Nitzsch),
family Philopteridae. She found that as many as sixty white, opaque
eggs of this louse are attached to a single feather (Fig. 47). The in-
cubation period at 37° C was normally from three to five days; at 33° C
it ran from 9 to 14 days. At the latter temperature the nymphs always
died in from one to six days. There are three instars, each requiring on
an average slightly less than seven days, making a total of between 24
and 25 days for the complete life cycle. At 37° C the adults live usually
from 30 to 40 days, the longest time being 51 days. Temperature is the



132 MEDICAL ENTOMOLOGY

chief factor in determining the length of the life cycle as well as the
survival of the young.

The life cycle of Bovicola bovis (Linn. ), the red louse of cattle (family
Trichodectidae) is described by Matthysse (loc. cit.) as follows: at
95° ¥ and 75 per cent humidity, the egg stage averages 5 to 9 days, first
instar 6 to 10 days, second instar 4 to 10 days, third instar 4 to 9 days,
preoviposition period 3 to 4 days, cycle egg to egg 22 to 42 days; maxi-
mum adult longevity was 42 days. The egg-to-egg cycle under normal
conditions would probably average 29 to 30 days.

Lice infesting domestic fowls. More than forty species of lice are
said to occur on domestic fowls of which seven species are commonly
found on chickens. T.osses due to poultrv lice are most evident among
the young birds, but heavy infestations on older fowls result in loss ot

Frc. 48. The common shaft louse of poultry. Menopon gallinae.
F1c. 49. The large hen louse, Goniodes gigas. x10.
Frc. 50. A turkey louse, Goniodes stylifer. x 14.

weight, lowered egg production, and lowered vitality. Although other
maladies may present similar symptoms, infested fowls are droopy,
lower the wings, present an unkempt and ruffled appearance, and suffer
from diarrhea. The commoner lice of chickens are (1) the “body louse,”
Eomenacanthus stramineus (Nitzsch) (= Menopon biseriatum Piaget).
a rapidly running species occurring on all parts of the fowl; it is light
yellow in color and about 2 mm in length; it lays its eggs in large clusters,
particularly on the small feathers below the vent; the egg stage requires
about a week and maturity is reached in about two weeks thereafter;
(2) the “shaft louse,” Menopon gallinae Linn. (= Menopon pallidum
Nitzsch) (i'ig. 48), which resembles the body louse very closely but is
smaller ir size, and occurs mainly on the shafts of the feathers; it is said
to gain its nourishment from barbs and scales of the feathers and is
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therefore not so irritating as the body louse; according to Bishopp and
Wood?* it does not occur on young chickens and deposits its eggs singly,
at the base of the feathers between the main shaft and the after shaft;
the life history appears to require a somewhat longer time than that of
the body louse; (3) the “head louse” Cuclutogaster (= Lipeurus) heter-
ographus Nitzsch, a dark grayish species about 2 mm in length, infesting
the head and neck of young chickens to which it is most injurious; it
deposits its eggs singly on the down or small feathers about the head
and requires about the same time for complete development as the first
species mentioned; (4) the large hen louse or “blue bug,” Goniodes gigas
Tasch. (Fig. 49), about 3 mm in length; broad with rounded head, and
smoky gray in color; it is generally distributed over the body and easily
recognized; Eomenacanthus stramineus Nitzsch (=M enopon stramineum
Nitzsch) is also referred to as the large poultry louse, infesting turkeys
and other fowl as well as chickens; (5) the “wing louse,” Lipeurus caponis
(Linn.) (Lipeurus variabilis Nitzsch), also known as the “variable louse,”
a long slender species about 2 mm in length; the margins of the head
are black, the head is large and rounded, and the general appearance is
sufficiently distinct to separate it from all the other species; (6) the
“fuff louse” Goniocotes hologaster Nitzsch, a very small and broad species
about 1 mm in length, pale in color and seldom abundant; see Ancona?
for morphology of this species; (7) the “brown louse” Goniodes dissimilis
Nitzsch, reported for the southern United States by Bishopp and Wood;
it is described by them as somewhat smaller than the large hen louse,
reddish brown in color, and found on the feathers of the body.

* Turkeys are commonly infested with the large (3 mm long) Goniodes
stylifer Nitzsch (Fig. 50), which has the posterior angles of the head
extended backward into long projections terminating in stylets or bristles.
Another louse found on turkeys is Lipeurus polytrapezius Nitzsch, a long
slender species measuring from 3 to 3.5 mm in length. Eomenacanthus
stramineus Nitzsch (2.0 to 2.5 mm) occurs on turkeys also. Ducks and
geese harbor a rather small-sized species, Docophorus icterodes Nitzsch,
measuring about 1 mm in length; the head of this species is curiously
expanded and rounded in front and is a darkish red; the thorax is also
red with darker bands. Another species infesting ducks and geese is
Lipeurus squalidus Nitzsch (Fig. 51), which is about 4 mm in length,
with the head longer than broad; it is very slender and is light yellowish
in color. Another long species infesting ducks (4 mm ) is Trinoton luridum
Nitzsch, dark grayish in color with triangular head about as long as broad.
None of these species appears to become abundant enough to be of any
great consequence. The common lice of the swan are Docophorus cygni
Denny, about 1 mm in length; “in color the head, thorax and legs are
bright reddish brown while the abdomen is white in the center and
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dark brown at the sides, the brown occupying hard-like portions at the
side of each segment”; and the extremely large and common Ornithobius
bucephalus Piaget (4 mm long). The latter is conspicuous because of its
size; the body is white and quite transparent.

Pigeons are often abundantly infested with Columbicola columbae
(Linn.) (= Lipeurus baculus Nitzsch), a very slender species measuring
about 2 mm in length; Goniodes damicornis Nitzsch, a broad brownish
species about 2 mm long; and Goniocotes bidentatus Scopoli, about 1 mm
in length, whitish in color with a head rounded in front. Guinea fowls
are said to harbor Goniodes numidianus Denny, Lipeurus numidae

Fic. 51. A duck louse, Lipeurus squalidus. x19. (Re-
drawn after Osborn.)

Denny, and Menopon numidae Gieb.; pea fowls, Goniocotes rectangu-
latus Nitzsch, Goniodes falcicornis Nitzsch, and Menopon phaeostomum
Nitzsch; pheasants, Goniocotes chrysocephalus Gieb., Goniodes colchicus
Denny, Lipeurus heterographus Nitzsch, and Menopon fulvomaculatum
Denny.

Control of poultry lice. No remedy has given such uniformly satis-
factory results in the control of the lice of all kinds on domesticated
birds as has sodium fluoride (NaF), apparently first used against these
parasites by Bishopp and Wood in 1917. Sodium fluoride can be ob-
tained in two forms, a white powder or commercial form (90 to 98 per
cent pure) and in fine crystals or chemically pure form. For louse control
the former more finely powdered form is preferable. It retains its ef-
ficiency almost indefinitely if kept in a dry place in stoppered bottles or
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cans. One application generally will destroy all lice present. It may be
apph’ed in three ways, viz., the pinch method, dusting, and dipping.

The pinch method consists of placing on the skin of each fowl ap-
proximately ten “pinches” (amount held between thumb and forefinger)
of the commercial sodium fluoride, distributed on the breast, each thigh,
below the vent, on each side of the back, on the neck, on the head, and
finally one sprinkled on the underside of each outspread wing. The
birds, when treated, should be held over a shallow pan or newspaper in
order that the excess of the chemical may be saved.

For dusting, the powdered sodium fluoride is sometimes mixed with
three or four times its bulk of flour or talc. It is applied with a large
shaker, and the feathers of the bird are ruffled as this is being done.
* This procedure is not as economical of material or as efficient as the
pinch method, and the excess of chemical in the air is irritating to birds
and operators.

Dipping in sodium fluoride solution is rapidly becoming a standard
method of treatment among a large group of producers that have over-
come the poultrymen’s prejudice against wetting their birds. In warmer
climates, such as that of California, birds may be dipped safely in almost
every month of the year by choosing a warm day with little wind and
completing the operations an hour or two before sundown in order that
the fowls may dry thoroughly before roosting for the night. The solution
should be prepared in a wooden container, avoiding contact with galva-
nized iron. The ordinary wooden washtub is excellent for this purpose.
One ounce of the commercial sodium fluoride or two-thirds of an ounce
of the chemically pure crystals should be dissolved in each gallon of
tepid water. The best method for dipping the birds is to hold them with
the left hand by both wings. They are then placed feet foremost in the
warm dip and submerged until only the head remains above the surface.
They should be held in this position from 20 to 25 seconds while the
feathers are being ruflled to permit penetration of the liquid. Just before
removal the head should be ducked under the surface. The birds should
be held above the dip for two or three seconds to allow them to drip
before releasing them. One hundred birds will use up approximately 5
gallons of dip; material should be available at the start of operations to
keep the dip replenished on this basis.

The dipping method kills all lice immediately, but where the chemical
is applied as a powder three or four days pass before elimination is com-
plete. If the birds are caught and handed to the operator from 100 to 125
birds an hour can be treated by dipping or dusting and approximately
60 to 75 per hour by the “pinch” method.

Other methods. The very fact that poultry wallow in dust whenever
it is available indicates a means of partly controlling the bird lice. Special
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box wallows, conveniently placed, broad and deep enough so that there
will be room for several birds at a time, should be partly filled with fine
road dust or ashes with the addition of a quantity of tobacco dust in the
proportion of about six parts of the former to one of the latter. It is quite
desirable to add a few handfuls of sulphur. The finer the dust the better,
since it is believed by some that the dust particles enter and clog up the
breathing pores of the lice. However, it is more probable that the agita-
tion caused by the birds wallowing in the dust dislodges many of the
lice and they are thus lost in the shuffle.

Powdered derris root applied as a dust, or as a dip, one-fourth ounce
to a gallon of water, is said to be effective. This method is described by
Wells, Bishopp, and Laake.*

The application of 40 per cent nicotine (Black Leaf 40) to the roosts
in a thin layer with a brush or swab before the birds go to roost gives ex-
cellent results. The treatment should be repeated at an interval of 10 days

52 53 54

Fic. 52. The biting ox louse, Bovicola botis. x 26.
Fic. 53. Biting louse of the Angora goat, Trichodectes hermsi. X 22.
Fic. 54. The biting dog louse, Trichodectes canis. x35.

to kill the lice which have hatched from eggs on the birds. It is recom-
mended that the application be made when the weather is calm. Appar-
ently this treatment acts as a fumigant. Telford®® (1945) tested the
effects of 37 louse powders on several species of chicken lice and found
that practically complete control was given by DDT, 0.5 to 4.0 per cent;
derris (with 5 per cent rotenone) 10 per cent; sodium fluoride, 33 per
cent, cryolite, 30 per cent, and micronized wettable sulfur.

Biting lice of domesticated maminals. The biting lice of domesticated
mammals are for the most part rather easily identified by their presence
on a given host, as commonly not more than one species of Mallophaga
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is found on each species of mammalian host. Cattle are often heavily
infested .on the withers, root of tail, neck, and shoulders with Bovicola
bovis (Linn.) (= Trichodectes scalaris Nitzsch) (Fig. 52), a little red
louse about 1% mm in length, definitely marked with transverse bars
(ladder-like) on the abdominal segments. The biting lice are most
numerous on the animals during dry, cold weather when the hair is long.
Although they do not irritate the cattle as much as suckling lice do, the
following noteworthy observation is made by Imes:*

When present in large numbers, however, they often form colonies or
groups around the base of the tail, over the withers, and on other parts of
the animal, and produce lesions resembling those of scab. These lesions vary
in size from that of a 25-cent piece to 4 or 5 inches in diameter. The skin
over these areas appears to be raised, and ringworm may be suspected; but
when the lesion is manipulated the scarf skin falls off, exposing the lice
grouped on the raw tissues beneath. Under such conditions the irritation is
very great and the damage to the animal may be fully equal to that caused
by scab.

Horses, mules, and asses, but horses more particularly, when poorly
or irregularly groomed may suffer from two species of biting lice,
Trichodectes equi Linn. (= Trichodectes parumpilosus Piaget) and
Trichodectes pilosus Giebel; the latter according to Kellogg and Ferris**
has not been reported from North America, although it is reported by
Hall (loc. cit.) on horses in Michigan. Trichodectes equi Linn. is
described thus by Osborn:*

. The head is decidely rounded in front, the antennae inserted well back,
so that the head forms a full semicircle in front of the base of the antennae.
The abdomen is more slender and tapering than in bovis (scalaris). . . . The
color is much as in the allied species, the head, thorax and legs being a bright
reddish brown, or chestnut, and the abdomen of a dusky yellowish color,
with about eight transverse dusky bands occupying the central or anterior
portions of the segments and extending from the middle line a little more
than halfway to the margin. They are hardly as conspicuous as in bowvis
(scalaris).

T. pilosus Gieb. is a smaller species and the antennae are inserted well
forward, almost on a line with the anterior border. Hall states that these
“lice give rise to itching, and the results from this are often surprisingly
unpleasant. A barn full of horses may become a pandemonium as a re-
sult of lice. The itching animals attempt to relieve the itching by rubbing
and biting, other animals start to kick, presently the kicking becomes
general and there is a resultant clamor and din, with a substantial ele-
ment of danger to the horses and attendants.” The life history is about
the same as for the biting cattle lice.

Sheep may at times show severe infestations of Trichodectes ovis
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Linn. (= T. sphaerocephalus Nitzsch). This species is about 1.5 mm in
length, the head being somewhat rounded, as long as broad, and red-
dish in color; the abdomen is whitish. Because of extensive dipping
operations against scab this louse has seldom had an opportunity to
thrive, but we have observed that when scab disappeared and con-
sequently no dipping was done, the biting lice appeared in troublesome
numbers.

Goats are very commonly enormnously infested with biting lice.
Several species from goats have been described, about which there is still
some confusion, but the common species is Bovicola caprae (Gurlt)
(= T. climax Nitzsch). The author has found Angora goats to be heavily
infested with Trichodectes hermsi Kellogg and Nakayama (Fig. 53),

Fic. 55. A biting louse of deer, Trichodectes tibialis. (Left) male, (right)
female. x 31.

which resembles and is probably a synonym of T. penicillatus Piaget,
which in turn is said to be a synonym of T. limbatus Gerv., of T. crassipes
Rudow, and ot T. major Piaget. The irritation produced by the lice, par-
ticularly on Angora goats, causes the animals to rub or bite themselves
so much that the mohair is matted and pulled out, resulting in consider-
able loss. The individual hairs are weakened by the gnawing of the lice.
Sulfur dips (10 pounds wettable sulfur to 100 gallons of water) are
highly recommended. Two dips, with an 1l-day interval between, are
recommended.,

Dogs, particularly puppies, may suffer much irritation from a small
biting louse, Trichodectes canis De Geer (= T. latus Nitzsch) (Fig. 54).
It is a broad, short species, measuring about 1 mm in length. The author
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took biting lice from a dog in Berkeley, California, many years ago,
which were described as Heterodoxus armiferus by Paine.** As this genus
is said to be restricted to the kangaroo the incident was interesting. The
later species is now considered to be a synonym of Heterodoxus longi-
tarsus Piaget, which today is frequently found on dogs in California.

Cats may become heavily infested with Felicola subrostratus
(Nitzsch) (Trichodectes subrostratus Nitzsch). Guinea pigs commonly
harbor two species, Gyropus ovalis Nitzsch and Gliricola porcelli (Linné)
(= Gyropus gracilis Nitzsch). The llama harbors Trichodectes breviceps
Rudow. Trichodectes tibialis Piaget (Fig. 55) is very abundant on
California deer.

Control of biting lice on mammals. As a general rule lousicides effec-
tive against sucking lice are also effective against biting lice, although
the reverse does not always hold. Sodium fluoride has proved effective
in the destruction of the biting lice on cattle, horses, goats, sheep, dogs
(dangerous to cats), and guinea pigs. Bishopp states that “a high degree
of effectiveness (90 to 100 per cent destruction) may be obtained by
applying the sodium fluoride with a dust gun to the flock in a pen as the
goats are driven through a chute. It does not seem to be necessary to
drive the dust into the mohair especially and only a small amount—
about one-third ounce per head—is necessary.” Because of the toxicity
of sodium fluoride its use on dairy cattle is not recommended not only
because of possible danger to the animals but also because of milk con-
tamination. Furman (1947, loc. cit.) found that Bovicola bovis infesta-
tions could be eliminated by a single dip in 0.15 per cent benzene
hexachloride. A persistent odor is a factor to be considered if this in-
secticide is used.

The following suggestion by Lamson (loc. cit.) for the treatment of
cattle lice in general is noteworthy, though perhaps of little importance:

Of the many different measures for the control of lice on dairy cows and
young stock, raw linseed oil gave the best results from the standpoint of econ-
omy of material and labor of application, killing all the lice but not injuring
the skin and at the same time not making it necessary to thoroughly drench
the cow. It has no poisonous properties. At the same time it is a logical remedy,
as the lack of oiliness in the skin of the cow is a fundamental reason for her
being lousy. Linseed oil can be put on at the time taken for grooming or
cleaning the cows, thus doing two things in one application. . . . From four
to five cows can be treated with a pint . . . treatment should be repeated
at least five times. Raw linseed oil can be best applied with a brush having
bristles of unequal length. Do not rub the skin too vigorously when applying
the oil. Do not allow the animals that have been treated to go out in the
strong sunlight until at least twelve hours after applying the oil. Do not ex-
ercise the animals after the treatment. Do not use the boiled or refined lin-
seed oil.
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Lice and taeniasis. Dipylidium caninum (Linn.), the double-pored
dog tapeworm, is a common parasite of the dog and is occasionally
found in humans, especially children. It measures from 10 to 14 inches
in length, has long seed-like proglottids and an armored scolex; as its
larval host it has the biting dog louse, Trichodectes canis DeGeer, the
dog flea, Ctenocephalides canis (Curtis ), or the human flea, Pulex irritans
Linn, The cysticercoid stage has been experimentally produced in the
louse by placing ripe crushed proglottids of the tapeworm on the skin of
a dog infested with lice.

As has already been explained, the biting lice subsist on epidermal
scales, skin exudations, and other matter on the skin of the animal. This
habit makes it comparatively easy for the louse to become infected by
swallowing “eggs.” The dog, on the other hand, readily infects itself by
devouring the lice (or fleas) which irritate jts skin.

Persons, particularly children, while fondling louse-infested (or flea-
infested) dogs may easily become infected by accidentally swallowing
lice (or fleas) which contain bladder worms (larval tapeworms). This
is more readily accomplished if the person is eating while fondling dogs.
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CHAPTER X

— -

GNATS (ExXCLUSIVE OF MOSQUITOES )
Simuliid Gnats, Phlebotomus Flies, Hippelates Flies

(FAMILIES SIMULIIDAE, PSYCHODIDAE, CHLOROPIDAE)
Order Piptera

Order Diptera. The several families of gnats discussed in this. chap-
ter are members of the Order Diptera, “the flies,” which comprises some
75,000 described species belonging to some 140 families (see Curran,
1934).* Many species of insects belonging to this order are involved in
the transmission of important diseases of man and animals; hence the
medical entomologist must be thoroughly familiar with the Diptera.

As the name implies, all of the winged members of the Order have
only one pair of wings; the posterior pair is represented in nearly all
species by a pair of short (often minute) knobbed organs known as
balancers or halteres. In certain families, e.g., muscoid flies, there is pres-
ent a pair of minute wing-like structures at the juncture of the wings
with the body; these are known as squamae or allulae. Conspicuous com-
pound eyes are present, and most species possess three simple eyes
(ocelli). The metamorphosis is typically complete, consisting of the four
stages—egg, larva, pupa, and imago (adult). Some species are vivip-
arous, notably the tsetse flies. The mouth parts, as previously described,
are subject to great variation although all are suctorial; many species are
provided with very effective piercing stylets which enables them to
“bite” fiercely and to suck blood.

Much attention must be given the larval stages because the larvae
frequently invade the tissues and organs of the body of man and animals,
causing myiasis (see Chapter XVII); also a wider knowledge of aquatic
larvae (of which there are many species) is important in pursuing work
with mosquitoes and other gnats, as well as in the study of the biology
of water supplies (see Johannsen?).

The Diptera have a wide range of breeding habits. There are very
few habitats suitable for animal life which have not been invaded by the
flies. The petroleum fly, Psilopa petrolei Coq, as its name implies,
actually passes its larval life in crude oil.

143
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Classification of the Diptera. In the classificatior. of Diptera, knowl-
edge of wing venation is important (Fig. 56). The great diversity of
antennal structure provides a useful series of characters, as does the ar-
rangement of spines (chaetotaxy) on the body of certain species, such
as the blowflies (see Walton®). The terminalia are important taxonomic
structures in many Diptera. v

The Diptera are usually separated into two major groups (1)
Orthorrhapha, referring to the species in which the winged insect escapes

SIMUL UM MUSCA

STOMOXYS GLOSSINA

Fic. 56. Wings of Diptera. For explanation of venation, see Figure 12.

from the puparium through a T-shaped anterodorsal split, as horseflies,
buffalo gnats, and mosquitoes; and (2) Cyclerrhzpha, in which the in-
sect escapes from the puparium through a circular opening; in fact it
pushes off the anterior cap by means of pressure exerted by the bladder-
like ptilinum on the front of the head of the insect, e.g., houseflies and
blowflies.

For the purposes of this book the Diptera are divided into three sub-
orders. (1) Nematocera, in which the antennae are fliform and many-
jointed, as in mosquitoes; (2) Brachycera, in which the antennae are
short, not filamentous, generally three-segmented, variously formed, as
in horseflies; (3) Cyclorrhapha as described above, and with antennae,
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brachycerous, generally three-segmented, and frequently bearing an
arista on the terminal joint; ptilinum usually present, as in houseflies and
blowflies.

SuBorDER I. NEMATOCERA

Larvae have well-developed, exserted head and horizontally biting
mandibles; pupa free. Antennae of imago are many-jointed, longer than
the head and thorax, and the majority of the joints are usually alike;
arista is lacking. Palpi are usually four- or five-jointed, pendulous. Discal
cell is generally absent; cubital cell when present, widely open.

SuBORDER II. BRACHYCERA

Larvae have incomplete head, usually retractile, and with vertically
biting mandibles; pupa free. Antennae of adult are shorter than thorax,
very variable, generally three-segmented with last elongate; arista or
style, when present, is terminal. Palpi are porrect, one- or two-segmented.
Discal call is almost always present, cubital cell is contracted before
wing margin or closed.

SusorpER III. CYCLORRHAPHA

Larvae have vestigial head; pupa coarctate; antennae of adult are
three-segmented with arista usually dorsal in position. Palpi are one-
segmented. Discal cell is almost always present. Cubital cell‘is contracted
or closed. Head with frontal lunule and usually with ptilinum.

Some Families of the Order Diptera®

Suborder Nematocera

A. Mesonotum with an entire V-shaped suture....... .. (Crane Flies) Tipulidae
AA. Mesonotal suture transverse, not V-shaped.
B. Costa continued around the margin of the wings, though weaker be-
hind the apex.
C. Wings short and broad, folded roof-like over the body when
at rest, usually pointed

(Moth Flies, Sand Flies, Owl Midges) Psychodidae
CC. Wings long, or if broad, the apex is very broadly rounded,

always lying flat over the back when at rest.
D. Apical veins strongly arched............ (Dixa Midges) Dixidae

DD. Veins straight or nearly so.

E. Proboscis not elongate, extending but little beyond the
clypeus; wings with scales (when present) confined
mostly to the fringe............... Chaoboridae

EE. Proboscis elongate, extending far beyond the clypeus;
wings with the veins and margins with scales

(Mosquitoes) Culicidae

® Classification adapted after Curran (loc. cit.).
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BB. Costa ending at or near the apex of the wing.
C. Wings very broad, the posterior veins weak and poorly de-
veloped................ (Black Flies, Buffalo Gnats) Simuliidae
CC. Wings narrow and long, the posterior veins stronger.

D. Wings lying flat over the back when at rest; metanotum
short and without a longitudinal groove; femora some-
times swollen............ (Biting Midges) Ceratopogonidae

DD. Wings lying roof-like over the back when at rest; meta-
notum long and with a median longitudinal groove;
legs long and slender............. (Midges) Chironomidae

Suborder Brachycera

A. Third antennal joint annulated; arista absent
(Horseflies, Deer Flies) Tabanidae
AA. Third antennal joint not annulated; but if annulated, with extremely
long flagellum with terminal arista; squamae vestigial; normally shaped
flies ... ... (Snipe Flies) Rhagionidae (Leptidae)

Suborder Cyclorrhapha

A. Anal cell closed very close to the wing margin; a spurious vein run-
ning obliquely between the third and fourth longitudinal veins
(Flower Flies) Syrphidae
AA. Anal cell usually shorter; no spurious vein.

B. Second antennal segment with a longitudinal seam along the upper
outer edge extending almost the whole length; posterior calli
definitely formed by a depression extending from behind the
base of the wings to above the base of the scutellum

(Calypteratae: Muscoidea)
C. Metascutellum developed, appearing as a strong convexity
below the scutellum; hypopleura (meron of Snodgrass) with
strong bristles........................ (Tachina Flies) Tachinidae
CC. Metascutellum weak or absent, or if developed there is only
hair on the hypopleura.
D. Oral opening and mouth parts very small; hypopleura
with abundant long hair.
E. Scutellum extending far beyond the base of the
metanotum; metascutellum never developed
(Robust Botflies) Cuterebridae (Oestridae)
EE. Scutellum very short; metascutellum usually strongly
developed; palpi usually large
(Botflies) Oestridae
DD. Oral opening normal; hypopleura with a row of bristles
or only short sparse hair.
E. Hypopleura with a row of bristles.
F. Apical cell strongly narrowed apically
(Blowflies) Metopiidae®
® Includes the Sarcophagidae, part of the Tachinidae and Muscidae of Willis-
ton’s Manual. (Curran.)
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FF. Apical cell not at all narrowed apically
Muscidae®
EE. Hypopleura with fine, short hair or bare... Muscidae
BB. Second antennal segment rarely with a well-developed dorsal seam;
the posterior calli not differentiated (except in Gasterophilus):
squamae small (Acalyptratae).
C. Mouth parts vestigial, sunken in a very small oral pit
(Horse Botflies) Gasterophilidae (Oestridae)
CC. Mouth parts well developed; the oral opening large. Ocellar
triangle large; fifth vein with a distinct curvature near the
middle of the discal cell
(Frit Flies) Chloropidae (Oscinidae)

FAMILY SIMULIIDAE
(Buffalo Gnats—Black Flies)

Characteristics. The family Simuliidae, consisting of over 600
species,»® includes insects commonly known as buffalo gnats, black flies,
and turkey gnats. They are small (1 to 5 mm long) bloodsucking flies,

Fic. 57. A buffalo gnat, Eusimu-
lium pecuarum. (Redrawn after (Gar-
man.)

with mouth parts blade-like and piercing in the female but more or less
rudimentary in the male. They are stout bodied and usually almost black
in color. The thorax presents a strong development of the scutum and
reduction of prescutum resulting in a prominent hump Fig. 57). The
antennae are ten- to eleven-jointed; the eyes of the female are distinctly
separated (in the male they are usually close together and prominent,

° Includes the Scatophagidae (Cordyluridae), Anthomyidae, and those Muscidae
(of the Williston Manual) lacking hypopleural bristles. (Curran.)
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i.e., holoptic); ocelli absent; palpi four-jointed; wings broad and irides-
cent, with distinct alulae, the venation is characterized by a strong
development of the costal veins (Fig. 56). Buffalo gnats often occur in
enormous swarms during late spring and early summer in hilly sections
where swiftly flowing streams provide well-aerated water for larval
development. They are particularly abundant in the north temperate
and subarctic zones.

Although running water, such as that of shallow mountain creeks is
favored as a breeding place, the gnats may also breed in roadside
ditches of more slowly moving water. The gnats may be found in abun-
dance a mile or two from water, probably in search of food.

Life history. Eggs to the number of 350 to 450 per female are de-
posited in masses at the water surface of aquatic plants, logs, and water-
splashed rocks. Comstock says he has often watched the gnats hovering
over the brink of a fall where there was a thin sheet of swiftly lowing
water, and has seen them dart into the water, and out again. At such
times he has always found the surface of the rock more or less thickly
coated with eggs, and has no doubt that an egg is fastened to the rock
each time a fly darts into the water. The shiny eggs are at first creamy
white, changing to almost black.

The time required for hatching is from 5 to 30 days, depending on
temperature and motion of water. In running water at a temperature
of 20° to 22° C the incubation period is four to five days.® The newly
emerged larva attaches itself by means of a caudal sucker to any sub-
merged object, such as a stone or log, and is kept from being washed
away by a silken thread. Movement from place to place is achieved by
shifting anchorage. In some favorable location, such as the riffles on the
downstream side of an old log partially damming a little stream, there
may be thousands of these tiny black spindle-shaped larvae. The larvae
as well as the pupae are provided with gill filaments and usually remain
submerged or partly so. The larval period of some species is said to
require but three to five weeks. The food of the larvae consists of small
crustacea, protozoa, and algae. The larval period for Simulium ornatum
Meigen is given by Smart’ as 7 to 10 weeks when temperatures in the
stream ranged between 9° to 15.5° C. At the end of the larval period
the organism spins a rough reddish-brown basket-like cocoon in which
pupation takes place. These cocoons are firmly attached to shallowly
covered objects such as rocks.

The pupal period is quite short in some species, requiring not over
five or six days; while in other species it lasts three to four weeks. Tem-
perature influences this stage, i.e., cooler weather retards the emergence
of adults. Smart gives the pupal period for S. ornatum Meig. as 3.75
days at a constant temperature of 21° C. In some species there is con-
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tinual breeding from early spring to late autumn with overlapping gen-
erations; in others there is evidently one sudden brood coming fairly
early in the spring with stragglers following. They overwinter in either
the larval or egg stage. The life history, egg to adult, ranges from 60 days
to 15 weeks and over, depending on species and climatic conditions.
Larvae. The light brown to black larvae are cylindrical, twelve-seg-
mented, slightly thinner in the mid-region, and when fully grown are
from 10 to 15 mm in length (Fig. 58A). The posterior end of the body
is provided with a toothed disk-like sucker, composed of two modified
parapodia. The anterior proleg is also modified into a prehensile toothed
disk. By means of these organs the larvae move from place to place with
a looping motion. They attach themselves to rocks or other supports in

Fic. 58. (A) larva and (B) pupa of
Simuldium; latter removed from cone-shaped

cocoon. (Redrawn after Lugger from
Washburn.)

the water by means of the posterior sucker, the hooks of which they
insert into the network of silken threads produced by secretions from
the salivary glands with which they they covered the substratum. The
larvae may hang from threads produced in similar fashion or travel along
their length.

Although the larvae are provided with a well-developed tracheal
system, and nine pairs of spiracles may be observed, these are not open,
and respiration is carried on by means of gills, recognized as branched
retractile structures located dorsally on the last abdominal segment. The
fan-shaped filamentous structures located on the head are for the pur-
pose of creating a current, by means of which food is drawn into the
mouth.

Pupae. When the larvae are ready to pupate, each spins a crude
pocket-like cocoon open at the upper end. The pupae are provided with
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respiratory filaments attached anteriorly to the dorsal portion of the
thorax. The filaments are often quite numerous and because of their
constancy in number in a given species may be of diagnostic value (Fig.
58B).

Classification. The family Simuliidae is divided into four genera
according to Dyar and Shannon,® viz.:—the three genera with the radius
setose on its entire length: (1) Parasimulium, with the radius joining the
costa at the middle of the costal vein, the radial sector forked, antennae
ten-jointed; (2) Prosimulium, with the radius joining the costal vein far
beyond its middle, the radial sector with a long fork, the second hind
tarsus without dorsal incision, the front usually broad; (3) Eusimulium,
with the radius also joining the costal vein far beyond its middle, but
with the radial sector simple, the hind basitarsus produced or not pro-
duced apically, the second hind tarsus with or without dorsal incision
and less than twice the width of the basitarus, and the front narrowed;
(4) Simulium, the radius bare between the stem vein and the base of the
radial sector, the radial sector simple, the hind basitarsus produced
apically, the second hind tarsus with dorsal incision and less than twice
the width of the basitarsus. Smart (1945, loc. cit.) recognizes six genera,
viz., Parasimulium, Prosimulium, Cnephia, Austrosimulium, Gigantodax,
and Simulium.

Common species. Only one species is given under the genus Para-
simulium by Dyar and Shannon, namely P. furcatum Malloch from Hum-
boldt County, California. Prosimulium fulvum Coq. is a widely distrib-
uted species in the mountainous regions of the west and along the
Pacific coast from Alaska to California; P. hirtipes (Fries) is said to be
confined to the region east of the Mississippi and north of the Carolinas.
It rarely attacks man, according to Dyar and Shannon, though it is
known on occasion to bite rather severely; it is not considered an im-
portant pest of livestock.

Eusimulium pecuarum (Riley) [= Cnephia pecuarum (Riley) ac-
cording to Smart] is known as the southern buffalo gnat and is a great
scourge of livestock as well as of man in the Mississippi Valley. During
the height of the gnat season in the early spring, work on plantations is
often greatly handicapped because of the annoyance to work animals.
E. minus D. and S. [= Cnephia minus (D. and S.)] is a widely distrib-
uted western and Pacific coast species with the type locality indicated
as Yosemite. It resembles the buffalo gnat but is smaller and darker.

Simulium pictipes Hagen occurs in the eastern United States. It is
said to be an inoffensive species. Simulium vittata Zetterstedt is wide-
spread throughout North America and is a common species in Europe.
It attacks man and livestock freely. Simulium occidentale Townsend and
Simulium meridionale Riley, known as “turkey gnats,” are also common
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and widespread species in North America but particularly in the south-
ern states, where the gnats appear in late spring following the buffalo
gnat. They attack poultry, biting the combs and wattles, and are said
to cause symptoms similar to “cholera,” hence the name “cholera gnat.”
Simulium venustum Say is the black fly. It is one of the most annoying
and widespread species. It torments fishermen and campers in New
England and Canada. The gnats occur in the greatest numbers during
June and July.

The bite. There is perhaps no other insect of equal size that can in-
flict so painful a bite as can the buffalo gnat. It is a day biter and is
rarely found indoors. The mouth parts are of the dipteron type (similar
to those of the horsefly), consisting of six blade-like lancets.

Human beings as well as domesticated animals are viciously attacked.
The eyes, ears, nostrils, wrists, and all exposed parts of the body of man
are subject to attack. The extreme pain, intense itching, and the result-
ant local swelling, and occasional severe complications, indicate the
presence of an active venom. Losses due to the bite of this fly are con-
siderable and are estimated variously by stockmen. Myriads of these
gnats appear after the spring floods of the Mississippi River and its tribu-
taries. Horses, mules, and cattle are often killed in a few hours by the
venomous bites and loss of blood. This sudden appearance of the gnats
is explained by the large accumulation of eggs that have been washed
into the area during floods. These eggs do not hatch until the next flood
causes movement of the water, for it is in flowing and well-aerated water
that the larvae hatch and develop rapidly.

Simulium columbaschensis Fabr. is the famous Columbacz gnat of
middle and southern Europe. Patton and Evans® (p. 193), citing Ciurea
and Dinulescu, report that in 1923 two immense swarms of this fly
invaded southwest Roumania in May, June, and July, causing the death
of 16,474 domestic animals, including cattle, horses, pigs, sheep, and
goats. Large numbers of deer, foxes, and hares, as well as other wild
animals, were killed at the same time, according to these authors.

Relation to disease. Owing to the vicious intermittent bloodsucking
habits of the buffalo gnats, it has long been suspected that they might
play a role in the transmission of disease.

With the startling report of Dr. Louis W. Sambon'® in 1910 ascrib-
ing the transmission of pellagra to a buffalo gnat, the study of the
Simuliidae gained new impetus. The gnats, however, have no relation to
this disease. Goldberger'® states (1914) that pellagra is neither infectious
nor contagious, that it is essentially of dietary origin, and that the disease
does not develop in those who consume a mixed, well-balanced, and
varied diet. The most important disease transmitted by Simuliid flies is
onchocerciasis (onchocercosis), a disease of natives of certain parts of
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Africa, Mexico, and South and Central America. It is caused by filarial
worms, Onchocerca volvulus (Leuckart) (= O. caecutiens Brumpt),
which require black gnats as intermediate hosts. The female worm meas-
ures from 35 to 50 cm in length, the male 20 to 40 mm. These worms oc-
cur in conspicuous subcutaneous nodular tumors located primarily on the
trunk, shoulders, and head of infected persons. Several adult worms and
numerous larvae (produced viviparously) usually occur in each tumor.
Serious involvements of the eye occur, often resulting in complete blind-
ness evidently due to migration of the larvae. Strong'? points out that
from a clinical standpoint the association of ocular disturbances (such as
photophobia ) with the disease is emphasized by the high percentage of
failing vision and blindness in a locality where at least 95 per cent of the
populations are infected with the parasite and have demonstrable nod-
ules. The student should particularly consult a treatise on ocular oncho-
cerciasis by Hisette.’®

Blacklock,'* working in Sierra Leone, has shown that when the micro-
filariae are taken up with the bite of Simulium flies, they migrate from
the fly’s stomach, finding lodgment in the thoracic muscles, where further
development takes place, and then travel to the head and finally to the
labial structures of the fly, where escape is made when the fly bites, and
infection of the human being is accomplished. Development in the gnat
requires about 10 to 14 days. The time required for development in the
human from inoculation by the bite to maturity of the worm in the skin
nodule is said to be about four months. The species of fly observed in
these experiments was Simulium damnosum Theob., a widely distributed
black gnat of tropical Africa. Bequaert's points out that of 57 species of
Simuliidae described from the Ethiopian region, five only are definitely
reported as biting people, but all must be looked upon with suspicion as
possible carriers of onchocerciasis, although S. damnosum Theob. and
S. neavei Roubaud are the only ones positively incriminated.

Strong® investigated the disease in Guatemala, where he reports it is
characterized by the formation of nodular tumors (containing adult
filariae) situated on the scalp, although they may occur on the trunk and
in the pelvic region. Vargas states that three species of black gnats are
reported to be vectors of the infection in Guatemala and Mexico (in the
states of Oaxaca and Chiapas, Mexico, according to Dampf*” and Maz-
zotti'®). Simulium ochraceum Walker is said by Vargas (verbal com-
munication) to be the principal vector in these areas; others of less im-
portance being Simulium callidum Dyar and Shannon (= Simulium
mooseri Dampt) and Simulium metallicum Bellardi. Vargas has recently
reported the presence of onchocerciasis in Venezuela, the vector being
unknown.

Bovine onchocerciasis. It has been pointed out by Steward™ that
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bovine onchocerciasis is of considerable economic importance in Austral-
ia, that the “worm nodules” due to Onchocerca gibsoni Cleland and
Johnston cause losses to the state of Queensland estimated at £500,000
per annum. The work done by Steward in England with Onchocerca
gutturosa Neumann proved that this latter parasite is transmitted by
Simulium ornatum Meigen. He showed that the filariae are conveyed from
the skin of the cow with the bite of the fly, thence to the mid-gut of the
insect, where development commences. Ten days after ingestion they
reach the “sausage” stage in the thoracic muscles, and by the nineteenth
to twenty-second day they migrate forward to the head ready for emer-
gence from the proboscis when the gnat feeds again.

Leucocytozoon infections of poultry. The name Leucocytozoén was
given to certain Sporozoa found in the blood of birds by Danilewsky in
1890, and in 1895 Theobald Smith discovered a Leucocytozodn in the
blood of turkeys; this parasite was named Leucocytozodn smithi by
Volkmar. In 1932 Skidmore,*® working in Nebraska, reported the success-
ful transmission of this parasite by Simulium occidentale Town. In 1938
Johnson et al.?* reported transmission through the agency of Simulium
nigroparvum (Twinn). Johnson and his associates state that when the
organism is taken into the stomach of the fly gametes are formed, macro-
gametes being clearly observable as well as the zygote.

An important infection of both domestic and wild ducks, caused by
the protozodn parasite, Leucocytozoon simondi Mathis and Leger, 1910
(= L. anatis Wickware 1915), occurs in Michigan according to O’Roke?*?
who proved that the disease is transmitted by the black fly, Simulium
venustum Say. Other vectors are S. occidentale Town and S. nigroparvum
Twinn. The development of the organism within the body of the gnat is
cyclico-propagative, resembling closely the life cycle of the plasmodium
of malaria in anopheline mosquitoes. O’Roke states that the asexual cycle
in the duck requires 10 days and the sexual cycle in the gnat not to ex-
ceed five days, with field evidence that it may be as short as two days
or less.

Black-gnat control. Knowing the breeding habits of black gnats, it
will be appreciated that larval control is a difficult task. The writer has
repeatedly recommended that, in the vicinity of communities, streams in
which these insects are breeding should be kept as free as possible from
debris, including submerged roots and dipping branches of overhanging
trees. Although this can be done, prevailing winds may nevertheless bring
swarms of gnats from a distance; but the removal of debris from streams
lessens the opportunity for them to disposit their eggs. Old logs lying
crosswise of a small stream are a particular menace because shallow
waterfalls are thus usually produced and afford ideal breeding places for
the gnats. The fact that the larvae tend to congregate in masses in cer-
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tain parts of streams in which they are breeding makes it possible to
remove them in quantities when they are once located.

The newer repellents such as indalone, Rutgers 612, and dimethyl-
phthalate are useful but require frequent application according to
Vargas.?® Experimental work in larval control now being carried out by
several investigators indicates that a good measure of success can be
achieved by the use of either DDT or TDE as applied in tests for the
control of chaoborid gnats. Romana and Abalos report successful control
of larvae in streams by the use of gammexane in wettable mixtures at the
rate of 700-1,000 mg per 1/sec of water. Ann. d Inst. med. Regional,
Univ. Nacional de Tucuman, Argentina, Dec., 1948.

R. D. Glasgow, New York State entomologist, reports economical
and successful control of black flies (adults) by applying a DDT aerosol
fog by means of a helicopter. About one quart of a 15 per cent solution
of DDT in a petroleum solvent was used per acre.

FAMILY PSYCHODIDAE

(Moth Flies—Phlebotomus Flies)

Family Psychodidae. The family consists of several hundred species
and includes the tiny gnats known as owl midges, moth flies, and
Phlebotomus flies (sand flies). The ovate, usually pointed wings and the
body are densely covered with hairs, whence the name moth flies. In the
Psychoda flies the wings when at rest lie roof-like over the abdomen. Be-
cause of the faint transverse venation the wings appear to have only
longitudinal veins. The antennae are usually fairly long and from twelve-
to sixteen-segmented.

The family may be divided into two subfamilies, (1) Psychodinae,
known as moth flies or owl midges, which are not bloodsuckers and
whose wings are held roof-like over the body; and (2) Phlebotominae,
the sand flies, of which the females are bloodsuckers; they are never
aquatic.

Psychoda flies. Several species of Psychoda are commonly found in
great numbers about sewage disposal plants, cesspools, and washbasins
in bathrooms where the larvae may develop in sink drains in spite of hot
water and soap. A common Pacific coast species is Psychoda pacifica
Kincaid, brown in color, measuring from 2 to 2.3 mm in length, and
moth-like. Although the flies of this genus are not bloodsuckers, they
may breed in such numbers in the filter beds of sewage disposal plants,
as the author has personally observed, as to constitute a real annoyance
to neighboring households. The corresponding eastern species, Psychoda
alternata Say is known as the “sprinkling sewage filter fly.” These gnats
may become annoying in the house, where they originate in the surface
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of the gelatinous material in sink and bathroom drain traps. Their life
cycle is quite short, ranging from 8 to 24 days depending on temperature,
the average is about two weeks (see Mallis and Pence®*).

The adult gnats may be controlled by spraying their resting places
with a 5 per cent DDT emulsion or suspension at the rate of 1 gt to
250 sq ft of area. Caution must be exercised in the use of DDT emulsions
for the control of the larvae because of damage of filter growth by the
solvent. Simpson?® states that suspensions with a wetting agent eliminates
adverse effects. He recommends addition of a quantity of DDT at one
time equal to 1 p.p.m., based on daily flow, and retarding filter operation
% to 1 hour for contact time and repeating the operation every two
weeks.

Phlebotomus (= Flebotomus) flies. The genus Phlebotomus (=
Flebotomus) of the family Psychodidae comprises many species of small-
sized hairy gnats or midges measuring from 1.5 to about 4 mm in length.
They are commonly known as sand flies. They differ from the Psychoda
flies, their nearest relatives, in that the wings are held upward and out-
ward so that the costal margins form angles of about 60 degrees with
each other and with the body. The second longitudinal vein branches
at a considerable distance from the base of the wing. The females alone
have piercing mouth parts and are bloodsuckers; some species are said
to feed on cold-blooded animals such as lizards and snakes;2%27 others
feed on field mice; no doubt most of them feed on a variety of warm-
blooded animals including man. The males suck moisture from any
available source and are even said to suck up sweat from humans. These
gnats are active only at night when there is little or no wind, seeking
protection by day in shelters both out of doors in crevices, caves, and
among vegetation, and within buildings where they hide in dark corners.
Their noiseless flight, which is commonly described as weak, is usually
in short so-called “hops” when they are disturbed; however, in longer
flights their progress is slow and steady and can be followed with the
eye. Townsend?® points out that “deep canyons, free from wind and dimly
lighted, are especially adapted to them.”

Life history of sand flies. Hertig,>” who has had wide experience with
Phlebotomus flies, points out that “the breeding-places of sand flies are
notoriously hard to find and have been demonstrated in the case of only
a few species. They are typically under stones, in masonry cracks, in
stables, poultry houses, etc., in situations combining darkness, humidity,
and a supply of organic matter which serves as food for the larvae. In
no case is the breeding-place aquatic.” To situations mentioned above
may be added hollow trees and animal burrows. The eggs are deposited
in small batches. The incubation period is said to be from 9 to 12 days
(Whittingham and Rook).2¢ The minute whitish larvae have long anal
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spines; the mouth parts are strongly maudibulate; they feed ou organic
debris, excrement of lizards, cte.; larval stage with four instars requires |
from four to six weeks; the pupa, which is naked, requires about 10 days
for development. The females usually luy eggs in five to seven days
after a blood meal. The egg-to-egg cycle requires from 7 to 10 weeks;
however, Hertig (loc. cit.) points out that where there are cold winters
Phlebotomus flies are subject to a diapause in the fourth larva. instar
which may last from several wecks to nearly a year. This. Hertig states,
was not the case in Peruvian sand flies (Fig. 59).

6. 59. Life cycle of Phlebotomus verrucarum. (1) eggs, (2) larva, (3) pupa
(P. noguchii), (4) adult female, (3) adult male. (Adapted after Hertig.)

Carri6n’s disease (bartonellosis) is known also under the names of its
two chief clinical forms, namely Oroya fever, a severe anemia, and
usualiy fatal, and verruga peruana, benign, and rccognized by a charac-
teristic cutaneous nodular eruption. “The disease is endemic in a narrow
strip along the Pacific slope and in certain other parts of the Peruvian
Andes between latitudes 6 and 13 degrees south and at altitudes usually
between 800 and 3,000 meters,” affecting parts of Peru, Colombia
(Patifio-Camargo® ), Bolivia, Chile, and Ecuador. The etiological agent
is Bartonella bacilliformis Noguchi, a minute rod-like or coccoid organism,
“which occurs in or on the red cells and intracellularly in a number of
organs, notably in the endothelial cells of iymph glands.”

The transmission of verruga was attributed to Phlebotomus flies by
Townsend?®®®! in 1913. He described the vector as Phlebotomus verru-
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carum and attributed a human infection to this species. The author was
one of those who examined a British sailor presumably successfully in-.
fected experimentally (see Hertig, loc. cit., p. 155). Although there was
some evidence of old cutaneous lesions no definite diagnosis of verruga
was made. Although the “Verruga Expedition Report™? does not con-
sider Townsend’s evidence as conclusive, the latter again presented his
arguments in favor of the Phlebotomus fly theory** (1915). Based on
careful field studies in the “verruga zone” Noguchi and Shannon, et. al.,3*
substantially confirmed Townsend’s contention that Phlebotomus verru-
carum is a vector of verruga and added another species Phlebotomus
noguchii Shannon as a probable vector. Hertig (loc. cit.) indicates some
of the taxonomic difficulties encountered in these investigations and cities
the experimental work of Battistini 1927-1931, whose publications were
not available to the author, in which positive transmission to a monkey
(positive in 18 days) was made through the agency (by bites) of wild
sand flies of a mixed lot of P. verrucarum and P. noguchii. In 1939 Hertig
in a personal communication to the author stated that he had discovered
a clue to the mechanism of infection in that the verruga organism was
recovered in pure culture from the extreme tip of the proboscis, the
piercing stylets themselves being thoroughly infected. In the commu-
nication, Hertig stated that this infection was apparently not acquired
from a blood meal. Transmission of verruga to monkeys under these cir-
cumstances was reported. The source of the proboscis infections is un-
known; however, the fact that the proboscides of male sand flies, which
are not bloodsuckers, are also thus infected, points to liquid sources other
than the usual blood meal of the females.

Sand fly fever, also known as pappataci fever, three-day fever, Medi-
terranean dengue, or summer influenza, is a seasonal (hot, dry periods)
febrile virus disease of short duration occurring in the Phlebotomus in-
fested regions of the Mediterranean, South China, parts of India, Ceylon,
and parts of South America. It is a nonfatal infection. Commonly a large
percentage of a ship’s company on shore leave, even for one night only
during the proper season, may be stricken with sand fly fever within two
or three days after leaving port. The incubation period in the insect is
from 7 to 10 days. There is some evidence that the infection may be
transmitted transovarianly, hence the insect may be itself a reservoir of
the infection. Phlebotomus papatasii Scopoli in the Mediterranean region
becomes infective six to eight days after an infecting blood meal; the
virus is present in man’s blood for 24 hours prior to onset and for the
first 24 hours of the disease, hence the infective period for the sand fly
is limited to this length of time. After a person has been bitten by an
infected fly the incubation period is usually from three to six days; thus
in the Canal Zone the disease is known as Panama six-day fever; in the



158 ’ MEDICAL ENTOMOLOGY

- Dutch East Indies it is known as van der Scheer five-day fever, and in
some parts of India as seven-day fever. Phlebotomus minutus Rond. P.
perniciosus Newst., P. papatasii Scopoli, and no doubt other species are
vectors of the virus.

Leishmaniasis is caused by various species of parasitic protozoa be-
longing to the genus Leishmania, round or oval intracellular bodies,
which develop flagellate herpetomonad stages in the gut of insects.
Leishmania infections are variously known. Kala-azar, dumdum fever,
or tropical splenomegaly is a visceral leishmaniasis, traceable to Leish-
mania donovani (Laveran et Mesnil) which localizes in the reticulo-
endothelial cells. It is a widespread disease, occurring in all countries on
the shores of the Mediterranean, south Russia, India, China, Manchuria,
northern (Mediterranean) and equatorial Africa, eastern Brazil and
other parts of South America. There is progressive enlargement of the
spleen and later of the liver. As the disease progresses the skin becomes
grayish in color whence the name “black disease.” It is regarded as fre-
quently fatal, death resulting within a few weeks in acute infections
and in from two to three years in chronic cases. A case of exogenous
origin at the Marine Hospital, Baltimore, Md., is reported by Lewis
and Spicknall.*® Various species of bloodsucking arthropods have been
suspected as being vectors. The low susceptibility of laboratory animals
made progress difficult, but with the discovery that hamsters were highly
susceptible to the infection rapid progress was made. Patton and
Hindle®** (1927), as well as Young and Hertig®” and Napier, Knowles,
and Smith before them (1925), observed that the Leishmania. bodies
underwent development in the intestinal track of Phlebotomus flies after
being ingested. Flagellation is said to take place in the mid-intestine.
The cycle in the gnat is completed in from four to five days. Evidence
of infection by the insect is very meager, though Shortt and Smith,
et al.*® (1931), report successful transmission by the bite of Phlebotomus
argentipes Annandale and Brunetti, believed to be the Indian vector.
Other species, notably Phlebotomus chinensis Patton and Hindle in
China, and P. sergenti Parrot in northern Africa, are believed to be
vectors.

Transmission by the bite of the fly is doubted by Southwell and
Kirshner.** These investigators point out that the bite of the sand fly
causes an irritation and the person bitten scratches the bite, thus crush-
ing and killing the infected insect. The leptomonads, the infective forms,
do not invade the mouth parts in either P. argentipes A. and B., or P.
chinensis P. and H. Thus infection by the bite is believed to be unlikely,
though infection as the result of crushing infected flies on the skin ap-
pears to be possible. Recently Gupta,*® 1948, reporting on researches in
India states that sand flies kept alive on raisins after an infective meal,
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showed the phenomenon of “blocking,” and kala-azar could be trans- -
mitted almost invariably to hamsters and human volunteers by the “bite”
of the blocked sand fly.

Oriental sore. Oriental sore, also known as Bagdad or Delhi boil, is
a cutaneous leishmaniasis caused by Leishmania tropica (Wright); it has
a wide distribution in Mediterranean areas, Palestine, Arabia, Asia Minor,
Iraq, India, French Congo, and other parts of the world. It is not neces-
sarily coextensive with kala-azar. In oriental sore the leishmanias inhabit
the skin and do not invade the viscera. In a series of papers by Adler
and Theodor,' evidence is advanced to incriminate Phlebotomus
papatasii Scopoli, These workers found a cyclical development of the
Leishmania in the fly requiring from 8 to 21 days. Infection of a human
was accomplished by rubbing the infected mid-gut of the insect into the
scarified skin, and flies were reinfected successfully from the sore thus
produced. Infection by the bite did not occur. Adler*? (1948) reports
that transmission by the bite of P. papatasii has been achieved. He re-
ports that P. sergenti Parrott is the most effective vector: The infection
is apparently perpetuated by sand flies inhabiting the burrows of various
species of gerbils, and this explains outbreaks among groups of human
beings passing through uninhabited regions.

American mucocutaneous leishmaniasis (naso-oral), also known as
espundia or uta, is widely distributed in South and Central America.
The causal agent is Leishmania brasiliensis Vianna. The horrible disfigur-
ing effects of this infection are shown by Goldman,** who points out that
it is the mucosal involvement which is so characteristic of American
cutaneous leishmaniasis. Once the infection gets into the mucocutaneous
junction, it destroys all types of tissues including cartilage and bone.
Goldman states that “prevention of cutaneous leishmaniasis in the
endemic areas appears to be a well nigh hopeless affair. It is likely the
incidence could be reduced considerably by definite knowledge of vec-
tors, animal reservoir, and transmission. If the foreigner in the endemic
area wishes some simple practical advice, the use of modern repellents,
insecticides, adequate fine-mesh screening, and the other measures for
the maintenance of careful hygiene of the skin in the tropics, and early
attention to indolent lesions on exposed parts of the body may be sug-
gested.” Various species of Phlebotomus flies are looked upon with sus-
picion based on experimental evidence, among these are P. intermedius
Lutz and Neiva, P. pessoai Coutinho, and P. longipalpus Lutz and Neiva.

Species of Phlebotomus. According to Addis** (1945) there are six
species of sand flies in the United States, none which have received
much attention; namely (1) Phlebotomus vexator Coq. and (2) P. limai
Fonseca, both widely distributed in the southern states; (8) P. diabolicus
Hall from Texas, reported to feed on humans and experimentally on
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Syrian hamsters; (4) P. texanus Dampf, also from Texas; (5) P. stewarti
Mangabeira and Galindo, from California, collected in wild rodent bur-
rows in arid fields; (6) P. anthophorus Addis, another Texas species, but
found also in Mexico. Addis reports that this species feeds only in the
morning, has never been observed after sundown, has a definite pref-
erence for rabbit blood, but will feed on hamsters in the laboratory; it
is apparently not annoying to man.

Investigators concerned with the numerous species of South Ameri-
can Phlebotomus flies will need to consult the many excellent contribu-
tions of Mangabeira, particularly his 1942 contribution,* which contains
a valuable bibliography.

Phlebotomus control. Marett*® suggests, as means of controlling Phle-
botomus, the facing of rock walls, removal of heaps of stones, blocking
of holes affording shelter for the gnats, encouragement of gardening
(cultivation of ground), planting of embankments with native aromatic
plants, etc. As sand flies are highly susceptible to pyrethrum sprays,
painting screens lightly each evening with a mixture of one part pyre-
thrum extract concentrate (20 to 1) and 20 parts of light lubricating oil
has been recommended. Because of the minute size of these gnats ordi-
nary mesh screens do not exclude them; therefore, a 0.0334-inch mesh is
recommended. Repellents such as “612” and dimethylphthalate applied
to skin and clothing give quite a bit of protection. Hertig*" states that
the habits and life history of sand flies render them peculiarly vulnerable
to DDT. They make short flights with relatively long pauses on entering
or leaving any shelter, breeding place, or structure—a procedure repeated
nearly every night of their adult life. Any surface capable of retaining
residual DDT, and on which sand flies must alight, may become a lethal
barrier. House spraying gives virtually complete protection indoors.
Hertig states that, in Peru, house spraying, combined with treatment of
outdoor shelters such as stone walls, reduced the local sand fly population
to negligible numbers, an effect which persisted up to a year and a half.
The short flight range limits infiltration, and the long life cycle delays
recovery of a depleted sand fly population.

FAMILY CERATOPOGONIDAE
(Biting Midges—Punkies)

Characteristics. The Ceratopogonidae are very small (0.6-5.0 mm
in length), slender, bloodsucking gnats (males do not bite) resembling
the nonbiting midges belonging to the family Chironomidae, to which
family they are commonly ascribed. In their biting habits they resemble
the black flies (Simuliidae) and are frequently mistaken for them. Among
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the 20 or more genera comprising the tamily, three will serve the purpose
of this section, namely Culicoides (Fig. 60), Ceratopogon, and Lepto-
conops, commonly known as “punkies,” “no-see-ums,” “sand flies,” or
“black gnats.” The wings, which are narrow, with few veins and no scales,
may be clear or hairy and are folded flat over the abdomen when at rest;
alulae slender. The larvae are aquatic or semiaquatic, and are found in
fresh, brackish, or salt water; they may live in moist earth or in tree holes.
A key to the North American Culicoides numbering thirty species is given
by Root and Hoffman.**

Culicoides canithorax Hoffm., C. melleus Coq., and C. dovei Hall
constitute a serious economic problem in the summer resort areas of the
Atlantic coast, particularly about fresh-water inlets and tide-water pools

Fic. 60. Female Culicoides sp. (After
. Dampf.)

where these midges are most numerous. Dove, Hall, and Hull*® report
that the larvae are found in decaying humus of the densely shaded
areas at the edges of the grass marshes of the upper Atlantic coast. The
period required for development appears to last from 6 to 12 months
according to these authors. The larvae and pupae of Culicoides gut-
tipennis Coq. have been taken from tree holes of the live oak in Missis-
sippi (Hinman).”® Culicoides diabolicus Hoffman is a fiercely biting
species in Mexico.

Ceratopogon stellifer Coq. is reported to be a severe biter in Arizona
and New Mexico. Leptoconops torrens Townsend and Holocopops
kerteszi Kieff. constitue a serious pest in California. The former is known
as the “valley black gnat” and the latter as the “Bodega black gnat.”
Both species bite viciously, feeding on man, domestic animals, and birds.
The bite usually produces a transient swelling, which may become
vesicular, rupture, and produce a open lesion which may exude moisture
for weeks. Itching resulting from the bite is intense. The following ac-
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count of the two species is from a recent publication (1948) by Smith
and Lowe.”* The valley black gnat passes the larval stage in clay or clay-
adobe soils situated along the western side of the Sacramento Valley and
in isolated deposits in the San Joaquin Valley. The Bodega black gnat
passes the larval stage in damp sand with some organic matter, at or
just above high-tide level in the mouths of fresh water streams which
enter Bodega and Tomales bays (California). A study of the morphology
of the larvae showed that the “Leptoconops group” is widely divergent
from typical ceratopogonids and warrants the acceptance of the sub-
family name Leptoconopinae (Enderlein 1936).

Adults of the Bodega black gnat occur from mid-April until early
October, in a continuous flow from the soil. Females may feed as many
as four times. Males form large swarms, dancing in the lee of windbreaks.
Eggs are laid on the surface of damp sand where the salt concentration
is about 640 p.p.m. The larval stage lasts for 8 to 10 months. Pupation
occurs in the sand; pupae wriggle to the surface and stand vertically be-
fore the adult emerges. The pupal period is 8 days. Adult females cap-
tured in the field lived a maximum of 11 days, with blood meals. Males
do not feed; they lived a maximum of 4 days after capture in the field.

Adults of the valley black gnat occur for 4 to 6 weeks, beginning
usually in the middle of May. Females feed only once; males do not feed.
Unfed gnats lived only 6 hours in captivity; with a blood meal, females
lived a maximum of 5 days. The larvae occur in clay-adobe soils at a
depth of 15 to 30 inches. Egress and entrance is dependent upon the
drying and cracking of the soil. The larval period is at least two years
in length. Larvae spend the suminers in immobile estivation. If the soil
does not crack on schedule, the mature larvae enter a diapause. Some
evidence is given to indicate that larvae may diapuase for at least three
years. Larvae are found in summer in soil with a moisture content of 17

to 20 per cent, a salt concentration of 400 p.p.m., a pH of 9.6, and a
temperature of 65° to 68° F. Methods of identifying breeding grounds
consist of trapping adults as they emerge from the soil, and washing
larvae from the soil.

Culicoides austeni Carter, Ingram, and Macfie has been reported by
Sharp® as an intermediate host of Acanthocheilonema perstans (Manson)
[ Dipetalonema perstans (Manson)]. The embryos of this worm are
found in the peripheral circulation both by day and by night. Sharp has
observed that diurnal periodicity is the more common. In the vast ma-
jority of cases it is said to be nonpathogenic. It is primarily equatorial and
African in distribution, though it occurs also in British Guiana and in
New Guinea. Sharp has shown that the microfilariae undergo meta-
morphosis in the body of Culicoides austeni Carter, Ingram, and Macfie, .
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increasing to three times their original length before they appear in the
proboscis of the insect. The cycle in the fly requires seven to nine days.
Sharp states that it is probable that Culicoides grahami Austen will also
prove to be a natural carrier. Buckley®® found that Culicoides furens
Poey transmits the filarial worm, Mansonellu ozzardi (Manson), in the
Antilles, and Dampf** points out that this species of gnat is widely dis-
tributed along the coast of the Gulf of Mexico and the Caribbean Sea.

Control. Because of the variety of breeding places involved, it be-
comes necessary first of all to determine these for the species giving
trouble. Some species breed in salt marshes, in which case dikes, tide
gates and other salt-marsh control devices may be employed. Other
species breed in mud and plant debris along the margins of fresh-water
streams or ponds, and for the control of these removal of vegetation and

Fic. 61. A male midge (Chirono-
midae), commonly mistaken for a
mosquito. X 12. (After Osborn.)

channelization are suggested, or filling in low ground may be helpful.
Still other species breed in holes in shade trees, in which case holes should
be treated with DDT or creosote, or otherwise made unfavorable for
breeding.

Punkies may be excluded from the house, according to the United
States Bureau of Entomology and Plant Quarantine, by applying a mix-
ture of 1 part pyrethrum extract concentrate (20 to 1) and 20 parts
lubricating oil (S.A.E. 5) to window screens by means of a brush or rag,
This mixture, it is reported, will exclude the gnats from the house for 24
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to 48 hours. Some of the newer insecticides would, no doubt, prove
useful.

FAMILY CHIRONOMIDAE
(Midges)

Family Chironomidae. Although the midges are commonly mistaken
for mosquitoes they bear little resemblance to them on closer examina-
tion. In the midges the proboscis is short and not adapted for piercing,
the palpi are three- or four-jointed, the wings are bare or haired. The
antennae are plumose in the males and sparsely haired in the female
(Fig. 61). Midges are widely distributed and may often be extremely
abundant in the vicinity of standing water, since the larvae are aquatic.
Occasionally great swarms of these insects hover in the air toward eve-
ning and produce a distinct humming sound. They are attracted to light
in great numbers. The family is a very large one, comprising nearly 2,000
species.

Many of the larvae are red in color, hence the name “blood worm.”
The larvae are worm-like (Fig. 62) and move by creeping or looping;

Fic. 62. Larva (left) and pupa (right) of a chirono-
mid gnat (midge). (Larva redrawn after Needham and
pupa redrawn after Griinberg.)

they have a closed (apneustic) respiratory system, hence need not come
to the surface for air as do mosquito larvae. Most species are bottom
feeders and scavengers in habit. While occurring most abundantly in
shallow shore water with vegetation such as reeds and tule, they have
been taken at great depths from the bottom of lakes; some species breed
in swiftly flowing water.

Burrill®® in a very interesting paper on the swarming of midges states
that under the conditions observed they swarm an hour or two in the
early morning sunlight, then mostly stop flying and rest on such objects
as grass, the underside of tree leaves, tree trunks, and porch screens.
Thev mav flv throughout a cloudv day. He also observed a late summer
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swarm of Chironomus plumosus Burrill fly until after midnight. (See
also Gibson,” 1945.)
FAMILY DIXIDAE
(Dixa Midges)

Dixa midges are usually placed in the family Culicidae (mosquitoes)
and are designated as a subfamily, Dixinae; however, for the purposes
of this work they are separated from the mosquitoes. They resemble
mosquitoes in wing venation but are almost devoid of hairs and scales;
and the proboscis, although somewhat projecting, is not fitted for piercing.
This family is mentioned here particularly because the larvae are fre-
quently mistaken for those of Anopheles, being commonly found in simi-
lar situations and also because the adults resemble and are related to the
true mosquitoes. Dixa larvae are usually seen at the surface of water
among vegetation and debris, moving in a horizontal U-shaped position.
The student is referred to O. A. Johannsen’s’™ “North American Dixidae,”
and H. G. Dyar and R. C. Shannon’s “Some New Species of American
Dixa, Meigen.”

FAMILY CHAOBORIDAE

(Chaoborid Gnats)

Family Chaoboridae. This family is usuully regarded as a subfamily
(Chaoborinae) of the Culicidae, mosquitoes, but for the purposes of

F1c. 63. A chaoborid gnat, Chao-
borus astictopus, showing life cycle.
(Top left) female gnat. (fop right)
eggs, (lower left) pupa, (lower right)
male gnat, (middle figure) larva.

this book the less commonly recognized fémily rank is used. The members
of this family are not bloodsuckers, and the gill-breathing larvae, which
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live in deep water, are almost transparent and are seen with some dif-
ficulty, except when in motion, even in fairly clear water, hence their
name “phantom larvae.” The tiny lead-colored cigar-shaped eggs are
deposited in great numbers on the surface of still water, such as ponds,
~ lagoons, lakes, etc. The eggs soon sink to the bottom. The incubation
period is less than 24 hours. The larvae grow slowly during the sum-
mer, reaching approximately full growth by winter, remaining thus
through the winter, and pupating in the early spring. The pupal stage
requires about two weeks. The pupae quickly come to the surface, where
the gndts literally “pop” out of the pupal skins, balance on the water

momentarily, and then fly shoreward. Chaoborus astictopus D. and S.
" (= C. lacustris Freeborn) (Fig. 63) on which the foregoing life history
is based is a distinct nuisance along the shores of Clear Lake, California.
Lindquist® (1948) in an informal statement reported tests made with
TDE (dichloro-diphenyl-dichloroethane) which is less toxic to fish than
DDT, an important matter in the control of aquatic insects in large
bodies of water. He sprayed a small lake with an emulsion of TDE, and
some 85 per cent of the chaoborid larvae were killed. The dosage was
about one part of active ingredient to 45 million parts of water. The
material disseminated through the water to a depth of about 20 feet.

FAMILY CHLOROPIDAE
(Hippelates Flies—Eye Gnats)

Hippelates flies. These flies are members of the family Chloropidae
(Oscinidae ), commonly known as frit flies. Unlike the gnats discussed
above in this chapter, all Nematocera, the Chloropidae have short aristate
antennae. The members of the genus Hippelates are as a rule very small
flies (1.5 to 2.5 mm in length); they are frequently called “eye gnats”
or “eye flies” because they have a liking for lachrymal secretions, also
sebaceous secretions, pus, and blood. They may be distinguished by the
presence of a distinct curved, shining black apical or subapical spur on
the hind tibiae. They are extraordinarily persistent and if brushed away
will quickly return to continue engorging themselves. They are nonbiting;
however, the labellum is provided with spines which apparently act as
cutting instruments capable of producing minute multiple incisions, likely.
to assist pathogenic organisms carried by the insects in gaining a foot-
hold (Graham-Smith®). The flies are easily mistaken for the pomace
fly, Drosophila. The larvae of most of the Chloropidae live in grass and
other plants (stem maggots); however, those of the genus Hippelates
develop in a wide variety of material such as decaying vegetable and
animal matter,
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Relation to conjunctivitis. Siphunculina funicola de Meyere is known
as the “eye-fly” of India, Ceylon, and Java and is believed to be responsi-
ble for the spreading of conjunctivitis in these countries. Roy 1928° gives
a chart which shows that the seasonal prevalence of this fly in Assam
coincides closely with epidemic conjunctivitis.

Hippelates flies have long been looked upon with suspicion in certain -
parts of the southern United States as possible vectors of a form of con-
junctivitis commonly known as “sore eye,” “pinkeye,” etc. At a meeting
of the Entomological Society of Washington, held October 11, 1894,
E. A. Schwarz®® presented notes on Hippelates pusio Loew in the south-
ern states. Fle stated that it was particularly abundant in Florida and
annoying to man and animals, and that it is attracted to eyes and to the
natural openings of the body as well as to infected wounds. In an article
in Insect Life (1895), Schwarz®* throws much suspicion on Hippelates
flies as vectors of “sore eye.”

For a number of years, at least since 1912, there have been numerous
cases of catarrhal conjunctivitis apparently of the follicular type in the
Coachella Valley of California where a veritable pest of Hippelates flies
flourishes in season. Nowhere else in California are there such enormous
numbers of these flies and nowhere else in the state do as many cases of
so-called pinkeye exist. Several papers dealing with this subject were
published following investigations in the Coachella Valley.ss

At the time of the Coachella investigations the flies were identified
as Hippelates flavipes Loew. In a letter dated May 19, 1927, J. M. Aldrich
writes, “The species which you sent from Coachella Valley, California, is
pusio Loew. It is the same species which was identified as flavipes Loew
by Malloch, Proc. U.S.N.M,, 46, 1913, p. 245. His variety pusio on page
246 is a different form. The true flavipes of Loew, is the one described by
Malloch on page 243, as nitidifrons new species, as I have ascertained by
examining the types in the Museum of Comparative Zoology at Cam-
bridge, Mass. The earlier literature is somewhat uncertain since the
time of the original description, but probably your species is the same
one that has been referred to as flavipes when mentioning its annoying
habits.” In the same letter Aldrich also writes, “In the Proceedings of the
California Academy of Sciences, Vol. 4, 619, Townsend described Oscinis
collusor from Lower California which he said was reported to cause
irritation of eyes of travelers and the ‘mal de ojo’ of natives. I examined
his types in the Academy shortly before their destruction by fire in the
spring of 1906 and found that they belonged to the genus Hippelates,
and it is quite probable that the species is pusio.” The writer has traced
the Coachella Valley species through to the Mexican border at Mexicali.

The literature dealing with the Oscinidae as vectors of conjunctivitis
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has been reviewed with great care by Graham-Smith.®® This review indi-
cates a paucity of experimental evidence but a large amount of cir-
cumstantial evidence involving flies as spreaders of conjunctivitis in
Egypt, the West Indies, India, Ceylon, Java, and the United States.

Relation to yaws. As pointed out in the first chapter, flies have- for
many years been suspected as vectors of yaws (framboesia tropica),
and some experimental evidence has been advanced from time to time;
however, the evidence collected by Kumm®® (1935) in Jamaica with
Hippelates pallipes Loew is most convincing. Kumm, as well as others,
has shown that it is relatively easy to demonstrate motile Treponema
pertenue Castellani in the “vomit drops” of eye gnats after they have
fed on infectious lesions of yaws. He found, however, that the spirochetes
were presumably digested in the mid-gut and hind-gut of the gnats very
soon after they were ingested, none being seen after an interval of two
days. There was no evidence of cyclical development.

The gnats receive the infection most readily by feeding on available
primary lesions which exude fresh infected serum with large numbers of
spirochetes. Inoculation is effected mechanically, ie., the unchanged
spirochetes are deposited in “vomit drops™ when infected gnats feed
on exuding serum from wounds, excoriated areas, or susceptible surfaces.
The manner in which the gnats receive the infection and their general
feeding habits are well described by Kumm, Turner, and Peat.”

Bovine mastitis. Sanders™ reports investigations at the Florida Agri-
cultural Experiment Station which incriminate Hippelates flies (species
not given) as well as the housefly, Musca domestica, as vectors of bovine
mastitis. Hippelates flies were seen to hover around the natural openings
of calves, yearlings, pregnant heifers, and lactating cows. They fed on
lachrymal fluid, fatty body secretions, milk droplets accidentally spilled,
and on secretion at the tip of the teats of animals in herds where mastitis
has prevailed. Exposure tests were made with flies feeding alternately
on infected material and the teat orifice; also the teat orifice was exposed
to flies taken directly from premises where mastitis prevailed. “Mastitis
developed in each of the experimental animals by the exposure technique
employed.”

Life history of Hippelates pusio Loew. This species has a wide dis-
tribution in the southern United States where the winters are mild. The
adult flies are present throughout the year in the Coachella Valley (Cali-
fornia) and are particularly annoying during two periods, i.e., March,
April, May, and August, September, October. During June, July, and
early August the gnats are not abundant on account of extreme heat,
when the daily temperatures range well above 100° F. During the peak
months the adults are noticeable early in the morning and late in the
afternoon and then in deep shade, such as densely planted shrubbery, in
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date gardens, and in the shade of the house. The fluted, distinctly curved
eggs are about .5 mm in length (Fig. 64). They are deposited on decay-
ing organic matter of wide range. The incubation period is about threc
days. The larvae feed on a great variety of decaying organic matter in-
cluding excrement, provided the material is rather loose and well aerated.
According to Burgess (verbal communication) the larvae will not de-
velop naturally in closely compacted soil or putrid material, neither will
they breed naturally in excrement unless it is mixed with loose earth.
The larval stage under optimum conditions requires about 11 days. The
larvae may remain in this stage during the winter. Pupation takes place

Fic. 64. Hippelates pusio. Egg; larva, showing cephalo-pharyngeal skeleton
and anterior spiracular process; pupa; adult fly. (After HMerms and Burgess,
except adult fly which is redrawn after D. G. Hall.)

close to the surface of the material in which the larvae develop. The
pupal stage requires about six davs, giving a total of about 21 days from
egg to adult fly. Except for overwintering adults, the first flies emerge
from the pupae of the overwintering larvae during late February and
early March, when the first great wave of the insects appears, as noted
above. Experiments performed bv Hall’* show that the larval stage
averaged about 11.4 days on human excrement, 8.7 days on dog manure,
and about 17 days on decaying oranges. Burgess™ points out that the
majority of Hippelates gnats are bred in soil that is (1) light and friable
(well drained), (2) freshly plowed (i.e., plowed not over three weeks
before), and (3) contains abundant humus or vegetable matter (cover
crops, manure ).

Classification. The Hippelates flies possess a stout and distinct tibial
spur, which, with the following characters, will assist in the identification
of this genus: cephalic bristles short, weak, and not conspicuous; ocellars
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very short, erect, and convergent or cruciate; fronto-orbital hairs minute,
slightly reclinate; no interhumeral bristles present (Sabrosky™). The
color of the body in the pusio group is black with a yellowish trace at the
base of the wings; the thorax is shiny black. Sabrosky places the follow-
ing species in the pusio group: H. pusio Loew, H. flavipes Loew, H.
pallipes (Loew), H. robertsoni Sabr., H. bishoppi Sabr., H. bicolor
Coq., and H. collusor Tns. The plebejus group, in which the thorax is
more or less pollinose, with at least prealar and prescutellar areas of
pollen, comprises the following species: H. plebejus Loew, H. dorsalis
Loew, H. nobilis Loew, and H. proboscideus Will. The dissidens group,
according to Sabrosky, comprises smaller dark pollinose species, with
legs chiefly black, proboscis short and fleshy, hind tibial spur small. The
following species belong to this group: H. dissidens (Tucker), H. hermsi
Sabr., H. microcentrus Coq., H. montanus Sabr., H. convexus Loew, and
H. particeps Becker.

Control of Hippelates flies is difficult and involves a combination of
measures, such as trapping, with the use of finely chopped liver as bait;
sanitation, i.e., removal of garbage, manure piles, refuse heaps, and
decaying vegetable matter; also cultural methods such as light disking.

Tests made with DDT ground treatment in the form of water emul-
sion sprays and dusts proved unsatisfactory, and thermal aerosols gave
only temporary relief. Other insecticides, such as chlordane, C,,H,Cl,,
are being tested.

Much more information concerning the breeding habits and behavior
of Hippelates flies is needed to provide a sound basis for permanent
control.
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CHAPTER XI

MOSQUITOES

ORDER DIPTERA, FAMILY CULICIDAE
Classification and Biology

Importance. Among the numerous species of bloodsucking arthropods
that annoy man and other warm-blooded animals, both wild and do-
mestic, mosquitoes stand out most prominently—their number is legion,
and they are an almost constant annoyance; there are some that bite
by night and others that bite by day. Great swarms may be produced
even in small quantities of water. They breed in practically all sorts of
water, fresh and salt, foul or potable; water in tin cans, broken gourds,
hoof prints, tree holes, reservoirs of impounded water; and vast stretches
of salt marsh. Great areas of seacoast are at times made uninhabitable by
salt-marsh mosquitoes, and agriculture may be retarded. Real estate
values suffer where the mosquito pest prevails, and losses resulting from
lowered industrial efficiency are frequently considerable because of mos-
quito annoyance. Economic losses due to mosquitoes would alone, no
doubt, amply justify the great sums now spent on mosquito abatement,
yet these losses are minor compared with the prodigious damage done to
the public health by mosquitoes as vectors of disease.

Mosquitoes are the sole vectors of the malarias, yellow fever, and
dengue, and they participate very importantly in the transmission of
filariasis and the encephalitides. It is reported that in an ordinary year
in India alone at least a hundred million persons suffer from, and a
million succumb to, the direct ravages of malaria. The indirect effect
in lowered vitality and susceptibility to other diseases accounts for
another million deaths. Considerable progress in spite of severe economic
handicaps is being made to alleviate this serious situation.

Family Culicidae. Although some authors, Edwards' and others, in-
clude the dixa midges and the chaoborid gnats (see Chapter X) as well
as the true mosquitoes in the Family Culicidae, only the latter are so
classified for the purposes of this book. Excepting the huge sturdily
built American gallinippers, Psorophora ciliata (Fab.) (body length
9 mm and wing spread 13 mm), and a few other species, mosquitoes
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are small and fragile, ranging in body length from 3 to 6 mm. Abundant
scales are present on the wing veins and fringing the margins; the body,
head, and legs are scaly.

Mosquitoes are distinguished by their characteristic wing venation
(Fig. 65), as follows: subcosta (Sc) long, reaching the costa; radius
four-branched; R..s forked; R,.; simple; no cross-vein connection of
R, and R;; media (M) two-branched; cross-veins r-m and m-cu both
present; Ax absent or very faint; cubitus (Cu) forked; An, long and
reaching wing-margin; characteristic scales clothing the wings, and more
or less abundant on the head and body (often scant or wanting); char-
acteristics of the thorax, such as the absence of a definite suture between
the prescutum and scutum, completely divided pronotum (Edwards).
The true mosquitoes have elongate mouth parts formed for piercing, and
for bloodsucking in the females, though not all mosquitoes are blood-
suckers, and males are normally not bloodsuckers. The antennae are
long and filamentous with 14 or 15 segments, hairs in whorls, plumose in
the males of most species; males of Opifex and Deinocerites do not
have plumose antennae.

There are about 1,600 described species of mosquitoes in the world;
about 120 in North America.? These ubiquitous insects occur at eleva-
tions of 14,000 feet in Kashmir and as low as 3,760 feet below sea level
in gold mines of south India (Russell et al.?). For practical purposes
mosquitoes may be divided into four tribes: (1) Megarhinini, basal half
of proboscis rigid and distal portion flexible, the adults are flower-feeding
and the larvae are predaceous, e.g., Megarhinus inornatus Walker; (2)
Culicini, in which the palpi of the female are less than half as long as the
proboscis, scutellum trilobed, pulvilli present, eggs laid in rafts, e.g.,
Culex pipiens Linn; (3) Aedini, generally included with the Culicini,
in which the palpi and scutellum are as in the Culicini, but the abdomen
of the female is pointed, postspiracular bristles are present, pulvilli absent
or hair-like, eggs are laid singly, e.g., Aedes aegypti (Linn.); (4) Anoph-
elini, in which the palpi of both sexes are as long or nearly as long as the
proboscis, scutellum rounded, without lobes, eggs laid singly, e.g., Anoph-
eles maculipennis Meigen (Fig. 65).

The larvae of mosquitoes are without exception aquatic and are dis-
tinguished from all other dipterous larvae by the possession of a complete
head capsule and the presence of only one pair of functional spiracles,
situated dorsally on the eighth abdominal segment. The medical ento-
mologist must be particularly familiar with larval characters in order that
he may make accurate identifications in the conduct of surveys and
inspections and in answering complaints (Fig. 65).

Male terminalia. The most critical differences used in the classification
of adult mosquitoes are to be found in the male terminalia* (Fig. 66).
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Fic. 65. Morphological details and life histories of three genera of mos-
quitoes: Culex, Anopheles, and Aedes. Explanation of abbreviations: An. PI.,
anal plate; An. pron., anterior pronotal setae; Anl. Sdl., anal saddle (dorsal

late); Ant., antenna; A.T., antennal tuft; Cmb. sc., comb scale; D. Br., dor-
sal brush; D.H.H., dorsal head hairs; Hal.,, haltere; Hr. tft., siphon hair tuft;
I.C.H., inner clypeal hair; L.AT., lateral abdominal tuft; Mesemp., mesepi-
meral setae; Mn., mesonotum (tergum:); O.C.H., outer clypeal hair; Pal. Hrs,,
palmate or float hairs (tuft); Pec. Sc., pecten scale; Pn., postnotum; Po. pron.,
posterior pronotal setae; Prea, prealer setae, Proeps., proepisternal setae:
P. Spr., postspiraeular sctae; Resp. Trump., respiratory trumpet; Scl., scutel-
lum; Sp., spiracle: St. pl., sternopleural setae; V. Br., ventral brush. (Adapted
after various authors.)

177



178 MEDICAL ENTOMOLOGY

It is of importance to know that the terminal portion of the abdomen
of the adult male begins to rotate on its axis within a few hours after
emergence from the pupa, and a rotation of 180 degrees is completed in

Fic. 66. Male terminalia of (A) Aedes squamiger, (B) Anopheles gam-
bise, (C) Anopheles freeborni, (D) Aedes segypti, and (E) Culex quinque-
fasciatus. AL, apical lobe; ALC, apical lobe of claspette; Ap. D, appendage
of dististyle; Bs, basistyle; BL, basal lobe; BLC, basal lobe of claspette; BP,
basal plate; CL, claspette; CA, claspette appendage; Ds, dististyle; La, lacuna;
LT9 (=P —1IXT), lobe of Oth tergite (= process of Sth tergite); P, para-
mere; Ph, phallosome; Ppt, paraproct; Pr, proctiger; SBL, spine of basdl lobe:
VPP, ventral arm of paraproct, IXT = 9th tergite. (B to E above after Ross
and Roberts.)

from 12 to 24 hours; this portion of the abdomen remains upside down
for the rest of the mosquito’s life. The terminalia may be prepared for
microscopic study by first clipping off the tip of the male abdomen with
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fine scissors and then dropping it into 70 per cent alcohol for a few
moments, after which it is transferred to 20 per cent KOH for twenty
minutes, thence to a glass slide where the excess KOH is removed by
blotting the edge of the liquid; next a drop of glacial acetic acid is put
on the specimen, removing the excess by blotting; finally a drop of
chloral gum is placed on it and it is then covered with a cover-slip. After
drying, the specimen is ready to be sealed. Microscopic identification is
made by comparison with drawings of the terminalia of various species
in such publications as the Mosquito Atlas by Ross and Roberts. A
description of the technique for dissecting male terminalia of mosquitoes
is given by Komp.* :

Life history of mosquitoes. All mosquitoes pass through the several
stages of a complex metamorphosis—egg, larva, pupa, and adult (Fig. 65).
Descriptions of the developmental stages of mosquitoes were published
as early as 1665 by Robert Hooke (Russell et al., loc. cit.). The larvae
are commonly known as wrigglers, and the pupae as tumblers. Water in
which to pass the larval and pupal stages is essential. Mosquitoes of
some species may deposit their eggs on moist earth or on the dry edges
of water-holding tree holes, and the larvae of some species may exist for
several hours under relatively dry conditions. Howard” states that “in no
case, however, were we able to revive larvae in mud from which water
had been drawn off for more than 48 hours, and after 24 hours only a
small proportion of the larvae revived.” Eggs, on the contrary, in some
species may survive long periods of desiccation, notably those of the
yellow fever mosquito, which will hatch after being dry for a period of
six months. According to Dyar.? the eggs of Psorophora, with their spinose
protecting coat, are able to withstand desiccation on the dry ground for
months or years, hatching with the advent of water. Similarly the eggs
of various salt-marsh Aedes species may survive desiccation for several
years.

Mosquito eggs are deposited either singly or in rafts (Fig. 65) on
the surface of quiet pools of water and by some species along the mar-
gins, and even in fairly dry situations where pools may be formed later
by rains or tidal action. The incubation period varies greatly with the
species and temperature, from 16 to 24 hours in many of the Culicini;
in the case of the snow mosquitoes, boreal Aedini, eggs laid during the
summer and autumn remain buried under the snow through the winter
and hatch with the melting snow in spring; thus one brood is produced
annually.

The larvae of the various many-brooded species, most commonly
observed in rain barrels, watering troughs, and similar situations, hang
suspended diagonally from the surface by means of a prominent breath-
ing siphon with head downward as in the Culicini. Aedes larvae behave
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similarly. The larvae of the tribe Anophelini lie horizontally just beneath
the surface of the water, suspended particularly by means of palmate
hairs (Fig. 65). The mandibulate larvae of practically all species secure
their food by browsing on microérganisms, both plants and animals. It is
not difficult to observe the feeding habits of the larvae as they squirm
about while breathing at the surface or wriggle down to the bottom or
along the sides nibpfing food. Anophefine farvae are adapted for feeding
at the surface, as is indicated by the palmate hairs by means of which
they maintain a horizontal position and by their ability to rotate the head
through 180° while feeding against the surface film, which is laden with
bacteria and other microsrganisms (Christophers and Puri).® The larvae
grow rapidly during the warm summer, molting four times, the last molt
resulting in the pupa. An average of seven days is required for the larval
stage in several of our commoner Culicini under optimum conditions.
The larval stage of the Anophelini requires a somewhat longer time.

With the fourth molt the pupa or “tumbler” appears. In this non-
feeding stage there is a pair of breathing “trumpets” situated dorsally on
the cephalothorax. The pupa is remarkably active and sensitive to dis-
turbances of the water, letting go suddenly and darting with a tumbling
motion to deeper water and after a few moments rising with little motion
to the surface, where the breathing trumpets break the surface film and
contact with the air is re-established. The pupal stage is quite short,
usually from two to three days.

In a series of experiments to determine the effect of various quanti-
ties of a given larval food on the development of a common species of
fresh-water mosquito in California, namely Culiseta incidens (Thom.),
the largest percentage of emergence was obtained when 2.5 grams of
yeast were supplied per liter of distilled water. The egg rafts were first
placed in the water, each raft in a separate container, hatching in about
214 days. The newly hatched larvae were thoroughly mixed and trans.
ferred in lots of 100 to battery jars containing one liter of water with a
measured quantity of Fleischmann’s yeast; pH readings were taken
before and after the yeast was added, and in all cases the pH readings
were 6.6; daily pH readings were taken thereafter until all the mosquitoes
had emerged, the pH remaining the same until pupation; the average
minimum room temperature was 19.2° C and the maximum 24.4° C. By
far the largest percentage of adults, 88 per cent, was produced in the jar
with 2.5 grams of yeast, with a sex ratio of 5.1 males to 4.9 females. The
first molt took place on the fourth day, the second molt on the sixth day,
the third on the ninth day, and the fourth on the twelfth day, when the
first pupa appeared; the first adult mosquito, a male, emerged on the
eighteenth day, giving a total of about 21 days for the complete life
history, including the incubation period of the eggs. The complete record
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of the experiment is published elsewhere.’* When the temperature was
maintained at 24° = 1° C the life history was shortened to 1214 days—
egg stage 24 hours, larval stage 10 days, and pupal stage 36 hours.

Food habits of adult mosquitoes. The mouth parts of male mosquitoes
are not suited to piercing; hence males are not bloodsuckers. Their
nourishment is normally derived from nectar and plant juices and other
liquids. With the exception of a few species, such as the plant-feeding
Megarhinini and the Harpagomyia, which feed on regurgitated stomach
contents offered by ants (Cremastogaster), all female mosquitoes are
able to pierce the skin of many kinds of animals and feed on blood. No
doubt vast numbers never have the opportunity to feed on blood. The
great majority of species are zodphilous, i.e., feed in nature on animals
other than man; some feed only on the blood of reptiles and amphibians,
e.g., Culex apicalis Adams. Species which feed on man by preference
are said to be anthropophilous. The feeding habits of mosquitoes may be
determined by applying the precipitin test to wild-caught engorged
females.

Flight habits of mosquitoes. Although most of the domestic species
remain fairly close to their point of origin, i.e., within a distance of a few
city blocks or half a mile, there are many species, particularly among
the Aedini, which may travel many miles. In searching for breeding
places of the common Culicini under urban conditions the point of origin
will usually be found not far from the points of complaint.

Salt-marsh mosquitoes are often a source of great annoyance far from
their breeding places, and a knowledge of their migratory habits is im-
portant in mosquito control. Aedes sollicitans (Walker), an important
salt-marsh species of the Atlantic seaboard, is known to migrate at least
40 miles. The migrations of Aedes squamiger (Coquillett) have been
traced on the Pacific coast for a distance of 50 to 75 miles.’* Males are
seldom found far from their point of origin, although the males of Man-
sonia perturbans (Walker) are said to accompany the migrating females.

The flight range of Aedes vexans (Meig.) and A. aldrichi D. & K.
has been studied by Stage, Gjullin, and Yates'? by using a stain, 1.5 per
cent aqueous solution of methylene blue or eosine, applied with a hand
compressed-air sprayer to newly emerged adult mosquitoes resting on
vegetation near their breeding places. Mosquitoes were collected in this
area at regular intervals until no more could be found. The collected
specimens were killed and each tested with one or two drops of solvent
made of 3 parts glycerin, 3 parts 95 per cent alcohol, and 1 part chloro-
form. The following results are recorded: (1) Both species and both
sexes were dispersed in all directions, with and against general wind
currents, for a distance of about two miles. (2) Males moved away from
the breeding areas more slowly than females. (8) Females of both species
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traveled one-half mile across part of the Columbia River (Oregon)
within 24 hours after being stained. (4) One Aedes vexans (Meig.)
female was recovered 46 days after being stained, three miles distant
and across the Columbia River. (5) One Aedes sp. male was taken at
a point 5 miles distant 24 days after being stained. This was the greatest
distance for any positive flight record obtained. (6) The pests were
abundant to a distance of 15 miles from the breeding grounds and then
diminished rapidly until at about 30 miles only one female was taken
during a 10-minute search.

In conducting control operations for many years involving Anopheles
quadrimaculatus Say it has been assumed that the usual maximum flight
of this species is about one mile, and this procedure is in the main
sound; however, Eyles, Sabrosky, and Russell® recaptured marked in-
dividuals 2.0 to 2.7 miles from the point of release and a single in-
dividual at 3.63 miles. It is pointed out, however, that there was no
domestic blood supply sources between the flooded swamp and the
stations of recapture. The flight range of Anopheles freeborni Aitken
during dispersal and hibernation flight is, of course, much greater, being
as much as 25 miles.

Using the fluorescent dye, Rhodamine B, to mark the mosquitoes,
Reeves' and associates released over 20,000 Culex tarsalis Coq.; the
maximum range of recovery was 2.5 miles for females and 1.1 miles for
males. The majority of recoveries were made within one mile. On the
basis of these studies it is recommended that control measures for Culex
tarsalis be carried out in a zone not less than one and one-half miles be-
yond the human or animal hosts to be protected.

Longevity of mosquitoes. Male mosquitoes usually remain alive for
but six or seven days, although Anopheles pseudopunctipennis francis-
canus Theob. males have been kept alive in our laboratories for over a
month, and Mayne'® was able to keep an A. punctipennis Say male alive
for 89 days and a female of the same species for 231 days; females with
ample food may live for four or five months, particularly under hibernat-
ing conditions. During their period of greatest activity it is likely that
the average lifetime of the females is not far from 30 days.

The staining experiment by Stage, et. al. (loc. cit.), produced im-
portant data relative to longevity. Thus six Aedes aldrichi D. & K. females
were taken 52 days after staining, one female of the same species 85 days
after staining, one Aedes vexans (Meig.) female after 55 days; also,
under especially favorable conditions, one 94-day-old A. aldrichi D. & K.
male was taken, and females of both Aedes aldrichi D. & K. and A.
vexans (Meig.) were collected from 104 to 113 days after staining. The
latter species is said to have the greater maximum longevity by approxi-
mately 15 to 20 days.
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Freeborn'® has found that increased humidity has a protective in-
fluence on the longevity of Anopheles freeborni Aitken kept at constant
temperature; but at a constant of 80° F no amount of relative humidity
can protect them for the full life span of a month. A relative humidity
of 55 per cent ensures the normal life span at 70° F. Freeborn points
out that 55 per cent humidity involves a saturation deficiency of 3.6
grains per cubic foot, by which can be expressed the drying power
of the air in the absence of wind currents, A deficiency of 3.8 grains at
76° F was tolerated for only three weeks instead of more than four.
It is pointed out that the lethal effect may be caused by either a fatal
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temperature or by desiccation of the insect’s body. With an increase
of temperature or a decrease in relative humidity the saturation deficiency
increases and the demand on the insect's moisture content becomes
greater (Fig. 67). The ability of a particular species to retain adsorbed
water in the presencenof existing saturation deficiencies undoubtedly
explains the variability of resistance of the different species to desiccation,
according to Freeborn. The length of a life of A. freeborni as well as
other vectors of malaria has important bearing on their ability to transmit
the infection, i.e., if the mosquito dies before the malaria parasite is fully
developed, the latter must also perish.
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Internal anatomy of mosquitoes. To be prepared to study the relation
of mosquitoes to such diseases as malaria and filariasis, the student must
be familiar with their internal anatomy. The attention of the student
is called particularly to the excellent treatise on the “Structure and
Biology of Anophelines” by Nuttall and Shipley'” (1903).

The alimentary canal of the mosquito is separable into three regions,
the fore-, mid-, and hind-gut, each of which may be arbitrarily sub-
divided into more or less distinct divisions (Fig. 16, p. 52). Thus the
fore-gut consists of the sucking tube of the proboscis, the pharynx, in-
cluding the pumping organ, and the esophagus with its diverticula (three
in number and generally known as food reservoirs). The mid-gut con-
sists of a narrower anterior portion (false proventriculus) and a wider
posterior portion (stomach) occupying the thorax and much of the
abdomen, and limited posteriorly by the origin of the five Malpighian
tubules, which indicate the beginning of the hind-gut. The hind-gut is
bent on itself several times and consists of the narrow, longer ileum, the
colon, and what is arbitrarily termed the rectum, indicated by the pres-
ence of rectal papillae.

The salivary system consists of two sets of salivary glands (right and
left), three glands to each set. These organs are situated ventrally in the
thorax near the neck. Each set of glands empties into a duct which com-
bines with the opposite one to form the common salivary duct. This
common duct empties its contents into the pharynx through the salivary
receptacle close to the base of the proboscis.

The reproductive system of the female mosquito occupies the pos-
terior portion of the abdomen and comprises a pair of ovaries joined by
a pair of oviducts terminating in the vagina, which opens ventrally in a
depression of the ninth sternite; spermathecae are present (one to three,
depending on the species). The spermathecae of an impregnated female
contain myriads of spermatozoa, and the ovaries when mature occupy
the larger part of the abdomen.

TRIBE MEGARHININI

Characteristics. The members of the tribe Megarhinini occur in tropi-
cal as well as temperate climates and are usually highly colored; they are
day fliers; both sexes are flower-feeders and do not suck blood. The
basal half of the proboscis is stout and rigid, while the distal portion is
flexible, which accounts for the curious hook-like position of the proboscis
when at rest. The palpi vary in length from one-fourth the length of the
proboscis to nearly the same length. The huge larvae are predaceous and
cannibalistic. The mouth parts are particularly adapted for capturing
prey.

yThe eggs are deposited singly, and Edwards states that most species
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breed in small confined collections of water, such as may occur in bam-
boo stems, tree holes, pitcher plants, and the like.

Edwards lists 52 species, of which two species are said to occur in
North America, Megarhinus rutilus Coq. and M. septentrionalis Dyar and
Knab. The giant species Megarhinus inornatus Walker was introduced
from New Britain into the Hawaiian Islands*® for purposes of mosquito
control, without practical result.

TRIBE CULICINI

Characters. All members of the tribe Culicini have the scutellum
trilobed with each lobe bearing bristles, but with areas between lobes
without bristles (Edwards). The abdomen is blunt and completely
clothed with broad scales, which nearly always lie flat; the pulvilli are
broad and distinct; postspiracular bristles are absent; the larvae have
a prominent siphon with well-developed pecten (Fig. 65), and usually
numerous hair tufts on the siphon. The eggs are usually deposited in
tight raft-like masses on the surface of the water.

The Tribe Culicini, exclusive of the Aedini, which are separated from
the Culicini for the purposes of this book, includes some 700 species dis-
tributed among more than 20 genera, of which the genus Culex alone
contains nearly 400 known species.

Culex pipiens Linnaeus. Two subspecies are generally recognized,
viz., C. pipiens pallens Coq. and C. pipiens molestus Forskal. This
is the common house mosquito or rain-barrel mosquito of many tem-
perate parts of the world. The thorax, abdomen, and proboscis are
brown; the latter is darker toward the tip. The basal white bands on the
abdomen join lateral basal triangular patches. This mosquito, a domestic
species, lays its eggs in rafts on water, in rain barrels, tanks, cisterns,
catch basins, and other small collections of water. Where breeding
places are favorable it may occur in enormous numbers. It invades houses
freely. Because of its vicious bites and high-pitched, tantalizing hum
continued late into the night, it may be a terrific pest. Although greatly
influenced by temperature the life history requires but about 10 days
under warm summer conditions, egg stage 18 to 24 hours, larva about 7
days, and the pupa about 2 days.

Woke?® fed 38 Culex pipiens Linn. on man, and these mosqultoes de-
posited 29 egg masses, totaling 2,118 eggs, or an average of 73.0 eggs
per mass. At the same time 39 females fed on a canary deposited 22 egg
masses, totaling 4,473 eggs, or an average of 203.3 eggs per mass. Over
twice as many eggs per mass or per milligram of blood ingested were
produced by mosquitoes fed on canary blood as were produced by mos-
quitoes fed on the blood of man.

Culex quinquefasciatus Say [ = Culex fatigans (Wied.)] is one of the
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most widespread household pest mosquitoes of warmer climates. In
North America it is said to extend to 39° N. latitude. It is an important
vector of Wuchereria bancrofti. It is a severe nocturnal biter. It breeds
in all sorts of artificial water containers, but also in ground pools. It shows
a preference for polluted water. The adult females are medium- to
small-sized, resembling Culex pipiens very closely.

Culex tarsalis Coq. (Fig. 68) is an abundant and widespread species
of the semiarid regions of North America; however, it occurs as far east
as Illinois and southerly to western Florida. It has been taken at eleva-
tions of 9,000 feet. It is an important vector of the virus of western

Fic. 68. Culex tarsalis, an import-
ant vector of the virus of western
equine and St. Louis encephalitis.

{Photograph by R. Craig.)

equine and St. Louis encephalitis. It is a fairly large and robust species;
generally dark brown to black in color; the black abdomen has broad,
segmental, basal bands of yellowish-white scales; each segment of the
ventor with V-shaped marking of black scales, the apex of the V ante-
riorly; femora are black with a dotted white line along both sides, knees
white; tibiae black, also with white line, bases and apices white; tarsi
black; hind tarsi with apical and basal white bands on all segments, last
tarsal segment white; proboscis black, with a sharply outlined white
ring just before the middle. It breeds in all sorts of ground pools, road-
side ditches, pools in and around corrals, artificial containers, etc.
Culiseta incidens (Thomson), like other members of this genus, par-
takes of characters which would place it in either of the tribes Culicini
or Aedini, but for practical purposes, based largely on breeding habits,
the members of this genus are placed in the tribe Culicini. In this genus,
(Culiseta), which includes seven North American species, the post-
spiracular bristles (Fig. 65) are absent and in the females of at least
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Pacific coast species the anterior and posterior cross-veins tend to lie in
one line, except in C. morsitans Theo., in which they are well separated,
ie., by more than half their length. In Culiseta incidens (Thom.), a
western species (west of the Rocky Mountains), the wings are spotted.
It breeds throughout the year, where temperature permits, in all sorts
of permanent pools and is a common domestic species. It lends itself
particularly well to laboratory experimentation. The life history of this
species is described earlier in this chapter.

Culiseta inornata (Williston) is found throughout the United States
and southern Canada. Its wings are broad and clear, the cross-veins are
scaled, and the very short black palpi have white scales at the tip. It
breeds throughout the year under favorable temperature conditions
wherever pools are present in wooded areas.

TRIBE AEDINI

Characteristics. Ordinarily the Aedes mosquitoes are included in the
tribe Culicini, but because of their remarkable breeding habits and other
striking characteristics the author has taken the liberty to set apart the
Aedes, of which there are about 600 species, as a separate tribe, the
Aedini. Nearly half of all the species of mosquitoes in North America
belong to the genus Aedes.

Like the Culicini the Aedini have a trilobed scutellum. In most of
the species, as Edwards points out, the claws are toothed in the female,
postspiracular bristles are present, the pulvilli are absent or hair-like, and
the female abdomen tends to be more pointed and the cerci longer than
in other groups. The larvae have short siphons bearing one pair of pos-
teroventral hair tufts, and nearly always a distinct pecten (Fig. 65). The
eggs are deposited singly on the surface of the water, on mud, or even
in situations. where there may be little moisture but where submergence
may follow. The females of all species bite, many of them viciously.
Many species are diurnal in biting habits, most of them biting toward
evening,

Salt-marsh mosquitoes. Aedes dorsalis (Meigen), a fierce day biter,
is widely distributed throughout the northern half of the United States,
Canada, Europe, and Asia. In general the body is straw-colored (tan),
varying from almost white to dark brown; the thorax has three longitu-
dinal bright brown stripes; the hind tarsi have white bands at bases and
apices of all segments, the last one wholly white. Although the species
breeds freely and abundantly in fresh water, such as flood water, rice
fields, and drainage from irrigation, it is nevertheless the commonest salt-
marsh mosquito of the Pacific coast north of Monterey. It is here a dis-
tinctly brackish-water breeder, generally breeding in pools reached only
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by the monthly “rip” tides. There are thus several monthly broods, the
first appearing as early as March. The eggs are deposited singly, most
of them in the mud along the edge of receding pools; they may remain
unhatched for many months in situations from which water is excluded.
Development after hatching is rapid, and emergence of the adult mos-
quitoes may be within eight or nine days.

Aedes squamiger (Coquillett) is restricted to the Californian sea-
coast from San Francisco Bay to San Diego, breeding in salt-marsh pools
that are fed by fresh water from the winter rains. Like A. dorsalis
(Meig.) it is a fierce day biter, rather worse toward dusk, and travels
great distances. It is known as the gray salt-marsh mosquito. The vesti-
ture is characteristically composed of large scales. The proboscis is uni-
formly black scaled. Its egg-laying habits are similar to those of A. dor-
salis (Meig.); there is, however, but a single brood of A. squamiger in
the San Francisco Bay region coming as early as February.

Aedes taeniorhynchus (Wiedemann) is a typical salt-marsh breeder
distributed along the coastal area of the United States northward to
Connecticut on the east coast and to Santa Barbara on the west coast. It
is the brown salt-marsh mosquito; its proboscis is distinctly white-banded.
It is a fierce day biter, and its egg-laying habits are similar to those of
A. dorsalis (Meig.) and A. squamiger (Coq.). There are monthly broods
throughout the summer. Development is exceedingly rapid, the larval
stage may require but four days, the adults emerging in from 8 to 10
days.

yAedes sollicitans (Walker), the pestiferous salt-marsh mosquito of
the Atlantic coast, breeds from Maine to Florida and thence west along
the Gulf of Mexico to Texas. There are many broods, and in its southern
range breeding may be continuous.

The numbers of larvae appearing in certain pools is almost unbe-
lievable. Smith?° states:

I have found pools so crowded that an estimate of 100 wrigglers in an
area of one square inch was scarcely equal to the fact. Half that number is
a common occurrence. This means over 7,000 in an area of one square foot,
and it needs an area of less than 150 square feet—a pool roughly ten by fifteen
feet—to produce 1,000,000 mosquitoes at one hatching. If these figures seem
incredible they can be easily verified anywhere along shore by anyone who
will put on a pair of gum boots and will hunt out a few breeding places.

Flood-water Aedes. Aedes vexans (Meigen) is a typical flood-water
mosquito having practically a world-wide holarctic distribution. It is one
of the fiercest day biters and exceedingly abundant; it is truly a vexa-
tious mosquito. It breeds in greatest numbers along the edges of rivers
subject to overflow, and like other Aedes species lays its eggs along the
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muddy edges of receding pools, where they may hatch the same season
when water due to intermittent flooding or freshets reaches them, or
they carry over. There may thus be several broods where flooding occurs
as a result of melting mountain snows or thunderstorms, or there may
be only one brood where there is a single spring flood. The species is a
rapid breeder and migrates many miles. It varies in color from brown
to gray; the tarsi are basally narrowly banded; the wings are uniformly
brown.

Aedes dorsalis (Meigen), already referred to as a salt-marsh breeder,
is also a prolific breeder in open flood-water pools, particularly in irri-
gated pastures after flooding and in drainage pools due to excess water.
Where early flood waters occur along wooded river courses the single-
brooded Aedes vexans (Meig.), dominates, but as the season advances
Aedes dorsalis (Meig.), a many-brooded species, supersedes it in these
areas, but breeds particularly in open pastures where the temperature of
the water is high. In water of a temperature of 99.5° F we found enor-
mous numbers of larvae completing their cycle in about six days.

Tree-hole mosquitoes. Although the habit of breeding in water-holding
tree holes occurs in various species belonging to genera other than Aedes,
e.g., Anopheles barberi Coquillett, there are a number of typical tree-
hole breeders in the Aedini, notably Aedes varipalpus (Coq.) a Pacific
coast species; Aedes triseriatus (Say) of the eastern United States; Aedes
luteocephalus Newstead, Ethiopian; Aedes simpsoni Theobald, Ethiopian,
Aedes seoulensis Yamada, Chinese; and others.

Aedes varipalpus (Coquillett) has bright white markings on the legs
at both bases and apices of the tarsal segments and many white or silvery
scales distributed over the body so as to give the vestiture a silver mottled
appearance. It is one of our smallest mosquitoes but a fierce biter. This
Pacific coast species deposits its eggs on the sides of tree holes, notably
holes in live oaks (Quercus agrifolia), also California laurel (Umbellu-
laria californica) and valley oaks ( Quercus lobata). Freeborn® states that
the eggs “hatch whenever they are wet by the rising waters. There is
some evidence that the eggs may drop off after a period of desiccation
or, as an alternative method, the larvae may hatch without the interven-
tion of actual wetting and fall into the water below. The straw-colored
larvae with bright brown heads and enormously developed gills swim
about their secluded medium with snake-like movements, but spend
most of their time with their heads and thoraces buried in the silty
deposit at the bottom of the tree holes. . . . The developmental period
is extremely long, lasting from one to seven months. Although there is
an intermingling of the broods, there are two pronounced peaks, one in
the early summer and another in the fall. The fall adults deposit eggs
which produce the larvae that overwinter.”
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Feng,* in his report on the tree-hole mosquitoes of Peiping, China,
states that the pH of water in which all species bred varied from 7.8 to
84. He also states that there was no specific relationship between the
species of the tree and the species of the mosquitoes, several species
being frequently found breeding in the hole of the same tree.

Boreal Aedes or snow imosquitoes. An interesting group of Aedes con-
sists of the so-called snow mosquitoes which appear in the early spring
in the high mountains and northern ranges of distribution, breeding in
the pools left by the melting snow (Fig. 69). These Aedes have but one
generation and appear in enormous swarms in the higher elevations and

Fic. 69. Typical breeding place for snow mosquitoes on floor of Yosemite
Valley. (Photograph by H. F. Gray.)

northern ranges much to the dismay of the huntsman and alpine traveler.
These mosquitoes have been collected in many localities in the Sierra
Nevada by the writer. The following quotations are taken from an inter-
esting account of the mosquitoes by Dyar.”*

At an altitude of 6,000 feet, pupae were abundant May 25 and by the
first week in June the breeding was complete; even the pools that still con-
tained water or had only just thawed out were empty. Adults appeared by
the first of June, and by the I15th the woods were filled with them in all
directions.

Speaking especially of the Fallen Leaf Lake region (vicinity of Lake
Tahoe) a region in the heart of the Sierras to the north of the high peaks
and on the eastern side of the divide, A. (communis) tahoensis Dyar is the
commonest and earliest species, found everywhere, both in the hills and the
pines in level country. It breeds in the earliest pools of clear water held in
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rocky land, its home being in the mountains, but it soon spreads everywhere.
It was common in the early pools at the head of Fallen Leaf Lake, being the
only species present. It also bred in wave-pools at the lower end of the lake.
Dispersal of the adults was in general downward, they being abundant in
the pines at Tallac on June 17, though no breeding places were near. A. cata-
phylla Dyar is less abundant and less widely dispersed at Fallen Leaf. It was
commonest at the foot of the trail to Angora Lakes at the head of the lake,
rare at the outlet of the lake and absent at Tallac on Lake Tahoe. A. hexodon-
tus Dyar breeds in early pools, but especially those of a marshy character,
larvae being taken from hoofprints of cattle in the edge of a marsh. The adults
were well distributed and toward the end of June replaced A. (communis)
tahoensis Dyar as the dominant species. A. ventrovittis Dyar is a rare species,
taken only at one place near the outlet of Fallen Leaf Lake and then in small
numbers. It is presumably a marsh breeder, though the larvae were not found.
A. palustris breeds in open grassy marshes, not in large numbers. Dispersal
was general, adults being taken everywhere, although seldom commonly. A.
increpitus Dyar is the slowest breeder of any of the early species, the larvae
lingering after all the others are gone, frequently in the same pools. They
were abundant at the outlet of Fallen Leaf Lake with a downward dispersal,
the adults being common at Tallac, about 2 miles from the breeding places,
while only found a quarter of a mile up the lake and many days later.

The seasonal appearance of these mosquitoes varies with the altitude in
the ratio of about a month in time to 1,000 feet of elevation. At Yosemite,
at about 5,000 feet, all the species were about a month earlier than at Lake
Tahoe, at 6,000 feet, while at Summit, at 7,000 feet, they were still another
month later, larvae and pupae of tahoensis and hexodontus being taken there
on July 2, 1916, about the same stage that they were taken at Fallen Leaf on
June 1, 1916.

At an elevation of about 10,000 feet the author encountered a veri-
table plague of Aedes ventrovittis Dyar and A. communis tahoensis Dyar
along the shores of Young Lakes in the Sierra Nevada Mountains July
22 to 27, 1936. Larvae and pupae were still present in small pools of
snow water along the shores of the lakes. Apparently only certain pools
were infested. i

In northern Alaska the spring thaw is followed by a sudden emer-
gence of swarms of mosquitoes. Like other boreal mosquitoes they over-
winter in the egg stage and hatch as soon as the ice thaws from around
the eggs in the spring. There is but one generation a year. Jachowski
and Schultz,**** who studied Aedes punctor (Kirby), A. communis (De
Geer), and A. nearcticus Dyar, classify the sites from which they col-
lected larvae as grassy sloughs, mossy pools (“tundra pools”), frost
ditches, and willow-alder pools. The eggs hatch almost immediately after
the spring thaw, and if a freeze occurs after this, the larvae will freeze
into the ice and thaw out again when it warms up. The larval period was
observed to be about 28 days and the pupal period from 3 to 5 days.
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During chilly night hours mosquitoes were observed to gather in large
numbers about the open doors of heated quarters or hovered in the warm
draft from chimneys. Blood meals, if necessary, are readily available
from herds of caribou, large populations of rodents, and nesting ducks,
geese, and other birds.

Of 18 species of mosquitoes found in central Alaska according to
Jenkins?® the following species are the most abundant: Aedes punctor
(Kirby), A. communis (DeGeer), A. pionips Dyar, Culiseta alaskaensis

Fic. 70. Aedes aegypti, an important
vector of the viruses of yellow fever and
dengue. (Adapted after Soper, Wilson,
et al.)

Q
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(Lud.), and C. impatiens (Walk.); A. flavescens (Muell.), locally abun-
dant in the coastal marshes.

Aedes aegypti (Linn.) (Fig. 70), the yellow fever mosquito, will long
be known under the name of Stegomyia fasciata (Fabr.) although it
was known for several years under the names of Aedes calopus (Meig.)
and Aedes argenteus (Poiret). It is not only the most important vector of
yellow fever but likewise of dengue fever. This species is widely distrib-
uted within the limits of 40° N and 40° S latitude, but it is highly
susceptible to temperature variations. According to Hindle*" it soon dies
in the open air at a temperature of 7° to 8° C, succumbing in a few
seconds to an exposure of 0° C, and 37° C is rapidly fatal. Furthermore,
it does not thrive in dry hot climates. The adult insect (Fig. 70) is
beautifully marked with silvery-white or yellowish-white bands and
stripes on a nearly black background, whence the name “tiger mosquito.”
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It has a “lyre-like” pattern dorsally on its thorax, ie., two outer curved
yellowish-white lines and two median parallel lines. The legs are con-
spicuously banded, and the last joint of the hind leg is entirely white.
The head is covered with broad flat scales with only a single row of
upright forked scales.

The yellow fever mosquito is a typical domestic species seldom found
far from man’s habitations. Many observers believe it to be a day-flying
and day-feeding species, but this habit apparently is restricted to the
younger individuals up to six or seven days after emergence, or rather
until a meal of blood is secured, when the insect becomes nocturnal.
Howard observes that “it prefers the blood of white races to that of dark
races, and attacks young, vigorous persons of fine skin and good color
in preference to anemic or aged people.”

The eggs of the yellow fever mosquito are deposited singly on the
surface of the water, usually in containers at or near the waterline; they
are dark in color, and each egg is surrounded by air cells (Fig. 65).
Comparatively few eggs are deposited at one laying, and while there
may be two layings, possibly more, the total averages about 140 (144
according to Woke) when fed on man. Woke*® found that this species
produced greater numbers of eggs when fed on the frog or turtle.

Unlike the eggs of most species these can withstand desiccation to
a very marked degree, some authors declaring that this is possible for
several months. Ordinarily the eggs hatch in about 48 hours.

The larvae are quite robust, the breathing siphon is comparatively
short and heavy and black (Fig. 65), and their position in the water is
almost vertical, considerably more so than that of other culicine species.
The larval stage is ordinarily passed in about 9 or 10 days under average
conditions and in from 5 to 7 days under warmer conditions.

The pupae have broadly triangular breathing trumpets. Only about
86 hours is spent in the pupal stage.

According to Howard the shortest period of development from egg
to imago observed by Reed and Carroll in Cuba was nine and one-half
days, ie., egg stage, two days; larval stage, six days; pupal stage, 36
hours. From this very short period the time ranges from 11 to 18 days
according to the same author.

The yellow fever mosquito breeds by preference in artificial con-
tainers of rain water. (It is known, however, at times to breed naturally
in brackish water.) Rain-water barrels, tanks, cisterns, tin cans, urns,
etc., provide suitable breeding places (wooden containers seem to be
preferred); water collected among the leaves of certain members of the
Agave family, also water collected in banana palms may produce many
mosquitoes.

Woke has shown that Aedes aegypti (Linn.) fed on frog blood and
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turtle blood produced viable eggs, and that the larvae developed nor-
mally and produced normal adults.

Although Aedes aegypti (Linn.) is called the yellow fever mosquito
and is undoubtedly the most important vector of this disease under
natural conditions because of its domestic breeding habits, there are
nevertheless a dozen other species which are able to transmit the disease
(see p. 239).

Other genera. The genus Psorophora, which includes only nine North
American species, is distinguished by the presence of both prespiracular
and postspiracular bristles and by the second marginal cell of the wing,
which is more than half as long as its petiole. The larvae of some species
are predaceous, feeding on other mosquito larvae and other small aquatic
animals in temporary ground pools.

Psorophora columbiae (Dyar and Knab) is widely distributed in the
eastern United States but ranges from parts of South America through
Cuba and Mexico to Canada. It is strikingly speckled in appearance
and is a fierce biter. In 1932 this species is reported to have caused great
loss to livestock in the Everglades section of Florida. The United States
Insect Pest Survey Bulletin (Vol. 12, No. 10, p. 428) describes the
plague: “ . . . by evening of that day the buzzing was as loud as that
of a swarm of bees. During the night livestock could be heard running
and thrashing in the underbrush, and on the morning of September 6,
dead animals were found throughout the section. The recorded mortality
was 80 head of cattle, 3 horses, 1 mule, 67 hogs, 20 chickens, and 2 dogs.
Post-mortem examinations showed no mosquitoes in the respiratory ap-
paratus, indicating that the animals died either from loss of blood, nerv-
ous exhaustion, or the effects of some toxin.” The milk supply was also
greatly reduced during the four days of the infestation.

The genus Mansonia is characterized in large measure by the scales
of the wings, which are very broad by comparison with those of other
species of mosquitoes. The larvae have the air tube sharply pointed, en-
abling them to pierce the stems or roots of aquatic plants from which
they obtain air and to which they remain attached (submerged) through-
out larval development.

Mansonia perturbans Walker is a small species (5 mm) which is
widely distributed throughout North America. It has severe biting habits
and evidently travels some distance from its breeding place. The biology
of this and other species of the genus is fascinating indeed.

The genus Orthopodomyia includes only two species from North
America. The adults are described by Matheson as “rather gaily orna-
mented and easily recognized by their coloring.” The larvae are found
in tree holes, also in broken bamboo and leaf axils of certain plants.
Orthopodomyia signifera (Coquillett) extends along the eastern sea-
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board of the United States and westerly from Florida into southern
California, thence northerly to near Sacramento.

TRIBE ANOPHELINI

Characteristics. The following characters are generally employed to
characterize the tribe Anophelini: palpi of both sexes are usually about
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Fic. 71. Dorsal view of Anopheles mosquito (female) showing certain
structural details useful in classification. (Modified after Essig in College
Entomology, The Macmillan Company, New York, 1942.)

as long as the proboscis; the scutellum (Figs. 65 and 71) is evenly
rounded (except in Chagasia where a slightly trilobed condition occurs);
mandibles and maxillae of the females are well developed and toothed;
legs are very long and slender, there are no distinct tibial bristles and
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no pulvilli; the abdomen is without scales, or at least with the sternites
largely bare (Edwards); the wings usually have distinct markings.

The tribe Anophelini has been divided into numerous genera such
as Myzorhynchus, Arribalzagia, Argyritarsis, Neomyzomyia, Myzomyia,
and more than thirty others. Edwards, as well as other culicidologists,
reduced the number of genera to three: Chagasia, with the scutellum
slightly trilobed; Bironella, with scutellum evenly rounded, wing with
stem of median (M) fork wavy; and Anopheles, with scutellum evenly
rounded, wing with stem of median (M) fork straight. There are three
species of Chagasia, all of tropical America. The genus Bironella in-
cludes two species, both of New Guinea. The genus Anopheles includes

Fi1c. 72. Anopheles freeborni in the act of sucking blood from the author’s hand.

over 300 species and subspecies, (Russell et al., 1943, loc. cit), of which
about 90 occur in the Americas, 14 in North America.

The common species rest with the proboscis, head, and abdomen
nearly in a straight line and when resting have the appearance of a splin-
ter lifted at an angle from a given surface (Fig. 72). In exceptional
cases, as in Anopheles culicifacies Giles of India, the resting position is
Culex-like. Hoffman® states that A. grabhamii Theobald rests with its
body almost at a right angle to the vertical surface. A. hyrcanus sinensis
Wied. takes a similar position. The hum of anophelines is distinctly low-
pitched and almost inaudible unless they are close to the ear or in a
bottle. Most of our common anophelines are not strong fliers and usually
take to cover even in a moderate breeze. In California, Anopheles free-
borni Aitken previously recorded here as Anopheles maculipennis Meigen,
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engages In an annual dispersal flight of overwintering females about
mid-February, during which time the mosquitoes may invade much ter-
ritory, traveling more than 25 miles. During this flight the first eggs are
deposited. In the main this flight favors the spread of the species. While
on the flight the mosquitoes bite by day even in broad sunlight. Free-
borni also engages in a prehibernation flight during late October and
November. The males having died soon after mating, the overwintering
forms are females only.

Although some individuals of a few species may overwinter in the
larval stage buried in mud and debris at the bottom of certain pools,
the usual method of overwintering is in the adult (females only) stage.

Mating and oviposition. Fertilization of the females takes place almost
immediately upon emergence. The males emerge first and may be seen
dancing over or near the breeding places in small swarms apparently
awaiting the appearance of the females; when these dart into the danc-
ing swarm mating occurs. This type of mating requiring wide spaces is
known as eurygamous, while those forms such as Anopheles sacharovi
Favr. (= elutus Edwards) which mate in confinement in a small space
are known as stenogamous. Overwintering females are fertilized by the
last brood of males during the autumn, and the eggs are deposited soon
after the spring dispersal flight. In certain localities at least, there is a
period when the species exists only in the larval stage, all the adults
having died after egg deposition. There is probably only a single laying
at this time.

Under laboratory conditions the great majority of eggs are deposited
between sunset and eleven oclock in the evening (vicinity of Chico,
California, May to August), although our records show layings later at
night and a few during late afternoons of highly overcast humid days.
The average number of eggs deposited by Anopheles freeborni Aitken is
slightly in excess of 200, with 385 as the maximum for one laying.?* The
same average and somewhat smaller total number for one laying was
observed for Anopheles punctipennis (Say), a maximum of 321, with an
average of 203.** During 1937 the largest number in one batch for this
species was 352, observed by Aitken. One A. punctipennis (Say) female
deposited 500 eggs in our laboratory in four layings from Mar. 2 to 22,
1938. For Anopheles pseudopunctipennis franciscanus McCracken, for-
merly recorded in California as Anopheles pseudopunctipennis Theobold,
a maximum of 283 was observed, with an average of 151. At least three
batches of eggs may be laid during the lifetime of a female. It is of in-
terest to note that in one of our observations a female A. freeborni de-
posited 174 eggs in 19 minutes, an egg every six to seven seconds with
intervening periods of rest. During the entire operation the female rest-
ing on the surface of the water remained motionless except for the monot-
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onous jerking of the abdomen when the egg was released. The eggs fell
in a heap beneath the insect, pearly white in color, toppling over and
forming geometrical patterns and becoming deep brownish black in
about 45 minutes.

Egg characters. The characters of anopheline eggs used in classifica-
tion are: presence or absence of floats, position and length of the float,
presence or absence of frill, and pattern. (Fig. 73) Christophers and
Barraud®* classify anopheline eggs as of four types:

1. Eggs probably of primitive type with full-float surrounding egg,

2. Eggs with terminal frill (pseudopunctipennis franciscanus of Herms and
Freeborn),

3. Whale-back eggs with floats separated from dorsal surface,

4., Various types of boat-like eggs with floats touching margin of dorsal
surface. /

The egg of the Californian A. freeborni Aitken (Fig. 72) is fusiform,
signiy rounded at each end and Yapering W e eXwit tef vt o
slightly broader than the other (Herms and F rost).** The upper surface
is flattened with a slight longitudinal concavity, while the lower surface
is broadly convex, the convexity becoming more pronounced at the broad
end of the egg. The upper surface is granular, bordered by a laterally
striated frill 16¢ in width, except at the floats, while the lower surface
shows, under proper light, a silvery reticulation. Medianly placed are
two roughly oval lateral floats, each divided in a majority of cases into
12 scalloped compartments. The larger part of the area covered by these
floats is on the lateral faces of the egg, but they project dorsally over the
margins, which are described as “gunwales” rather aptly by one author
who likens the egg to a boat. The eggs range in length from 596k to
656u. The floats vary in length from 122 to 294p.

Falleroni, Martini, Hackett, and Missiroli (see Hackett®® and Hackett
and Lewis**) have shown that Anopheles maculipennis Meigen actually
comprises seven races in Europe, which can be distinguished only b}’
egg patterns, namely var. melanoon Hackett, var. messeae Falleroni, var.
typicus Meigen, var. atroparvus van Thiel, vas. labranchiae Falleroni, and
var. subalpinus Hackett and Lewis; another, var. elutus (= A. sacharovi
Favr.) has solid leaden-colored eggs (Fig. 73)-

The eggs of A. punctipennis (Say) resemble those of the Californian
A. freeborni Aitken with these exceptions: in the punctipennis form the
“frill” extends along the margins of the egg Without interruption at the
site of the floats which are located on the ypper portion of the ventral
surface, and extending farther along the sides of the egg are a greater
number of compartments, ranging from 16 to 22, which do not converge
in fan-wise fashion as in freeborni.
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Fic. 78. Eggs of certain anopheline mosquitoes, including racial forms.
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Cracken. (European races of A. maculipennis vedrawn afier Hackett.)
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The eggs of Anopheles pseudopunctipennis franciscanus McCracken
occur in at least two different forms in California. Herms and Freeborn®
described the eggs as having the upper surface nearly flat, showing little
concavity longitudinally although the lower surface shows a marked
convexity, Both ends of the egg are rounded, one being considerably
broader than the other. The floats are represented by a fusiform closely
appressed area, approximately 270u long, lying on the dorsal side of the
blunt end. This area is divided medianly by a line which is assumed to
be the line of contact of the two floats that have been forced up from

Fic. 74. Typical breeding place of California Anopheles freeborni in sunlit
weed-grown ditch with slowly moving water.

the sides. Lateral lines mark off each longitudinal half of the area into 12
sections representing the original compartments of the lateral floats. This
area is so appressed that its position is not distinguishable from a lateral
view. Near the narrow end of the egg the membranous covering flares out
from the body of the egg to form a translucent, striated collar which
completely encircles the end, with the exception of a triangular incision
down the dorsal median line in a manner which reminds one of an over-
sized dress collar (Fig. 72). The egg hangs at an angle in the water,
supported by surface tension on the “collar” The eggs ranged in length
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from 5124 to 528u. Rozeboom  states that the cggs of A. pseudopuncti-
ennis Theobald in Panama resemble the eggs of the California species
as described by Herms and Freeborn, cxcept that in the Panamanian
form the floats are large and have many foat ridges; the collar-like frill
being identical. The Panamanian eggs ranged in iength {rom 480u to
5734, the mean being 520.
A second form of A. pseudopunctipennis egg, probably var. boydi
Vargas was described by Herms and Frost (loc. cit.) as foilows: floats are
not only present but completely encircle the egg, which lies flat upon

Fic. 753. Breeding place for Californian Anopheles freeborni in overflow
from river Larvae particularly along margins and in hoofprints at edge.
(Photograph by T.. L. Wiiliams, Jr.)

the surface of the water with the floats extended in nearly every instance
(Fig. '18). The floats average from 45 to 47 in number, and from 134 to
25u in width, being wider along the sides of the egg and narrowed at
the ends. The length of the eggs over all ranged from 510u to 544 .
Breeding habits. The breeding habits of anophelines differ consider-
ably for even very closely related species, e.g., the American Anopheles
freeborni Aitken and A. quadrimaculatus Say, both four-spotted anophe-
lines separable with accuracy as adults only on differences in male ter-
minalia, have widely differert breeding requirements, the former, at
least in California, breeding iargely in open sunlit shallow seepage
water (Figs. 74 and 75) and the latter in impounded water with floating
debris and aquatic vegetation. The European races of A. maculipennis
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Meigen already referred to emphasize the need of accurate knowledge
as to breeding habits.

The following example illustrates the very great importance of know-
ing the breeding habits in the conduct of malaria control operations.
Williams® points out that in the Federated Malay States Anopheles
umbrosus Theobald is the vector of malaria in the coastal plain, breed-
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Fic. 76. Showing life history of a
mosquito, Anopheles maculipennis.

ing in practically stagnant water densely shaded by mangrove. Its pro-
duction is controlled, as Williams points out, by clearing the swamps
and letting in the brilliant sunshine, or by cutting ditches and confining
the water to definite channels. The same type of work when practiced on
high inland plateaus increases the malaria rate, because here the vector
is Anopheles maculatus Theobald, which prefers the quiet edges of
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trickling streams in the open sunshine. Anopheles minimus Theobald,
the principal vector of malaria in the Philippines, breeds in small lowing
streams in the foothills (Russell*"). Several species of Anopheles (though
unimportant as vectors) are tree-hole breeders, viz.: A. plumbeus
Stephens (European) and A. barberi Coq. (American). A. bellator D.
& K., an important Caribbean vector, breeds in collections of water
among bromeliads.

An unusual situation is reported for Anopheles sergenti (Theobald),
a north African and Palestinian species, the larvae of which inhabit small
pools and springs among stones at the edge of the lake (Tiberias). The
larvae are often under the stones and not easily found (Buxton®).

Life history of anophelines. Although there is much variation in the
life histories of the species of Anopheles mosquitoes (Fig. 76) as well
as considerable variation within the species due to temperature and
other factors, the length of time required for development from egg to
adult is generally longer than in other genera, except in genera where
the egg stage may be greatly prolonged, as in Aedes.

Incubation period. In a series of tests in which about 20,000 eggs of
Anopheles freeborni Aitken®® were used the incubation period at room
temperature of 70° F =& 3° was about 72 hours. Under field conditions
the incubation period ranged from two to four days, with an average of
2.5 days, under which conditions the incubation period of Anopheles
punctipennis (Say) ranged from two to six days with an average of 3.2
days.

The eggs of A. freeborni removed from the water and dried at tem-
peratures of 74° F and 65° F remained viable after a period of desic-
cation not over 72 hours. No hatching was obtained from eggs of A.
punctipennis (Say) after 24 hours’ desiccation.

Larval period. Hatching generally took place during the evening and
night in the experiments cited. With yeast as food in distilled water at
pH of 6.6 to 7.6 the larvae of A. freeborni reached the pupal stage in 15
to 16 days.

Pupal stage. The pupal stage requires about three days. Thus the
entire life history from egg to adult in A. freeborni under experimental
conditions requires about 21 to 22 days; the same is true for A. puncti-
pennis (Say) and A. punctipennis franciscanus McC. Under field condi-
tions this period may be considerably prolonged. Adult mosquitoes
reared in the laboratory did not begin oviposition until 13 to 15 days
after receiving a blood meal.

The life cycle of Anopheles albimanus Wiedemann, the important
vector of malaria of the Panama Canal Zone, has been carefully studied
by Rozeboom.** With room temperature between 27° and 32° C and
water temperature for larvae from 21° to 27° C, and eggs and pupae
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at 27° to 30° C, the entire cycle (egg to adult) required from 18 to 24
days, an average of three weeks. A period of seven days, or a little over,
was necessary for the development of the ovaries, an average of 435
eggs being deposited; the incubation period was 40 to 48 hours; the
larval stage required from 6 to 22 days, usually 8 to 13 days in hay in-
fusion water; the pupal stage took 30 to 33 hours; the longest observed
adult life of a female was 31 days, and of a male, 27 days.

Anopheles quadrimaculatus Say occurs in the United States from
Mexico to Canada throughout the Mississippi Valley and east to the
Atlantic. It is the chief vector of malaria in the eastern, central, and
southern United States. The wings have four distinct spots. According
to Williams (loc. cit.):

It breeds almost wholly in still water that is relatively clean. It requires
some sunshine, never being found in dense shade. However, it requires some
darkness, for it is never found in waters which are wholly unshaded, unless
they have a type of flotage which casts narrow strips of shade where the larvae
may lie during a portion of the daylight hours. . . . An ideal breeding place
for A. quadrimaculatus Say is in freshly impounded water which floods a basin
containing underbrush and which is sparsely covered with trees. Such a body
of water quickly gathers flotage of dead and dying land vegetation, twigs and
leaves, among which algae soon appear. Such flotage not only offers the req-
uisite amount of shade, but an abundant food supply. Such an impounding
- will not acquire a large quantity of natural enemies, such as top minnows and
aquatic insects, for a number of years and seldom acquires enough entirely to
prevent production of the mosquito.

The normal detritus passing down a narrow stream will clog the interstices
of a fallen tree or branch and create a dam. These natural impounded waters
are excellent breeding places for quadrimaculatus. Swamps covered by a
growth of virgin timber, on the other hand, are not good breeding places.
Such swamps are almost invariably covered with such a dense timber growth
that sunlight can reach the surface of the water only in those small areas
where an opening has been made by the fall of a dead tree. Swamps of this
description have a small seeding of quadrimaculatus, but not enough to
propagate malaria. When the lumberman enters, cutting out the large trees,
leaving the small ones, the branches and the tree tops, he changes a safe
water surface into one almost ideal for quadrimaculatus production. He has
let in the sunshine without removing all of the shade, and he has left behind
waste which not only creates fine flotage, but large portions of which tend to
clog the channel which traverses the average swamp, thus making a series of

ponds.

The brood peaks of this species in southwestern Georgia according
to Boyd* are from 20 to 30 days apart, and there are from 8 to 10
annual broods, the first appearing from 20 to 30 days after the last
frost, and the last brood, the tenth, if there is favorable weather, in



MOSQUITOLS 205

December. January and February, he states, are the only months when
no broods emerge. An excellent description of the techniques used in
large-scale rearing of Anopheles quadrimaculatus Say is given by Green-
wald, Cochran, and Scharff.**

Biting habits. In determining the relative importance of various
species of mosquitoes as vectors of diseases, a knowledge of their biting
habits is essential. They may be preponderantly zodphilous, feeding on
animals other than man, or preponderantly anthropophilous i.e., feeding
on man; they are seldom exclusively either. That a species is a strong
vector of any given infection is probably not always due to an innate ca-
pacity but more probably due to a larger degree of domesticity. A close
and constant contact between the vectors of a disease and the human
victims is essential to extensive transmission of the disease. There are
some species, such as Anopheles minimus flavirostris (Ludlow), an
important vector of malaria in the Philippine Islands, and A. albimanus
Wied.,, a vector in the Caribbean area, which do not remain indoors
during the day after feeding indoors at night, an important factor in
making malaria surveys.

It is often pointed out that the fact that certain species of mosquitoes
predominate indoors or are the sole entrants must be weighed against
the production and proximity of these and other species under com-
parison. Carter, Le Prince, and Griffitts*® have observed that Anopheles
quadrimaculatus Say is much more often found in residences than A.
punctipennis (Say). Mayne (Mitzmain)* in a table comparing the col-
lections of A. punctipennis (Say) and A. quadrimaculatus Say, totaling
1,377 specimens, compares the numbers of each species taken inside
dwellings, under dwellings, in privies, vacated buildings, cattle sheds,
horse and mule sheds, fowl roosts, and wagon and tool sheds. In com-
menting on his results he states:

It is indicated that in the three sources of direct human influence, namely,
inside dwellings, under dwellings, and in privies, the last produced the greatest
number of specimens of A. punctipennis. This species comprised less than
one-third (30 per cent) of the catch in houses, while under dwellings 62 per
cent of the mosquitoes collected proved to be A. punctipennis. . . . It has
been observed by service officers, conducting malarial surveys, that although
A. punctipenis rarely bites while inside a dwelling, it is found to attack persons
seated on the porch or gallery of the house, after which these mosquitoes
seek rest, presumably under the house in preference to the interior.

During the summer of 1920, from May 12 to July 13, daily collections
of mosquitoes were made by the author and his associates at Vina
(Northern Sacramento Valley, California ), one series being indoors and
the other outdoors. The indoor collections were made regularly in the
same buildings—a cowshed, washhouse, showerbath, storehouse, and
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dwelling, whereas the outdoor collections were made under a short
wooden bridge within 10 to 12 feet of an aggregation of shacks occupied
by Chinese and Negroes. The indoor series taken in an area where control
measures were in progress does not represent a large number of mos-
quitoes, but the fact remains that of 77 anophelines collected, 50 were
Anopheles freeborni Aitken (including only one male) and 27 were
A. punctipennis (Say) (including two males), or practically twice as
many A. freeborni. On the other hand, the outdoor series represented
a total of 343 anophelines of which 102 were A. freeborni (42 males
and 60 females) and 241 were A. punctipennis (130 males and 111 fe-
males) or something over twice as many A. punctipennis.

These collections bear out very well the general observations that

A B [

Fic. 77. Californian Anopheles: (A) A. freeborni, (B) A. punctipennis, and
(C) A. pseudopunctipennis franciscanus.

A. freeborni Aitken like A. quadrimaculatus Say readily invades houses
and is consequently of greater importance as a malaria vector, while
A. punctipennis (Say) is chiefly an outdoor biter, porch biter, etc., and
consequently probably of less importance as a vector. During the entire
period of two months the well-screened cottage which was occupied by
our party was not invaded a single time by A. punctipennis (Say),
while A. freeborni Aitken was a common visitor. Anopheles pseudo-
punctipennis franciscanus McC. is considered to be a field mosquito in
California and is apparently of no consequence as a vector. Methods used
to study the feeding habits of mosquitoes are well described by Reeves
and Hammon.** In this study they used the precipitin test in which
mosquital blood smears were tested with the antisera of domestic rabbits
against the sera of the horse, cow, sheep, dog, man, and chicken. In
Mexico, Central America, and southerly, Anopheles pseudopunctipennis
pseudopunctipennis Theo. invades human habitations and is an impor-
tant malaria vector.

Some North American anophelines. Anopheles freeborni Aitken (Fig.
T7A), Anopheles occidentalis (Dyar and Knab), and Anopheles aztecus
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Hoffman constitute for the present American maculipennis group ac-
cording to Aitken.*® Freeborni is referred to as the brown, unicolorous
form of the irrigated western regions, west of the Rocky Mountains,
extending northerly into British Columbia and southerly into parts of
Arizona and New Mexico, the western tip of Texas, and Baja California
(Mexico). Occidentalis is referred to as the “silver” or “bronze-tipped”
melanic form of the cool western seacoasts, into Alaska, and across the
continent through southern Canada and the northern areas of the United
States to Connecticut; Vargas contends that the above-indicated easterly
range of occidentalis is taken over by earli. Aztecus is the large, long-
winged, linear scaled species of the Mexican plateau, at elevations of
5,000 to 7,000 feet and over.

Anopheles quadrimaculatus Say is the common malaria vector of the
eastern United States, extending from southern New Hampshire and
southern Ontario westerly to Minnesota and south to Vera Cruz, Mexico.
It is particularly abundant in the southeastern United States. The wing
scales are all dark, some forming four blackish spots; palpi and hind
tarsi are black; femora have small white spots at tip, “knee spots.”

Anopheles punctipennis (Say) (Fig 77B) is said to be the most
widespread anopheline in North America, ranging from southern Can-
ada to the Mexican plateau. The wings have black and yellow scales,
the latter forming two spots on the costal margin, one of which is long
and situated beyond the middle, the second smaller and near the apex,
giving a mottled appearance to the wings. The proboscis is black, and
the palpi are unbanded. The general appearance of the body is dark
brown. This species breeds in clear, cool, shaded pools. The females
seldom enter dwellings but invade unscreened porches and bite in the
open.

Anopheles pseudopunctipennis Theobald is a widespread plains and
highland species, extending from Argentina along the Andean region of
South America, through Central America, Mexico, and the south central
United States. It resembles A. punctipennis (Say) somewhat, but is
easily separated by the white banding of the palpi. The tip of each
palpus is white. It breeds primarily in sunlit pools along the courses of
receding streams, the larvae being exceedingly abundant in the mats
of green algae.

Anopheles pseudopunctipennis franciscanus McCracken (Fig. 77C),
together with the var. boydi Vargas, is very abundant in many parts of
California where it was previously recorded as Anopheles pseudopuncti-
pennis Theobald; it also occurs in Nevada, Utah, Arizona, New Mexico,
western Texas, and Baja California. Its breeding habits resemble those
of pseudopunctipennis. It differs from the latter in that the tips of the
palpi are black. It rarely enters human habitations.
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Anopheles crucians Wiedemann, Anopheles bradleyi King, and
Anopheles georgianus King resemble each other very closely and con-
stitute the “crucians” complex. The palpi of all three species are banded
with white, and the last segment is entirely white. Separation of the
species can be made only in the larval stage. Crucians has been found
from Massachusetts southwesterly to Kansas, Oklahoma, and Texas. It
breeds in ponds, lake margins, swamps, and pools of both intermittent
and permanent character; it breeds extensively in acid waters as in’the
cypress swamps of Florida and Georgia (Matheson). The females bite
freely during the day. Bradleyi occurs along the Atlantic and Gulf coasts
from Maryland to Vera Cruz, Mexico. It normally breeds in saline waters.
Georgianus occurs widely in fresh water in the Gulf states. It can be
distinguished from the other two members of the complex with dif-
ficulty.

Anopheles barberi Coquillett occurs in the eastern United States
from New York southward. It breeds commonly in water collected in
tree holes, but occasionally in artificial containers.

Anopheles walkeri Theobald is a widely distributed species in the
eastern United States to the Gulf of Mexico and north to Minnesota.
The presence of white “knee” spots and the golden color of the halters
distinguish it from A. atropos D. and K.

Anopheles atropos Dyar and Knab is strictly a salt-water mosquito
confined to the shores of the Gulf of Mexico from Florida to Louisiana.
It is small and very dark with unspotted wings. It lacks white knee spots.
Within its range it is said to outnumber A. crucians Wied. three to one
and breeds by preference in permanent salt pools or in shallow water
on muck or alluvial marshes. It is reported to be a tormenting pest, biting
in direct sunlight as well as by night.

Anopheles albimanus Wiedemann, is considered to be the most im-
portant anopheline species in the Caribbean region. The hind tarsi are
conspicuously white-banded; the apical segment of the palpi is entirely
white. It develops freely in brackish or salt water. This species has been
reported from several points in the extreme southern parts of the United
States, e.g., Key West, Florida, and the Rio Grande Valley (Browns-
ville), Texas.

Key to Culicid Tribes and Genera of the United States
(Prepared by T. H. G. Aitken after various authors)

1. Abdomen without scales, or at least with the sternites largely bare.
Scutellum never trilobed; crescent-shaped with the marginal setae
evenly distributed. Palpi (males and females) as long or almost as
long as the proboscis. Tribe Anophelini, Genus Anopheles Meigen 1818
Abdomen with both tegites and sternites completely clothed with



10.

11.

. Postspiracular bristles present

. Prespiracular bristles present (even if few)
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scales. Scutellum trilobed (except Megarhinini—spurious vein extends
toward base of wing in upper basal cell from angle of Ri-s). Palpi
(females) much shorter than the proboscis

Proboscis rigid, outer half more slender and bent backward...... ...

............ Tribe Megarhinini, Genus Megarhinus Robineau-Desvoidy 1827
Proboscis more flexible, of uniform thickness (unless swollen at tip),
outer half not bent backward............ ... Tribe Culicini

. Postnotum with setae................... Genus Wyeomyia Theobald 1901

Postnotum without setae.............................. .

Wing membrane without microtrichia. Cell R. shorter than its stem:
anal vein ends about opposite base of cubital fork..... ... .
.......................................... Genus Uranotaenia Lynch-Arribalzaga 1891
Wing membrane with microtrichia. Cell R. longer than its petiole.
Anal vein extending well beyond fork of cubitus

Postspiracular bristles absent

......................................... Genus Psorophora Robineau-Desvoidy 1827
Prespiracular bristles absent

. Wing scales mostly narrow, or when broad, setae are present on upper

side of base of R: (1st vein) ... . . Genus Aedes Meigen 1818
Wing scales broad; setae absent on uppper side of Ri.............
Genus Mansonia Blanchard 1901 (Subgenera Mansonia, Mansonioides,
........................................................................................ Rhynchotaenia)

. Prespiracular bristles present; lower side of base of R: (Ist vein)

distinetly pilose.................... Genus Culiseta Felt 1904
Prespiracular bristles absent; lower side of base of R: scaly or
bare

. Pulvilli present............cocoooiiiiiii

Pulvilli absent...............cccooiie
Second joint of antenna (first flagellar) very long in both sexes; an-
tenna of male not plumose.......... Genus Deinocerites Theobald 1901
Second joint of antenna normal; antenna of male nearly always
plumose . . .. ...l Genus Culex Linnaeus 1758
Fourth joint of front tarsus very short (both sexes); first segment of
front tarsi longer than the last four together.................. ...
................................................... Genus Orthopodomyia Theobald 1904
Fourth joint of front tarsus not shortened in female; first segment of
front tarsi not longer than last four together..................... .. ...
................ Genus Mansonia Blanchard 1901 (Subgenus Coquillettidia)
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MOSQUITOES AS VECTORS OF DISEASE

A. THE MALARIAS

Human Malaria. Malaria is a widely distributed disease, prevalent
to a greater or less degree on every continent and on many islands of
the seas. It is considered to be the most important disease of man.
Whether or not malaria existed in North America prior to the discovery
of the continent has not been definitely established; however, this disease
was evidently recognized as a factor in colonization on the Massachusetts
coast and the Georgia-Carolina coast as early as the middle of the 17th
century.! In the United States, where malaria is on a rapid decline, there
were an estimated 900,000 cases as late as 1935; approximately 3,900
deaths were reported for 1934 in 13 southern states.? The number of
deaths in 1944 due to malaria was reported to have been 584, of which
540 occurred in the 14 southern states.®

The presence of endemic malaria is dependent upon a complex of
environmental factors favorable to the development of large numbers
of vector (anthropophilous) mosquitoes, as well as to the Plasmodia
causing the disease. Temperature, particularly as it affects the develop-
ment of the plasmodium in the mosquito, and temperature combined
with humidity as it affects the life of the vector, are critical factors; a
mean summer isotherm of 15° to 16° C in general limits its geographical
distribution fairly well. The distribution of malaria is dependent upon
the availability of water for mosquito breeding, not necessarily heavy
rainfall; naturally arid regions may be seriously affected because of im-
perfections in irrigation if this is practiced. Although lowlands are more
likely to be affected, this does not hold as a general rule, because if one
or more important factors are lacking in a lowland region the area is
nonmalarious. The disease may occur at high elevations (9,000 feet in
Quito) under favorable circumstances. The writer found endemic malaria
in California at an elevation of about 5,500 feet; it is present in Mexico
at an elevation of near 7,500 feet.

Few diseases have so large a list of synonyms; among these are aguc,
chills and fever, jungle fever, paludism, marsh fever, remittent fever,
intermittent fever, Wechselfieber, Kaltesfieber, etc. The symptoms are
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CHAPTER XII

— -

MOSQUITOES AS VECTORS OF DISEASE

A. THE MALARIAS

Human Malaria. Malaria is a widely distributed disease, prevalent
to a greater or less degree on every continent and on many islands of
the seas. It is considered to be the most important disease of man.
Whether or not malaria existed in North America prior to the discovery
of the continent has not been definitely established; however, this disease
was evidently recognized as a factor in colonization on the Massachusetts
coast and the Georgia-Carolina coast as early as the middle of the 17th
century.! In the United States, where malaria is on a rapid decline, there
were an estimated 900,000 cases as late as 1935; approximately 3,900
deaths were reported for 1934 in 13 southern states.? The number of
deaths in 1944 due to malaria was reported to have been 584, of which
540 occurred in the 14 southern states.?

The presence of endemic malaria is dependent upon a complex of
environmental factors favorable to the development of large numbers
of vector (anthropophilous) mosquitoes, as well as to the Plasmodia
causing the disease. Temperature, particularly as it affects the develop-
ment of the plasmodium in the mosquito, and temperature combined
with humidity as it affects the life of the vector, are critical factors; a
mean summer isotherm of 15° to 16° C in general limits its geographical
distribution fairly well. The distribution of malaria is dependent upon
the availability of water for mosquito breeding, not necessarily heavy
rainfall; naturally arid regions may be seriously affected because of im-
perfections in irrigation if this is practiced. Although lowlands are more
likely to be affected, this does not hold as a general rule, because if one
or more important factors are lacking in a lowland region the area is
nonmalarious. The disease may occur at high elevations (9,000 feet in
Quito) under favorable circumstances. The writer found endemic malaria
in California at an elevation of about 5,500 feet; it is present in Mexico
at an elevation of near 7,500 feet.

Few diseases have so large a list of synonyms; among these are aguc,
chills and fever, jungle fever, paludism, marsh fever, remittent fever,
intermittent fever, Wechselfieber, Kaltesfieber, étc. The symptoms are
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commonly characterized by more or less regularly occurring febrile
paroxysms. In most cases there are three fairly well-defined stages, viz.:
the cold stage (the chill) in which the skin becomes pale and has the
appearance of “gooseflesh,” the patient’s teeth may chatter, and he may
shiver more or less violently; the next stage is the hot stage, or fever, the
temperature rising during the chill, the skin is hot and flushed; the third
stage is marked by the appearance of a general perspiration, the fever
falls, and the temperature approaches normal. The entire paroxysm may
last but a few hours. In many cases the stages are not well marked,
neither do the paroxysms recur at the same intervals. The intervals
depend largely on the type of infection. When the paroxysm occurs at
intervals of 24 hours, as is often true in the early stages of infection or
in multiple infections, it is quotidian; when the interval is 48 hours or
every third day it is tertian; and when the interval is 72 hours or every
fourth day, it is quartan.

The disease is caused by an infection with one or more of several
species of blood-inhabiting protozoa (Class Sporozoa) belonging to the
genus Plasmodium. Under the clincal term “malaria,” there are really
combined four or more diseases, which, while caused by closely related
parasites and having a common means of transmission, nevertheless
possess individual characteristics, namely: vivax malaria, tertian; falci-
parum malaria, estivoautumnal; quartan malaria, quartan fever; ovale
malaria, ovale tertian.

The plasmodial parasites attack the red blood corpuscles, destroying
them while undergoing asexual reproduction; this asexual reproduction .
or sporulation occurs at more or less regular intervals, ie., 48 or 72
hours, depending upon the species of Plasmodium. The infection, ac-
cording to Reed,* results in (1) changes in organs, such as enlargement
of the spleen and liver, and heart involvements; in fatal cases of sub-
tertian malaria capillaries in the brain and pia are found congested or
blocked by schizonts and sporulating forms of plasmodia, with puncti-
form hemorrhages in the white matter of the cerebral cortex; (2) leuco-
penia with increase of mononuclears and varying degrees of anemia as
the result of direct destruction of red cells by plasmodia and indirect de-
generation of others; (8) malarial pigment (melanin) in macrophages
in the splenic sinuses is characteristic, as are also the heavy pigment
deposits in the cells in the splenic vein and liver; it is the same pigment
as that produced in the red cells by the plasmodia and released with
the rupture of infected red cells; (4) changes in physiology such as
periodic febrile paroxysms; these are quite regular in benign tertian
malaria, but because of irregular maturing of plasmodia the periodicity
of the paroxysms is often concealed in falciparum (subtertian) malaria;
focal symptomatology due to localization in subtertian [Plasmodium
falciparum (Welch)] arising from the “sticky tendency” of parasitized
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red cells which causes agglutination and blockage; (5) malaria cachexia,
a chronic condition following repeated malarial attacks. Persons con-
cerned technically with malaria should consult Russell, West, and Man-
well’s Practical Malariology® and Symposium on Human Malaria.*

Historical. Although the name “malaria” was not employed until the
middle of the eighteenth century, the disease was known for many
centuries, Hippocrates having divided periodic fevers into quotidian
(daily), tertian (every third day) and quartan (every fourth day). The
fable of Hercules and the Hydra is believed to refer to malaria. In 1753
Torti named the disease “malaria,” believing it to be air-borne and
emanating from the bad air (mal aria) rising from swamps and marshes.
Credit for the discovery of the causal agent (1880) belongs to C. L. A.
Laveran, a French army surgeon who was then stationed in Algeria.
Although the mosquito transmission theory is said to have been held for
many years by Italian and Tyrolese peasants and the natives of what
was formerly German East Africa, the first well-formulated mosquito-
malaria theory was advanced by Dr. A. F. A. King in 1883.” In 1885 and
1886 Golgi® discovered that the course of the fevers corresponded to the
development of the parasites in the blood corpuscles and particularly to
their periodic sporulation. He demonstrated this for both the quartan and
terian parasites.

Manson expressed a strong belief in the malaria-mosquito theory as
early as 1884, and it was his sustained guidance and encouragement that
carried Ronald Ross® on to those brilliant discoveries in India in 1897-
1898 that definitely incriminated mosquitoes as vectors of malaria, and
twice won for him the Nobel prize. Although Ross made important dis-
coveries in the field of human malaria and its anopheline vector, his
chief discovery was the complete life cycle of the causal organism of
bird malaria in a culicine mosquito; he established the bird-to-mosquito-
to-bird cycle.

Credit is due MacCallum?® for his discovery in 1897 that the flagel-
lated bodies which Ross had found in the intestines of mosquitoes were
actually male parasites and that these fertilize the female cells, thus
giving the clue to the nature of the pigmented cells in the stomach wall
of the mosquitoes. MacCallum actually observed the process of fertiliza-
tion in blood taken from a patient suffering from aestivo-autumnal ma-
laria. After describing the process of flagellation in the bird infection
and entrance of the “flagellum” into the granular round form, MacCallum
remarks (loc. cit.): “Have we not here, without much doubt, a sexual
process in the organisms the result of which is the motile vermiculus.
. . . We can thus consider the two forms of adult organism found in
the fresh blood as male and female, the granular form containing more

® Also see Boyd, Mark F., 1950. Malariology. Philadelphia: W. B. Saunders Co.
2 vols. 1643 pp.



216 MEDICAL ENTOMOLOGY

chromatophilic substance than the hyaline male form, which we may
now say gives up its life in the production of four or more spermatozoa
or flagella.” '

In an addendum MacCallum states that he had

examined the blood of a woman suffering from an infection with the aestivo-
autumnal type of organism, in which a great number of crescents were to be
seen. These in a freshly made slide of blood, with very few exceptions, re-
tained their crescentic shape for only a few minutes. They soon drew them-
selves up, thus straightened out the curve of the crescent while shortening
themselves into the well-known ovoid form. After the lapse of 10 to 12 minutes
most of them were quite round and extra-corpuscular, the “bib” lying beside
them as a delicate circle or “shadow” of the red corpuscle.

After 20 to 25 minutes certain ones of these spherical forms became
flagellated; others, and especially those in which the pigment formed a definite
ring and was not diffused throughout the organism, remained quiet and did
not become flagellated. In a field where an example of each form could be
watched, the flagella broke from the flagellated form and struggled among
the corpuscles, finally approaching the quiet spherical form; one of them
entered, agitating the pigment greatly, sometimes spinning the ring around.
The rest were refused admission, but swarmed about, beating their heads
against the wall of the organism. This occurred after 35 to 45 minutes.

After the entrance of the flagellum the organism again became quiet and
rather swollen, but although in the two instances in which this process was
traced, the fertilized form was watched for a long time, no form analogous to
the “vermiculus” was seen.

During this same period of discovery in the field of malaria Grassi'!
and associates proved that human malaria is transmitted by a particular
genus of mosquito, namely, Anopheles.

In 1900 Sambon and Low, at the suggestion of Manson, built a mos-
quito-proof hut in the Roman Campagna, in which they lived during the
most malarial months of that year without contracting malaria, having
taken precautions against mosquito bites by promptly retiring within
doors at sunset; otherwise they lived as did the natives. At this time
these investigators sent infected Anopheles mosquitoes from the Roman
Campagna to London, where Manson’s son, Dr. P. Thurburn Manson,
and Mr. George Warren permitted themselves to be bitten by these
mosquitoes and “shortly afterwards both of these gentlemen, neither of
whom had been abroad or otherwise exposed to malarial influences,
developed characteristic malarial fever, and malarial parasites were
found in abundance in their blood, both at that time and on the oc-
currence of the several relapses of malarial fever from which they sub-
sequently suffered. The mosquito-malaria theory has now, therefore,
passed from the region of conjecture to that of fact.”*
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Bass and Johns'* in 1912 were the first to cultivate successfully the
malaria parasite in vitro.

The plasmodia. The causal organisms of malaria belong to the genus
Plasmodium of the family Plasmodiidae, suborder Haemosporidiidea,
order Coccidiida, class Sporozoa, Phylum Protozoa. They are blood-
inhabiting microparasites, passing the principal portion of their asexual
cycle within the red blood cells of the host where they produce, with
the aid of hemoglobin, a characteristic malarial pigment (melanin).

If parasites are present in the blood they should be visible, after
proper staining, on careful thin-smear microscopic examination, as pig-
mented intracorpuscular bodies in the form of signet rings, ameboid
forms, segmenting forms, or as crescents in estivo-autumnal fever of 10
or more days’ duration. An excellent manual by Wilcox** is available for
the microscopical diagnosis of malaria in man. Of interest in routine
examination of malaria blood smears is the use of fluorescent dyes (0.1
per cent aqueous rivanol or berberine sulfate fluorochrome) and then
irradiation by ultraviolet ray (Metcalf, 1945'%).

Ross'® states that the parasites “will not generally be numerous
enough to cause illness unless there is at least one parasite to 100,000
haematids; that is, 50 parasites in 1 cmm of blood; or 150,000,000 in a
man 64 kilograms (142 pounds) in weight. . . . Such calculations dem-
onstrate the absurdity of supposing that there are no plasmodia present
in a person because we fail in finding one after a few minutes’ search.
As a matter of fact, even if as many as 150,000,000 plasmodia are present
in an average man, the chances are that ten to fifteen minutes’ search
will be required for each plasmodium found; while if we are careless
or unfortunate, we may have to look much longer.” The time elapsing
from inoculation by the mosquito to appearance of infected erythrocytes
(presumably one or more exoerythrocytic cycles) varies with the species
of the plasmodium as well as with the strain and other factors. In
falciparum malaria the incubation period for the Coker strain ranged
from 6 to 25 days, while that for the Long strain ranged from 9 to 10
days. '

a. Plasmodium falciparum (Welch 1897) (Plasmodium praecox
Blanchard 1900) is the causal organism of estivo-autumnal fever (sub-
tertian) of the tropics and subtropics, the most severe form of malaria,
often resulting fatally. Although it is a tertian fever there is considerable
irregularity in the occurrence and duration of the febrile stage owing
to a corresponding irregularity in the sporulation of the parasites, schizo-
gony usually requiring about 48 hours, though often less. The infected
red corpuscles are usually normal in size, though some may be slightly
shrunken, often crenated, and rather dark green (brassy). The intra-
corpuscular parasite in all its stages is small (not ovér two-thirds the
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size of a corpuscle) and fairly ovoid in outline; the pigment is darker
than in other forms; clumps early in coarse granules, and “Maurer’s
dots” appear in the corpuscles in the later stages. The signet ring is thin
and small and the chromatin dot is commonly double and out of line
with the ring. There may be two and even four signet rings in one red
corpuscle. The segmented state, rarely if ever seen in the peripheral
blood, produces from 8 to 24 merozoites. Characteristic crescent-shaped
or kidney-shaped bodies appear in the peripheral blood in about 10 days
after infection; these are the sexual forms (gametocytes) and occur as
crescents in this species of Plasmodium only. The macrogametocyte or
female form, measuring from 10 to 15u shows the chromatin granules
well concentrated in the mid-region, while the microgametocyte or male
form, measuring from 7 to 10u has a more hyaline appearance. A remnant
of the red blood corpuscle often remains slung from the opposite ends
of the crescent and forms the so-called “bib.”

b. Plasmodium vivax (Grassi and Feletti 1890) is the cause of tertian
fever of temperate climates, which occurs also abundantly in the tropics
and subtropics, with regularly recurrent paroxysms every 48 hours.
The parsitized corpuscles are distinctly enlarged, quite pale, and usually
contain fine pigment granules known as “Schiiffner’s dots.” The signet
ring is large and conspicuous and the dot is in line with the ring and
rarely double. The fully grown merocytes or schizonts are very irregular
and bizarre in form. The number of elements, merozoites, in the sporu-
lating or segmented stage commonly seen in the peripheral blood is from
12 to 24 (usually about 16), and their arrangment is irregular. Sporula-
tion occurs regularly every 48 hours. There are no “crescents” in this
species; the gametocytes are round or oval in form, filling practically
the entire red cell when full grown. The macrogametocyte has the
chromatin arranged in a compact mass; the microgametocyte has the
pigment well distributed and presents a more hyaline appearance.

c. Plasmodium malariae (Laveran 1881) is the cause of quartan
fever, with recurrent paroxysms every 72 hours. This form of malaria
is much less common but coincides in distribution with estivo-autumnal
fever. The pigment is coarse and generally occurs in marginal streaks.
The parasitized corpuscles are usually normal in size, and the parasite
is small and more or less oval in shape though, when partly grown, it
frequently extends across the equator of the corpuscle in the form of a
band. The ring-forms have one vacuole and usually one dot. The gameto-
cytes are rarely seen. The segmenting stage gives rise to the typical
“daisy” form, each sporulated body radiating from the center. The num-
ber of bodies varies from 6 to 12, usually 8. Sporulation occurs every 72
hours. The gametocytes resemble those of Plasmodium vivax.
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Rodhain” has shown that P. malariae can be transmitted intrave-
nously from man to the chimpanzee and maintains its virulence and spe-
cific character for man; also the malariae type of plasmodium of the
naturally infected chimpanzee is transmissible to man, producing a
malaria fever of the quartan type.

d. Plasmodium ovale Stephens 1922 is the cause of a mild form of
tertian fever in East Africa and probably South America. The name
indicates the oval shape which is generally assumed by the parasite as
well as the parasitized erythrocyte. The infected corpuscles may become
somewhat enlarged. The pigment is dark and granular and “Schiiffner’s
dots” are present in all stages. The merozoites range from 8 to 12 in
number.

Life cycle of the plasmodia. The life history of malaria parasites con-
sists of two cycles: first, the asexual, also known as the blood cycle,
cycle of Golgi,® or schizogonic cycle; and, secondly, the sexual, also
known as the mesquite cycle, cycle of Ross, or sperogonic cycle.?®

The asexual cycle (Fig. 78), accomplished in the blood and other
tissues of man, begins with the injection of spindle-shaped sporozoites
(Fig. 78) into the circulation with the bite of an appropriate anopheline
mosquito.

Though most diagrams illustrating the life cycle of the malaria
parasite show the sporozoite entering the erythrocyte at once (including
Fig. 78), actually there has been much speculation for many years as to
what did happen in the life cycle of the Plasmodium between the in-
oculation of the sporozoite by the mosquito and the appearance of the
trophozoite or signet ring in the erythrocyte (Huff*°). That there are
pre-erythrocytic stages in the developmental cycle of Plasmodium elon-
gatum Huff and P. gallinaceum Brumpt and other bird malaria parasites
has been proved by Huff and associates;* the first generation following
infection by sporozoites being called “cryptozoites” and subsequent
generations, “metacryptozoites.” These stages “require a period of de-
velopment in macrophages and related kinds of cells before they invade
erythrocytes.” Huff*? raises the question, “Do such stages really exist in
human or simian malarial infections? He cites indirect evidence viz.:
“(1) the existence of periods of inapparent parasitism followed by para-
sitemia in sporozoite—iQduced infections, and (2) the differences between
sporozoite-induced and blood-induced infections with respect to their
response to anti-malarial drugs. . . . The evidence is conclusive that
the sporozoites and the 3 or 4 generations of development following them
do not occur in the blood during this period”; i.e., subinoculations within
about half an hour of blood from a heavily sporozoite (mosquito) in-
oculated malaria patient may occasionally result in an infection; however,
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following this brief period there is a period of seven or more days (de-
pending apparently on the species of Plasmodiym) when subinoculations
will not result in infection.
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Fic. 78. The life cycle of the malarial parasite, plasmodium falciparum, in
man and the anopheles mosquito. (For exoerthrycytic cycles, see text.)

Following the presumable exoerythrocytic stages the cycle continues
very much as is shown in the diagram (Fig. 78), i.e., the invasion of the
erythrocytes and parasitemia, except that there may be repeated exo-
erythrocytic cveles in addition and concurrently, which helps to explain
relapses as well as certain medicinal failures, The young trophozoite
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having parasitized an erythrocyte the “signet ring” stage is reached,
growing rapidly until the erythrocyte is more or less filled, depending
upon the species of parasite, and it is then known as a merocyte. The
full-grown merocyte (also known as a schizont) now divides into a
larger or smaller number of bodies (also depending upon the species)
which are then liberated, and when free in the plasma are known as
merozoites. The time required for this sporulation is from 24 to 72 hours
according to the species. Merozoites, like sporozoites, presumably also
have an exoerythrocytic cycle, after which the resulting trophozoites
enter other red cells and again the cycle repeats itself until the infection
is great enough to produce a paroxysm, ie., in from 6 to 12 days, com-
monly about 10 days. The paroxysms may be due to the release of toxins,
although there is no clear evidence concerning this.

The great majority of the merozoites are asexual, but some of them
are potential males and females, which require a longer time, probably
not less than 10 days, to develop to their full growth, and are then
known as gametocytes. In Plasmodium vivax the sexual forms are not
easily recognized; however, the following characters are useful: “(1)
their larger size, (2) more abundant pigment, (3) there is usually only
one fairly large chromatin mass, whereas in an asexual form (schizont)
of nearly equal size the chromatin has already begun to divide into
several portions (segmenting stage)” (Stephens and Christophers). In
P. falciparum the sexual individuals are in the form of crescents. The
female crescent (macrogametocyte) has the pigment collected at the
center, while the male crescent (microgametocyte) has the pigment
scattered throughout and is known as a hyaline crescent.

With development of the gametocytes completed all is ready for the
next cycle (the sexual) which can only be accomplished within the body
of anopheline mosquitoes. In the meantime the asexual cycles are re-
peated until senescence or some other biological process ends the life
of the parasites or until quinine or other plasmodiacide destroys them.
The gametocytes are not easily destroyed, persisting in the body for
long periods, during which time the infected person is a carrier. A per-
son eventually removed from reinfection becomes rid of malaria probably
because of parasite senescence. Rejuvenation of the parasite brood and
consequent relapses even after many years of latency may perhaps result
from the exoerythrocytic cycle referred to earlier.

Sexual cycle, the cycle of Ross (Fig. 78), has been observed only in
female anopheline mosquitoes; in the stomach of which flagellation of
the male gametocyte takes place. After a peripheral arrangement of the
chromatin (in clumps corresponding to the number of flagella) there are
extruded from three to six long slender filaments (flagella), each of
which separates from the parent body (exflagellation), forming the male



Fic. 79. Stomach of female anopheles mosquito with numerous plasmodial
cysts. (Photograph by Mayne.)
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gamete (microgamete) corresponding in function to the spermatozoon
of higher animals. The female gametocyte, now known as the macro-
gamete, having been taken into the stomach of the mosquito with the
microgametocytes in the act of sucking blooq, also undergoes certain
changes (maturation), becoming rounded or oval in form with the
chromatin mass centrally located. In this condition and still in the
stomach of the mosquito, the microgamete conjugates with the macro-
gamete, producing the zygote, which soon becomes motile and is then
known as the ookinete or vermiculus, in which stage the epithelium
of the stomach is penetrated and a position is shortly taken up just be-
neath the peritoneal membrane. Based on his studies of the plasmodia
of birds Huff** points out that this penetration of the stomach wall
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Fic. 80. A bursting plasmodial cyst on stomach of mosquito. Spindle-shaped
sporozoites being liberated. (Greatly magnified.) (Photograph by Mayne.)

is not a boring process, for this zygote has lost its pointed ends long before the
penetration begins. When the ookinetes are first found in the vicinity of the
stomach wall, they are lying parallel to it in the serous mucoid layer adjacent
to the cells of the stomach wall. As the parasite grows, it becomes relatively
thicker and gradually force two of the stomach eells apart. It gradually be-
comes more spherical and forces the stomach cells apart nearer and nearer the
outside of the stomach wall. The stomach cells yow begin to come back to
their original positions on the inner side. Finally the parasite, now an obcyst,
comes to lie under the outer envelope of the stomacl.

In this position the parasite grows enormously, forming an odcyst (Fig.
79) in which many nuclei appear in from four to five days. These tiny
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nucleated bodies give rise to hundreds of spindle-shaped organisms
(sporozoites) which are shed into the body cavity of the mosquito in
from 24 to 48 hours (Fig. 80). The majority of the sporozoites eventually
collect in the salivary glands, remaining there until the mosquito bites
again, when many of them may be injected with the saliva into the
wound. The time required for the completion of the sexual cycle varies
from 7 to 10 days under favorable conditions. Once infected the mosquito
probably remains infected and infective for the rest of its life. In making
malaria surveys one should be proficient in detecting plasmodial infec-
tions in anophelines.**

What makes a mosquito a good natural vector? Conclusive experi-
mental evidence indicates that the Plasmodia of human malaria do not
develop within the bodies of culicine mosquitoes even though game-
tocytes are ingested. Whether all anopheline species are infectable is,
of course, not known; many malariologists are of the opinion that labora-
tory tests tend to prove that it is a matter of degree only, that no an-
opheline is completely refractory to the plasmodia of human malaria.
There is not only a variation in the degree of mosquito species hospi-
tality to plasmodia but also a variation in the species of plasmodia. Thus
A. maculipennis Meig. and A. quadrimaculatus Say are known to be
carriers of three species of plasmodia (Beyer, et al.,*® Thayer,*® King®")
while A. punctipennis (Say) is a strong carrier of the tertian parasite
and a very weak one (probably negligible) for the estivo-autumnal
parasite (Darling?®). Moore, Young, Hardman, and Stubbs®® tested the
infectivity of foreign malarias for four species of California anophelines,
A. freeborni Aitken, A. punctipennis (Say), A. occidentalis D. and
K., and A. pseudopunctipennis franciscanus McC. They all appeared to
have about the same susceptibility; all developed sporozites. Successful
transmission was effected with the first three species. The length of the
sporogonous cycle in the four species at 75° F was about 10 days; the
shortest cycle was 8 days in A. freeborni.

A good natural vector is an Anopheles species which is freely in-
fectable by the several species of human plasmodia, offers a favorable
environment for development to the sporozoite stage, breeds, success-
fully and abundantly, is a house invader, and takes human blood re-
peatedly, i.e., is anthropophilous. The maintenance of close and constant
contact between an anthropophilous mosquito and its source of food
supply is an important factor in endemicity. The concept of species
sanitation is based on a knowledge of the factors referred to above.
An anopheline may be common, even abundant, yet of little importance
as a vector for one or more reasons.

Hindle*® points out that, “the first instance of an Anopheles being
shown not to transmit malaria was in the case of the common Indian
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species Anopheles subpictus (rossi) Grassi. This species is found quite
commonly in very large numbers associated with every degree of preva-
lence of malaria, but it has not been shown to act as a transmitting agent
(in India) under natural conditions, though it can be infected experi-
mentally.”

“Anophelism without malaria.” Hackett (loc. cit. p. 8) points out
that because of the presence of anophelines in great numbers in areas
without malaria, various theories have been advanced to explain this.
“Anophelism without malaria” is an expression now commonly used in
the study of malariology. Hackett refers to such theories as (1) robust
mosquitoes produced under unusually favorable conditions are un-
susceptible to plasmodial infection (Alessandrini); (2) brackish water
breeds robust anophelines which easily become infected, live long, and
are therefore most dangerous (Grassi); (3) coumarin, the active princi-
ple in a type of clover, Melilotus altissima, present in clover honey, either
kills sporozoites in the mosquito glands or protects the mosquito against
infection (D’Herelle); (4) adaptation of the maxillary tooth formula
to feeding habits of the mosquito,® i.e., increase in the number of teeth
might be an adaptation to tough skins of larger domestic animals (zo-
ophilism); when the average number of teeth (maxillary index) was
between 14 and 15 this race fed constantly on domestic animals and
did not feed on man, those feeding on human blood having an index of
14 or less (Roubaud); (5) gonotrophic dissociation, which refers to
undeveloped ovaries in the female anopheline, following a blood meal,
e.g., a strain of anophelines which passes the winter in warm stables
and houses where there is plenty of available food, yet is not stimulated
to oviposition (Swellengrebel). Normally the ovaries of anopheline
females develop following a blood meal; also the females usually under-
go true hibernation without a blood meal. Thus A. maculipennis variety
atroparvus van Thiel resolves itself into two strains, one of which shows
gonotrophic dissociation and is the explanation of so-called “malaria
houses,” i.e., when this strain “takes up winter quarters in a house, it
lives upon the family; and if the mosquito should be infected or some-
one in the house should be a carrier, by spring most of the family will
have contracted malaria and will have passed it on to the rest of the
anophelines sheltering in the house.” (6) Geographic subspecies dis-
tinguished by egg types, seven being recognized, indicating wide
divergence in feeding and breeding habits; barred eggs of cattle feeders,
and eggs of more uniform pattern of malaria vectors and brackish water
breeders (Falleroni; and Hackett, Martini, and Missiroli, loc. cit. p. 3).

Number of persons infected by one mosquito. Whether an Anopheles
once infected can infect more than one person without again feeding
on infective blood is a matter of interest. Country-school privies as the
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writer has often observed, may be infested with Anopheles mosquitoes
which have the opportunity to bite different persons in quick succession.
In an instructive series of experiments conducted by Mayne (Mitz-
main®) he reports that one mosquito proved to be the sole infecting
agent in three cases, Mitzmain used Anopheles punctipennis (Say) with
Plasmodium vivax. He also demonstrated in 11 experiments that short
exposure to bites (interrupted feeding) was sufficient to cause success-
ful transmission of the disease.

Effect of temperature on plasmodia in the mosquito. In spite of the
fact that all conditions appear to be favorable ie., presence of numeroug
anopheline mosquitoes together with ample human population with
carriers of plasmodial gametocytes, malaria may be wholly absent in
particular localities. An analysis of conditions will usually reveal the fact
that the average temperature is low because the nights are cool al-
though the days may be fairly warm, or because of prevailing cool fogs.
It is generally agreed that malaria gametocytes cannot develop success-
fully within the body of the mosquito host when the average tempera-
ture is below about 60° F. It is nevertheless a matter of interest to
know that King?® observed the survival of the parasite of tertian malaria
in the mosquito host (Anopheles quadrimaculatus Say) at a temperature
of 30° F for a period of two days; at 31° F for four days; and at 46° F
for 17 days; and the parasite of estivo-autumnal malaria survived a
temperature of 35° F for 24 hours.

Knowles and Basu®* (1943), working with the vector Anopheles
stephensi Liston, found that the heaviest salivary gland infection of
Plasmodium vivax was obtained at 80° F and 50 per cent relative
humidity. Using the same species of Anopheles they found that at a
temperature of 100° F and with all percentages of humidity between
50 and 100 no infection with any species of malaria parasite was ob-
tained. The sporozoite stage of Plasmodium vivax was reached in the
salivary glands of A. stephensi in 18 days at 60° F, 15 days at 70° F,
11 days at 80° F, and 9 days at 90° F. For Plasmodium falciparum also
at 50 per cent relative humidity the time was 14 days at 70° F, 10 days
at 80° F, and 9 days at 90° F. Plasmodium malariae has been reported
to require 30 to 35 days at 67° F, with relative humidity not given.

Hibernating anophelines not carriers. Hibernation of the anopheline
host presents the problem of the overwintering of the parasite. Mayne
(Mitzmain®®) again comes forward with an excellent discussion of the
question, “Is mosquito or man the winter carrier of malaria organisms?”
He reached the following conclusions:

. . . hibernating Anopheles, collected in the region investigated (northwestern
Mississippi), did not harbor parasites of malaria. This was determined after
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an examination of 2,122 dissected anophelines, of which 1,211 specimens
were examined before May 15, 1915. Among the remaining 911 specimens,
serving as a malaria indicator for the spring season, 3 mosquitoes, between
May 15 and May 26, were definitely shown to contain odcysts, indistinguish-
able from those seen in mosquitoes experimentally infected with human
malaria.

In the investigation of man as the responsible winter carrier, 1,184 persons,
residing on the plantations selected, were examined for malaria parasites. Four
hundred and ninety-two infections were identified microscopically; 317 cases
were of subtertian type, 8 were mixed infections, and the remainder were of
the simple tertian type with the exception of one quartan case.

In the consideration of these infections an important fact stands out: nearly
one-fourth (24.8 per cent) of the human carriers harbored gametocytes.

’ It was proved that from a group of 103 persons, examined in March, 1915,
8 of the 15 gametocyte carriers identified were similarly infected during the
preceding fall.

The incrimination of man as the sole winter carrier is emphasized by the
fact that 3 malaria-infected Anopheles quadrimaculatus were found in the
homes of these gametocyte carriers during May 15 to May 26, previous to
which time 1,180 specimens of Anopheles from this source were found to be
negative.

Anophelines overwintering in warm stables and homes, as explained
in the previous chapter under races of Anopheles maculipennis Meig,,
may nevertheless play an important though highly circumscribed role
in the transmission of malaria.

Vectors of human malaria. It has been abundantly proved that the
causal organisms (plasmodia) of human malaria are transmitted from
man to man only through the agency of mosquitoes belonging to the
genus Anopheles. Russell, Rozeboom, and Stone®® (1943) give identi-
fication keys to 240 species and 78 subspecies of anophelines of the
world. Of this number Russell in Practical Malariology (1948, loc. cit.)
named 54 species as the chief malaria vectors. These are distributed
over the world, according to various authorities, as shown in the follow-
ing tabulation:

TABLE I
IMPORTANT ANOPHELINE VECTORS OF MALARIA®
COUNTRY AND SPECIES LOCALITY BREEDING PLACES
UNITED STATES AND CANADA
Anopheles quadrimacula- (Eastern, central, and Sunlit, impounded water,
tus Say southern United States; marshes, swamps, rice
Gulf to Ontario) fields
Anopheles maculipennis (Rocky Mountains, New Sunlit seepage water, ir-
freeborni Aitken Mexico, Pacific coast) rigation  ditches, rice

fields (in part)
® See also Herms and Gray.”



228

COUNTRY AND SPECIES

LOCALITY

MEDICAL ENTOMOLOGY

BREEDING PLACES

AEXICO, CENTRAL AMERICA,
WEST INDIES
Anopheles albimanus
Wied.

Anopheles p. pseudo-

punctipennis Theo.
Anopheles darlingi Root

Anopheles aquasalis
Curry

Anopheles punctimacula
D. and K.

Anopheles  bellator D.
and K.

Anopheles  cruzii  D.
and K.

Anopheles m. aztecus
Hoffmann

SOUTH AMERICA
Anopheles albimanus
Wied.
Anopheles albitarsus L.-
A

Anopheles p. pseudo-
punctipennis Theo.
Anopheles darlingi Root
Anopheles gambiae Giles

EUROPE
Anopheles 1. labranchiae
Falleroni

Anopheles labranchiae
atroparvus van Thiel

Anopheles messeae Fal-
leroni

Anopheles superpictus
Grassi

Anopheles sacharovi
(= elutus) Favr.
NORTH AFRICA AND MIDDLE
EAST
Anopheles claviger Meig.

Anopheles 1. labranchiae
Fall.

Anopheles pharoensis
Theo.

Anopheles sacharovi
Favr.

(Mexico, Central America,
West Indies, Colombia to
Venezuela)

(Southern United States to
Argentina)

(Central America, Vene-
zuela to Argentina)
(Central America, West

Indies, to Brazil)
(Mexico, Central America,

West Indies, to Brazil)
(West Indies to Brazil)

(Brazil)

(Mexico)

(Colombia, Ecuador,
Venezuela)
(Argentina)

(To Chile and Argentina)

(Venezuela to Argentina)
(Imported into Brazil, now
exterminated®)

(Ttaly, Sardinia, Sicily,
Corsica, Spain, N. W,
coast of Africa)

(England, The Nether-
lands, Germany, Sweden,
Spain, northeastern
Ttaly)

(Norway, Russia, Siberia,
Manchuria )

(Spain, southern Europe,
Greece, Asia Minor)

{Balkans, Russia)

(Ukraine, Asia Minor,
North Africa)

(Northwest coast of
Africa)

(North Africa, Palestine)

(Balkans, central Russia)

Sunlit lagoons (brackish
and fresh), swamps,
pools

Sunlit streams with green
algae, seepage, poals,
ete.

Sunlit fresh water, marshes,
ete.

Brackish marshes,
tion seepages, etc.

Shaded pools, swamps,
streams

Water at base of leaves of
bromeliads

Water at base of leaves of
bromeliads

Sunlit ponds with green
algae

irriga-

See above

Rice fields, marshes, over-
flows, etc.
See above

See above
All sorts of collections of
fresh water

Upland streams, rice fields,
brackish coastal marshes

Sunlit fresh or brackish
marshes, swamps, etc.

Fresh-water pools, ponds,
marshes

Pools in stream beds, ir-
tigation canals, seepages,
ete.

Sunlit coastal marshes,
fresh or brackish water

Rock pools, wells, cisterns,
marshes

See above

Rice fields, swamps

See above
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BREEDING PLACES

Anopheles sergenti Theo.
Anopheles superpictus
Grassi

CENTRAL AND SOUTH AFRICA
Anopheles funestus Giles

Anopheles gambiae Giles

Anopheles moucheti

Evans

Anopheles pharaoensis
Theo.

Anopheles nili Theo.

Anopheles  pretoriensis
Theo.

PHILIPPINE ISLANDS
Anopheles minimus
flavirostris Lud.

Anopheles mangyanus
Banks
JAPAN, NORTH CHINA,
KOREA
Anopheles hyrcanus
sinensis Wied.

Anopheles pattoni
Christ.
SOUTH AND CENTRAL CHINA,
BURMA, TAIWAN
Anopheles minimus Theo.

Anopheles hyrcanus
sinensis Wied.

Anopheles jeyporicus

Anopheles jeyporicus

Anopheles culicifacies
Giles

Anopheles maculatus
maculatus Theo.

Anopheles philippinensis
Lud,
INDIA AND CEYLON
Anopheles culicifacies
Giles
Anopheles stephensi
Liston

(North Africa,
Turkey, Syria)

Palestine,

(Asia Minor)

( Tropical Africa)

{Tropical Africa, Egypt,
Arabia)

(Uganda, Congo, Came-
roons)

(Widely distributed in
Africa, Palestine)

(Widely distributed in
central Africa)

(Widely distributed in
central and south
Africa)

(Many islands, Java,

Celebes)
(Many islands)

(Widely distributed)

(Northen China)

(Hilly regions southern
China, Taiwan, Burma)

(Plain of central China,
Burma)
(Hong Kong area)

(Burma)

(Burma, Southern China)
(Burma, Indo-China)

(India, Ceylon)

(India)

Rice fields, irrigation
canals, borrow pits,
seepage water

Stream bed pools, irriga-
tion canals, seepage
water, hill district

Stream margins, swamps,
ditches, seepage water
Puddles, pools, sluggish
streams, all sorts of col-
lections of water
Stream margins, swamps

See above

Shade loving, stream mar-
gins

Sunlit rock pools, stream
beds, hoof prints, ditches

Foothill streams, ditches,
wells

Stream beds, irrigation
ditches

Open clean water, rice
fields, swamps, ponds,
slow streams

Beds of hill streams, rock
pools

Sunlit, slow moving
streams, rice fields, ir-
rigation ditches

See above

Rice fields in hilly country

Stream breeder, irrigation
ditches

Stream and river bed
breeder, rice fields,
pools, lake margins

Rice fields, borrow pits,
swamps, ditches, tanks

See above
Well, cisterns, roof gutters,

temporary water
receptacles
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Anopheles maculatus
maculatus Theo.
Anopheles fluviatilis
James

Anopheles minimus
Theo.

Anopheles philippinensis
Lud.

marava (East Indies,

Siam, Malaya

Anopheles aconitus
Donitz

Anopheles culicifacies
Giles

Anopheles fluviatilis
James

Anopheles hyrcanus
nigerrimus Giles

Anopheles maculatus
maculatus Theo.

Anopheles subpictus sub-
pictus Grassi

Anopheles sundaicus
(Rodenwaldt)

Anopheles umbrosus
(Theo.)

Anopheles philippinensis
Lud.

AUSTRALIA-MELANESIA-
POLYNESIA
Anopheles farauti (= A.
moluccensis) Lav.

Anopheles punctulatus
punctulatus Doén.

Anopheles bancrofti
Giles

BREEDING PLACES

(India, Ceylon)
(India)
(Eastern and northern

Ceylon)
(India)

(East Indies, Malaya,
Indo-China)

(Siam)

(Thailand)

(Malaya, East Indies)

(Thailand, Malaya, Egst
Indies)

(Malaya, East Indies)

(Thailand, Malaya, Eggt
Indies)

(Malaya, Cochin-China
East Indies)

(Malaya, East Indies)

(New Guinea, Solomgpg,
New Hebrides)
(New Guinea, Solomorg)

(New Guinea, northern
Australia)

See above

Foothill stream edges,
springs, irrigation canals
See above

See above

Rice fields, irrigation
ditches, pools in creek
beds, reservoirs

See above

See above

Rice fields, impounded
water, borrow pits, slug-
gish streatus

Stream and river bed
breeder, seepage water,
lake margins

Borrow pits, buffalo wal-
lows, all sorts of tem-
porary or permanent col-
lections of water

Sea-water lagoons and
swamps

Shaded jungle pools, man-
grove swamps

See above

Fresh or brackish water,
all sorts of natural or
artificial collections of
water, clear or polluted

Rain pools, stream mar-
gins, hoof prints, etc.

Shallow, slow moving
streams

Malaria surveys. Although an inquiry into the facts about malaria
in some particular area may be described 45 3 survey, Christophers,
Sinton, and Covell** point out that “ . . . it is far from being merely
routine or mechanical.” These authors state that the circumstances
affecting malaria are so varied “with its triple-linked chain of man, the
parasite, and the mosquito, as well as all the various factors influencing .
this chain, that in the present state of our knowledge a malaria survey
is almost always a true piece of research work,. Such a survey is intended

to guide policy and ac

tion. . .

»
. 7 Elmendorfs® defines a malaria survey
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as “a quantitative as well as a qualitative procedure directed toward
securing information which will determine the status of malaria in a
community. The survey should serve as a blueprint for guidance . .
and should provide an original base-line from which all subsequent
measurements of the course of the disease are determined.”

In general the survey staff, on a minimum basis, should consist of the
following personnel: a malariologist, an entomologist trained as a culi-
cidologist, a sanitary engineer with special training in hydraulics. The
staff should include a laboratory technician trained in parasitology, a
mapper, and a clerk. Headquarters and laboratory should be conven-
iently located and properly equipped. Having made the acquaintance,
and having been assured the cooperation, of civil authorities, particularly
the local health officer, the following data will be assembled, recorded,
mapped, and card-indexed as required:

1. Demographical data: composition of the population by race, age, and
sex; occupations, economic status, housing, etc.

2. Meteorological data: rainfall, temperature, humidity, winds, etc.

3. Topographical data: soil, vegetation, etc.

4. Agricultural data: crops, farming methods, irrigation, drainage, rice
culture, marshes, etc.

5. Malaria statistics: morbidity and mortality; incidence (age, seasonal,
etc.); distribution, occupation, and economic status of malarial population;
spleen census, etc.

6. Parasitological and entomological data: parasite index based on blood
smears; odcyte and sporozoite index; numerical prevalence of all species of
adult anophelines with habitat preference (houses, pig pens, cattle sheds,
etc.); feeding habits of adults ascertained by use of precipitin test; larval in-
cidence (use of dippers), showing kinds and distribution of breeding places;
with a little practice collections of eggs can be made very readily. As previously
stated, eggs are important in the identification of anopheline mosquitoes.
(Aitken,” 1948).

Animal Malarias

Avian malaria. Blood protozoa were first reported from birds in 1885
by Danilewsky from the Russian Ukraine. Herman** lists 178 species
and subspecies of North American birds in whose blood protozodn
parasites have been found; 63 of these protozoon infections are listed as
plasmodial. The species of avian plasmodia, of which there are many, can
be divided roughly into two groups based on whether they produce an
elongate or a round type of gametocyte. Among those belonging to the
elongate type is Plasmodium elongatum Huff, and among those belonging
to the round type are the following well-known species, Plasmodium
gallinaceum Brumpt, P. cathemerium Hartman, and P. relictum
(Grassi et Feletti). So far as is known avian plasmodia are transmitted
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in nature by culicine mosquitoes, among them Culex pipiens Linn., C.
quinquefasciatus Say, and C. tarsalis Coq. (Reeves, loc. cit. p. 182).
Numerous species of mosquitoes are susceptible to infection in the
laboratory, including Anopheles quadrimaculatus Say. For laboratory
purposes Aedes aegypti is an excellent vector of Plasmodium gallinaceum
Brumpt, as is Aedes atropalpus (Coq.) recently (1946) reported by
Trembly. '

Other malaria-like infections of birds are caused by Haemoproteus,
e.g., Haemoproteus columbae Celli and San Felice of pigeons and doves,
transmitted by a louse fly, Pseudolynchia canariensis (Macq.); also quail
malaria caused by Haemoproteus lophortyx O'Roke carried by Lynchia
hirusta Ferris, the louse fly of quail. (See Chapter XVIIL.) A malaria-
like disease of ducks is caused by Leucocytozoon anatis Wickware and
is carried by a simuliid fly, Simulium venustum Say. (See p. 153.)

Simian malaria. Among the several species of the genus Plasmodium
peculiar to monkeys are P. knowlesi Sinton and Mulligan, P. cynomolgi
Mayer, P. kochi (Laveran), P. inui Halberstadler and Prowazek, and
P. brasilianum Gonder and Berenberg-Gossler. These plasmodia differ
but slightly from the human species, and when P. knowlesi is introduced
(as for paresis treatment) into the blood of man, a clinical vivax malaria
response obtains (Milan and Kusch*?). Anopheles quadrimaculatus Say
is reported to be highly susceptible to P. cynomolgi (Coggeshall, 1941).
Clark and Dunn,** in Panama, were able to infect certain species of
Panamanian anophelines with this parasite.

Saurian and amphibian malaria. Plasmodia have long been known in
lizards of the family Iguannidae; among these are Plasmodium agamae
Wenyon, P. diploglossi Aragao and Neiva, P. giganteum Theiler., and P.
floridense Thompson and Huff. Bullfrogs and toads have recently been
shown to have plasmodial infections, viz.: P. catesbianca Fantham,
Porter, and Richardson in the former and P. bufonis F., P., and R. in
the latter.

Bats, squirrels, buffalo, antelopes, and many other animals are hosts
for plasmodial infections. There are practically unlimited opportunities
in this field of research.

B. YELLOW FEVER

Yellow fever derives its name from the jaundiced color of the skin,
mucous membranes, and sclera, which usually develops about the third
or fourth day of the illness. The onset is very sudden. It begins with a
severe headache, backache, and fever, with frequent vomiting. The
vomit becomes very dark after two or three days because it contains
blood, whence the name “black vomit.” In fatal cases death usually
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occurs between the fifth and eighth day of the illness; if the patient
survives until the seventh day his chances for recovery are generally
said to be good. One attack confers lifelong immunity. The death rate
may reach as high as 50 per cent.

Carter*> (1931, page 146) considers the epidemic in Yucatan,
Mexico, in 1648 as the first certainly recognizable (from its description)
epidemic of yellow fever. He also gives (page 190) 1649 as the date
for the earliest introduction of yellow fever into Havana, and on page
192 he refers to its disappearance from Cuba after 1655 and its rein-
troduction from Vera Cruz in 1761. From that date until 1901 it was
endemic in Havana with devastating results. The last major American
urban epidemic took place in Rio de Janeiro in 1928 and 1929 with 435
recorded deaths. For nearly three centuries yellow fever took an huge
annual toll of life. Outbreaks have occurred as far north as Quebec,
Canada, and as far south as Tocopilla, Chile. New York City had
epidemics of yellow fever many times, as did Philadelphia.

Walter Reed and yellow fever. Although Dr. Carlos Finlay (loc. cit.
p. 3) of Havana had quite early (1881) advanced a mosquito-transmis-
sion theory, and had carried on what we now know to have been in-
criminating experiments with nonimmunes, his theory was discredited
until renewed interest was given it by the work of the United States
Army Yellow Fever Commission headed by Major Walter Reed in 1900.
Reed** and his colleagues made a preliminary report in which they
state: “Since we here, for the first time, record a case in which a typical
attack of yellow fever has followed the bite of an infected mosquito,
within the usual period of incubation of the disease, and in which other
sources of infection can be excluded, we feel confident that the publica-
tion of these observations must excite renewed interest in the mosquito
theory of the propagation of yellow fever, as first proposed by Finlay.”

The United States Senate Document No. 822 (Jan. 27, 1911) is con-
cerned with yellow fever and contains a compilation of various publica-
tions by the Commission as well as others. In this document, McCaw
gives the following account of the work of the Commission:

In June, 1900, Major Reed was sent to Cuba as president of a board to
study the infectious diseases of the country, but more especially yellow fever.
Associated with him were Acting Asst. Surgs. James Carroll, Jesse W. Lazear,
and A. Agramonte. _

At this time the American authorities in Cuba had for a year and a half
endeavored to diminish the disease and mortality of the Cuban towns, by
general sanitary work, but while the health of the population showed distinct
improvement and the mortality had greatly diminished, yellow fever apparently
had been entirely unaffected by these measures. In fact, owing to the large
number of nonimmune foreigners, the disease was more frequent than usual
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in Habana and in Quemados near the camp of American troops, and many
valuable lives of American officers and soldiers had been lost.

Reed was convinced from the first that general sanitary measures alone
would not check the disease but that its transmission was probably due to an
insect.

In June, July, and August, 1900, the commission gave their entire atten-
tion to the bacteriological study of the blood of yellow-fever patients and the
post-mortem examinations of the organs of those dying with the disease. In
24 cases where the blood was repeatedly examined, as well as in 11 carefully
studied autopsies, Bacillus icteroides was not discovered, nor was there any
indication of the presence in the blood of a specific cause of the disease.

Application was made to General Leonard Wood, the military governor
of Cuba, for permission to conduct experiments on nonimmune persons, and
a liberal sum of money requested for the purpose of rewarding volunteers
who would submit themselves to the experiment.

It was indeed fortunate that the military governor of Cuba was a man who
by his breadth of mind and special scientific training could readily appreciate
the arguments of Major Reed as to the value of the proposed work.

Money and full authority to proceed were promptly granted, and to the
everlasting glory of the American soldier, volunteers from the Army offered
themselves for experiment in plenty and with the utmost fearlessness.

Before the arrangements were entirely completed, Dr. Carroll, a member
of the commission, allowed himself to be bitten by a mosquito that 12 days
previously had filled itself with the blood of a yellow-fever patient. He suffered
from a very severe attack, and his was the first experimental case. Dr. Lazear
also experimented on himself at the same time, but was not infected. Some
days later, while in the yellow-fever ward, he was bitten by a mosquito and
noted the fact carefully. He acquired the disease in its most terrible form and
died a martyr to science and a true hero.

No other fatality occurred among the brave men who, in the course of the
experiments, willingly exposed themselves to the infection of the dreaded dis-
ease.

A camp was especially constructed for the experiments about 4 miles from
Habana, christened Camp Lazear in honor of the dead comrade. The inmates
of the camp were put into most rigid quarantine and ample time was allowed
to eliminate any possibility of the disease being brought in from Habana.

The personnel consisted of three nurses and nine nonimmunes, all in the
military service, and included two physicians.

From time to time Spanish immigrants, newly arrived, were brought in
directly from the immigrant station; a person not known to be immune was
not allowed to leave camp, or if he did was forbidden to return.

The most complete record was kept of the health of every man to be ex-
perimented upon, thus eliminating the possibility of any other disease than
yellow fever complicating the case.

The mosquitoes used were specially bred from the eggs and kept in a
building screened by wire netting. When an insect was wanted for an ex-
periment it was taken into a yellow-fever hospital and allowed to fill itself with
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the blood of a patient; afterwards at varying intervals from the time of this
meal of blood it was purposely applied to nonimmunes in camp.

In December, 5 cases of the disease were developed as the result of such
applications; in January, 3, and in February, 2, making in all 10, exclusive of
the cases of Drs. Carroll and Lazear. Immediately upon the appearance of the
first recognized symptoms of the disease, in any one of these experimental
cases, the patient was taken from Camp Lazear to a yellow-fever hospital, 1
mile distant. Every person in camp was rigidly protected from accidental
mosquito bites, and not in a single instance did yellow fever develop in the
camp, except at the will of the experimenters.

The experiments were conducted at a season when there was the least
chance of naturally acquiring the disease, and the mosquitoes used were kept
active by maintaining them at a summer temperature.

A completely mosquito-proof building was divided into two compartments
by a wire-screen partition; infected insects were liberated on one side only. A
brave nonimmune entered and remained long enough to allow himself to be
bitten several times. He was attacked by yellow fever, while two susceptible
men in the other compartment did not acquire the disease, sleeping there 13
nights. This demonstrates in the simplest and most certain manner that the
infectiousness of the building was due only to the presence of the insects.

Every attempt was made to infect individuals by means of bedding,
clothes, and other articles that had been used and soiled by patients suffering
with virulent yellow fever.

Volunteers slept in the room with and handled the most filthy articles for
20 nights, but not a symptom of yellow fever was noted among them, nor was
their health in the slightest degree affected. Nevertheless they were not im-
mune to the disease, for some of them were afterwards purposely infected by
mosquito bites. This experiment indicates at once the uselessness of destroying
valuable property for fear of infection. Had the people of the United States
known this one fact 100 years ago, an enormous amount of money would have
been saved to householders.

Besides the experimental cases caused by mosquito bite, four nonimmunes
were infected by injecting blood drawn directly from the veins of yellow-fever
patients in the first two days of the disease, thus demonstrating the presence of
an infectious agent in the blood at this early period of the attack.

Even the blood serum of a patient, passed through a bacteria-proof filter,
was found to be capable of causing yellow fever in another person.”

The conclusions reached by the Commission follow:

1. The mosquito (C. fasciatus = Aédes aegypti) serves as the intermediate
host for the parasite of yellow fever.

2. Yellow fever is transmitted to the nonimmune individual by means of
the bite of the mosquito that has previously fed on the blood of those sick with
this disease. .

3. An interval of about 12 days or more after contamination appears to be
necessary before the mosquito is capable of conveying the infection.
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4. The bite of the mosquito at an earlier period after contamination does
not appear to confer any immunity against a subsequent attack.

5. Yellow fever can also be experimentally produced by the subcutaneous
injection of blood taken from the general circulation during the first and second
days of this disease.

6. An attack of yellow fever, produced by the bite of the mosquito, con-
fers immunity against the subsequent injection of the blood of an individual
suffering from the nonexperimental form of this disease.

7. The period of incubation in 13 cases of experimental yellow fever has
varied from 41 hours to 5 days and 17 hours.

8. Yellow fever is not conveyed by fomites, and hence disinfection of
articles of clothing, bedding, or merchandise, supposedly contaminated by
contact with those sick with this disease, is unnecessary.

9. A house may be said to be infected with yellow fever only when there
are present within its walls contaminated mosquitoes capable of conveying the
parasite of this disease.

10. The spread of yellow fever can be most effectually controlled by
measures directed to the destruction of mosquitoes and the protection of the
sick against the bites of these insects.

11. While the mode of propagation of yellow fever has now been definitely
determined, the specific cause of this disease remains to be discovered.

The following is an excerpt from a letter which Walter Reed wrote
to his wife in Baltimore late in the evening of December 31, 1900. The
letter was written from the Barracks in Quemados, Cuba: “Only ten
minutes of the old century remain. Here I have been sitting reading
that most wonderful book, ‘La Roche on Yellow Fever’ written in 1853.
Forty-seven years later it has been permitted to me and my assistants
to lift the impenetrable veil that has surrounded the causation of this
most dreadful pest of humanity and to put it on a rational and scientific
basis. I thank God that this has been accomplished during the latter
days of the old century. May its cure be wrought in the early days of the
new! The prayer that has been mine for twenty years, that I might be
permitted in some way at some time to do something to alleviate human
suffering has been granted! A thousand Happy New Years! . . . Hark,
there go the twenty-four buglers in concert, all sounding “Taps’ for the
old year.” (Herrick.*")

. Etiology. The search for the causal agent of yellow fever was carried
on most assiduously for many years and various discoveries were an-
nounced from time to time. Sanarelli in 1897 declared the organism to
be Bacillus icteroides; this was amply disproved by the United States
Army Yellow Fever Commission in 1900. Seidelin in 1909 described
Paraplasma flavigenum as the causal agent, and in 1919 Noguchi came
to the conclusion that a spirochete, Leptospira icteroides Noguchi, was
the cause of yellow fever. This turned out to be the cause of Weil’s
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disease or infectious jaundice. Yellow fever is now classed among the
virus diseases.

The virus is believed to be present in the circulation only during
the first three days of the illness. Aedes aegypti (Linn.) reared from
eggs in the laboratory and fed by Stokes, Bauer, and Hudson (loc. cit.

. 4) on infected monkeys on the first or second day of the fever, in-
variably became infective. They found that the mosquitoes were in-
fective 16 days after feeding on an infected animal and remained so until
death, one mosquito producing a fatal infection in two monkeys 85 and
92 days after the original infective meal.

Mechanism of transmission. The virus of yellow fever is not only
present in the circulating blood during the first three or four days of the
illness, but also at least six hours or possibly somewhat longer, before
the onset of the fever. During this short period the vector mosquito,
Aedes aegypti (Linn.), may at one feeding ingest several thousand in-
fective doses of the virus. The mosquito then becomes a dangerous
vector for the rest of its life, which may be over 200 days. The extrinsic
incubation period normally under field temperatures takes about 12
days (Carter, loc. cit.) but may be considerably shortened by increased
temperature, ie., to 4 days at 98° F or extended to 18 days at 70° F
(Davis*®). After a susceptible person-has been bitten and receives an
infectious dose from an infected mosquito an incubation period of three
or four days follows before the symptoms of the disease appear. Now
again another source of infection is ready for other aegypti vectors re-
stricted as before to the short period of three or four days. An epidemic
may quickly develop in the presence of hordes of this rapidly multiply-
ing species of domestic mosquito.

Summary of recent discoveries. Soper ef al.** (1943) state that “when
the medical historian of the future comes to write the chapter on yellow
fever, he will be obliged to devote considerable space to the develop-
ments of the decade and a half from 1926 to 1940. This short period
showed how impassible of fulfillment was the dream of final eradication
of yellow fever, but it saw great advances in our understanding of the
etiology, epidemiology, and prophylaxis of the disease, including the
discovery of animal susceptibility; the rediscovery of the virus origin;
the demonstration that mosquitoes other than Aedes aegypti can and do
transmit the virus; the development of the protection test for determin-
ing immunity; the organization of viscerotomy for the diagnosis of un-
suspected fatal cases; the proof that unrecognized yellow fever has been
widespread in large silent endemic areas of South America and Africa;
the demonstration that the disease exists in many countries of South
America as one of jungle animals, independent of the distribution of

Aedes aegypti and of man; and finally the modification of the yellow
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fever virus in such a way as to make mass vaccination practical. These
outstanding developments have tended to overshadow the more prosaic
improvements in the organization of measures against the aegypti mos-
quito in Brazil which have transformed expensive temporary aegypti
reduction campaigns for the eradication of yellow fever into economical
permanent services for the species eradication of Aedes aegypti itself
from the infested areas.”

Aedes vittatus (Bigot) has been reported as responsible for a recent
(1940) epidemic of yellow fever of modified virulence in the Anglo-
Egyptian Sudan. This species is said to breed abundantly in rock pools
as well as tree holes. Filling such pools with sand is recommended as a
partial means of control. (Horgan, Proc. Amer. Mosq. Control Assoc.,
Feb., 1949.)

Jungle yellow fever. Yellow fever is generally regarded as an urban
or house disease transmitted solely by Aedes aegypti (Linn.), a domestic
mosquito which breeds largely in artificial containers in and about
human habitations. The epidemiological pattern of urban yellow fever
is relatively simple; namely, “man to mosquito to man.” Control seemed
simple enough with meticulous mspection and careful application of
proper control measures. The Rockefeller Foundation reported® that
prior to 1929 the belief was expressed that yellow fever was not only
fast disappearing as a human menace but that it had been practically
eliminated. “Ins1925 only three cases of yellow fever were reported
from the entire Western Hemisphere; in the 11 months following April,
1927, no cases were reported, and it was assumed that the battle, which
had cost the lives of research workers and millions of dollars, was
practically won. Then almost without warning, the South American
Jungle struck back (Soper and associates,’! 1933), and in a few years’
time the epidemiological strategy of the battle had to be completely
altered.” It is pointed out that vast areas of the hinterland of both South
America and Africa are endemic centers of yellow fever. Burke®® (1937)
studied an epidemic involving 201 cases of yellow fever of the jungle
type in the absence of Aedes aegypti (Linn.) on the Planalto of Matto.
Grosso, Brazil, during the seasons of 1934 and 1935. He reports that the
identity of the disease was definitely established, the only difference
being in the conditions under which infection occurs. “The paucity of
human population in the infected district and the scattered distribution
of cases in both time and space, together with the isolated circumstances
attending many cases argue against man being the only vertebrate host
involved. The sera from five Cebus monkeys captured for this study in
known infected districts all gave positive protection test results, indicat-
ing immunity naturally acquired in the jungle. All available evidence
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points to infection occurring either in clearings next to uncleared jungle
or in the jungle itself, especially during working hours.” The Rockefeller
Foundation (loc. cit.) points out that jungle yellow fever must be con-
sidered as a possible permanent source of virus for the reinfection of
cities and towns where high densities of Aedes aegypti (Linn.) mos-
quitoes are tolerated. In jungle yellow fever the epidemiological pat-
tern appears to be “monkey to mosquito to monkey.” Man becomes in-
fected when he goes into the forest and is bitten by infected mosquitoes
and he brings the virus back with him when he returns to his com-
munity. There he may encounter “aegypti” mosquitoes and an epidemic
of yellow fever may ensue. Students concerned with jungle yellow fever
will need to consult “An epidemiological study of jungle yellow fever
in an endemic area in Brazil,” by Taylor, Laemmert, et al.>

Aedes leucocelaenus (D. and S.) and Haemagogus capricornii
(Lutz), both forest-inhabiting mosquitoes, were incriminated by Shan-
non, Whitman, and Franca®* during the 1938 outbreak of yellow fever
in the State of Rio de Janeiro, Brazil. The presence of the virus in these
mosquitoes as well as in certain Sabathine species taken in the Brazilian
jungle was demonstrated. Subsequent investigations indicate that
Haemagogus capricornii was probably H. spegazzinii (see below ).

The 1947 report of the International Health Division of the Rocke-
feller Foundation states that Haemagogus spegazzinii Bréthes is by all
odds the commonest and most widely distributed species of the genus
Haemagogus in Brazil and is generally found in the endemic areas of
jungle yellow fever in Colombia. As to reservoir jungle animals the
above-mentioned report states that of the various kinds of animals tested
only the howler monkey (Cebus) circulated virus in abundance.

Several mosquitoes have been incriminated as vectors of yellow fever
in the tropical jungles of East Africa, among these Aedes simpsoni Theo.
and Aedes africanus Theo., both widely distributed in endemic jungle
areas. The latter species is apparently highly important because of its
recently discovered presence both in the forest and in the plantations.
There is thus presented the possibility of introducing yellow fever to
human populations directly from endemic jungle foci through the agency
of one species of mosquito.*®

Other mosquito vectors. Prior to 1928 (see Chapter I) no experi-
mental animal (other than man) was known to be susceptible to yellow
fever. With the discovery that the Indian monkey, Pithecus rhesus, was
susceptible as well as a score of other species of monkeys, and particu-
larly with the work of Sawyer on white mice, experimentation with
various species of mosquitoes grew apace. (See Soper et al., 1933, loc.
cit.)
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There are evidently many species of jungle-inhabiting vertebrates
which harbor the virus of yellow fever, more importantly perhaps several
species of monkeys. Hedgehogs are highly susceptible animals and are
of great value in laboratory investigations. Several species of mosquitoes
other than those here referred to lend themselves well to ‘laboratory
transmission by the bite; among them is a common and widespread
nearctic species Aedes triseriatus (Say)*® in which the monkey, Macacus
rhesus, was used as the host. It is of interest to note that the more im- .
portant species of mosquitoes incriminated as probable or proved vectors
of the virus of jungle yellow fever are tree-hole breeders thus sharing
(perhaps roughly) the same ecological niche with their simian hosts.

Besides those species mentioned, many others (probably more than
30) have given positive results by the bite in laboratory tests; among
these are Aedes scapularis (Rondani), A. fluviatilis (Lutz), A. luteo-
cephalus Newst., A. stokesi Evans, A. albopictus (Skuse), Culex tha-
lassius Theob., Eretmapodites chrysogaster Graham, Mansonia africana
(Theob.), Haemagogus equinus Theobald, and H. splendens Williston.

C. DENGUE FEVER

Dengue fever, also known as breakbone fever or dandy fever, is a
widespread disease of tropical and subtropical regions, but it also
occurs in temperate climates where suitable vectors are present. In an
epidemic which occurred in the State of Texas in 1922, originating in
Galveston during the second week of June, spreading later to other
parts of the state, beginning to abate late in September, and ending
in late autumn, the number of cases of the disease was estimated at be-
tween 500,000 and 600,000.5

The disease is characterized by its sudden attack, severe rheumatic
pains in the joints and limbs, intense headache, backache, and high
fever; a remission of two to three days follows the first attack of three
days; the second attack lasts usually but a day and is accompanied by a
rapidly spreading rash. The “saddle back” type of fever, though quite.
common, is not constant. The entire course may be run in five to six
days. Although the disease is of much importance because of its de-
bilitating effects and prolonged convalescence, the death rate is very
low. It is caused by a filtrable virus, as shown by Ashburn and Craig,
1907.5¢ The virus is present in the peripheral circulation during the ini-
tial stages of the disease, i.e., the first three to five days, also probably
for some hours previous to the onset; hence the mosquito vector must
bite the patient during this short period of time in order to become
infected.

Mosquito transmission. Transmission experiments conducted by
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Chandler and Rice (loc. cit.) with Aedes aegypti (Linn.) were success-
ful in four out of six cases, the mosquitoes having fed on patients in
the second to fifth days of the disease.

Simmons, St. John, and Reynolds®®* (1931) found that all lots of
Aedes aegypti (Linn.) that fed on blood from experimental cases of
dengue during the first 48 hours of the disease became infected. The
mosquito is able to transmit the infection after an incubation period of
11 days, though Chandler and Rice (loc. cit.) state that mosquitoes suc-
ceeded in transmitting the disease in from 24 to 96 hours. Infected
mosquitoes remain infected as long as they live. The disease has been
transmitted 174 days after infection, and Aedes aegypti (Linn.) has
been kept alive for seven months. (Simmons et al., loc. cit.)

Graham® (1902) was the first to demonstrate that mosquitoes trans-
mit dengue by the bite.

The incubation period in experimentally infected cases varies from
three to eight days. Simmons et al. give the average incubation period
at 5.66 days; average duration of the fever, 4.8 days. The virus is not
transmitted from infected female Aedes aegypti (Linn.) through the
egg to the offspring, neither does contamination of the skin by dengue
virus from crushed Aedes aegypti (Linn.) result in infection. A brief
immunity is conferred by an attack of dengue. (A description of A.
aegypti, and of its breeding habits will be found in the preceding chap-
ter. )

The investigations of Simmons, St. John, and Reynolds prove that
Aedes albopictus (Skuse) is an important vector of dengue, also that
Culex quinquefasciatus (= fatigans) Wied., hitherto so regarded is not
a vector. ‘

Aedes albopictus (Skuse) has the mesonotum ornamented with a
central silvery stripe; white scales of the thoracic pleura are arranged
in irregular patches. Its breeding habits under urban conditions are very
similar to those of A. aegypti, ie., the larvae live in fairly clear water
in artificial containers; however, when away from human habitations
the larvae occur in tree holes, bamboo stalks, plant axils, and stone
cavities in the forests (up to 2,000 feet in Hawaii). It is particularly
prevalent in depressions in monuments in Japanese cemeteries, as well
as in flower containers. The species is found in Oriental regions, Mada-
gascar, New Guinea, north Australia, and the Philippine and Hawaiian
Islands.

Aedes scutellaris (Walker) resembles A. albopictus (Skuse) closely;
the mesonotum has a central silvery stripe, white scales of thoracic
pleura arranged in two wavy parallel lines. The distribution of the
species overlaps that of A. albopictus in Micronesia and in Polynesia
except Hawaii. It is reported to be a vector of dengue in New Guinea.
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D. ARTHROPOD-BORNE VIRUS ENCEPHALITIDES

Equine encephalomyelitis is a disease of wide distribution; the causal
agent is a virus with neurotropic properties, as shown by Meyer, Haring,
and Howitt,** who describe symptoms as follows.

Preceding the onset of symptoms which attract attention, the temperature
may be found to vary from 103° F to 107° F. Not infrequently when the
horse shows signs of drooping of the head, sleepiness, and circling motion or
other psychic and motoric disturbances, the body temperature may be normal.
The pulse and respiration are usually accelerated. Quite often the animal rests
against the wall or corner and may show backward and sideways motions.
Muscular twitchings are quite common. Many of the horses are down on the
second or third day and may or may not get up when pressed to do so.
Paresis of the lips and drooling are frequently noted. Mastication and swallow-
ing may or may not be impaired, but grinding of the teeth is quite regularly
observed. The conjunctiva is always infected and frequently icteric or gray-
ish and studded with petechiae or ecchymoses. In the mild cases which were
able to rise, recovery was as a rule uneventful but about half were so severe
that they terminated fatally in 3 to 8 days or were destroyed for humane
reasons.

Believing that bloodsucking insects might be instrumental in the
transmission of the virus, the author conducted tests during the late
summer of 1932 (Herms, Wheeler, and Herms 1934).%2 In these tests
horseflies, Tabanus punctifer O. S., and horn flies, Haematobia serrata
Desv., were used—all with negative results.

Early in 1933 Kelser®® proved that the disease can be transmitted by
Aedes aegypti (Linn.) not only from infected guinea pigs to normal
guinea pigs but also to a horse which contracted the disease and died
within five days after the onset of symptoms. Blood drawn from the
horse at the height of the fever and injected into a guinea pig produced
the disease, and mosquitoes fed on the horse during the period of high
temperature and subsequently fed on a normal guinea pig likewise pro-
duced the disease. The largest percentage of deaths among the guinea
pigs bitten by infected mosquitoes occurred on the sixth day following
the infective mosquito bite. The mosquitoes were found to be capable
of producing the disease as early as six days and remained infectious
for at least 36 days. Kelser pointed out that it is possible that the mos-
quitoes, when once infected, may remain infectious the rest of their lives
as is the case in yellow fever and dengue.

Following the work of Kelser the author conducted further tests,
using Anopheles maculipennis Meigen (A. freeborni Aitken) and Aedes
dorsalis (Meigen), a salt-marsh mosquito, bred from larvae taken from a
salt marsh. Again all results were negative (Herms, Wheeler, and Herms,
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loc. cit.). However, later tests (unpublished) made in October, 1934,
give evidence of six successful transmissions out of 29 (guinea pig to
guinea pig) secured with Aedes dorsalis (Meigen) bred from fresh-
water larvae. The elapsed time between initial feeding on an inoculated
pig and feeding on a normal pig was six days in four of the positive
cases and 12 days in the remaining two. From 4 to 50 mosquitoes were
used in each test. Investigations made by Madsen, Knowlton, and
Rowe®* with A. dorsalis (Meigen) also indicate that this species may
be a vector of the virus; although most tests failed, 2.5 per cent of the
total trials (with guinea pigs) were positive, with incubation period
varying between 9 and 19 days. Tests made by these authors with Aedes
nigromaculis (Ludlow) gave 55.8 per cent positive transmissions, with
incubation period varying between 4 and 10 days. Merrill, Lacaillade,
and Ten Broeck®® have demonstrated in repeated tests that Aedes sollici-
tans (Walker), a common Atlantic coast salt-marsh mosquito, will trans-
mit both eastern and western strains of the virus from infected to nor-
mal guinea pigs. Transmission was obtained with the eastern virus 11
days after the initial feeding and at later periods. Aedes cantator (Coq.),
another salt-marsh breeder, was shown to transmit the eastern virus,
though less readily. These authors have demonstrated a 1,000- to 10,000-
fold increase of the virus within the bodies of both Aedes aegypti
(Linn.) (western strain virus) and A. sollicitans Y Walker) (eastern
strain virus). They report 63 days as being the longest period during
which Aedes aegypti (Linn.) is capable of transmitting the western
strain. Madsen and Knowlton®® were successful in transmitting the west-
ern virus to guinea pigs by the bite of Aedes nigromaculis (Ludlow).
Simmons, Reynolds, and Cornell®” demonstrated that Aedes albopictus
(Skuse) could transmit the western virus. Kelser®® reported studies def-
initely proving the ability of Aedes taeniorhynchus (Wied.) to trans-
mit the “western” type of equine encephalomyelitis from guinea pig to
guinea pig.

In 1940 Kitselman and Grundmann® reported the isolation of equine
encephalomyelitis virus from naturally infected conenose bugs, Triatoma
sanguisuga Le Conte. Syverton and Berry™ (1936) were able to trans-
mit the western strain of the virus to a ground squirrel, Citellus richard-
soni (Sabine) through the bite of ticks, Dermacentor andersoni Stiles.
The animal died five days after the ticks, which had fed on an inocu-
lated guinea pig, were placed on the animal. Tyzzer, Sellards, and Ben-
nett™ in 1938 reported the natural occurrence of the infection in the
ring-necked pheasant. Man was reported susceptible to the infection in
1938 by Howitt.™

Reeves (William C.), who later joined Hammon (W. McD.) of the
Hooper Foundation for Medical Research in the study of the arthro-
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podan encephalitides, began his research work under the direction of
the author in 1940 and completed his work for the doctorate in October,
1943, the title of his thesis being “Culex tarsalis and Other Mosquitoes
as Vectors of the Virus Encephalitides of Western North America.” In
1941 Hammon, Reeves, Brookman, and Izumi™ reported the isolation
of the viruses of both western and St. Louis encephalitis from Culex
tarsalis mosquitoes in the Yakima Valley of the State of Washington. It
should be recalled at this point that mosquitoes were strongly suspected
as the vectors in the 1933 St. Louis outbreak, in which there were over
1,000 cases with about 200 deaths. In 1942 Hammon and Reeves™
reported, “We can safely conclude that this species [Culex tarsalis Coq.
referred to above] is a natural vector . . . in respect to St. Louis en-
cephalitis virus . . . and in addition . . . that the chicken may serve
as a satisfactory reservoir of the virus.”

Hammon,” in a paper read at the 1948 meeting of the California
Mosquito Control- Conference, points out repeated failure to find virus
in overwintering wild mosquitoes; a chronic or latent stage of the in-
fection was not observed in chickens or other vertebrates, and thus no
true reservoir was found. Then came announcement by Smith™ and
co-workers and by Sulkin™ that these viruses had been found in chicken
mites, and furthermore that the virus was transmitted through the mite
eggs from generatfon to generation. Here, then, appears, to be a true
reservoir for the infection. In 1947 Reeves, Hammon, Furman, McClure,
and Brookman™ announced the recovery of western equine encepha-
lomyelitis virus from wild bird mites Liponyssus sylviarum (Canestrini
and Fanzago). The wild birds were the yellow-headed blackbird, Xantho-
cephalus xanthocephalus (Bonaparte). This discovery is significant in
that it brings a wild vertebrate reservoir animal (a bird) into the en-
cephalitis picture. Much more work needs to be done with mites in
relation to the virus in order to elucidate their role as vectors. '

Recently Hammon™ (1948) has pointed out that the hypothetical
cycle now becomes a more complicated one. “Mites infected previously,
congenitally or by feeding on an infected bird, may initiate infection in
nestling birds or in newly hatched fowl in the spring. These birds in
turn are fed on by mosquitoes. After the essential extrinsic incubation
period, these mosquitoes may infect other birds. Several such cycles in
mosquitoes and birds will build up the number of infected mosquitoes
and infection may then appear in men or horses. Infection is usually
seen first in horses, and later in men, undoubtedly because of the greater
number of mosquitoes having access to the large, unprotected domestic
animals, and because of the mosquitoes’ feeding preference.”

Japanese “B” virus. According to Hammon®® the most severe epidemic
of encephalitis ever described occurred in Tokye in the summer of 1924,
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with over 6,000 cases resulting in 8,797 deaths. In the Japanese epidemic
of 1948 there were about 8,000 cases, with a 30 per cent mortality. (La-
Casse, Proc. Amer. Mosq. Control Assoc., Feb., 1949.) That this virus
also occurs in horses was shown by Hodes, and Peck®* in Okinawa by
complement-fixing and neutralizing antibodies. Mitamura, J.,*2 and as-
sociates report a small epidemic of encephalitis in the prefecture of
Okayama in 1938, which lasted about 40 days. The chief species of
mosquitoes taken were Culex pipiens var. pallens Coq., Culex tritaenior-
hynchus Giles, and Anopheles hyrcanus var. sinensis Wied. Females of
both species of Culex taken between July 25 and August 24 infected
mice on which they fed. It is also reported that 12 mice became infected
out of 511 bitten by female Culex pipiens pallens that had developed in
the laboratory from larvae and pupae taken in nature, hence had had
no opportunity of acquiring the virus in the adult stages. Forty species
of mosquitoes are reported for Japan. Culex annulirostris Skuse has
recently been reported by Hurlbut and Thomas as a potential vector in
the Caroline Islands.

Among other recently discovered mosquito-borne encephalitis viruses
are the following: West Nile, Semliki Forest, Rift Valley, and Mengo
strains.

E. FILARIASIS

Filariasis. Infestation with nematode worms belonging to the family
Filariidae is known as filariasis. The larval worms of this family are
commonly known as microfilariae and occur in the circulatory and lym-
phatic systems, connective tissue layers, and serous cavities of the verte-
brate hosts.

Bancroft’s filaria, Wuchereria bancrofti (Cobbold), is a widely dis-
tributed parasite of man, being indigenous to Polynesia and Melanesia,
where advanced elephantiasis (see p. 247) is frequently encountered;
the disease is found in many tropical and subtropical areas of the globe,
such as central Africa, southeast coastal China, and the Fast Indies. In
the United States only one endemic area has been known in the past,
a small area including Charleston, South Carolina.®? Puerto Rico is re-
ported to be one of the best-known endemic areas of filariasis in the
Western Hemisphere, although the disease is not regarded as a major
health problem there.®* The infection also exists in the northeast coastal
portions of South America.

The sheathed microfilariae, first noted by Bancroft in 1876, measure
about .3 mm in length and from 7.5p to 10x in diameter (Fig. 81). As
observed by Manson in 1877-78, they occur in the peripheral blood,
particularly at night. In the daytime most of the microfilariae are con-
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centrated in the pulmonary vessels, the capillaries of the heart, and
other visceral organs. This nocturnal periodicity®® enables night-flying
mosquitoes such as Culex quinquefasciatus Wied. to suck up the para-
sites while biting. Manson called attention to this adaptation and be-
lieved that mosquitoes served as “nurses” for the filariae, and that when
the mosquitoes dropped into water and disintegrated the organisms
were liberated and infection of human beings resulted from drinking
infected water.

Life cycle. The fully grown, very slender, sexually mature worms,
the females reaching a length of 80 to 100 mm and the males about 40
mm, are often found (post-mortem) in tangles in nodular dilations of
the distal lymphatics, in lymphocytic varices, and in the glands them-

Fic. 81. Wuchereria bancrofti, in
human blood. x333.

selves or even in the thoracic duct. Here myriads of minute micro-
filariae are born, each in a sheath or sac. Although many remain in the
lymph, others following a normal circulatory course will reach the pe-
ripheral circulation. Brown®*® reports an infection of 23,240 microfilariae
per ml of blood in a Virgin Islander (except for a slight general glan-
dular enlargement, there were no symptoms referable to this infection ).
In the so-called classic filariasis the microfilariae manifest a nocturnal
periodicity (filariae sanguinis hominis nocturna ), i.e., they are present
in the peripheral blood of infected persons principally during the hours
from 10 .M. to 2 A There is, however, a nonperiodic form of
bancrofti in the South Pacific area. In either instance the microfilariae
are available to appropriate species of mosquitoes, i.e., anthropophilous
night feeders in the case of “filaria nocturna,” and day biters in the case
of “filaria diurna.” Many species of mosquitoes belonging to four com-
mon genera, Culex, Aedes, Mansonia, and Anopheles, have been incrim-
inated as vectors, some species being more readily infective than others.
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The more numerous the individual mosquitoes ip 5 large population of
infected human beings the more dangerous is the situation. It must be
remembered that this is an infection referred to earlier in which the
pathogen does not multiply within the body of the vector; the mosquito
must imbibe one microfilaria from the blood of an infected person for
every filarial worm transmitted to a new victim, Having successfully
reached the stomach of the mosquito, the tiny worm now loses its sac-
like sheath and in a matter of hours forces its way through the stomach
wall and works its way through the thoracic muscles, becoming some-
what “sausage-shaped” by the fourth or fifth day. There are two molts,
and by the end of the twelfth to fourteenth day the digestive tract has
developed, and at least some infective larvae, now about 1.5 mm in
length, settle in the region of the head and labium of the mosquito
(many larvae are lost in the abdomen) awaiting an opportunity to slip
down the salivary channel when the mosquito bites. The number of
larvae per mosquito successfully reaching this stage is evidently quite
small (heavy intections may kill the mosquito); Hu and Yen*" report an
average of 3.9.

When the mosquito bites, the larvae quickly slip down the labium
and escape from the labellum, coming to lie upon the warm skin of the
person bitten. The larvae now penetrate the skin, enter the lymph
stream, and are carried to the lymphatics, as mentioned in the begin-
ning, where development to sexual maturity is accomplished in a matter
of months; from 12 to 18 months is reported probable from the time of
infection to the maturity and appearance of 4 new generation of micro-
filariae in the peripheral blood.

Asymptomatic filariasis. In endemic areas a considerable percentage
of the population are infected with the parasite, as shown by blood
smear examination: thus Murray*® reported 19.1 per cent positive for
microfilaria in a survey of 5,144 Samoans. Brown (loc. cit.) states that
on physical examination the infected person, though unaware of the
infection, may exhibit a general glandular enlargement especially of the
inguinal lymph glands.

Inflammatory filariasis. The author has observed cases of so-called
“mumu” in which there were recurrent attacks of inflammatory filariasis,
many months after exposure to infection in the South Pacific area. Brown
(loc. cit.) suggests that these inflammatory reactions “may be an allergic
phenomenon due to a sensitivity to the products of the worms or to a
superimposed bacterial infection, usually streptococei.”

Obstructive filariasis (elephantiasis). The obstructive types of filaria-
sis (grossly enlarged scrotum, vulvae, breasts, or legs) usually follow
years after the original long exposure to mosquito bites in endemic areas
and are the exception rather than the rule. Microfilariae are frequently
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absent from the blood, although Murray (loc. cit.) states that he found
that, in American Samoa, persons afflicted with elephantiasis were much
more likely to have microfilariae than those without this condition.

Brug’s filaria, Wuchereria malayi Brug, the causal organism of
“filariasis malayi” is very similar to that of “Bancroft’s filariasis.” It oc-
curs in India, Ceylon, Thailand, the East Indies, the Philippines, and
New Guinea. In some areas, such as portions of coastal China and some
islands of the East Indies, the two Wuchereria infections overlap; the
behavior of the worms in the mosquito vector, as well as in man, and
the effects on the human host are very similar. W. malayi, which is
essentially nocturnal in periodicity, differs from W. bancrofti only in
minor details. The morphology of the sheathed microfilariae differs
chiefly in the cephalic space, which is twice as long as broad, and the
posterior extremity of the worm has a slight bulb at the tip with two
minute terminal nuclei.

While there is little difference in the causal organisms, it is impor-
tant to note that the principal vector mosquitoes of W. malayi are mem-
bers of the Mansonia group in which the wrigglers attach themselves to
submerged aquatic plants such as Pistia and Eichhornia, as described
in a previous chapter. Mansonia (Mansonoides) annulifera Theobald
is considered to be the principal vector, although several other related
species as well as certain anophelines, e.g., Anopheles hyrcanus sinensis
Wiedemann, are believed to be implicated.

Mosquito species involved. Throughout the filarial belt of the world
(between 30° N and 32° S latitude) some 60 species of mosquitoes be-
longing to half a dozen genera have been implicated in greater or lesser
degree as vectors of the infection. Culex quinquefasciatus Say, a widely
distributed tropical and subtropical species, heads practically all lists
of vectors; it is, however, significant that in the Samoan area experimen-
tal evidence disclosed that only 29 per cent of C. quinquefasciatus
could be infected from a single blood meal, whereas 90 per cent of
Aedes pseudoscutellaris (Theob.) became infected; also, it is reported
that only one per cent of the former developed microfilariae to the in-
fective stage in contrast to 18 per cent in the Aedes species. In several
island groups of the South Pacific (among them Solomon, New Hebrides,
Fiji, and Samoa) a primary vector is Anopheles farauti Lav. which
often becomes tremendously infected and dies as a result; as many as
96 eight- to ten-day-old larvae have been observed (Reiber). Only 11
per cent of the total number of infected mosquitoes survived long
enough to transmit larvae. Under natural conditions this percentage
would no doubt be still lower.

In the China area Anopheles hyrcanus sinensis Wiedemann and Culex
pipiens pallens Coquillett, are proven vectors, as they are also in Japan
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together with Aedes togoi (Theobald); in west Africa Anopheles gam-
biae Giles is listed as a vector (see above for filariasis malayi).

In testing the susceptibility of North American species of mosquitoes
to Wuchereria bancrofti (Bora Bora strain) Eyles and Most® found
that development to advanced or infective stage occurred in the fol-
lowing species: Culex pipiens Linn., C. quinquefasciatus Say, C. errati-
cus (Dyar and Knab), C. salinarius Coq., Anopheles walkeri Theob.,
A. punctipennis (Say), Aedes triseriatus (Say), A. aegypti Linn., Aedes
atropalpus (Coq.), and Mansonia perturbans (Walker). In the following
species development did not proceed beyond the first larval stage:
Anopheles quadrimaculatus Say, Anopheles freeborni Aitken, Aedes tor-
mentor Dyar and Knab, and Psorophora ferox Humboldt.

With only three specimens of Culex tarsalis Coq. tested, Scott,
Richards, and Seaman” found that one of these developed infective
stages of W. bancrofti in the thorax, head, and proboscis.

Heartworm of dogs. Dirofilaria immitis (Leidy), a cosmopolitan
species, occurs in dogs (in over 30 per cent in some parts of the southern
United States) and occasionally in cats, as well as in various wild
carnivores. The adult worms, females measuring in length from 25 to
35 cm and the males 12 to 18 cm, invade the heart (right ventricle) and
pulmonary artery of the host, where they often form tangled knots
and may cause death as the result of embolism, asphyxia, and dilation
of the heart. This parasite has become widely distributed in the United
States.

Like Wuchereria bancrofti the microfilariae of D. immitis are found
in the blood stream and manifest a similar periodicity, except that more
of the latter appear to be present in the peripheral circulation during the
daytime (Hinman). The larvae of D. immitis are without sheaths. Culex
pipiens Linn., Aedes aegypti (Linn.), as well as a number of other
species of mosquitoes, are known to be vectors. Development in the
mosquito is similar to that of Wuchereria as described above. Sexual
maturity of the worms in the body of the dog is said to require from 5
to 9 months. Short-haired dogs are believed to be more susceptible to

- heartworms than long-haired dogs, probably because they are less pro-
tected against mosquito bites. To prevent infection in endemic areas,
dogs must be protected from mosquitoes, particularly at night.

Other filarial worms. Among other species belonging to the family
Filariidae are Mansonella ozzardi (Manson), said to be nonpathogenic
to man, transmitted by Aedes aegypti (Linn.); Acanthoceilonema
perstans (Manson), transmitted by Culicoides austeni Carter, Ingram,
and Macfie (see Chapter X); Loa loa (Cobbold), causing calabar swell-
ings, transmitted by Chrysops dimidiata v. d. Wulp (see Chapter XIV);
Onchocerca volvulus Leuckart, transmitted by Simulium damnosum
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Theo., Simulium ochraceum Walker, and other species of black flies (see
Chapter X).

F. RABBIT MYXOMATOSIS

Rabbit myxomatosis, also known as “big head” of rabbits, is caused
by a virus closely related serologically and immunologically to the virus
of rabbit fibroma (Shope).”* Experimental observations by Philip®* on
the latter virus indicate that the infection can be transmitted mechani-
cally in the laboratory by several species of conenose bugs (Family
Reduviidae), e.g., Triatoma protracta, Triatoma infestans, and Rhodnius
prolixus. It was presumed that the mechanical transfer of the infection
in interrupted feeding tests was by the contaminated mouth parts of
the bugs.

The virus of rabbit myxoma produces lesions in the skin, lymph
glands, tunica vaginalis, testicle, spleen, and lungs. The disease runs a
rapid course, and death ensues within a week or two. Rabbits are the
only known susceptible hosts. Recently Aragao®™ (1943) has reported
successful transmission of the virus by mosquitoes, Aedes scapularis
(Rondani) and A. aegypti (Linn.). Here, as in the tests made by Philip
with rabbit fibroma, the transmission of the virus was thought to be
mechanical; ie., only the proboscides of the mosquitoes were contami-
nated. The infected mosquitoes were able to transmit the virus two or
three times up to 17 days after the infecting blood meal. Other mosqui-
toes as well as other bloodsucking arthropods have been incriminated in
transmission.

G. FOWL-POX

Fowl-pox, an important virus disease of poultry, while spread in
various ways, such as contact between diseased and healthy birds, may
also be spread, according to Brody,™ by Aedes stimulans (Walker) by
intermittent feeding, harboring the virus in or on its body for at least
two days following an infective meal, and by Aedes degypti (Linn.),
which can definitely transmit the virus more than once during its life.
The latter species is able to transmit the disease within one hour after
an infective meal and continues to be infective for at least about 40 days.
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CHAPTER Xl

———-—————

MOSQUITO ABATEMENT

Historical. Ancient Greeks and Romans believed there was some
etiologic connection between intermittent fevers and swamps, hence the
use of drainage methods in Greece and especially Rome to overcome
the “poisoning effects” of stagnant water. Lancisi, the greatest Italian
physician of his time, published a treatise on swamp fevers in 1717,
according to Russell, in which he suggests that since malaria disappeared
‘after drainage, the poison from the marshes was possibly transmitted by
mosquitoes which also came from the swamps.

The use of larvicides dates back to about 1793 ( Russell, et al., loc. cit.,
p. 215) when oil (probably whale oil) was used in Philadelphia on rain
barrels to kill mosquito larvae.

L. O. Howard,' for many years (1894-1924) chief of the United
States Bureau of Entomology, records “an experiment against mosqui-
toes” which he conducted in 1892. He “sprinkled four ounces of coal oil
upon the surface of the pond” which “contained 60 square feet. . . .
The pool which upon the evening of the 5th (July) had been teeming
with animal life, contained no living insects during the following ten
days. The kerosene, curiously enough, seemed to exercise no deterrent
effect upon the adult female mosquitos. They still continued to attempt
to deposit eggs and in this attempt were destroyed. This is in my opinion
a most important point, and one which has hardly been anticipated.”
This experiment was made in the Catskill Mountains of New York at an
elevation of about 2,500 feet.

Ronald Ross in his famous book, entitled The Prevention of Malaria,*
states: “Since 1899 I had gradually become convinced that anti-mosquito
campaigns had better be conducted, not only against Anophelines but
against all kinds of mosquitoes at once.” He refers to his advice given
on the spot in 1902 to continue general mosquito reduction at Ismailia
on the Suez Canal; within a year, he states, mosquitoes of both groups
(Culicine and Anopheline) were almost entirely banished and the ad-
missions for malaria reduced from about 2,000 a year to 214. Ross also
refers to the brilliant campaign commenced in 1901 by Malcolm Watson
in the Federated Malay States at Klang and Port Swettenham.

256
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The remarkable work of Gorgas in controlling yellow fever in Havana
in 1901 and that of Gorgas and Le Prince® in the control of yellow fever
and malaria in the Panama Canal Zone attracted widespread attention
to the subject of mosquito abatement. Ross (1902), in his book Mosquito
Brigades and How to Organize Them,* gave much practical information
regarding methods of mosquito control. In 1939 Herms and Gray pub-
lished the first edition of their work on mosquito control (now in the
second edition).?

L. O. Howard contributed a special article to Ross’s book on malaria
prevention. In this article, which was entitled “Anti-malaria work in the
United States,” Howard says “ . . . beginning with 1900 and gradually
increasing in amount year by year, a great deal of anti-mosquito work,
more or less well planned, has been done in different parts of the
United States; but, looking over the entire field it is astonishing to note
how little of this work has been done with a direct sanitary object in
view.” He remarks that, “I¢ is pleasing, in the face of so much of this
sort of thing, to note a well-directed and rather large-scale bit of work
with a direct anti-malarial bearing which was begun at an early
date, and this is the work on Staten Island under Dr. A. H. Doty, the
health officer of the port of New York.” This work was evidently started
in 1901.

Public interest in the United States was greatly stimulated by the
appearance, in 1904, of J. B. Smith’s report on the mosquitoes of New
Jersey.® Salt-marsh mosquito abatement on the Pacific coast began in
1904 at San Rafael, Marin County, California, under the direction of C.
W. Woodworth, and at Burlingame, California, in 1905.” In 1910% the
first specific malaria-mosquito control work in California was begun by
the author (Herms) at Penryn in Placer County. The campaign was
locally supported. Somewhat prior to 1910 the author called attention
to the danger from malaria due to anopheline breeding in seepage from
poorly constructed irrigation ditches and canals in California. “The
use of metal, cement, or tile irrigation ditches, which prevent lateral
flow except where wanted, will help greatly in Jessening the vast number
of (malaria) mosquitoes now produced in or by poorly kept ditches.”
Farmers of northern California were admonished.to “pay more attention
to the improvement of their irrigation methods.”

In 1913° Carter_of the United States Public Health Service began
to make malang@#rveys in Virginia and North Carolina. In 1914 a
Federal appropriation of $16,000 was provided for malaria investigations
by the Public Health Service; 22 surveys and three malaria control dem-
onstrations were made in seven states in that year. From 1914 to 1928
the United States Public Health Service conducted directly or cooper-
atively malaria-mosquito control work in 343 communities in 17 states
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and, including surveys and investigations, in 667 communities in 24
states.

Organization for abatement work. Before actual mosquito abatement
work is undertaken, it must be well planned and organized (Herms and
Gray, loc. cit.). There must be an adequate preliminary survey. The
services of an experienced and practical mosquito-abatement expert
should be secured to make this survey. The expenses for the preliminary
survey may be defrayed from funds raised by public subscription or by
any other means.

The preliminary report should include data and recommendations
on the following matters:

1. The boundaries of the area which should be included within the
project.

2. The population, area, and assessed valuation of the proposed district.

3. The location and areas of the principal breeding situations such as
marshes, etc.

4. Tentative suggestions as to the best method of control for each prin-
cipal breeding area.

5. The amount and types of domestic breeding, and measures for abate-
ment.

6. The particular species of mosquitoes involved, with a brief discussion
of their breeding habits.

7. The probable organization that will be required, including personnel
and equipment.

8. Detailed preliminary estimates of cost, both for permanent work (in-
cluding capital outlays) and for regular maintenance. With these should be
submitted comparative costs for already operating districts of similar size and
conditions.

9. The economic losses caused by mosquitoes in the proposed district,
and the economic savings which should result from adequate mosquito abate-
ment.

10. Where a mosquito-borne disease is involved, statistical material of
epidemiological importance should be included (see malaria survey, p. 230, for
pattern).

Personnel. The general supervision of organized community mosquito
control work, particularly as to policies and finance, is usually in the
hands of a board or commission appointed in various ways in different
states. The proponents of the undertaking should make the proper rep-
resentations to the appointing power or powers, so that only citizens of
outstanding character and ability are chosen. It is desirable that the
members of the board or commission serve without compensation, except
that expenses incurred in the performance of duty should be defrayed.
In making selections it is well to include an outstanding physician, a
public-minded attorney, a respected and able civil or sanitary engineer,
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and a successful business man—all should have a deserved reputation for
unselfish public service.

The most important duty of the board or commission is the selection
of the executive officer, who for the larger districts should have at least
the following qualifications: (1) agreeable personality and honesty, (2)
successful experience in mosquito abatement work, (3) administrative
ability, (4) training in medical entomology and sanitary engineering.
For very small districts this officer may well be of the working-foreman
type.

A responsible group of citizens whose duty it is to administer the
expenditure of considerable sums of local tax money for mosquito control
is not likely to appoint as manager or executive officer a man who is
simply brimful of so-called personality on the assumption that he will
make a good “public relations” man. A good personality is an important
asset, but the tax-paying public is particularly concerned with the man’s
ability to “deliver the goods.” Thorough familiarity with the goods, in
this instance mosquito control, is essential to good public relations.
Personnel should be carefully selected so as not to freeze into the organ-
ization at the outset individuals who are unfit for this type of work.

In large districts it is necessary to subdivide the force into divisions
which can be handled by a responsible foreman or inspector and a crew
of laborers. The foreman should be a full-time employee, active, ener-
getic, interested in his work, and able to supervise his men in all sorts
of mosquito control operations. As he is in immediate contact with the
public, he must have a good personality, and must be able to get along
with people. He will require much “backbone,” plus self-restraint and
patience. He must be physically equal to sustained activity in the field,
for the work is frequently arduous. The regular crews should be care-
fully selected and kept on a year-roand basis, with temporary additions
during the peak of the breeding season as needed.

Adequate office facilities must be provided, inclusive of clercial and
telephone service, for public contact and business purposes. Detailed
maps of the district must be available, a reporting system, and a book-
keeping system in conformance with legal requirements must be de-
veloped. The office should maintain a skillful and continuous program
of publicity and public education.

Training of personnel and education of the public. In order to secure
a high level of performance in mosquito control operations the admin-
istrative and operational staff of a mosquito abatement district must be
properly trained in control techniques. Mosquito control involves highly
technical skills and complicated procedures which unless correctly ad-
ministered may injure the public health and in agricultural areas may
prove injurious to agriculture. Also in order to secure full cooperation of
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the public there must be a program of public education. One or more
members of the staff should be trained to carry this out; in fact, the
nature of mosquito control is such that all members of the staff, and
laborers as well, are in constant contact with the public while on duty,
hence all have a measure of responsibility in this regard; even a minor
“slip up” may cause a “break down” in public relations.

Among similar agencies in other states, the California State Depart-
ment of Public Health through the Bureau of Vector Control maintains
a “Mosquito Control Training Program” designed to provide the opera-
tional personnel of the mosquito control agencies of California with the
fundamentals of mosquito control. Two training teams, each consisting
of one entomological instructor, one operational instructor, and an as-
sistant equipped with an outfitted station wagon, covered the state from
San Diego to Redding in 1948 holding 13 field training programs serving
39 mosquito abatement districts, 7 local health departments, 4 United
States Navy installations, and 5 other agencies during February, March,
and April. In addition to lectures and laboratory instruction, there were
field demonstrations in the use of insecticides and equipment. Attendance
certificates were given, and much informational literature was distributed.
Instructors used on these teams were required to have had field experi-
ence and top training, particularly since many of those receiving in-
struction were men of experience themselves.

Mosquito surveys. The simplest form of mosquito survey on which
policy and action can be based has as its minimum objective the ac-
curate determination of all species of mosquitoes present in a given
locality, estimating their relative abundance, mapping their distribution,
and studying their respective breeding places. The survey will delimit
the boundaries of the area which should be included within the project;
it should ascertain the population and assessed valuation of the area;
it should specify in general the best method of control for the principal
breeding areas and the probable organization that will be required
(personnel and equipment); it should furnish estimates of cost both
for permanent control work and for regular maintenance.

Surveys must be done intelligently (ie., by qualified persons) and
with adequate means; they are intended to guide policy and action,
usually involving considerable sums of public money. Adequate maps
are required to show topographical details. Surveys in greater detail
should secure the following information concerning the area under con- -
sideration: - (1) meteorological conditions (by the month), rainfall,
humidity, temperature, winds, etc.; (2) topography, soil, vegetation,
drainage, water courses, ponds, lakes, springs, swamps, salt marshes,
ditches, etc.; (8) agricultural crops, methods of farming, major crops,
irrigation practices, rice culture, etc.; (4) additional specific epidemia-
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logical information with regard to malaria and other mosquito-borne
infections, if present, such as sporozoite rate ang obcyst rate in dissected
anopheline mosquitoes; numerical prevalence of dJifferent species of
adult anophelines in houses, privies, pig pens, barns, etc.; spleen rate
and parasite index in blood; malaria morbidity, incidence, etc.; presence
of arthropod-borne encephalitides calls for additional technical details
(see Chapter XII ). :

Essentials of mosquito abatement. Bearing in mind the fact that no
mosquito ever came into existence without water in which its larval
stages were completed, and that a very smaj] quantity of water may
serve the purpose, the control of all collectiong of suitable water avail-
able to mosquitoes is a matter of basic importance. The study of water
management is highly important. The objective of mosquito abatement
operations is the elimination of mosquito production. The abatement
method must fit the offending species of mosquito. Marsh drainage or
the usual larvicidal treatments would be ineffective in the control of
tree-hole species such as Aedes varipalpus {Coq.) where specialized
treatment is required. Even under temperate-zone conditions the work
of mosquito abatement is a continuous year-roypd program, with special
alertness in the spring to curb the first brooq of larvae, and intensive
larviciding through the summer. At the end of the breeding season efforts
should be intensified to reduce the last brood 45 far as possible so as to
have fewer overwintering mosquitoes to start the following year’s brood.
An intensive adulticiding program is in ordey, Use the winter months
for maintenance work on drainage systems; for construction of new
drains and permanent structures; and for Plahning the following year’s
work. Permanent corrective work should be the 4im.

Water management. Anyone concerned with mosquito control opera-
tions soon learns that much mosquito breeding js due to mismanagement
of water intended for useful purposes. Irrigation systems so essential to
crop production in arid regions too often do npot provide proper drain-
age, or the canals and ditches may be so situated or so constructed as
to permit seepage resulting in ideal breeding places for potent malaria
vectors such as Anopheles freeborni Aitken. Improper flooding of rice
fields or uncontrolled flooding, as well as improper irrigation practices,
in the production of alfalfa and ladino clover may be productive of pest
mosquitoes. Irrigated pastures may be a source of many mosquitoes.
Water impoundment may result in the production of important malaria
vectors such as Anopheles quadrimaculatus Say in the middle and south-
ern United States. The significance of such impounded water, so far as
malaria is concerned, depends upon the presence or absence of a vector
Anopheles adaptable to such breeding conditigps, Mosquito production
is due in large measure to man’s carelessness and indifference, so well
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illustrated by the ubiquitious borrow pits formed by the removal of earth
for highway and railroad embankments and flls; and by the drainage
ditch improperly constructed with respect to slope or outlet (see King™ ).

Irrigation. Where irrigation is properly practiced with due attention
to the economical use of water and good agricultural practice, there
need be little or no mosquito breeding and consequent malaria menace.
However, when seepage results from breaks in ditches and particularly
from side-hill canals, ideal swampy areas are produced and cattle and

Fi16. 82. Breaks in the irrigation ditch are responsible for considerable
inundation, producing favorable breeding places for mosquitoes. The rapidly
running water in the ditch is unfavorable for mosquitoes.

horses leave water-filled hoof prints, an ideal breeding situation for
Anopheles freeborni Aitken in the western United States. Because of the
breeding habits of this important western malaria-bearing mosquito,
poorly constructed and improperly operated or leaking irrigation ditches
commonly account for malaria in the neighborhood (Fig. 82).

Wilson'? points out that “malarial effects are not attributable directly
to the results of irrigation where it is economically and properly prac-
ticed—where care is taken to irrigate only land which has an open soil
and such slopes and natural drainage as to prevent waterlogging, nc
unhealthy effects will result. . . . It is desirable, in order to mitigate the
possible evil effects of irrigation, to keep the canal as much as possible
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within soil so that its surface level may be low, and thus only raise the
sub-surface water plane to the least height practicable; that earth wanted
to complete embankments be never taken from excavations or borrow-
pits except where such localities admit readily of drainage.”

It may be pointed out that there is a distinct difference between
agricultural drainage and mosquito abatement drainage as applied to
irrigation districts. Agricultural drainage is concerned merely with the
problem of lowering the ground water level to a point where crops can
be raised successfully. Frequently considerable quantities of mosquito-
breeding water remain, often in the drains themselves (Fig. 83). Such

Fic. 83. Drainage water resulting from faulty irrigation, a source of numerous
mosquitoes.

drainage consists usually of large deep main drains with comparatively
few laterals. Mosquito abatement drainage, on the other hand, is a matter
of more careful attention to detail, with great care to obtain uniform
grades and smooth bottoms for the drains, so as to avoid mosquito breed-
ing.

Impounded water. The storage of water in deep, clean, and steep-
walled reservoirs seldom presents a mosquito problem; neither does
storage of water in steep-sided reservoirs in rocky canyons. “The im-
poundage of flowing streams,” Bishop, Hollis, et. al.;®* (1947) point
out, “profoundly alters the biology of the affected waters. One of the
changes may be a vast increase in the potential for anopheline mosquito
production unless appropriate control works and procedures are planned,
designed, and operated. The choice is, therefore, between the probability
of a disastrous ‘man-made’ increase in transmission of malaria or a suc-
cessful resolution of the continuing conflict between adverse biological
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pressures and control practices.” The magnitude of operations by the
Tennessee Valley Authority begun in 1933, based on water management
(control), is indicated in the fact that these involved 10,000 miles of
reservoir shore line in a region of widely varying topography. The im-
pounding of a lake in a region of flat topography within the Tennnessee
Valley produces a wide variety of breeding places for Anopheles quadri-
maculatus Say. There is here provided a huge food supply of micro-
organisms in the flotage and optimum protection against enemy fish and
other aquatic predators. One of the important ways to control mosquito
breeding in this situation is water level management. The effect of water
level manipulations on anopheline larvae is both direct and indirect;
direct in that as a result of drawing the water out of the marginal vegeta-
tion the larvae are exposed to an open and tlean water surface wherein
few can survive; and indirect in that the water is removed from the
marginal plants, drift, and flotage which provide food and protection for
the mosquito larvae. One of the important elements in water level man-
agement is periodic water level fluctuations. Complicated biological
study and engineering features beyond the scope of this book are in-
volved in accomplishing the desired results.

The author has seen mosquito breeding swamps in California made
over into small recreational lakes by some dredging and impoundment
of open water unsuitable for mosquitoes.

Controlled reflooding may be successfully employed in the control
of salt-marsh Aedes mosquitoes. The eggs of salt-marsh Aedes do not all
hatch on any one hatching; some eggs do not hatch until there have been
a number of successive wettings. It is at least theoretically possible ulti-
mately to hatch out all mosquito eggs in a given reclaimed marsh by
purposefully flooding the marsh at the monthly high tide, holding the
water on the marsh for several days until a brood of larvae appears, and
then draining the marsh rapidly before the larvae develop into adult
mosquitoes. The marsh is then allowed to remain unwatered until a
subsequent monthly high tide when the flooding is repeated. As no
adults have been permitted to emerge, no new eggs are deposited, and
thus by successive wettings all eggs should be hatched eventually with-
out additions of new eggs. Thus actually thousands of acres of salt marsh
on Suisun Bay near San Francisco have been freed of Aedes dorsalis
(Meig.), so that these marshes can now be flooded or dried out at the
will of the owner without hatching hordes of mosquitoes. From 7 to 10
successive floodings and drainings were necessary to accomplish this.

Flushing. Several species of Anopheles mosquitoes, particularly A.
minimus flavirostris (Lud.), the principal malaria vector of the Philip-
pine Islands, breed in the running water of small upland streams, the
larvae being able to hold fast against the current by means of small
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hooks; other anophelines breed in stream-beq pools. Flushing devices,
either automatic or hand-operated, can be installed at intervals along
the breeding length of such streams so as to release suddenly a relatively
large quantity of water accumulated behind a dam. The mosquito larvae
are swept downstream forcibly and are destroyed by stranding and crush-
ing. (See Herms and Gray, loc. cit.)

Salinification. Anopheles albimanus Wied, the principal malaria
vector of the West Indies, breeds prolifically in certain brackish coastal
lagoons. Hurlbut'* showed that where the salinity remains between 15
and 25 per cent sea-water breeding is abundant, while collections made
concurrently where the salinity was 70 to 80 per cent were entirely nega-
tive. Breeding of this species can be eliminated by increasing the salinity
to about 75 per cent sea water by making adequate sea connection, thus
subjecting the marginal lagoons to tidal action.

Russell (loc. cit.) reports that Knipe and Hackett used tide gates in
reverse position at Durazzo, in Albania, to transform a brackish swamp into
a sea-water lagoon to inhibit the breeding of Anopheles sacharovi Favr.

Creeks and small streams. Except for flood water left behind during ‘
overflow from floods, great rivers themselves rarely afford opportunity
for mosquito breeding. Flood water left behind when rivers recede may
become a prolific breeding place for certain species of mosquitoes such
as Aedes vexans (Meigen), and in some instances in appropriate regions
a malaria hazard may be created in that a breeding place for Anopheles
quadrimaculatus Say may result. In many paxts of California, as creeks
and smaller streams recede during the rainless summer, numerous sunny
pools are left behind which soon become green with algae (e.g., Spiro-
gyra) among which vast numbers of larvae of Anopheles pseudopunc-
tipennis franciscanus McCracken occur; also quiet deeper pools occur
along the banks shaded by wild grapes, willow, and other vegetation, in
which Anopheles punctipennis (Say) find suitable breeding places. Pools
along the banks can frequently be drained off or can at least be thor-
oughly larvicided.

Small streams or creeks that border communities or flow through
the town frequently becothe clogged with rubbish and eventually become
prolific mosquito breeders, and situations frequently result which are
favorable for Anophelines. Communities should not permit rubbish to
be thrown into stream beds. By neatly channelizing such stream beds
and planting the banks with shrubbery, an eyesore and mosquito hazard
may be rendered attractive and harmless.

Drainage. The removal or control of collections of water which pro-
duce mosquitoes presents a distinct problem in nearly every case. The
type of drainage required in many instances will generally not require
technical engineering skill. There are, however, drainage projects of con-
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siderable proportions for which engineering skill is essential; such skill
is eminently necessary for large-scale salt-marsh drainage operations
where land reclamation calls for dykes, drainage canals, pumps, tide
gates, and the like. Unless the executive officer is himself an engineer,
properly qualified engineering personnel must be employed to secure
effective control.

In the case of a swamp caused by springs, a system of deep circum-
ferential cut-off drains is recommended in order to intercept the seepage
water and conduct it around the wet area. Where streams debouch from
the hills onto a flat plain or valley, water from heavy rains, particularly
in the spring, tends to spread out and leaves temporary pools which may
produce mosquitoes. Usually these temporary pools can be more eco-
nomically controlled by larviciding; but, in some cases at least, drains
may be dug which lead back into the main stream at a lower elevation.
These ditches will usually require considerable maintenance.

Mosquito breeding in rolling country is commonly due to artificial
obstructions, particularly railroad or highway embankments with im-
properly placed culverts. Usually culverts are set too high so that pools
or swampy areas are formed on the upper side of the embankment. Cor-
rections are usually not speedily made if at all; hence heavy larviciding
is a necessary remedy.

In some swampy situations because of small or negative gradients,
drainage becomes very difficult or impossible. In such cases sumpage
ditches or sumpage wells may be constructed, and the collected water
may then be heavily larvicided. Surface water may also persist because of
hardpan (impervious subsoil, etc.), in which case vertical drainage may
be resorted to by digging sumpage wells, or by blasting.

Drain ditches. The purpose of laying out drain ditches is to secure
effective and economical drainage. Although open drain ditches are
most commonly used in mosquito control operations, subsurface drainage
with the use of tile, or bundles of saplings laid in the ditches may at
times be appropriate. Where the general slope of the ground is appreci-
able to the eye, this is usually a simple matter, i.e., following the low
points to a place where the drainage water can be disposed of into some
natural water course or other situation where there is sufficient fall to
carry away the water. Laterals are then run from the main drain by the
shortest distance to connect up with low spots or wet areas. The bottom
of the main drain ditch must be kept deep enough so that the laterals
can reach all the low spots in the area to be drained.

For most of the ordinary ditching for mosquito control transit and
level are unnecessary. All that one needs are a few long stakes, 500 feet
or more of stout chalk line or strong cotton cord, for line, and a hand
level with a 10-foot board marked in feet and inches. If drains of con-
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siderable size and yardage are to be excavated, the usual surveying
methods are employed, and the work should be done under contract
with power machinery unless such equipment is owned or otherwise
available to the district.

Hand labor, with pick and shovel, serves many purposes very well.
As a rule the square-point long-handled shovel is to be preferred to the
round-point shovel for ditching. Under some conditions long-handled
spades may be satisfactory. Mattocks may be found useful in some soils.

In many cases, more or less dense vegetation has to be cut down and
cleared before ditching can be performed with any speed or economy.
Heavy grass or weeds may be cut with scythe, sickle, or machete. In
open fields a horse-drawn hay mower may be economical. For brush,
either axes, brush hooks, or machete may be used. The machete, how-
ever, is a dangerous tool in the hands of a man not accustomed to its use.

Dense grass and some forms of brush may be killed by applying stove
distillates or Diesel oils, which are toxic to vegetation, or standard weed
killers such as 2, 4 D. After killing and drying, the vegetation can be
burned. Arsenical weed killers such as sodium arsenite, or an acid solu-
tion of arsenious chloride, may be used where there is no danger to
cattle or other herbivorous animals. However, in any agricultural com-
munity the use of arsenical weed killers should be avoided in mosquito
control operations.

Weed burners, capable of throwing a flame several feet, can be used
for clearing dense vegetation, but the general experience seems to be
that they are more expensive than other methods of clearing. If burning
is to be done, due consideration must be given to the nesting season
and nesting habits of wild life.

Ditching with dynamite. Swampy ground may often be economically
ditched with dynamite. Special directions will have to be followed and
trial shots will be necessary as a rule to determine the correct depth of
holes, their distance apart, and the amount of dynamite per hole. The
most satisfactory results are obtained by using 50 to 60 per cent straight
dynamite, fired by self-propagating detonation.

Dynamite ditch construction is advantageous in that a ditch can be
blown through land with stumps, boulders, etc., without first removing
these obstructions; it is only necessary to place heavier loads at these
points.

Maintenance of ditches. After the drainage ditch is constructed, it
must be maintained in effective working order. Three main conditions
making constant maintenance necessary are:

(a) Growth of vegetation,
(b) Caving or sloughing of banks,
(c) Artificial obstructions.
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Under some conditions growth of vegetation in and adjacent to
ditches is not a problem, but as a rule ditches will require clearing sev-
eral times a year in order to keep them free from obstructing growths.
In tropical or semitropical countries the problem of keeping drains free
from vegetation is most difficult, and the source of considerable main-
tenance expense.

While weed killers may be helpful under some conditions, depend-
ence must be placed in most cases on hand labor in cutting down and
clearing out vegetation. The frequency of clearing will depend, of course,
on local soil and climatic conditions, and it will be difficult as a rule to
estimate in advance what the annual cost of maintenance of ditches
will be.

Caving or sloughing of ditch banks is apt to occur in new ditches, for
the first year or two. After that the banks usually become fairly stable,
and but little further trouble is encountered, unless cattle are pastured
along the ditches. In that case the animals may break down the ditch
banks and cause some trouble.

Artificial obstructions are as a rule frequent only in the vicinity of
public roads near a city or town. It is surprising how many people will
haul refuse away from their homes out into the country and dump it,
usually in a ditch close to a road and thus block the ditch completely or
partially. The ditch thereupon becomes a mosquito breeder.

Frequent inspection of drainage ditches, say at least once every two
or three weeks during the breeding season, should be carried on and all
obstructions to flow, whether natural or artificial, removed promptly.
During the winter all ditches should be gone over carefully and trimmed
to grade, and the proper side slopes remade, so that all will be in first-
class order at the beginning of each breeding season.

Salt-marsh drainage. Salt-marsh drainage requires special study and
experience because of tidal action, soil conditions, differences in behavior
of salt-marsh mosquitoes, and other factors. The rich reward in comfort
and reclaimed land has given incentive to salt-marsh mosquito abate-
ment. Strong public-spirited organizations have given marked support
to this work on the Atlantic coast as well as on the Pacific, particularly in
New Jersey and California.

These marshes include vast areas of tidal marshes affected by salt or
brackish water along the shores of oceans and particularly the various
bays, sounds, and estuaries. The eftect of daily (diurnal) and spring tides
resulting in fluctuations of water level is the principal feature distinguish-
ing these from fresh-water marshes, although other characteristics, such
as the salt-marsh vegetation, are of importance.

While salt marshes appear to be flat, there is a gradual slope be-
tween low tide level and the adjacent dry land. For practical purposes
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these marshes may be divided into two main areas, the area subjected to
daily tidal action, where mosquito breeding seldom occurs, and the area
between the elevation of mean high tidal water and the elevation of
the extreme high tides. It is in the latter area that practically all the
breeding of salt-marsh mosquitoes occurs.

Mosquito control operators concerned with projects involving salt
marshes must acquaint themselves thoroughly with tidal phenomena.
These vary in range and type in different parts of the world. The so-
called “spring” tides, one or two of which occur each month, are the
tides which fill pools along the upper portions of the marshes, and in
these pools the principal salt-marsh mosquito breeding takes place.

The dates, times, and heights of the monthly highest tides are im-
portant in their bearing on the approximate time of emergence of a new
crop of salt-marsh mosquitoes. It should be the invariable practice dur-
ing the salt-marsh mosquito breeding season to inspect all known or
suspected marsh breeding areas, beginning about two days after the
highest tide and completing the inspection within six or seven days. The
delay of two days is for the purpose of giving the larvae opportunity to
develop to a sufficient size to be easily seen with the unaided eye. As
under favorable conditions the time from egg hatching to emergence
may be as short as eight days, it is obvious that if a flight is to be pre-
vented, the inspection and necessary control measures must be com-
pleted before the time of emergence.

Because salt-marsh mosquito control involves the location of dikes
and tide gates, the knowledge of the dates, times, and heights of both
the lowest tides and the highest tides, particularly of “storm tides,” the
combined effect of “spring tides” and piling up of water on shore due
to high winds and river flood waters as well, is important.

Marsh vegetation is often very dense and interferes with inspection
and larviciding; hence burning is usually recommended. But it must be
borne in mind that peat deposits commonly occur, and if the water
level has been lowered as a result of drainage, which is usually prac-
ticed, dry peat may ignite and cause a peat fire. Peat fires can be ex-
tinguished only by flooding, which may be expensive. An additional
hazard which may follow drainage is the shrinkage of the soil and the
formation of “cracks.” These cracks may be several feet in depth and
may contain water in which mosquitoes will breed in abundance. Such
cracks are difficult and expensive to larvicide though airplane applica-
tion of DDT is helpful. An area of marsh that has cracked due to drain-
age operations should be plowed so as to break up the surface and fill
in the cracks. An occasional disking after the initial plowing is recom-
mended. For mosquito abatement purposes it is desirable to lower the
water level only to the point where the water is drawn from breeding
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areas in dense vegetation but not to the extent that cracking of the soil
occurs or a peat fire hazard is created. Drainage and burning must also
be done with due regard for wild life conservation.

Types of salt-marsh drainage. There are two principal methods of
marsh drainage, (1) open marsh drainage, and (2) reclamation. In open

Fic. 84. Salt-marsh drainage operations with drag line mounted on timber
mats to prevent sinking in mud. The bucket is about to cut into a breeding
pool which will be drained into ditch in foreground. (Photograph by H. F.
Gray.)

marsh drainage the marsh is opened up by ditches to the free ebb and
flow of tides so as to eliminate standing water suitable for mosquito
breeding. In the reclamation type the area to be drained is surrounded
on the low sides by a dyke which is pierced in one or more places by
outlet structures, tide gates, which permit water behind the dyke to
run out at Jow tides, but prevent the return flow at high tides. Suitable
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drainage ditches are dug to conduct water to the outlets (Fig. 84). The

reclaimed marsh may be used for agricultural or industrial purposes.
Filling and pumping. In almost all mosquito abatement work low wet

areas will be encountered which cannot be economically drained. Al-

Larviciding, while serving the purpose of mosquito control, requires repeated
expenditure of time, labor, and money. The lower figure shows the same spot
after it had been permanently corrected by the railroad company.

though some such places may be ponded and the water stocked with
top minnows, usually the most satisfactory method is filling (Fig. 85).
Most smaller holes, such as borrow pits, can be filled in by hand shovel-
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ing; larger holes may be filled by means of power scrapers. If sanitarily
handled, municipal garbage and refuse may be used in a “fill and
cover” method. Such fills are covered with earth so as to prevent fly
breeding and to some extent rat breeding.

Salt marshes may be filled by hydraulic dredges, which suck mud
and sand from the bottom of an adjacent bay and pump the mud and
water mixture through a pipe and discharge it on the marsh. Where
harbor or channel improvements are being made by hydraulic dredging,
very satisfactory arrangements may often be made to use the mud and
sand to fill a near-by mosquito-breeding marsh.

Fi6. 86. Rice field with roadside seepage ditch in which mosquitces breed.

When the general land level is at or below the low-water level of
an adjacent river or bay, pumping has to be resorted to. Portable pump-
ing units are frequently of much value.

Mosquito breeding in rice fields. The control of mosquito breeding in.
rice fields is obviously a matter that must have the attention of those
concerned with rice culture (agronomists) as well as the mosquito con-
trol experts. Much of the breeding can be controlled by proper manage-
ment with respect to the habits of mosquitoes. Many species of mos-
quitoes are involved, some of which are malaria vectors. In the exten-
sive rice-growing areas of Arkansas, 98 to 99 per cent of the population
of noxious mosquitoes consist of four species, Psorophora confinnis
(L.-A.) and P. discolor (Coq.) both flood-water breeders, constituting
83 to 94 per cent, and Culex erraticus D. and K. and Anopheles quad-
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rimaculatus Say, a malaria vector constituting the rest (Horsfall’?). In
some newly developed areas the introduction of rice culture on a large
scale is characterized by hasty, haphazard methods (quick returns at
minimum cost), with utter disregard of sound agronomic practice.
Poorly constructed irrigation systems and even poorer drainage methods
result in a veritable bog adjacent to rice fields (Fig. 86). Too often as
much as half of the mosquito production is due to poor practices and
could be largely controlled by improved methods of water management.
Growing rice in very porous soil requires much replenishment of water,
and the continous freshening by replenishment may in certain areas in-
vite abundant breeding of malaria vectors, e.g., Anopheles freeborni
(Aitken) in California. Where rice growing is an old established prac-
tice great care is normally exercised in the matter of water management,
particularly so in the vicinity of communities. People must learn to live
in such an environment, and it is folly to endure mosquitoes which may
be produced by rice fields.

The use of larvicides in rice fields is fraught with danger in that the
rice plants may be damaged. Rao and Sweet'® found that the use of a
one per cent dilution of Paris green in road dust and wood ash produced
no ill effects on the rice or in straw yield. There was no indication that
dusting should be stopped during the period in which the paddy was
in flower.

Several authors have recommended intermittent irrigation, e.g., Hill
and Cambournac'’ in Portugal, and Russell, Knipe, and Rao*® in South
India. The latter recommend a cycle of five wet days and two dry days,
particularly for the control of the vector, Anopheles culicifacies Giles.

In 1948 Cambournac and Fonseca® reporting on anopheline and
malaria control in the rice-growing regions of Portugal, point out that
the control of anopheline larvae in rice fields by the use of DDT emul-
sions is both economical and practical. They recommend 5 liters of a
one per cent emulsion per hectare, ie., about 5.28 quarts to about 2.5
acres, poured in the irrigation ditches and thus automatically dispersed
in the plots.

In California experimental work is in progress in the rice-growing
area of the Sutter-Yu