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The propriety of commencing this treatise with a chapter titled 
"Introduction" may rightly be questioned. Certainly the subject, insect 
pathology, has been adequately "introduced" during recent years to most 
of those who would read and use these volumes. And yet in a rela
tively young and rapidly developing discipline it is not out of place, even 
at the risk of some repetition, to remind the many newcomers of the 
precise nature and scope of insect pathology. An orientation with re
spect to the field of insect pathology could be gained by reciting some of 
the principal trends of research currently taking place—but the reader 
will find that this has been done throughout the chapters which follow. 
Accordingly, our obligation here appears to be the somewhat routine 
duty of defining insect pathology, briefly mentioning some of the land
marks in the history of insect pathology, presenting a concept of its 
scope, and indicating some of the opportunities it offers for continued 
research and study. 

I. DEFINITION AND SCOPE 

Whether an exposition is for an elementary textbook or for an 
advanced treatise, the basic definition of insect pathology is a 
simple one: Insect pathology is the study of whatever "goes wrong" with 
an insect. This may be made more explicit by saying that insect pathol-
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ogy embraces the general principles of pathology (disease in the broad
est sense) as they may be applied to insects. It concerns matters relating 
to the etiology, pathogenesis, symptomatology, gross pathology, histopa-
thology, physiopathology, and epizootiology of the diseases of insects. As 
has been explained elsewhere (Steinhaus, 1949, 1960b), from a practical 
standpoint it is convenient to include in insect pathology a consideration 
of much of the general field of insect microbiology and certain of the 
biological relationships existing between insects and microorganisms not 
pathogenic to them. The relationships between microorganisms and in
sects range from obligate mutualism, through commensalism and various 
fortuitous associations, to obligate parasitism. At least ten types of 
relationships between these two forms of life have been recognized 
(Steinhaus, 1954, 1960b), and at one time or another any of them may 
be of concern to the insect pathologist. 

What constitutes disease in an insect, as well as in any other form 
of life, is difficult to delineate with precision. The literature is replete 
with a multitude of definitions—so much so that attempts to justify any 
one of them usually end up with an exercise in semantics. Throughout 
most of history the concept of disease has usually been expressed in terms 
of a disturbance of the equilibrium between an individual plant or ani
mal and its environment, and between the forces or mechanisms at work 
within the body of the individual. Some definitions include any cause 
whatever, others exclude injuries, yet others are vague in this respect. 
Definitions vary from those expressing meaningless generalities and weak 
philosophies to those being so specific and pointed as to have no mean
ingful breadth. 

It is generally agreed that disease should be thought of as a process, 
not a thing. Undoubtedly among the different authors of this treatise, 
each has his own favorite version of a more specific meaning. Our own 
arbitrary concept includes these thoughts: The word "disease" literally 
means "lack of ease" and denotes a departure from the state of health. 
A healthy insect is one so well adjusted in its internal environment and 
to its external environment that it is capable of carrying on all the 
functions necessary for its maintenance, growth, and multiplication with 
the least expenditure of energy. A diseased insect is simply one that is 
not healthy; it is an insect that can no longer tolerate an injury or 
hardship without having an abnormal strain placed upon it. Disease 
is a condition or process that represents the response of an insect's body 
to injury or insult. In infectious disease the role of the pathogen may 
vary in importance, but always the triad of pathogen-host-environment 
is involved, and the disease itself has a natural habitat, frequently in a 
well-defined ecosystem. Moreover, when we consider the environment 
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of an insect, we must think not only of conditions and influences of a 
given time, but of those which have affected the animal in the past. 

If one considers an insect as having an internal environment and an 
external environment, any factor (or factors) that upsets the equilibrium 
of either of these two ecological systems can become a determinant of 
disease. As expressed by Dubos (1959) : 

As all components of both systems are interrelated, any disturbance in either 
of them—even though minor and not damaging in itself—can set in motion 
secondary effects which become destructive to the organism. Because the proc
ess of living necessarily involves all these complex relationships, any given 
pathological process is the resultant of a multiplicity of diverse influences, and 
all its phases are affected by the adaptive responses to anything that impinges 
upon the organism. . . . In reality, however, search for the cause [of a 
disease] may be a hopeless pursuit because most disease states are the indirect 
outcome of a constellation of circumstances rather than the direct result of single 
determinant factors. 

In addition to the infectious and noninfectious diseases is the other 
concern of the insect pathologist and insect microbiologist—the bio
logical relations between microorganisms and insects in general. Even 
those microbial agents responsible for disease may at times establish a 
peaceful coexistence with their insect host, or exist in occult forms 
causing only latent or self-limiting disease processes which often cause 
no discernible harm as they persist in the body, yet may bring about 
frank infection if properly induced or triggered, or if the host becomes 
weakened. Although the most successful parasitism is presumably that 
in which the parasite does not destroy its host, such states of equilibrium 
are rarely stable. As stated by Dubos (1959) : "Ecological equilibrium 
with microorganisms is an ideal state but one which is not readily 
achieved and is frequently disturbed. Microbial diseases are the mani
festations of its failures." And when we consider the many other types 
of associations between insects and microorganisms, and how these asso
ciations arose, we see that the phenomenon of infectious disease and 
potential infectious disease is profound and complicated. The same may 
be said for most of the noninfectious disease processes. And the compli
cations become compounded when we attempt to relate to disease the 
many more-or-less abstract concepts (virulence, attenuation, invasiveness, 
and toxicity of the pathogen, the resistance and susceptibility of the 
host, and the direct and indirect influences of the environment) that 
have permeated and engulfed our understanding of it. 

Although the word "syndrome" is usually thought of as a group of 
signs and symptoms characteristic of a particular disease, there is need 
to distinguish syndrome from disease. There is a trend toward consider-
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ing as a "disease entity" any morbid process that has a specific cause, 
while a "syndrome" involves not necessarily a specific disease factor but 
a particular chain of disrupted physiological processes. Thus, the same 
syndrome may arise from many different causes. It is usually easier to 
characterize a syndrome than a disease, although the etiology of a 
syndrome may be obscure or less apparent. Some authorities (e.g., 
Durham, 1960) contend that when a specific etiological factor becomes 
manifest, the syndrome or condition should be reclassified as a disease. 

In some academic circles the question has been raised whether, in 
the study of biological sciences, the study of disease is a basic discipline. 
Should a student in biology be required to take instruction in the basic 
principles of disease (i.e., pathology in the broad sense) ? Should a 
student majoring in agricultural science be required to include in his 
studies a course in plant, animal, or insect pathology? Is one's training 
in entomology really complete unless, along with systematics, morphology, 
physiology, and ecology, he has been taught the principles of disease, 
parasitism, injury, and death as applied to insects? It is our contention 
that a study of disease (as defined broadly) is basic to the proper under
standing of life in all its forms. Indeed, disease is a prominent feature 
of life—of the individual as well as of populations. 

Even though the point we are attempting to make here is overlooked 
by many, it was recognized early in man's modern study of disease. T h e 
great physiologist Claude Bernard (1865) said: "General physiology is 
the fundamental biological science, toward which all others converge. 
. . . Pathology and therapy rest equally upon this common base." A 
recent author (Richards, 1953, 1960) suggests that perhaps Bernard did 
not go far enough. He declares that pathology, as well as physiology, 
should be considered in general descriptions of living processes, and he 
adopts the Greek word "hyperexis" (excess response), as well as other 
pathological terms, to contrast with "homeostasis" because the latter does 
not encompass the destructive forces of disease. 

Although a polemic could be written on this subject, it suffices here 
to give some of the reasons for our belief in the fundamental importance 
of the study of disease: (1) All forms and types of life experience 
disease. (2) It is a biological phenomenon that is commensurate and 
coexistent in time with that of life, as far as we can tell from all 
biological and paleontological records. (3) Disease has been a primary 
concern of man as it has been manifested in himself, in his cultivated 
plants and domesticated animals, and in nature around him. (This fact 
alone justifies the inclusion of the study of disease in any curriculum of 
biology.) (4 ) From the standpoint of biology (not from that of man). 
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parasitism and disease is a normal phenomenon, and as deserving of study 
as much as any other phenomenon of nature. (5) Disease is more than 
merely a relationship between host and parasite: it involves environmental 
and predisposing influences as do other areas of ecological manifestations. 
Along with adverse climatic conditions, shortage of food, predation, and 
the like, disease is important as one of the "balancing factors" in nature 
as is indicated by the fact that every animal species reproduces its kind 
at a far greater rate than would be necessary to maintain its numbers if 
death occurred only as a result of accident and old age. (6) Any realistic 
philosophy of life (from microbe to man) must contend with the evil as 
well as accept the good, the pathological or diseased as well as the 
physiological and healthy. As long as disease is as much of this world as 
it is, a study of it is fundamental to a proper understanding of life and 
of nature. 

In actuality, pathogens and parasites of all kinds are as basic to the 
science of life as are their hosts. Thus, insect pathology, dealing with 
disease, injury, abnormality, and death is basic to our understanding of 
insect life and behavior. Nor can it be denied that one of the reasons the 
normal morphology, physiology, and behavior of man is so thoroughly 
studied is because it gives us a better understanding of the abnormal. 
Were it not for the importance of the abnormal, there would be 
considerably less reason for studying the normal. T o a large degree this 
is also true of insects, and points up the importance of the study of what 
can "go wrong" with an insect. 

It is somewhat amazing that the importance of disease, injury, and 
death of insects is not more widely appreciated among entomologists, 
even now that insect pathology has come of age and has been generally 
accepted as a legitimate branch of entomology (or of invertebrate 
pathology). Books, reviews, and papers purporting to be concerned 
with the "life," "biology," and "ecology" of insects commonly ignore 
the whole idea of disease. Some authors apparently feel they have 
discharged their obligations to this part of their subject if they mention 
disease vaguely in a sentence or two. It seems to be all too often 
forgotten that disease is a dynamic and tremendously important factor 
in the life and behavior of insects, in the fluctuations of their popu
lations, and in the activities of individual insects. It is encouraging, 
however, that such deficient writings are increasingly becoming recog
nized as such by readers, and we may hopefully anticipate that before 
too long those working with insects will recognize that death can be as 
important as birth, that disease can be as important as health, that 
abnormality can be as important as normality, and that knowledge 
gained through the study of insect disease is significant and contributes 
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to and can influence all branches of entomology and invertebrate 
zoology. 

Much of insect pathology (that concerned with microbial disease) 
and insect microbiology is concerned with two great worlds of life: 
insect and microbe. These come together in many and fascinating ways. 
The dynamics of this association is great in intensity and complexity. 
There will certainly be rich rewards from studying the nature and 
manifestations of this association. Man has concentrated on this associa
tion as it relates to vertebrates and to plants, but when one considers the 
mass of invertebrate life (97 percent of animal species), most of which 
is comprised of insects, and the little we know of the diseases of in
vertebrates, one cannot help but thrill at what even a partial grasp of 
this knowledge will mean. Add to this a knowledge of the noninfectious 
diseases of invertebrates, and the portent of unlocking the secrets of 
disease in its many manifestations is tremendous. 

Recent years have seen a heavy emphasis upon the infectious diseases 
of insects, but it is important to remember that the noninfectious 
diseases may be equally important. Other chapters in this volume will 
be concerned specifically with some of the noninfectious maladies and 
abnormalities, making it clear that they are an integral part of insect 
pathology. 

The noninfectious diseases of insects may be grouped in several ways 
and designated by different terms, but most of them fall readily into one 
or another of the following categories: (1) mechanical injuries; (2) 
injuries caused by physical agents [some may prefer to place (1) and (2) 
in a single category]; (3) injuries caused by poisons or chemical agents; 
(4) diseases caused by nutritional disturbances or deficiencies of proper 

nutriments, vitamins, etc.; (5) diseases caused by deranged physiology 
and metabolism; (6) genetic diseases or inherited abnormal conditions; 
(7) "congenital" anomalies and malformations, nongenetic teratologies; 
(8) certain tumors and neoplasms (some are thought to be incited by 

infectious agents); (9) disturbances in development and in regenerative 
capacity of tissues; and (10) injuries caused by parasitization or in
festation by other insects or arachnids, or by predation. The latter 
category may be considered as a group by themselves (i.e., parasitic 
diseases) since they do not belong with those diseases caused by non
living agents, nor are they conveniently placed with the infectious 
diseases caused by microorganisms. Helminths, such as nematodes, 
constitute somewhat of a borderline group in that some prefer to consider 
them along with the causes of parasitic disease while most authorities 
think of nematodes as causing "infections" in animals rather than 
"infestations" and hence may, for convenience, group them with those 
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agents causing infectious diseases. The relativity of this matter is 
emphasized by the fact that all living disease-producing agents may be 
considered as parasitic, in the broad sense; thus, we see such terms as 
"microbial parasites," "insect parasites," and "nematode parasites." 

Another way of grouping the etiological factors of disease (both 
infectious and noninfectious) is that, used in some areas of medical 
thought (e.g., by Engel, 1960), which, as applied to insects, may be 
stated as follows: T h e first of two large groups is comprised of those 
factors that determine the capacity of an insect to grow, survive, and 
adapt. These are genetic factors (ranging all the way from enzyme 
systems to the general appearance of the insect) and the developmental 
factors other than genetic (including all factors, from fertilization or 
conception on, that influence developmental and adaptational capac
ities) . The second large group of factors are those which strain the 
current capacities of the insect. These include factors that injure by 
virtue of physical or chemical properties (including both internal and 
external physical and chemical noxae), physical factors that lead to 
injury when insufficient or unavailable (e.g., oxygen, water, nutriments, 
hormones, etc.), microorganisms and parasites, and it is possible that some
thing akin to psychological stress may occur in insects. However, this 
grouping is essentially a reflection of the grouping presented in the 
preceding paragraph, at least as far as the noninfectious diseases are 
concerned. If it is desired to avoid classifying noninfectious diseases 
according to their etiologies, or if broad general categories are preferred, 
a simple grouping according to pathological changes or types of disorder 

(e.g., tissue destruction, metabolic dysfunction, etc.) might be devised. 
(See also Steinhaus, 1962.) 

The infectious diseases of insects are usually thought of in terms 
of the type of etiological agent involved. (They may, however, be 
grouped in other ways, e.g., see Chapter 16, Vol. II.) Thus, there are viral, 
rickettsial, bacterial, fungal, protozoan, and nematode diseases of insects. 
Involved in the study of these infectious diseases are virtually all the 
principles relating to the processes of infection, resistance, and epi-
zootiology that are so well known in the study of infectious diseases in 
other animals. 

II . RELATION OF INSECT PATHOLOGY TO ITS APPLICATIONS 

Insect pathology may properly be considered as a distinct branch of 
entomology. As such, it contributes to and gains from all other branches 
of entomology. In other frames of reference, insect pathology may be 
considered as a segment of general pathology or, as far as the infectious 
diseases are concerned, of microbiology. Inasmuch as entomology is a 
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branch of invertebrate zoology, insect pathology may also be considered 
as a branch of invertebrate pathology (Steinhaus, 1960a,b, 1961). How
ever, since most of the invertebrates are insects, it is perhaps natural 
that insect pathology is usually pursued as an entomological discipline. 

The principal applications of insect pathology are found in agri
culture, medicine, and general biology. As far as agricultural practices 
and crop protection are concerned, one of the most significant appli
cations of insect pathology [others include the suppression of disease in 
beneficial insects such as insect parasites and predators, the silkworm, and 
the honey bee] has been found in the use of microorganisms to control 
insect pests—an application commonly designated as "microbial control." 
Microbial control is, of course, a form of biological control. 

Unfortunately, in some quarters there has been a tendency to equate 
insect pathology with microbial control (and somewhat less so with the 
applications of apiculture and sericulture). The application is frequently 
confused with the branch of science from which it stems. Furthermore, 
because of the prominence of this single application, the pursuit of 
insect pathology is often combined with that of biological control, itself 
a field of applied science. It is important, however, to remember that 
insect pathology is a much broader discipline than that exemplified by 
microbial control, and that in a very real sense biological control 
generally (as well as its subdivision, microbial control) represents an 
application of insect pathology. An attempt to help clarify this relation
ship is presented in Fig. 1, which indicates the scope of insect pathology 
as a science and its relationship to its applications in the area of insect 
control. 

The relationship shown between insect pathology and biological 
control is valid whether one considers biological control to involve the 
use of organisms by man, or in the broader sense to mean the use of 
organisms by man as well as their role in the natural suppression of 
insect populations. Biological control is designed to study diseases 
(parasitic as well as microbial) for the purpose of destroying and 

controlling harmful organisms such as insects, but insect pathology is 
concerned with the study of diseases as such, and with the diseases of 
beneficial insects and of harmful insects, as well as those that may be 
thought to fall in neither of these categories. It must be remembered 
that insect pathology is involved in noninfectious maladies and ab
normalities of insects, as listed in Fig. 1. It has applications in and makes 
contributions to other areas of entomology as well as biological control, 
and in other areas of agriculture (such as microbiology and plant 
pathology), in biology generally, and in medicine. 

Although clearly insect pathology finds application in areas other 
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than that of control, when insect microbiology is combined with insect 
pathology, the number of applications is even greater. These other 
applications and contributions are involved with such things as (1) the 
diseases of commercially useful insects (e.g., silkworm and honey bee); 
(2) the diseases of insect parasites and predators; (3) the applications in 

other branches of entomology, such as histopathology and physio-
pathology applied to the study of the action of chemical insecticides; 

THE SCIENCE T Y P E O F DISEASE OR INJURY TYPE O F CONTROL 

INSECT 
PATHOLOGY 

Mechanical Mechanical 

Phys ica l Phys ica l 

Chemical Chemical 

Nutritional Nutritional 

Metabolic Metabolic 

Genetic Genetic 

Neoplastic Neoplastic 

Terato log ica l Terato log ica l 

V ira l V ira l 

Ricketts ia l Ricket ts ia l 

B a c t e r i a l M I C R O B I A L - B a c t e r i a l 

Fungal Fungal 

Protozoan Protozoan 

Helminthic Helminthic 

P a r a s i t i c (Insect) P a r a s i t i c 

P r e d a t o r y P r e d a t o r y 

r—BIOLOGICAL 

FIG. 1. A representation of the relationship between insect pathology as a 
science and its application in the field of insect control. The dotted line indicates 
an extension of biological control into the application of certain noninfectious 
diseases as envisioned by some who maintain that at least certain noninfectious 
conditions may be used in biological control. 

(4) the intracellular and extracellular symbiosis in insects, including the 
control of insects through the disruption of mutualistic relationships 
between insects and microorganisms; (5) the applications in which 
insect pathology serves other branches of entomology, and agriculture, 
such as diagnosis or the use of pathological conditions (abnormal 
cytology, physiology, morphology) in evaluating normal metabolic 
processes and morphology; (6) the applications in medicine and the 
study of disease generally, and contributions to such sciences as micro
biology. 

Some insect pathologists may prefer to separate the "applications" 
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of insect pathology from the "contributions"—and such a distinction is a 
logical one since, strictly speaking, an "application" of a science usually 
implies a relationship to man's economic or material welfare. (It might 
be argued, however, that all natural phenomena somehow relate to man's 
material welfare and economic interest.) Thus, insect pathology's basic 
elements (etiology, pathogenesis, symptomatology, morphopathology, 
physiopathology, and epizootiology) contribute information and knowl
edge to the fields of entomology, microbiology, veterinary and human 
medicine, basic agriculture, and general biology. The applications of 
insect pathology may also contribute to these fields. The applications 
are of two principal types: the use of disease agents (biological, physical, 
chemical) in the control of insect pests and the control or suppression of 
disease in beneficial and useful insects (i.e., therapeutics and prophy
laxis) . 

In all of this, therefore, it should be remembered that just as the appli
cation of chemical insecticides is not insect toxicology or insect physiol
ogy, so an application such as microbial control is not insect pathology. 
As we have said, the applications of a science should not be confused with 
the science itself, although, of course, the two may be pursued together. 
Biology has many applications, but these applications are not equated 
with botany, zoology, or microbiology. The study of disease in animals 
or plants does not imply a particular application of this knowledge. So 
it is with insect pathology; its several applications, singly or in toto, 
should not be equated with the study of disease in insects. As we have 
stated elsewhere, even if there were not the slightest possibility of 
insect pathogens being used as agents of control in man's fight against his 
insect enemies, there would still be other applications and abundant 
justification (in addition to the fact that knowledge per se is also a 
"precious fruit of science") for the formalized discipline known as insect 
pathology and for the study of insect disease. Merely to gain a better 
understanding of the role of disease in insect life, its natural occurrence in 
and its effect on insect populations, the control of disease among 
beneficial insects or those reared for commercial and experimental uses, 
and the other nonmicrobial-control applications is ample justification for 
the existence of insect pathology. Our task now is to enhance our search 
for knowledge as it relates to all the diseases and afflictions affecting 
insects; the application of this knowledge will follow naturally. 

I I I . T H E SUPPRESSION OF DISEASE IN INSECTS 

Of the several applications of insect pathology we have mentioned, the 
one currently gaining most attention is the use of microorganisms to 
control insect pests, i.e., microbial control. In the second volume of this 
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treatise two chapters are devoted to this subject. In the past, however, a 
great amount of attention has been paid to the control and eradication 
of disease in certain insects. Interest in this latter application will un
doubtedly increase as large numbers of insects are reared for experimental 
and biological-control purposes, as well as for their commercial value. 
The absence, in this treatise, of a separate chapter on the suppression of 
disease in insects—especially in beneficial insects—is not because of 
oversight or because this application is less important than others. 
Rather, it bespeaks the fact that few insect pathologists are prepared to 
consider or to write on the subject as an integrated one or from a broad 
viewpoint encompassing the control of disease in insects generally—for 
example, including such domesticated and commercially important 
insects as the silkworm and the honey bee, beneficial insects (parasites, 
predators, pollinators) in the field, insects that appear to be neither 
harmful nor beneficial to man's interests, insects reared in large numbers 
in an insectary, and those reared in smaller numbers for experimental or 
testing purposes in the laboratory. Undoubtedly, the time is not far hence 
when an up-to-date detailed and comprehensive review of the accomplish
ments of this application of insect pathology will be undertaken. In the 
meantime, and for the purpose of this treatise, we feel obligated, even in 
this introductory chapter, at least to call attention to some of the 
publications that pertain to this field, and to outline very briefly some of 
the trends the work has taken. We shall leave it to others to prepare the 
scholarly synthesis that the subject truly deserves. 

Needless to say, the methods used to suppress disease in a population 
or group of insects will depend largely upon the cause of the malady— 
whether it is an infectious or noninfectious disease, and whether or not 
predisposing factors, or stressors, are involved. In the case of non
infectious diseases, once the cause is determined (whether it be nu
tritional, physical, chemical, or whatever) the means of eliminating the 
disease or correcting the conditions causing it usually becomes readily 
apparent (Steinhaus, 1953). Speaking generally, however, and making 
no distinction between infectious and noninfectious disease, the cardinal 
principles involved in suppressing disease in insects are centered in the 
matter of maintaining or restoring optimum rearing and living con
ditions for the animals. Proper conditions of temperature, humidity, 
nutrition, and sanitation are of the utmost importance, as is freedom 
from such stressors as crowding, toxic chemicals, adverse conditions of 
light and radiation, lack of oxygen, and other predisposing factors 
(Steinhaus, 1958; see also Chapter 11, this Volume). 

Paillot (1930), in discussing the prevention of noninfectious meta
bolic disturbances in silkworms, listed the following factors involved in 
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controlling the disease: temperature and humidity should be carefully 
regulated; ventilation and space should be adequate; larvae should not 
be moved nor disturbed during their molting period; food, equipment, 
and rearing rooms should be clean, and in cases where microbial disease 
may enter the picture regular disinfection of rooms and equipment 
should be practiced. These principles pertain to most cases in which it 
is desired to suppress disease among a population of insects. Microbial 
diseases require even greater attention to sanitation, disinfection, and 
general cleanliness. All manner of germicides, disinfectants, sterilants, 
and antibiotics have been advocated for the various diseases man has 
attempted to suppress in arthropods. Variations in rearing methods 
involving everything from the rapid turnover of stock to its complete 
destruction (and substituting fresh stock) have also been advocated. 
The introduction of natural enemies of arthropods contaminating in-
sectaries (for example, thrips to control Tetranychus mites in California 
red-scale cultures) has been recommended (Flanders, 1961; Franz, 1961). 
Thus, the tools available to control disease in insect rearing stocks may 
be chemical, physical, or biological in nature. 

The control of virus diseases has meant largely the control of 
polyhedroses, and particularly the nuclear polyhedrosis of the silkworm, 
Bombyx mori (Linnaeus). However, the outbreak of other types of 
virus diseases, including granuloses and cytoplasmic polyhedroses, in 
insect stocks has indicated the need for broader knowledge for the control 
of virus diseases generally. 

Certain chemicals have been of value in suppressing polyhedroses, 
and many have been tried during past years to control jaundice, the 
nuclear polyhedrosis of the silkworm. Recently, Golanski (1961) tested 
a number of chemicals in an effort to control jaundice by disinfection. 
His results favor the use of formalin solutions for the disinfection of 
eggs, caterpillars, food, and equipment. T o be sure, formalin has been 
used by earlier sericulturists, and to destroy nuclear polyhedrosis viruses 
of other insects. For example, Steinhaus (1948) and Thompson and 
Steinhaus (1950) used 10 percent formaldehyde for 90 minutes to 
destroy the polyhedrosis virus on the eggs of the alfalfa caterpillar 
(Colias). Bergold (1942) and others used trichloracetic acid similarly 
to disinfect the eggs of Lymantria, Porthetria, as well as Bombyx; and 
Tarasevich (1953) used a sodium hydroxide-potassium permanganate 
method. Such chemical sterilization of eggs was considered of value 
because higher percentages of larvae hatched from such eggs without 
developing polyhedrosis than would otherwise be the case. 

Obviously, one of the earliest methods of reducing the amount of 
disease in rearing stock was the simple removal of diseased larvae (i.e., 
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larvae showing the first symptoms and signs of disease). An adjunct to 
this idea has been that of applying a stressor to the insects in an attempt 
to bring out the disease in those insects harboring latent infections, and 
then removing and destroying these individuals. Activation of occult 
virus (by feeding atypical or chemically treated food) followed by the 
selection of healthy individuals is a method of control considered by 
Acqua (1935) and Vago (1953). Others (e.g., Yamafuji and Cho, 1947; 
Hukuhara and Aruga, 1959; Yamafuji et al., 1961) have used chemicals 
and/or cold temperatures for the activation process. On the other hand, 
Gershenson (1958, 1959) used cobalt solutions to inhibit the activation 
of occult virus. Several workers (Tanada, 1953; Bird, 1955; Thompson, 
1959) have reported the inhibition of certain viruses, both polyhedrosis 
and granulosis, by subjecting the insects to high temperatures: 39°C and 
above. Metabolites and antimetabolites which have a direct effect on 
nucleic acid metabolism, and thereby presumably on the production of 
viruses, have been studied as virus inhibitors by Tarasevich (1958), as 
well as by other Russian investigators. In particular, folic acid and 
p-aminobenzoic acid lowered the incidence of nuclear polyhedrosis 
without ill effects to the silkworm hosts. 

Chemotherapeutic methods to control insect-virus diseases have a long 
history. In 1925, Speyer obtained a higher percentage of disease-free 
silkworms (as pupae) after feeding them with leaves dipped in sublethal 
doses (0.01 percent) of arsenic sulfide than he did in untreated controls. 
An antiviral substance, grasseriomycin, isolated from a species of Strepto-
myces, was used by Ueda et al. (1955) as a therapeutic measure against 
jaundice in silkworms. Ovanesyan (1958) showed that 9-aminoacridine 
lactate and hydroxyquinoline sulfate have a therapeutic effect (i.e., they 
reduced the mortality rate) on jaundiced silkworms. Pesak (1959) 
claimed to cure honey bees of the virus disease sacbrood by means of the 
antibiotic Aureomycin. Paralysis of the honey bee, believed to be caused 
by a virus, was beneficially treated by feeding the insects biomycin, along 
with a change of queens (Savoy, 1959). 

Although not advanced as a practical control measure, it is of interest 
to note that some attempts have been made to immunize insects against 
nuclear-polyhedrosis virus. Carbone and Fortuna (1928, 1931, 1932) and 
Gargiulo (1931, 1932) vaccinated silkworms in large-scale experiments 
against the virus of jaundice, apparently with favorable results. Aizawa 
(1953) vaccinated pupae with a vaccine prepared from centrifuged blood 
(from infected larvae) that had been formolized, and noted some degree 
of protection. 

The possibility of breeding strains of silkworms resistant to nuclear 
and cytoplasmic polyhedrosis viruses was suggested by Aruga (1959). He 
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and others have demonstrated a natural strain resistant to both types of 
polyhedrosis (Aruga and Watanabe, 1959; Aruga and Wada, 1954). 
Earlier, Lombardi (1930) and Acqua (1935) had shown similar 
resistance to nuclear polyhedrosis in the silkworm. On a comparative 
basis, strains of Phryganidia showing some degree of resistance to nuclear-
polyhedrosis virus have been detected in nature (Martignoni and 
Schmid, 1961); and Rivers (1958) detected resistance to a granulosis 
virus in Pieris that developed over the course of several generations in 
mass rearings. 

As with certain other diseases, bacterial diseases in the insectary and 
in rearing chambers can frequently be controlled by the careful regulation 
of temperature, humidity, and sanitation factors. In fact, sometimes the 
proper regulation of temperature alone can remedy the situation, as 
turned out to be the case in a disrupting outbreak of infection of the 
potato tuberworm (Gnorimoschema) caused by nonsporeforming bac
teria (Serratia and Aerobacter) in an insectary where the insect was 
being mass-produced to rear hymenopterous parasites (Steinhaus, 1945). 
When such control can be effected, it indicates that although the bacteria 
may be the exciting cause of the disease, the predisposing cause, or 
stressor, may be an abnormally high temperature. Inasmuch as Serratia 
marcescens Bizio is more often found to cause disease in insects being 
reared in the laboratory or insectary than in insects living in nature 
(Steinhaus, 1959), this bacterium—as well as many others—appears to 

be one of those the pathogenicity of which may depend, to a great 
extent, upon environmental factors. 

Among the bacterial diseases, perhaps more attempts have been made 
to control those affecting the immature stages of the honey bee, Apis 
mellifera Linnaeus, than those affecting any other insect. Prior to the 
use of drugs, as is so commonly the case today, control of the two major 
brood diseases (American foulbrood and European foulbrood) involved 
such procedures as shaking healthy larvae out of diseased combs into 
clean ones, sterilization and disinfection of equipment and hives in 
strong chemicals, and the destruction (burying or burning) of infected 
colonies and hives. 

Treatment of American foulbrood with drugs began about 1944 when 
Haseman and Childers employed sulfa drugs to suppress infection caused 
by Bacillus larvae White. Today the best drug treatment appears to favor 
combining the feeding of sodium sulfathiazole syrup with the dusting of 
Terramycin in the hives. Such treatment is usually effective not only in 
preventing the disease, but also in the therapy of it (Farrar, 1960; 
Eckert and Shaw, 1960). A practical chemotherapeutic procedure is 
described by Eckert (1960). In addition to drug treatment, many states 
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advocate regular inspection of colonies for disease, burying of infected 
colonies, and the disinfection of equipment. 

Other means of controlling American foulbrood are being explored. 
For example, sterilization of hive equipment by irradiation with gamma 
rays was tried with success by Studier and Studier (1958). Smirnova 
(1956 and subsequently) reports the successful use of a specific bacterio
phage called "lyarvenii" for the therapy of American foulbrood. The 
selection of strains of bees resistant to the disease is certainly a desirable, 
and apparently promising, method of control; this is being investigated 
by Bamrick and Rothenbuhler (1961), by workers in the U. S. Depart
ment of Agriculture, and elsewhere. It appears that resistance to the 
disease does exist among bees, and that it can be "bred into" strains of 
bees. 

In the case of European foulbrood, the maintenance of a strong 
colony appears to be very important in the control of the disease. 
Apparently, there is some natural race and strain resistance to this brood 
disease, and its control is less difficult than that of American foulbrood. 
Much work has been done using drugs and antibiotics. Madatov (1952) 
reported success with disulfan; Moffett et al. (1958) maintained control 
with gallimycin (the source of erythromycin), and prevention and 
control with tetracycline; Farrar (1960) found streptomycin to be 
effective; and Smirnova (1960), after testing antibiotics on both the 
causative bacteria and the infected colonies, recommended a combination 
of penicillin and streptomycin (designated as biomycin). 

Bacterial diseases in the silkworm, particularly those caused by the 
Bacillus cereus-Bacillus thuringiensis group, have been controlled in the 
laboratory by feeding the insects antibiotic-soaked leaves or by treating 
the eggs with antibiotics. Aureomycin, streptomycin, and other tetra
cyclines were found to be effective in this regard (Afrikian, 1960). 

Muscardine can be a serious problem in the rearing of silkworms, 
although in recent years this fungus disease has been largely sporadic in 
occurrence. Generalized disinfection, especially between rearing seasons, 
is important in the control of muscardine (Masera, 1940b, 1957a). 
Masera (1957b) presents a detailed treatment of the subject. Aoki 
(1958) has also published an excellent paper on muscardine control; in 

it he recommends the disinfection of rearing rooms, equipment, eggs, and 
caterpillars. According to Aoki, the key to preventive control is dis
infection of the silkworms in the rearing bed at appropriate times; the 
optimum time varies with the species of fungus concerned. As a fungicide 
he uses a ceresan-slaked lime mixture (a mercuric fungicide) or pafsol 
(a paraformaldehyde powder). Infected, or dead and dying larvae 
should be burned or buried deeply in the ground. Aoki et al. (1955) 
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recommended placing ceresan-soaked filter paper under and over the 
rearing area. This repressed the germination of spores of Beauveria 
bassiana (Balsamo) Vuillemin, the agent of white muscardine. 

Antibiotics have been tried against entomogenous fungi by a number 
of workers. For example, Orlandi (1954) found that Aureomycin and 
tyrothricin inhibited spore development in B. bassiana; and Tatsuoka 
and Watanabe (1958) found aurocydein effective against this fungus 
when sprayed on silkworms in rearing trays. 

Most of the efforts to control protozoan diseases in insects have been 
directed against the commonly occurring microsporidioses, especially 
nosema disease in the silkworm and in the honey bee. Indeed, the first 
really successful control of any insect disease was that originated in
dependently by Cantoni in 1862 (Masera, 1937), and by Pasteur (1870) 
to control pebrine, the microsporidian disease that was devastating silk 
production in France, and elsewhere, in the mid-1800's. Their method of 
selecting microsporidia-free eggs (by examining for Nosema spores the 
female moths which laid each batch of eggs) was eminently successful, 
and, with various adaptations, is still being used today. For example, 
Bucher and Harris (1961) used it, along with isolated individual 
rearings, to obtain a disease-free stock of cinnabar-moth larvae (Hypo-
crita). 

Another effective means of controlling microsporidiosis in certain 
insects is by the judicious use of heat to free from the protozoans the eggs 
of the insect. This method was used successfully by Allen and Brunson 
(1947) and by Finney et al. (1947) on the eggs of the potato tuberworm 

(Gnorimoschema) and was adapted by Astaurov (1956), Astaurov et al. 
(1958), and Bednyakova and Vereiskaya (1959) to the eggs of the 
silkworm. After the diapause is broken, the eggs (2 to 5 days old) are 
heated in a hot-water bath at 46 °C for from 30 minutes to 3 hours. The 
researchers mentioned reported success in removing the pathogen from 
96 to 98 percent of the emerging larvae. However, Smyk (1959), 
experimenting with very heavy infections in the silkworm, reported 
varying success using the hot-water treatment, formalin, or chlorine. 
He suggested that, as far as silkworms were concerned, the method 
is best suited for limited use in the laboratory, but not for extended 
industrial use. Raun (1961) has used the thermal method to control 
Nosema infections in laboratory-reared European corn borers (Pyrausta). 

Rather limited success has been had in using chemicals to control 
microsporidiosis in the silkworm, although some attempts [such as that 
by Masera (1938, 1940a) using mercury vapors to disinfect the eggs] 
have been made. More use of chemicals has been made in the case of 
nosema disease of the honey bee. For example, fumagillin and Nosemack 
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(containing mercury), although rather expensive and not completely 
effective, have been used with some degree of success. Poltev (1957) 
lists a number of therapeutic substances that have been laboratory tested 
only, some of which show promise; these include pyroplasmin, hemo-
sporidin, eucalyptus oil, and aniseed oil. Bailey (1954, 1955, 1959) 
believes that the reduction of infective fecal matter is important in the 
control of nosema disease in the honey bee; he advocates transferring 
diseased colonies to combs disinfected with acetic acid, plus the use of 
chemotherapy. A review of the attempts to control microsporidiosis in 
the honey bee by means of drugs has been published by Goetze and 
Zeutschel (1959). Unfortunately, all attempts to control nosema disease 
in the apiary are to some extent frustrated by the lack of definitive and 
precise information concerning the nature of the disease outbreaks 
and the reasons for the sporadic occurrences of the disease (e.g., see 
Doull, 1961, and others). Environmental conditions, the metabolism of 
the bees, the extent of contamination, the strength of the colony—these, 
and other factors, all seem to play a part in the outbreaks of disease. 
Therefore, reliable control is difficult but should always include pre
ventive sanitary methods of rearing and handling (Goetze et al., 1959). 

Chemical methods of controlling acarine disease of the honey bee have 
not been wholly successful. According to Jay cox (1958), the most 
effective materials appear to be airborne substances that are toxic for the 
infesting mites; acaricides appear to be of more value when used along 
with other methods. The quarantine of infested colonies has also been a 
recommended and often used procedure. A yeast, Acaromyces, has been 
investigated as a parasite of the causative mite (Acarapis) and has been 
suggested as a possible control (Lavie, 1951, 1952). It is possible that 
the method might be somewhat effective in reducing the number or 
activity of the mites, but it does not eliminate or eradicate them (Jaycox, 
1958). Stejskal (1959) reports some evidence that resistance to acarine 
disease exists in the Carniolan strain of bees. Questions concerning the 
seriousness of acarine disease, its true etiology and distribution, and the 
effectiveness of quarantine measure have been raised by some workers in 
recent years (see Eckert, 1961). 

The foregoing paragraphs of this section, admittedly cursory, indicate 
the nature of an application of insect pathology which could be better 
integrated, more broadly framed, and more fully exploited. The 
conservation of insects is important not only for the commercial value 
of materials they produce, for their use in experimental biology, and 
for their role in biological control and pollination, but also to help 
maintain the balance and economy of nature. The prevention and 
control of disease in insects can thus become as important an application 
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of insect pathology as the use of pathogens in the control of insect 
pests. 

IV. SOME HISTORICAL LANDMARKS 

There are a number of reasons why a chapter on the history of insect 
pathology is not included in this treatise: space limitations; reluctance of 
competent authorities to author it; the fact that items of historical 
interest are included in most of the chapters throughout the treatise, and 
that a history of the science and its applications through the nineteenth 
century has appeared elsewhere (Steinhaus, 1956a). None of these 
reasons, however, invalidates the importance and appropriateness such a 
chapter would have in a work of this kind. Accordingly, it is desirable 
that a few of the landmarks be at least mentioned so that the reader will 
be assured that insect pathology does have a history, and that its history 
is a fascinating and exciting one. 

It may be said that the recorded history of insect pathology begins 
with Aristotle's description of certain diseases of the honey bee in his 
Historia Animalium. We also find the diseases of this insect referred to 
in the Greek myth concerning Aristaeus, the son of Apollo and Cyrene, 
who, as a keeper of bees, lost his hives through disease; and the writings 
of Virgil and Pliny also mention diseases of bees. Poets and naturalists 
in the sixteenth, seventeenth, and eighteenth centuries also allude to the 
afflictions of the honey bee, the silkworm, and a few other insects. The 
debut of insect pathology as an appropriate study for entomologists took 
place in 1826 when Kirby and Spence included a chapter titled "Diseases 
of Insects" in their famous work, "An Introduction to Entomology." 
This chapter, written by William Kirby, was a noteworthy presentation 
for that time. In spite of the general nature of the chapter, most of the 
attention at that time was being devoted to the diseases of the silkworm. 
Our heritage from the work on the diseases of this insect is tremendous. 
Much basic information concerning the diseases of insects is still being 
derived from studies of the maladies of this insect. 

Insect pathology as an experimental science had its beginning with 
the illustrious work of Agostino Bassi, an Italian who, in 1834, for the 
first time showed experimentally that a microorganism (the fungus 
Beauveria bassiana) was the cause of an infectious disease in an animal 
(the silkworm). The importance of Bassi's contributions to insect 
pathology and to medical science was not fully appreciated until recent 
years, but it is now unquestioned. Not only did he reveal basic knowl
edge concerning the nature of disease in insects, but in his writings we 
find the first suggestive hint that microbial life might be used to destroy 
harmful insects. 

Other landmarks of the development of insect pathology, basic and 
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applied, include the renowned studies (1865-1870) of Louis Pasteur on 
the diseases of the silkworm and the methods he originated to save the 
silk industry of France from almost certain ruin; the first definite and 
clearly stated recommendation (by John L. LeConte in 1873) that the 
diseases of insects be studied to determine the most effective means of 
using them against noxious insects; the first significant experimental tests 
using a pathogen, the fungus Metarrhizium anisopliae (Metchnikoff) 
Sorokin, to control a harmful insect, the wheat cockchafer, Anisoplia 
austriaca Herbst, performed by Elie Metchnikoff in 1879 in Russia; and 
the large-scale attempts to use pathogens to control the chinch bug in the 
United States in the late 1800's. 

After the turn of the century, in the United States, considerable 
attention was focused on the role of fungi in the control of certain insect 
pests of citrus plants. Most of this work was that of Fawcett, Berger, 
Watson, and others at the Florida Experiment Station (1908 et seq.). 
From 1911 to 1914 d'Herelle, working in Yucatan, Mexico, and elsewhere, 
excited entomologists with optimistic reports on the use of a bacterium 
he called Coccobacillus acridiorum to control locusts. At about this same 
time brilliant contributions (1908-1920) were being made by G. F. White 
toward clarifying the etiology and nature of the principal diseases of the 
honey bee. Between 1921 and World War II scientists of the U. S. 
Department of Agriculture (Hawley, R. T . White, Dutky, and others) 
discovered and elucidated the milky diseases of the Japanese beetle and 
developed methods of using the causative bacteria in the control of the 
insect. Investigations (especially in Canada and in Europe) concerned 
with the virus diseases of certain forest insects and the role of these 
viruses in the natural control of the insects were outstanding. Similar 
studies were made in the United States and abroad on the nature and use 
of virus diseases of field and truck crop insects. The development and 
use of Bacillus thuringiensis Berliner as a microbial insecticide brought 
fresh insight into the potentialities of the use of microorganisms in the 
control of insect pests. 

These landmarks indicate a historical reality that has been true in 
certain other branches of science, such as in microbiology: Much of the 
original interest in, and impetus for, the study of the diseases of insects 
arose out of the practical need for such studies and for the applications 
derived therefrom. As in other sciences where this has happened, a point 
is reached where investigations must be made of the basic principles 
involved. Applications begin to run dry without the reservoir of funda
mental information from which they spring. For this reason, in recent years, 
we have seen much of the work in insect pathology laboratories around the 
world turn to an intensification of basic and fundamental research. 
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Although the landmarks we have cited emphasize the applied aspects of 
insect pathology, some basic work was being done. Most of these fundamen
tal contributions were of a simple but important nature—too numerous to 
recount here. Among the more notable achievements the following may 
arbitrarily be selected: The first published record of an identifiable 
entomogenous fungus (a Cordyceps), by de Reaumur in 1726; the publi
cation by DeGeer, in 1776, of what is probably the first description of an 
Empusa infection in flies; the publication of an important review of 
entomogenous fungi by Robin in 1847; the beginning of Giard's work on 
entomogenous fungi in 1879; the publication, by Thaxter in 1888, of his 
monograph on the Entomophthoraceae of the United States, followed by 
his life work on the Laboulbeniales (1896-1931); the discovery of 
polyhedral bodies in what we now know to be a virus disease of the 
silkworm by Maestri and by Cornalia in 1856, followed by the work of 
Bolle, in 1894-1898, who correctly associated the polyhedral bodies with 
the causative agent of the disease; and the remarkable discoveries relating 
to the insect viruses, to mention but one example, from numerous 
workers throughout the world testify to the outstanding contributions of 
insect pathology to basic science. 

Prominent for their studies on the basic nature of insect diseases 
during the early years of the twentieth century were Paillot and 
Metalnikov in France, Masera in Italy, Omori and Mitani in Japan, 
and G. F. White and Glaser in the United States. In spite of 
peccadilloes of generalization and deduction found here and there 
in some of their work, these men were responsible for many of the basic 
facts upon which later work was based. Unfortunately, notwithstanding 
the long and honorable history of insect pathology, most of the research 
was done by isolated workers or in the form of separate and individual 
projects. The broad discipline of insect pathology was not generally 
recognized. However, just before and directly following World War II 
insect pathology as a formal distinct discipline began to take shape, first 
with the consolidation of insect microbiology, and then with the 
formation of distinct laboratories of insect pathology. Such developments 
took place at the University of California where, in 1945, insect pathology 
was established as a distinct discipline concerned with all major phases of 
the subject including the offering of courses of instruction; and at the 
Laboratory of Insect Pathology at Sault Ste. Marie, Canada, in 1946, 
where the Canadian Department of Agriculture established facilities to 
study especially the diseases of forest insects. Since then similar 
laboratories, following narrow or broad approaches, have been established 
in other countries of the world until today major activity in insect 
pathology is occurring not only in the United States and Canada, but 
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in Czechoslovakia, England, France, Germany, Japan, Russia, and else
where. It must be remembered, of course, that during all this time 
research on the diseases of the silkworm and the honey bee was continuing 
in many of the major countries of the world. These projects kept alive 
the stream of data upon which much of insect pathology today is based 
or to which it is at least related. In such countries as France, Italy, and 
Japan, for example, the silkworm pathology laboratories are broadening 
their activities to include the study of the diseases of other insects; this 
is also happening in a few institutions studying the diseases of the honey 
bee. Throughout the world there are at least 300 professional scientists 
conducting research on the diseases of insects, and the number is 
increasing every year. Especially encouraging is the fact that ento
mologists in general are becoming appreciative of the contributions that 
insect pathology can make to their particular fields, and some of them 
from time to time find themselves giving their attention and time to a 
problem in insect pathology. Moreover, because of contributions of 
insect pathology to the sciences of virology, bacteriology, mycology, 
protozoology, nematology, immunology, and general pathology, specialists 
in these disciplines are beginning to acknowledge the integrity of the 
discipline of insect pathology. 

V . CHALLENGES OF INSECT PATHOLOGY 

In an essay that seems not to have enjoyed easy or extensive reading, 
the author (Steinhaus, 1960a) advanced certain concepts, the repetition 
of which here may be justified. It was suggested, for example, that there are 
a number of challenges to be met by insect pathology. First, there is the 
challenge to know more about the role of disease in insect life, the effect 
of disease on insect populations including the interrelationships between 
insect, pathogen, and environment, how more accurately to distinguish 
one disease from another, the nature of the pathogens themselves, and 
the biological relationships between microorganisms and insects gener
ally; in other words, we must learn more about the basic nature of 
insect diseases. We are inclined to overlook the fact that disease and 
death are ever-present phenomena in the lives of insects, and therefore 
the challenge to gain a more perfect understanding of these phenomena 
offers a real invitation to penetrating research. Second, and as brought 
out earlier in this chapter, there is the need to understand more about 
the noninfectious maladies of insects—the diseases caused by ab
normalities in nutrition, structure, genetics, physiology, and metabolism, 
and the pathological effects caused by chemicals, physical agents, and 
insect parasites and predators. Third, there is the challenge to learn how 
better to control and to suppress disease among insects beneficial to man. 
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Much, of course, has already been accomplished with regard to the 
diseases of the silkworm and the honey bee, but much remains to be 
done. The mass rearing of insects for biological control purposes has 
increased the need for methods of preventing or suppressing diseases 
in insectaries. New and better knowledge is required to control disease 
among insects reared for experimental and testing purposes. Fourth, 
there is the challenge to learn how better to use microorganisms to 
control insect pests. This includes learning more about how diseases 
operate in insect populations, how the pathogens can be mass produced, 
how they may best be disseminated, how their use may be combined 
with the use of chemical insecticides and with entomophagous insects. 
Fifth, there is the challenge to apply the knowledge being gained from 
the study of the diseases of insects to the study of diseases of man and of 
other animals, and to the problems of biology generally. And sixth, there 
is ttie challenge to develop new techniques and methods for the study of 
disease in insects and other invertebrates, and to adopt certain of the 
methods and procedures used in the study of healthy insects (as in insect 
physiology, for example) for the study of diseased insects. 

While it is true that there is much more to insect pathology than 
its applications, it must be recognized that for many entomologists—es
pecially economic entomologists—the use of microorganisms in the control 
of insect pests is one of the most important of insect pathology's contri
butions to man's welfare. The challenges involved in microbial control 
efforts are many and profound; the principal one is essentially for the 
entomologist to learn to master the microbe as well as the insect. Instead 
of considering microbial life as something outside his interests or 
competence, the entomologist must broaden his range of interests to take 
in entomogenous microorganisms as he has taken in an understanding of 
chemistry in the development of chemical insecticides. And so, from 
an applied standpoint, one great challenge of insect pathology is the 
entomologist's exploitation and harnessing of the microbe as a working 
tool to serve mankind. Just as microorganisms are employed in the 
manufacture of dairy products and certain other foods, in the processing 
of certain materials for clothing, in the preparation of certain medicines 
and therapeutic agents, in the manufacture of certain chemicals, in the 
fertilization of crops, and in numerous other ways, so it is with the 
accumulation of sufficient knowledge the entomologist will meet the 
challenge of using microorganisms to control insects, and for other 
entomological purposes. It is important, however, that microbial control, 
one of the applications of insect pathology, as important as it is, should 
not be allowed to overshadow other applications and contributions, such 
as those mentioned earlier in this chapter. 
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One of the greatest challenges that faces insect pathology is that 
of making its full importance and potentialities known to fellow 
biologists, to administrators under whom it must grow and flourish, and 
to the public it serves. And it must stimulate and call to its fold those 
young scientists and scholars best suited to pursue its mysteries. Although 
still a relatively young discipline, insect pathology has passed through 
its infancy and has begun its maturation. During the past two decades 
developments have taken place with great acceleration. Nevertheless, 
its potentialities as a branch of science, and its applications, have scarcely 
been tapped. Young investigators and students planning to enter upon a 
career in insect pathology have much to anticipate, and their sense of 
satisfaction and their rewards of accomplishment are certain to be great. 
The future of insect pathology, and of invertebrate pathology generally, 
is bright indeed! 

It is not our purpose here to recite a list of possible forthcoming 
discoveries in insect pathology, or to predict precisely what lies ahead. 
The new horizons and general promises of insect pathology have been 
pointed to before (e.g., Steinhaus, 1956b, 1957, 1960a), and anyone 
interested in more specific prophecies may consult these previous 
articles. We wish merely to express our awareness of the evolving "spirit" 
of insect and invertebrate pathology and to acknowledge the basic 
meanings and goals, the "sour' of this fascinating branch of biology. 
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