
41

00 >BIOLOGICAL CONTROL

"r> ,OF INSECTS

__j OF

• .4" '- MEDICAL IMPORTANCE

I, /
; I .IR26 '6•

28r

00 Published by

.American Institute of Biological Sciences D I)C
2000 P Street, NWWahngo 6,D .A 6m



Conference on

BIOLOGICAL CONTROL OF INSECTS (
OF MEDICAL IMPORTANCE,/)

-/

LotA

"Sponsored by:
The American Institute of Biological Sciences

The Armed Forces Pest Control Board
The Office of Naval Research

The Army Chemical Corps )

E.Mod7( Nd
Tec ical itor/

/

W. Jenki

Convened at DRL•-, dite.....

Armed Forces Institute of Patholgy
Washington, D. C..)
February 3-4, 1960 j

Technical Report / November 1960



Welcome .**...........*.................. Dr. Hiden Cox 1

Objectives of Conference on Biological
Control of Insects of Medical Importance .. Colonel R. W. Bunn 2

Introduction ........................ o ...... Dr. E. A. Steinhaus 3
Moderator

Pathogens, Parasites and Predators of
Medically Important Insects ............... Dr. D. W. Jenkins 6

Bacterial and Viral Diseases of Insects
of Medical Importance ........... Dr. E. A. Steinhaus 21

Bacterial Control Techniques .............. Dr. J. D. Briggs 28

Some Fungal Parasites of Mosquitoes ....... Dr. J. N. Couch 35

Protozoan Parasites in Certain Insects
of Medical Importance ..................... Dr. R. R. Kudo 49

Potentialities of Nematodes in the
Biological Control of Insects of
Medical Importance ........................ Dr. H. E. Welch 67

Insect Parasites and Predators of
Medically Important Arthropods ............ Dr. R. I. Sailer 77

Ceooo, and the Biological

Control of Mosquitoes ..................... Dr. Marshall Laird 84

Biological Control - Research in Canada ... Dr. B. P. Beirne 94

Activities of the Commonwealth Institute
of Biological Control ..................... Dr. F. J. Simmonds 98

New Aspects of Biological Control ......... Dr. A. W. Lindquist 104

Potentialities of Biological Methods in
the Control of Insects of Public Health
Importance ...... . .................. .... Dr. C. G. Thompson 116

Summary ............................... Dr. John R. Olive 120

Discussion ......... 00...... 0.......... -.................. 0...... 122

Recommendations ........... oo................................. 136

Participants ......... o...................... 0................ 1a



February 3, 1960

A conference on Biological Control of Insects of Medical Importance,
sponsored by the Office of Naval Research, the American Institute of
Biological Sciences, the Armed.Forces Pest Control Board, and the Army
Cheuical Corps convened at the Armed Forces Institute of Pathology,
Walter Reed Army Medical Center, Washington, D. C.

WELCOME

Hiden T. Cox, Executive Secretary
American Institute of Biological Sciences

It is my great privilege and pleasure to welcome you to this con-
ference on Biological 'Control of Insects of Medical Importance on
behalf of the American Institutib of Biological Sciences. You will note
that we are one of four co-sponors. I assure you that the Institute
welcomes this opportupity to co-sponsor a symposium of importance and
significance in biolog. During the last five years the AIBS has
sponsored or co-sponsored well, over 125 conferences of this type. It
is one of the major activities of -the Institute.

One of the purposes of the Institute is to foster the exchange of
information between"biologists, between biologists and other scientists,
and between biologists and the general public.

As might be suspected, the AIR has 'a major role in publications.
At the present teime. we ie publishing about eleven journals; these
range from the Quarterly Review of Biolo•v through the A.

If there is anything I or members of my staff can do to help you
to make the meetings more meaningful 'to you, you have but to call upon
use

Now I would like to introduce Colonel Bunn, who has had much to
do with arranging this conference, and is particularly well qualified
to sketch the major objectives of this meeting.
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OBJECTIVES OF CONFERENCE ON
BIOLOGICAL CONTROL OF INSECTS OF MDICAL IMPORTANCE

Ralph W. Bunn, Executive Secretary
Armed Forces Pest Control Board

Washington, D. C.

Oliver Wendell Holmes is credited with saying "... no man can be
truly called an entomologist, sir; the subject is too vast for any
single human intelligence to grasp." I could never be more fully in
agreement with Dr. Holmes than at a time like this when confronted
with a program involving not only entomology but the interrelation-
ships of entomology with bacteriology, mycology, protozoology,
virology, parasitology and nen~ology. However, as our more simple
reaoaa'h -prob~lm- ft? solved w-id, wa- yev- on- te- the morm complex- ones,
it will be increasingly necessary to focus the combined knowledge of
two or more professions upon those problems in order to arrive at a
solution. It is for this reason that this conference has been convened.

The problem we are faced with is what to do to. control those
insects which have developed the ability to tolerate nearly all the
toxicants the entomologists and chemists have been able to devise.
This resistance phenomenon is constantly becoming more widespread
and is so generally known that it need not be elaborated upon at
this time. However, it is such a serious problem, particularly with
insects of medical significance, that no avenue of approach to the
problem should be left unexplored.

With this thought in mind, Dr. Dale Jenkins began a comprehensive
review of the literature relating to the biological control of insects
of medical importance about two or three years ago. You will hear from
him on this subject shortly.

Subsequently, preliminary plans were made to hold a biological
control conference in the spring of 1959 with the Office of Naval
Research, the American Institute of Biological Sciences, the Army
Chemical Corps and the Armed Forces Pest Control Board as co-sponsors.
However, as certain of our key participants could not attend at that
time, the conference was postponed until later in the year. About the
time plans for the conference were again well organized, it was learned
that the broad field of biological control had been selected as the
central theme of the joint meeting of the Entomological Society of
America and the Entomological Societies of Canada and of Ontario, to
be held in Detroit in November-December 1959. Reluctantly, therefore,
it was agreed that once again our conference would be postponed --
this time until after the Detroit meetings, in the belief that it
would be well first to hear a broad discussion of biological control
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and then to narrow the field down to considerations of its application
to insects of medical importance.

Our postponements have finally ended and it is a pleasure for me
to welcome you on behalf of the Armed Forces Pest Control Board and to
thank you for your participation.

We hope that this conference will review and critically evaluate
available information on the various aspects of biological control as
they relate to insects of medical importance; that if these lines of
investigation appear to offer promise, that this group will indicate
the more promising areas of investigation and the most urgently needed
information; and that suggestions will be made concerning ways and
means of stimulating research, if this seems to be warranted.

To achieve these ends we hope that everyone here will participate
freely in discussions. We have purposely limited the size of the con-
ference as there seems to be an inverse relationship between the number
of people present and the extent of participation in discussion - at
least on the part of the more reticent (and frequently the better
informed) individual. Please, therefore, do not feel that discussion
should be limited to those sitting around these tables. All are
invited to contribute their ideas and we hope this will be an interest-
ing, stimulating and fruitful conference.

We will now turn the meeting over to Dr. E. A. Steinhaus, as
Moderator. He is one of those we thought we could not have the confer-
ence without.

INTRODUCTION

Edward A. Steinhaus, Director
Laboratory of Insect Pathology

Department of Biological Control
University of California, Berkeley

I am flattered and honored to be asked to moderate this conference,
although I have many misgivings as to being able to do it in a manner
to please everyone. Those of you who know me know that I am not very
much of a master of ceremonies; so I am simply going to reply upon each
of you to extend to me your cooperation throughout the meeting and to
participate, as Colonel Bunn requested, fully and actively. I am sure,
if you will help me in this regard, we will have a fine meeting.

My instructions from Dr. Olive were to follow the agenda any way
I saw fit. This, of course, gives me leeway to the point of being
dangerous. However, I can assure you that we have such an excellent
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program that I shall not be taking advantage of this liberty.

I was assured that this conference would be strictly informal and
one of the problems of a moderator is how to initiate, how to engender,
this informality. I shall do my best to do this even to the point of
not giving long introductions of the speakers, as I am sure that all
of you here know them, if not personally, certainly by reputation.

Originally, I was asked to introduce the subject of "Potentialities
of Biological Methods", and to discuss this matter briefly. However,
since two of the speakers on our program for tomorrow are scheduled to
speak on that subject, I ask to be relieved of this responsibility,
because I am sire those two speakers will cover the subject adequately.

We should keep in mind just what we are considering when we speak
of "biological control" or "biological methods of control." I am not
going to be so presumptuous as to attempt to define these terms for
the speakers, but I hope that each of the speakers will make it clear
what he means when he gets into those areas in which there is some
doubt as to just what is biological control and what is not. We all
recognize that the use of predators (vertebrate or invertebrate), the
use of parasites, and the use of pathogens, have long represented
classical types of biological control. Thus we have such definitions
as "biological control is the action of parasites, predators, or
pathogens on a host or prey population which produces a lower general
equilibrium position that would prevail in the absence of these agents."
(Stern, et al.). Some authorities prefer to restrict biological control
to man's manipulation of these agencies. But perhaps some of you will
want to extend this into other areas, such as the use of hormones, the
use of secretions from insects or other types of life, the use of
naturally repellent substances, the use of the sterile-male technique
and there are other examples.

Also, I should like to ask that we keep in mind, during the dis-
cussions, that we are speaking primarily about insects of medical
importance. I have found difficulty here in my own thinking, in that
I lapse over into examples in the area of insects of agricultural
importance. Of course, I am not inferring that we should not draw
upon the lessons and examples we have in other groups; but our main
objective at this conference is with insects of medical importance.

I am confident that the conference will be an interesting and
important one. I think if we all will participate actively, this will
be guaranteed, because biological methods of control are just beginning
to be exploited. Certainly, biology itself appears to have a great new
day dawning. Dr. Vannevar Bush recently said, when asked what area of
work he would go into if he had it all to do over again, that if he
could begin again in science, he would go into biology, because he
thought the most stimulating frontiers, the great new horizons, were
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really in the fields of biology. When we read such recent books as
those by Jean Rostand, or Warren Weaver's latest Rockefeller Founda-
tion Report, we can begin to appreciate the tremendous possibilities
before us, remembering what George Wall has called "the deep truths
of biology." So that, in its own way, "the potentialities of
biological control," are truly great. That is, "biological power,"
if I may use such a term, is truly as great, in its way, as atomic
power is in its way.

But who is to say when or where or how this reservoir of
biological power is to be realized? Perhaps we can gain some idea
as to this aspect of biological control in a conference such as this.
I do not know how the rest of you feel, but sometimes the thought of
manipulating this potential biological power is quite overwhelming.
When you consider, for example, that there are 30,000 or more
species of protozoa, 20,000 nematodes, 25,000 crustaceans, 90,000
molluskrs, 20,000 fishes, 4 million insects, and so on -- the poten-
tials involved in manipulating this mass of life is truly cause for
thought.

While I have the floor I should like to make just one more
comment. It may not be necessary, but for the record I think we
should make it clear that in our consideration of biological control
we are fully cognizant of the necessary role which chemicals play and
will always play in controlling pest populations.

As far as insects of medical importance are concerned, I am suare
it will help us to gain some idea of the potentialities of biological
control as we listen to our next speaker, Dr. Dale Jenkins give us a
report of an extensive literature survey. He will cover at least
three categories (the three P's) Pathogens, Parasites, and Predators
of medically important insects.
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PATIOGENS, PARASITES AND PREDATORS
OF MEDICALLY IMPORTANT INSECTS

Dale W. Jenkins
Chief, Entomology Division

Fort Detrick, Frederick, Md.

Biological control of insects by disease pathogens, parasites,
and predators is nov being studied more intensively by entomologists
with a hopeful but critical attitude. There was formerly much
interest in the subject and the literature contains many observations
of predation and parasitism on injurious or harmful species of
insects. These observations were frequently accompanied by commnts
that these parasites and predators would have great promise in con-
trolling pest insects. Attempts to grow the parasites or predators
and to Coetrol pest ieee0te in the field 1 ft*s (with eVWeral netable
exceptions) gave disappointing or equivocable results and interest
declined. These tests pointed out the very complex ecological
interacting factors involved and the necessity for understanding the
ecology of the parasite or predator as well as the insect to be con-
trolled.

The introduction of effective residual insecticides such as DDT
resulted in a loss of interest in natural control. The careful and
comprehensive natural control studies by Steinhaus in California, the
forest insect control program in Canada, studies by Weiser in
Czechoslovakia, and a few others are exceptions to this generalization.
Widespread and irresponsible large scale use of residual and other
insecticides has resulted in many changes of the natural fauna,
including decreasing the number of parasitic and predaceous forms
that normally maintained natural balances.

Use of chemical control, when accompanied by neglect of sani-
tation practices in control of houseflies, and draining and elimi-
nating mosquito breeding places, decreases natural parasites and
predators and puts one on a treadmill of chemical control. The dis-
continuation of chemical applications, or the development of resis-
tance by the insects to insecticides spells trouble. Use of greater
quantities of insecticides and of other more toxic chemicals or com-
binations of chemicals are required. The UIO Expert Committee on
Insecticides stated in 1958 "resistance is at present the most im-
portant single problem facing vector control programes". Over 1100
scientific papers have been published to date on the subject of insect
resistance to insecticides. A large number of medically important
insects have developed resistance to insecticides including about 36
species of mosquitoes, plus various species of fleas, body lice, flies,
ticks, cockroaches, bedbugs and other insects.
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The development of insecticide resistance and the failure of
insecticides to effectively control certain injurious and harmful
insects has necessarily created interest in other means of control.
Practical and effective solutions to the insecticide resistance
problem nay be found by critically investigating environmental and
biological control methods, particularly in resistant populations.

Biological control of certain injurious and harmful insects
offers great promise if approached from a realistic viewpoint. This
requires comprehensive knowledge of the ecology of the parasites and
predators, and their ecological relationships, as well as a full
knowledge of the ecology of the harmful insects. In general, natural
control methods are restricted to use of specific parasites or preda-
tors against specific insects, frequently limited to certain Seo-
graphical areas or to certain times of the year. Even with these
actual or possible limiting parameters, natural control of certain
Insacta I& considered to have a vezy 8reat potental.

During recent years when many reports indicated the ineffective-
ness of insecticide control of various medically Important insects,
natural control has been discussed. Due to the lack of sufficient
definitive information and the record of some past failures in bio-
logical control attempts, few firm research or control programs have
been initiated.

The present report attempts to sumarize a rather extensive
survey of the literature on the pathogens, parasites and predators
of medically important insects. An attempt is mede to make a pre-
liminary critical evaluation of the potential of natural control of
medically important insects. The pathogens, parasites, and predators
of each group of insects have been compiled based on data from
abstracting over 1,200 references. This includes the references in
the Review of Applied Entomology and all available literature. The
type of damage, mortality rates, and quantitative data available have
been compiled and evaluated vith all known field test data on attempts
to control medically important insects. After evaluation and com-
parison, certain parasites and a few predators have been tentatively
selected as being the most promising candidates for more intensive
study and test.

Detailed literature studies of the life history, ecology and
other available information have been made on the most promising para-
sites and predators. The literature on the pathogens, parasites and
predators is voluminous but scattered and fragmentary. Several
limited reviews have been published and have been of great value,
including reviews on mosquitoes by oVward et &l. (1912), Spear (1927),
Kiuman (1934 a & b), Gerberich (1946), Christopbrrs (1952); on hoeus-
flies by West (1951); on blackflies by Grenier (1943); on tset"e flies
by Buxton (1955) and general reviews by Steinhaus (1946 and 1949). A
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recent review by Laird (1959) discusses the insecticide and resistance
problems and the part natural control could play with medically im-
portant insects. Laird states "There is a real need for an annotated
bibliography of the large and widely scattered literature on para-
sites and predators of all arthropods and molluscs of medical interest.
Such a synopsis is prerequisite to a general evaluation of the bio-
logical control potentialities of these organisms."

As a result of the present intensive literature study and some
field observations, the following general preliminary statements can
be made with regard to biological control of medically important
insects, Various pathogens and parasites including rickettsiae,
bacteria, protozoa, fungi, nematodes, and insects (Table 1) are con-
sidered to be of potential importance in controlling these insects.
Certain fungi, protozoa, bacceria, nematodes, and parasitic insects
appear to offer real promise. Although there are very large numbers
of predators (Table 2) from a preliminary study of available data they
do not appear to be of great value in decreasing excessive insect
populations in an area (except for the use of fish or predacious
mosquito larvae). They are not thought to have as great a potential
value for biological control of medically important insects as the
pathogens and parasites.

This conference is fortunate in having present outstanding
specialists on the various groups of pathogens, parasites and preda-
tors. It is highly gratifying that they will discuss the various
organisms in their areas of specialization and consider the technical
aspects of the potentials of these organisms for natural control of
medically important insects. It is hoped that it may be possible to
then select the most promising organisms on a priority basis for
recommending a well considered program which can be justified and
supported by various agencies and research organizations.

This literature review has been organized according to the
taxonomic groups of medically important insects. Under each group,
the pathogens, parasites, and predators have been listed in taxonomic
sequence with the specific name of the organism followed by the host
insects affected or killed, and with annotations, and the authority
and date of publication. The groups of insects considered include
mosquitoes, black flies, houseflies, tabanids, Stomoxys, Glossina,
ceratopogonids and heleids, ticks and mites, fleas, triatomids, bed
bugs, cockroaches, lice, spiders, and urticating Lepidoptera. Only
a small part of the review can be reported in summary form.

1. Biological Control of Mosquitoes

Use of natural enemies of mosquito larva.. and adults for bio-
logical control has been considered by many scientists, but except
for use of fish, few serious attempts have been made. Effective
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Table 1. Recorded Parasites of Medically Important Insects

'I

144

o 22 1

Blrk 4ie 4 1 4 4 1 32

oue ieI 0 5 0 .4 27 a.
wab an d 0 a w7 0

Tsetse~ fa.e 1 2ii 244

eaop ongo 0 1 " 0 24

Tick.s 3 64i 6 21

Mosquitoes 3 23 50 75 20 12 183

Blackflies 1 4 16 4 4 1 2 32

Houseflies 9 6 5 5 14 27 66

Tabanids 3 4 3 7 20 37

Tsetse flies 1 1 6 2 11 24 45

Ceratopogonids 4 3 11 1 4 1 24

Ticks 5 3 6 1 6 21

Fleas 1 6 18 3 2 1 31

Cockroaches 6 3 2 3 2 12 28

Lice 10 2 1 13

Stable flies 2 1 2 1 5 8 19

Totals 14 59 71 145 43 46 20 101 499



Table 2. Recorded Predators of Medically Important Insects

0

4 1 0w 0.-

Mosquito larvae 18 3 18 42 3 69 45 164 18 14 394

Mosquito adults 15 27 7 21 1 8 6 4 1 90

Black flies 2 3 4 7 25 1 4 10 1 9 66

Houseflies 9 8 7 18 42

Stable flies 1 2 2 1 4 1 11

Tsetse flies 2 4 2 4 6 3 3 24

CeratopogonidF 6 1 7

Ticks 4 1 8 4 5 2 24

Fleas 5 5

Cockroaches 10 1 5 3 2 1 22

Lice - __-

Totals 18 46 54 55 10 133 72 52 175 28 38 7 688
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control of mosquitoes requires use of all available methods such as
filling, draining, and sanitation, use of chemicals, and use of
natural parasites and predators. The development of resistance to
insecticides by many species of mosquitoes is a further recommen-
dation for developing the use of biological control.

Mosquitoes in all stages have many natural parasitic and
predatory enemies that are extremely important in maintaining a
balance in nature. Mosquito larvae and/or adults are killed or in-
capacitated by many species of bacteria, rickettsiae, fungi, protozoa,
coelenterates, flat and round worms, molluscs, crustacea, acarina,
insects, fish, amphibia, reptiles, birds and mammals.

No viruses are known at present to have a deleterious effect on
mosquitoes. Of the large number of arbor viruses transmitted to man,
no effect on longevity has been shown in infected mosquitoes. While
three species of rickettsiae are known to affect mosquitoes and to
produce some pathological effects, present information does not indi-
cate them to have outstanding promise in natural control. However,
more critical work is required.

Over 20 species of bacteria in 15 genera have been found to be
injurious or to kill mosquitoes. Bacteria have been found to kill
large numbers of mosquito larvae. A promising species of bacteria
appears to be Leptothrix buccalis, A number of species cause death
when they are abundant in the larval rearing medium.

Fungi in 16 genera have been shown to be pathogenic for mos-
quitoes. Some of these need to be investigated to determine their
potential use for biological control. The most promising appears to
be certain species of the genus Coelomomyces. Twenty-six species
have been described which are fairly specific to certain host species
of mosquitoes. Field studies by Muspratt in Africa and by Laird and
Colless in the Pacific Islands (being reported at this conference) show
members of this genus to be very promising. Certain members of the
genus Entomovhthora should not be overlooked, but no critical data
are available to evaluate them.

There are many genera and species of Protozoa which attack mos-
quitoes in all stages. In the Mastigophora, species of various genera
commonly attack mosquitoes but the resulting mortalities are low. The
Sporozoa contains many injurious species, particularly members of the
Hicrosporidia such as the genera Nosema and Thelohania. The protozoan
Thelohania legeri appears to be promising for special study, and the
other 10 described species should be considered, The potential value
of the genera Stempellia and Plistophora could not be determined. The
effect of the epibiotic Ciliophora protozoans on mosquito larvae is
still controversial. Observations of the effect of the vorticella-like
protozoans range from 100% mortality rates to no effect, with the



majority of authors agreeing that they are injurious to the mosquito
larvae. Over 20 species of Ciliophora in 12 genera have been observed
on mosquito larvae.

Mermithid-type nematodes cause great mortality in mosquito larvae
and adults in certain geographic localities. How generally abundant
and important these worms are in natural control is not known, al-
though they have been found in 41 species of mosquitoes throughout
the world. The taxonomy of these nematodes is insufficiently known,
but five genera of mermithids affecting mosquitoes have been described.
Mermithids appear to have real promise for biological control of mos-
quitoes and deserve special study. Various other nematodes and trema-
todes have been discovered in mosquitoes but their value is unknown.

Parasitic Hydracarina mites (eppecially Arrenurus spp.) attack
mosquitoes and cause some mortality, but the effectiveness has not
been evaluated to date.

Mosquito predators are extremely numerous and effective in main-
taining a population balance. They are rarely observed to eliminate
mosquito populations except under unusual circumstances. Of the
predators of mosquito larvae, fish (especially the top minnow Gambusia)
are known to be effective under certain conditions. More critical
studies on fish predators are needed. The larvae of Toxorhynchites
mosquitoes are very effective predators on pest mosquito larvae and
deserve additional study. The field tests in Hawaii, Fiji and other
Pacific Islands indicate limited success in control. The potential
of using various insect predators, although they are very effective
in devouring mosquito larvae, is unknown. It is possible that certain
dragon fly larvae, hemiptera, beetles, and particularly Chaoborinae may
have value under specific conditions.

The value of predators for practical control of adult mosquitoes
cannot be ascertained. Bats, birds (especially swallows), dragon
flies, and robber flies are the most effective predators of adults.

2. Biological Control of Houseflies

Use of parasites against the housefly appears very promising and
deserves special studies.

No viruses or rickettsiae appear to have promise in control of
houseflies. Although a very large number of species of bacteria have
been found associated with the housefly, only 9 species of 6 genera
are known to be truly pathogenic and have a potential for biological
control. Several of these species should be studied more extensively
for determining their practical use, especially Bacillus lutzae and
Staphylococcus muscae.
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The fungus Empusa muscae appears to offer the greatest potential
for housefly control. Several field tests have been carried out with
varying degrees of success. This fungus deserves intensive study.
The value of other known parasitic fungi and the few species of proto-
zoans found in flies is undetermined. The value of certain Platy-
helminthes and Nemathelminthes cannot be determined at present, but
they do not appear promising. Various mites and pseudoscorpions are
found on flies, but they are not reported to be of any real impor-
tance in natural control.

The hymenopterous parasites of fly pupae appear to be of real
value foz biological control of houseflies, particularly species of
the genus Spalangia which have been used in field tests in Pacific
Islands and Puerto Rico with some success. Other Chalcidoidae and
Cynipidae offer potential candidates for natural control.

Te Housefly predators are very effective in reducing populations.
They are observed to cut down populations during every stage of the
life history. Ants are extremely important but do not appear to hold
promise for artificial introduction to obtain high mortalities. The
wasp Polistes hebraeus when introduced in Fiji reduced the fly popu-
lation to some extent. The beetles Hister chinensis and Copris
incertus prociduus were introduced into Fiji but were not effective
in fly control. No known predators presently appear to deserve
special study for housefly control.

3. Biological Control of Tabanids

The viruses, rickettsiae, bacteria, protozoans, and fungi do
not appear to be of importance as parasites of tabanids. However,
hymenopterous egg parasites appear to be of real importance,
especially Phanurus emersoni. Several field tests have indicated
its value in control, especially in Texas where 507 control of a
Tabanus was obtained. Other hymenopterous parasites appear to offer
promise, especially the genus Telenomus, The importance of para-
sitic mites on horse fly adults is unknown, as is the effect of
certain Nemathelminthes parasites.

The predators of importance on adult tabanids include the
Odonata, robber flies, Bembicidae, and birds, There are a few
larval predators such as tipulid larvae. Cannibalism among species
of tabanid larvae is said to be of local importance in control.
None of these appear to deserve special study as potential means of
biological control.

4. Biological Control of Black Flies

Protozoans and mermithid worms appear to be the most important
parasites of black flies, The protozoans Thelohania app. are very
important in natural control and deserve special study. The

13



importance of other protozoans should not be overlooked, but cannot
be evaluated at present. Mermithid nematodes have been observed to
parasitize 15 species of black flies and to produce significant
mortality. Infestation usually results in death, and parasitization
rates are fairly high in some localities. They appear to have
promise for biological control of black flies.

Various insect predators, especially Trichoptera larvae, feed
on black fly larvae and adults but little quantitative data are
available. Certain stream inhabiting fish, especially suckers,
appear to deserve investigation.

No particularly promising parasites or predators were found for
potential control of Phlebotomus, Culicoides or Ceratopogon, although
several parasites and predators are known. musa papatassi may have
promise for control of Phlebotomus but no data are available.

5. Biological Control of Stable Flies

Bacterium delendae-muscae appears to have promise in control of
stable flies, but critical data are lacking. The hymenopterous
parasite Spalangia appears most promising and should be studied in
more detail.

6. Biological Control of Tsetse Flies

Bacterium mathisi, a phycomycete fungus, a mermithid nematode,
and several protozoans attack Glossina spp. but do not appear to
have much promise for biological control. The hymenopterous para-
sites appear most promising and over 20 species are known to para-
sitize tsetse flies. Released eulophid parasites Syntomosphyrum
glossinae caused a 507 increase in parasitization of Glossina
morsitans in a field test, but other tests were not effective due
to ecological factors such as type of soil.

A variety of predators of Glossina are known including spiders,
dragonflies, robber flies, various birds and mamnals. Ants and
beetles eat numbers of pupae but their use for biological control
appears to be limited.

7. Biological Control of Fleas

Certain rickettsiae, protozoans, nematodes, and trematodes affect
fleas and cause damage or mortality, but no data are available to
indicate potential for natural control of fleas. The plague bacterium
Pasteurella pestis causes earlier death of fleas but would be unsuit-
able for natural control, so that no known parasites appear to offer
promise. The only predators of note are staphylinid and histerid
beetles in animal burrows where the fleas develop, but these do not
appear to have a potential for biological control.
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8. Biological Control of Hemiptera, Lice, and Cockroaches

Certain triatomids are parasitized in the egg stage by the hymen-
opteran Telenomus fariai which may have promise in natural control.
The bed bug appears to be relatively free of important parasites and
predators according to the available literature.

Body lice are affected by a number of species of bacteria and
by certain rickettsiae, none of which appear to have practical bio-
logical control potential.

Cockroaches are susceptible to several species of bacteria which
might be considered for biological control. Hymenopteran parasites
offer a most promising potential, particularly against the egg stage
of the roaches.

9. Biological Control of Ticks

While ticks are known to be killed by certain species of
bacteria, protozoa, and fungi the potential for biological control
appears limited in comparison with the value of the enchytrid para-
site Hunterellus hookeri found to parasitize 26 species of ticks
throughout the world. Other hymenopterous tick parasites include
Hunterellus theileri, Ixodiphagus hirtus, I. mysorensis, and 1.
texanus. All of these tick parasites deserve more investigation
although several field tests gave inconclusive results, indicating
that more complete ecological data are required before use.

There are a fairly large number of tick predators known of
which the tick bird Buphazus is probably most important, but it has
relatively limited distribution.

Many generalizations have been made regarding the potential
of various pathogens, parasites, and predators. It should be
remembered that these are tentative comnents based on data avail-
able at present and are subject to change with more information.
The objective of stating these general summary coimmnts is to provide
a starting basis for discussing the relative merits of each type of
parasite or predator for potential control. The possibilities of
using selected pathogens, parasites, and predators for control of
medically important insects is exciting and I am most anxious to
hear the papers and comments by the specialists convened here.
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DR. STEINHAUS: Thank you, Dr. Jenkins.

I am sure we are all impressed by the multitude of organisms
associated with insects of medical importance, and the terrific job
Dr. Jenkins has done in compiling this information. He is quite
truthful when he says this is only a small part of what he has
assembled, because I have seen his manuscript; it is a tremendous
accomplishment. I am happy to know that Dr. Jenkins' paper is to
be published, and will be available in extenso.

I am sure there are a good many here who have comments or
expressions of thought on the subjects dealt with by Dr. Jenkins.

DR. DUTKY: Most of our work has been done with agricultural
insects, but we have done quite a bit with the Diptera, including
flies and mosquitoes. Among the fungi, the ento ophthorales and
fungi imperfecti attack medically important insects. Some of the
fungi imperfecti are more readily cultured.

A single species of nematode, which has not been described yet,
will attack a wide variety of these forms. It causes high mortality
of larvae in Pupipara, houseflies, and Sarcophaga; also, it will
attack many of the other groups. With cockroaches, it seems to be
exclusive, that is, it attacks with tremendous rapidity the lobster
cockroach, but most other cockroaches are considerably more resis-
tant. The nematodes could be used, I think, to attack many of the
insects which are in contact with the soil.

DR. WILLIAMS: The speaker stated that perhaps the greatest
potentiality for predators lay with control of mosquitoes through
Gambusia fish.

I remember in the early days in the United States, Gambusia
came in for a great deal of advertising. I helped construct perhaps
25 or 30 hatcheries for Gambusia. The observation had been that
they ate mosquito larvae; but the corollary observation was that they
could not reach the mosquito larvae in the presence of plants. That
led to the initiation of clearing the shoreline of impounded waters,
so that the Gambusia could reach the larvae. We had the experience
of clearing shore lines in a number of new ponds which did not have
any Gambusia; when the flotage was removed so that the Gambusia
could get to the larvae, you did not need the Gambusia. I know of
no cases, over a period of some 40 years, where Gambusia put into
natural waters have controlled production of malaria mosquitoes.

COLONEL TRAUB: I would like to express my sentiments in fully
agreeing with the Chairman as to the enormous amount of work Dr.
Jenkins has put into the presentation, and how valuable it is. I
would also like to comment on two points. One is that it is un-
doubtedly true that there is not much hope that predators will prove
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to be of practical value in the control of medically important insects
on a large scale, but I can think of one example which does not seem
to be in the literature and which perhaps may indicate a field which
should receive further consideration. I am referring to pseudo-
scorpions, which are quite common in rodent nests in various parts of
the world. I have repeatedly seen pseudoscorpions running around with
a flea larva in each claw. Since dozens, or even hundreds, of pseudo-
scorpions may be present in one nest, they may exert a detrimental
effect on the numbers of fleas present. However it is possible that
the observed behaviour was atypical and occurred only when nests were
artificially distrubed and exposed to light.

In utilizing predators for control of fleas, it is quite obvious
that one problem would be that of distributi. t.f the predator, such
as the pseudoscorpion, from nest to nest. Here we are in a somewhat
fortunate situation, in that pseudoscorpions are often found hitch-
hiking on rodents which live in the burrows. I have taken as many
as 40 or 50 pseudoscorpions from the backs of rats in Malaya and other
parts of the Orient, and have seen the same thing in Mexico. Pseudo-
scorpions of various sizes, of both saxes, will clutch the fur very
tightly. I do not know how far they go but it is quite a common
phenomenon.

The other point leads me to say, with due respect to Dr.
Knipling and Dr. Lindquist, that the sterile-male technique is not
new because it has been used for eons in the case of fleas. The
Russians, particularly, have noted that it is very common to find
fleas which have been castrated by nematodes. This same phenomenon
occurs in this country. Several fleas have been described which
turned out to be synonyms, because their genitalia, used as the basis
for considering them undescribed species, had actually been deformed
by such nematodes. I do not know how many fleas survive or how many
are killed by this process, but I have seen quite a few with genitalia
which were so deformed that the fleas were certainly sterile.

DR. LAIRD: In his remarks on Gambusia, Dr. Williams put his
finger on one of the big problems that is going to face us in applying
precise biological control techniques in public health entomology.
The early work with Gambusia in many ways parallels the postwar work
with insecticides. People said- "Here we have a fish which destroys
mosquitoes, so let us go ahead and put it in places where mosquitoes
breed." They proceeded to stock a wide variety of surface waters with
it, without regard to the optimum habitat requirements of Gambusia.

In the South Pacific, I have seen top minnows placed in taro
irrigation ditches which run dry every few weeks, and this sort of
lack of prior ecological study and planning undoubtedly accounts for
many of the control failures with Gambusia. DDT has been used with
similar recklessness in recent years, and there has been tremendous
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destruction of aquatic organisms which, in the normal course of events,
exercise a considerable measure of mosquito control.

What we must do now is to learn more about population-regulating
factors in nature, with a view to manipulating their effectiveness to
our advantage.

I support Dr. Jenkins' choice of Coelomomyces and mermithids as
two very promising mosquito biological control agents ready to hand
for iimmediate research purposes. But as Dr. Jenkins has made obvious,
the extensive literature on the parasites of mosquitoes and other
medically important arthropods is very largely an incidental one. A
high percentage of these organisms, and predators too, have been
described by entomologists engaged primarily on taxonomic studies.

It is likely that for every such organism which has been described,
several others have been poured down the sink or thrown away, because
there is nothing that upsets a systematic entomologist more than a
battered and imperfect mosquito. A distorted larva, too, makes a very
indifferent slide.

One of our targets for the immediate future is the arousing of
interest, among entomologists generally, in the possibility of turning
to effective advantage some of the parasites revealed from time to time
in the course of their studies. There is need here for some sort of
central establishment to which organisms turned up by investigators,
not parasitologists in their own right, might be referred for identifi-
cation and evaluation.

Shortly before I left Singapore three years ago, some anopheline
eggs harbouring an unknown organism were received from the Philippines.
Dr. Colless and I identified the poorly preserved larvae they contained
as dipterous or hymenopterous, probably the latter. No parasites of
either group have been described from mosquitoes. Local difficulties
unfortunately prevented the collection of further material for rearing
purposes.

This instance serves to suggest that interest aroused among field
entomologists by well organized experiments commenced now with such
mosquito parasites as are to hand, might well lead to the discovery
of new biological control agents of wider use than those known to us
at present.

MAJOR BARNETT: I would like to say a few words also on the sub-
Ject of Gambusia, not to disagree at all with Dr. Williams, but to
point out that in recent years there has been a developing interest
in culicine control, particularly in the genus Culex, as a result of
its association with the various viral encephalitides.
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This past year, in Iran in an area along the Caspian Sea where
rice is grown, we found Culex tritaeniorhynchus, the vector of
Japanese encephalitis. However, its distribution appeared to be
limited to those rice paddies in which top minnows did not occur.
Whenever we found top minnows, we could not find this mosquito. Of
course, this is purely an association, and does not prove cause and
effect. I think the earlier workers probably recognized that
Gambusia was somewhat more effective for culicines than for Anopheles;
I balieve Dr. Williams' remarks were really directed at Anopheles.

DR. WILLIAMS: That is right.

MAJOR BARNETT: I would like to ask two questions of Dr.
Jenkins.

First, I think there was no reference to viruses in the slides
you showed.

Second, with respect to the rickettsial organisms you referred
to, has it been definitely proven that these orginisms are, in
effect, pathogenic for the insects indicated; or are they possibly
intracellular symbiotes?

DR. JENKINS: With regard to viruses, I know of none which cause
mortality or significant pathogenicity in medically important insects,
other than in urticating Lepidoptera. It has been shown that eastern
equine encephalitis caused visible pathogenicity in the fat body of
the mosquito; but this did not kill or shorten the life of the
mosquitoes. Many viruses occur and multiply in insects but they are
not known to cause any mortality or detrimental pathogenicity in
medically important insects.

Rickettsiae, however, do cause considerable pathology and
mortality in certain insects. In mosquitoes, Rickettsia culicis is
destructive to stomach epithelial cells, but Wolbachia pipientis is
rarely pathogenic but may cause degeneration of certain host cells.
In fleas some rickettsiae cause the gut cells to burst but do not
cause significant mortality. Rickettsiae are now known to be patho-
genic to the bed bug. The body lice are highly susceptible to
rickettsiae, The most pathogenic species causing high mortality in
lice are Rickettsia prowazeki, R. mooseri, R. rickettsii, R.
tsutsugamushi, and R. conori (Marseilles fever strain). The patho-
genicity to lice may vary with the strain in some species. No
rickettsiae are known which presently appear to offer a good means
of control of any medically important insects.
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BACTERIAL AND VIRAL DISEASES OF INSECTS
OF MEDICAL IMPORTANCE

Edward A. Steinhaus
Laboratory of Insect Pathology

Department of Biological Control
University of California, Berkeley

Abstract

Of the few bacteria reported as causing disease in
insects of medical importance in nature, virtually none
has been shown to be a consistent or reliable pathogen.
None of these bacteria appears to have strong potential-
ities as an effective microbial control agent, but
adequate- testing -.has not -bwn done. A ae~ive dosees may,
give more promising results than those usually obtained
in ordinary experimental procedures. Some medically
important insects, such as the housefly, are susceptible
to Bacillus thuringiensis Berliner, and under certain
conditions may be effectively controlled by it.

As yet, no virus diseases have been found in insects
of outstanding medical importance. Polyhedroses and
granuloses have been found in urticating Lepidoptera, and
unidentified virus infections have been reported in veno-
mous insects such as the honey bee. The recent findings
of virus infections in phytophagous mites may indicate
that such agents will eventually be discovered in mites of
medical importance.

If we are to know more about the role of disease among
insects of medical importance, it is first necessary to
discover more of the diseases concerned, One way of doing
this is to submit to insect pathology laboratories specimens
of diseased insects medical entomologists encounter during
the course of their laboratory and field work. Diagnostic
services for the identification of the causative agents
involved are available and should be used.

I certainly am grateful to the Program Committee for assigning to
me what is undoubtedly the simplest and easiest subject of the conference;
namely, the bacteria and viruses associated with or causing disease in
medically important insects.
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Perhaps I could most easily discharge my responsibility by saying
that, as far as viruses are concerned, there is virtually none known in
insects of medical importance. As far as bacteria are concerned, with
two or three exceptions, they do not appear to be very significant on
the basis of what we now know. With that, I could conclude my talk.
However, perhaps a few comments are in order in this general subject
area.

I know of no virus infections in insects of outstanding medical
importance. This, of course, echoes the statement which Dr. Jenkins
made just before our recess. However, I am sure that most of you
realize that insects of some groups do suffer from virus infections,
particularly certain Lepidoptera, fewer species of-Hymenoptera and
Diptera, and, as recently reported, Neuroptera. As far as these
virus infections are concerned, they have not been found in any in-
sect that may be considered of medical importance, unless we include
the urticating Lepidoptera. Certainly, when a physician has an
urticating Lepidoptera problem on his hands, he would consider it of
medical importance.

There are two general types of virus infections which are commonly
found in Lepidoptera: the polyhedroses and the granuloses. Examples
of both of these do occur in urticating Lepidoptera. There are at least
10 such examples. Undoubtedly, urticating Lepidoptera other than those
so far reported also suffer from virus disease but have not been observed
to do so as yet. In all, I might say, between two and three hundred
species of insects are known to suffer from virus infection of one type
or another.

Just offhand, I should say that as far as the polyhedroses and the
granuloses are concerned, there is nothing to indicate that we can ex-
pect to find these in most insects of medical importance. These types
of virus infection appear to be so characteristic for the hosts in
which they are known to occur, that we should not expect to find them,
let us say, in fleas or lice. When it comes to the Diptera the possi-
bility increases, because in one or two instances viruses appear to
have been found in certain dipterous insects.

The honey bee, being a venomous insect, can be considered of
medical importance too, at least under certain circumstances. This
insect has been reported to suffer from two noninclusion virus diseases.
Neither one of these virus infections has been very well described;
the etiological agent has nof been isolated with certainty in either
case,

Although no virus infections have as yet been found in mites or
ticks of medical importance, recently two species of phytophagous
mites have been found to suffer from attack by noninclusion viruses.
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This might indicate, if one is thinking of the problem on a phylogenetic
basis, that possibly we may eventually find similar viruses in mites of
medical importance. As yet, however, none has been reported.

As far as the bacterial diseases are concerned, Dr. Jenkins covered
the situation very well. Dr. Briggs, who is next on the program, will
consider certain other aspects of bacterial infections in medically
important insects. So the only remarks I care to make at this time have
to do with emphasizing the fact that most of these bacterial infections --
I believe Dr. Jenkins listed nine for houseflies -- have been found under
rather artificial circumstances. To be sure, there are species like
Bacillus lutzae and Staphylococcus muscae, as Dr. Jenkins mentioned. But
as yet these have not shown the degree of pathogenicity which one would
ordinarily expect in a pathogen which could be used for practical control
purposes.

Everything i am saying is predicated on an assumptinun that with more
knowledge and more work, we may be able to adapt pathogens to our purposes.
I have been speaking of the situation as it appears to be at the moment.

Dr. Briggs will discuss with you the use of the sporeformer B
thuringiensis, which is now being marketed as a microbial insecticide,
and which has shown some promise against such medically important insects
as the housefly. But here we have a rather artificial situation. In
other words, it underlines my statement that, as far as natural infections
are concerned, the bacterial diseases are not well known in insects of
medical importance.

However, I wish to qualify that statement a bit. I believe there may
be such infections in nature. I am saying only that we do not know much
about them, that the really true or frank type of infection, or the
vigorous type of pathogenic action we would hope to find in bacterial
pathogens, has not yet been evidenced in the instances so far observed.
For example, in mosquito larvae, quite a number of "bacterial infections"
have been reported in the literature, usually without any identification
as to the species of bacterium concerned. There is evidence that under
some circumstances mosquito larvae do suffer a rather high incidence of
bacterial infection. The bacteria involved are usually gram-negative
"small rods. But, again, the situation seems to be a fortuitous one. So
it is very difficult in our present state of knowledge, or lack of
knowledge, to say anything very concrete or knowledgeable with regard
to bacterial pathogens in medically important insects.

I should expect that, when we do find more natural infections in
these insects and are able to generalize a little bit better, we shall
find that they are the same general type of bacterial infections as
occur in other insects. In other words, they will probably manifest
themselves largely as septicemias or sometimes as toxemias. As you
probably know, whereas most of the fungi invade their insect hosts
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through the integument, most of the bacteria, protozoa, and viruses
are ingested by the insect, and invade the animal through the intes-
tinal wall. Very probably, that is the type of bacterial or virus
infection we might expect to find in insects of medical importance.

We must remember also that the chance of exposure to bacteria
is limited in many ways in the case of insects of medical importance.
The flea or the louse or the tick or the mite certainly does not take
into the digestive tract the type of microbiota which one would expect
with many of the phytophagous insects, for example. I remember, how-
ever, an exception to this which was rather dramatic to us some years
ago when I was with the Rocky Mountain Laboratory in Hamilton, Montana.
We began to find that ticks (Dermacentor andersoni) which we were
feeding on guinea pigs had a high mortality rate, and obviously were
dying of bacterial infection. It was found very quickly that the
bacterium concerned was a Salmonella, which had been causing infection
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the bloodstream of the guinea pig this bacterium which, for reasons
we did not determine, was pathogenic for the tick as well. Just how
frequently this occurs in nature I cannot even guess, but I imagine
there may be more of it than we suspect.

I should like to emphasize that the identification of many of
the bacteria which have been reported as being associated with and
which have been recorded as being pathogenic for insects of medical
importance is very poor. The taconomy -- the systematics -- concerned
with these species of bacteria is certainly inadequate; most of the
species have been reported once, barely described, than never recorded
again. In some cases, it is clear that although the bacteria were
given names (I presume simply because to name a bacterium is frequently
easier than to identify it), they are obviously synonyms of other well
known species. So we have a rather confused situation with regard to
the bacteria associated not only with medically important insects but
with insects in general.

I mentioned cases of laboratory infections in mosquitoes which
have been held in aquaria. In other such instances, certain bacteria
such as Serratia marcescens, with which I am sure most of you are
familiar, cause disease in insects when the latter are held under
similar conditions, such as in cages, but have not been reported from
the same insects in nature. This, I think, might typify many of the
situations reported in the literature as constituting "bacterial
infection."

I will not labor the subject further.- Dr. Jenkins said he wanted
me to comment with regard to potentialities of B lutzae and
S mnu.c. I think it would be presumptuous of me to
attempt to prognosticate on this point, except that from what we know
of insect pathogens in general, I would not hold out much hope for
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either of these species as being really effective pathogens from the
control standpoint. On the other hand, one never knows but that when
a bacterium is available in mass quantities and used in large numbers,
the effectiveness may be completely different from that apparent in
natural epizootics. I think there is already evidence that this can
be the case. Again, I shall not go further along this line, because
I believe Dr. Briggs will touch on this point.

I should like to take the liberty of speaking just a moment
more on the subject of diagnosis.

To learn more about the diseases of insects of medical importance,
it will be necessary to find more diseases, and more pathogens, and to
study them thoroughly. One way of doing this is to be more attentive
to the diagnostic work relating to diseases in this group of insects.
I feel that one of the wisest things we could do -- one of the things

I ol ýMo~nni wuld be tz31m%3 ou "9 f oepit~ fs-
of insects of medical importance.

Dr. Laird mentioned a while ago that frequently the entomologist
sees the diseased insect and the quicker he can get rid of it the better;
or he tosses it aside or waits too long before investigating it. We
probably lose quite a lirge number of interesting pathogens in this
manner. In an effort to overcome this neglect, with regard to insects
in general, our laboratory at the University of California has, since
1944, been receiving specimens of diseased and dead insects for the
purpose of diagnosis. In other words, we have established a diagnostic
service.

As of January 1, just past, this service has been reorganized and
enlarged, so that it is our intention to be able to provide anyone
with a service that will attempt to identify the diseases of insects
submitted to us, whenever this is possible. Our findings, of course,
are reported back to the person submitting the specimens.

This service is not entirely altruism on our part. Certainly we
do not have sufficient staff or field men who could go out and collect
diseased insects for us. (Incidentally, it is not quite so easy to
find diseased insects as it is to find certain parasites and predators).
Therefore, we are increasingly depending upon other specialists, other
people working with the insects, to send us specimens they come upon
which are diseased,and'whidh they may not wish to study themselves. Of
course, we are not asking anyone to send us material they may wish to
incorporate and study in detail in their own research projects, although
we are always happy to help out in any way we can in such projects.

We prefer, when possible, to work with living diseased material,
but this is not always possible or practical to obtain or to submit. For
one thing, there are the quarantine restrictions, both state and federal,
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that restrict the sending of living insects about the country, be-
tween states in many instanoes, and certainly into the country from
abroad. In the case of California, it in required that a special
state permit be obtained for living insects to be sent into the
state. However, not being able to study living insects does not
always bother us too much because, as those of you who work with
diseased insects know, many of the diseases or their agents can
still be identified from dead insects. I would generalize this
point by saying that we',shotUld like fop you to send ud dead ot dying
insects, when you can, (as soon after death or as near death as
possible), and to send them to us in the most rapid way available
to you. When you do have insects that have been dead for quite
some time, do not despair. Some pathogens can be detected after
months, or even longer, in a dead insect. So don't feel it would
be foolhardy to send in old material. If the material cannot be
worked up, we shall inform you accordingly. Material of any kind,
in any condition, is acceptable. If w o --t ?e1 1 ;4i _matoerialy
we shall coz1mnicate with you, and help arrange for the necessary
quarantine permit if it is an insect that can be brought into our
state. As far as medically important insects are concerned, this
is frequently not difficult. No one is going to object too much
to sending a cat flea into California, because after all, we have
our own supply. Nevertheless, the law requires that a permit be
obtained.

Dead specimens may be sent through the mails, but please do
not place them in an envelope. Everyone month or so, we receive
two or three such shipments. Of course, the material is almost
always smashed and unuseable by the time it reaches us. Simply
place the diseased insects in small vials, pill boxes, or some
other convenient container and ship them to us, preferably by
airmail. We used to say "airmail or air express." For some
reason, "express" to many people means "express collects. More-
over, we have to drive over to the San Francisco airport to pick
up air express packages, and also pay certain terminal charges.
We prefer to receive most specimens by mail.

One other very important point: Do &ot place the specimens
in a chemical preservative of any kind. I realize that sometimes
entomologists, particularly systomatists, do not detect diseased
material until after it has been preserved. In such cases, we
are still willing to receive it and do what we can. But when a
preservative is added, we lose the opportunity to culture and
otherwise examine the material properly.

Other points could be mentioned, but my time is coming to a
close. I should just like to say that if any of you are interest-
ed in sending us diseased material, we shall be glad to send you a
pamphlet which describes all the procedures involved. Anything we
find out about your material is always reported back to you so that
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you can use it in your own reports or in your own papers, and publish
it as you wish. The terms of this arrangement are explained in the
pamphlet.

It is a real pleasure to introduce the next speaker. Dr. Briggs
is a modest chap; he may not tell you that he heads what I believe is
the first, or one of the first, true laboratory of insect pathology
in an industrial organization. I hope he will enlarge upon this aspect
of his work. Some of you know him also for showing experimentally
that the principles of immunity in certain insects may be quite differ-
ent fro. those we know in vertebrates.
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BACTERIAL CONTROL TECHNIQUES

John D. Briggs
Bioferm Corporation

Wasco, California

In biological control, we are experiencing an industrial revolution.
The tools for biological control are beginning to be made available
through the scaling-up of methods from the laboratory bench to the
production line. Today, we witness the arrival of a microbial control
product, a spore forming bacteria, Bacillus thgrigjgeneis, produced on
artificial media by the fermentation industry. Tomrrow, this sam
industry may produce the artificial diets for the maintainence of para-
site and predator populations in the field, or for the mass production
of these beneficial insects over and above the quantities heretofore
considered pDoeible because of the limitation of natural host material.

When we speak of the industrialisation of a process or technique,
we imediately think of mass production, and mass production means the
availability of the comodity in large amounts. A spore forming
bacteria, pathogenic for insects, grown in 12,000 gaflon fermentation
tanks, means many hundreds of pounds, tons of this biological control
material. This availability permits us, as researchers, to enter into
many new activities, as well as expanding existing programs, to date
limited because of lack of material.

At this point, a discussion in answer to several questions is
appropriate. What is the nature of the microbial control material now
available? What other types of bacterial insecticides can we expect?
How may these biological control materials be used? i.e., What are
the possible materials and methods for bacterial control? For discus-
sion, let's imagine that we have a bacteria which will grow in a"'
liquid nutrient msedium. This may be a sporeformer or a nonsporeforming
insect pathogen. Introduced into the nutrient medium, it is brought
through a logarithmic phase of growth to maturity. In the case of a
spore former, this means that vegetative growth has stopped and spore
formation is nearly complete. We now have a tank fuli of bacteria and
"spent" liquid media referred to as the final whole culture. What do
we do with it? For presently available bacterial spore preparations,
spores are harvested from the final whole culture by centrifugation or
filtration, and the resulting spore concentrate is dried and formuated
as a wettable powder, dust or gramular preparation. These formulations
are used in the same manner as similar chemical formulations.

For other bacteria without a convenient resistant resting stage,
these procedures may not be possible. Consider the alternative' measures.
We may use this final whole culture as is. For dry application, we
could adsorb it onto a dry carrier such as finely divided clay, or clay
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Figure 1

Small fermentation tanks for developmental studies
of microbial insecticides and production of small
quantities of experimental materials for research
purposes.

Figure 2

Fermentation facilities for large scale production
of microbial insecticides.
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granules. For ease in handling, we might take this final whole
culture and Concentrate it by elimination of water. As a concen-
trate, it could be frosen similar to frozen orange juice, or freesz.
dried, in tither form to be reconstituted. As a frosen eoncentrate,
there would be a necessity-for refrigeration, whereas in a freese-
dried condition, it could be maintained in unrefrigerated containers.
A call concentration might be mixed with a bacteriostat, which not
only would prevent further growth of the microorganism in which ve
are primarily interested, but would discourage contaminants. Upon
dilution of the concentrate, the bacteriostat would not interfere
with the activity of the pathogen. In all of the foregoing exmuples,
we have considered the subject bacteria to be alive. If viability
were not paramount, the final whole culture could be sterilized and
packaged aseptically for storage or shipment.

For obvious reasons, it might be to our advantage to reduce the
Sbulk of om- uaterial ad concentrate the bacterial cells from the
final whole culture. Not only would this reduce the volume of the
active material, but it would certainly reduce the possibility of
materials present in the culture medium interfering with the activity
of the bacteria, or nutrient materials providing substrates for
contaminating organisms. The cell concentrate could be treated in
the same mainer as the final whole culture concentrate previously
mentioned. It could be frozen as a wet concentrate, or freeze-
dried. 'It could be packaged with a bacteriostat, or the cell concen-
trate could be inactivated by heat or other means. To this point,
we have considered the bacteria as the active principal, or we have
at least assumed this role for the bacteria. Two other possibilities
far insect 'ctive bacterial products offer fascinating possibilities.
The first sr the intracellular insect active bacterial products.
Extraction of this intracellular produced principal would be necessary
from a concentration of bacterial cells. Secondly, serious consid-
eration should be given the production in a fermentation process of
extra-cellular materials which have activity, against insects. 'Such
a material would be not unlike an antibiotic, in reality, it would
be an antibiotic. In the work with intracellular and extra-cellular
active principals, industrial groups should excel. Certainly, indus-
trial experience with vitamins and antibiotics will contribute greatly
to the discovery, development, and eventual availability of biological
control agents produced by bacteria or other microorganisms.

The materials we have considered represent both insoluble and
soluble products. Bacterial cells, spores, or whole culture, being
particulate in nature, could obviously be formalated as wettable
powders or dust, or perhaps colloidal suspension*. Extracts of
bacterial cells or by-pro&acts soluble in the culture medium would
be readily formulated for use in any form.

In addition to spraying and dusting as a means for applying
insecticidal preparations of bacteria, the toxic specificity for
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certain insects of presently available bacterial 'trartions offer
the possibility of other methods for application.orr exaxle
studies in Iflinois on the incorporation of .. .
spore powder into the daily ration of laying hens demonstra a
reduction in the number of house* flies emerging from the faces of
hens on the treated diet (Briggs, 1960). Preliminary studLes'in
California indicate that this same method can b6 applied to dontrol
of house flies in cattle droppings (Dunn, 1960). To date, thd,
control measures are limited to s ituations where the animals in"
question are under a supervised feeding progpam. In many cails, it
is wuder these conditions that our greatest fly problem. exist,
particularly in close proximity to urban areas.

The existence of soluble principals produced by insect patho-
gens of bacterial nature, offers us the opportunity to utilise
materials that may be entirely nonin.jurious to imuls as systemic

upon vertebrate hosts. -For 6xiaple, thu feedingor inje6iton of
livestock *ith biol6gicafly produded materials fok controlling
dipterous parasites. Similar treatment of pets for the control of
fleas, or of human beings for fleas or ticks may be possible.

Techniques for control measures with bacteria are not different
from those which you may consider with a nonbiological insecticide.
However, the safety to vertebrates of these biological material. pro-
duced to date allow us great latitude in their handling and a
challenge to our imagination for now applications.
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SDR. STEINUS: Discussion if open cn Dr. Brioga ' paper.

•nQUESTION: What ha eened to e prduction youn spore powrer
wafs added to the diet of chickens?

DR. w S: There was no effect on eg production. We followed
this for 20 months on one series of hens. There was no detection of

ethe bacillus within thae had no mortality in our flocks hich
could be attributed to its All dead hens were submitted to the Lab-
oratory of Veterinary Medicine, University of Illinois. We finally

consumed the remaining test animals ourselves.

DRn STEIcHAUS: I wonder if you care to say orwthork on to
mosquito larvae. I know you referred to it in your remarks; but

perhaps you have further coments a to i vkeb

DR. BRIGGS: Our tyot s with mosquito larvae gof w out of i
program we had in cooueration with the State Bureau of Vectorw? ontrol,

Dresno, Californiao he laboratory tests showed r high mosqutto
mortality with Bacillus thurinep ensis. As you might expect, there
was considerable interest shogn in this imsdiately. However, in
field applications, alongside chemical plots, the material was very

erratic in its performance.

Proper formulation of these faterials is perhaps one of the
greatest problems we have in industrial development of microbial

insecticides. This is an wrek in which we are now spsndiny a great
deal of time in thefing ahat the proper formulation might be for a
particular use. hIn forest work, one type of formulati on is needed;
in agricultural, it might be another. Certainlyen for work on mos-
quitoes and perhaps on flies, special formulations will have to be
developed.

DEL. STEINHAUS: Do you consider the use of this microbial insecti-
cide against the house fly as fairly wall established now?

DR. BRIGS- No. However, since the study reported here, the

pathorenicity of this spore preparation has been increased consider-
ably; to3ts are still in progress on the use of this material in
feeding programs.

DR. STRINHAUS: Dr. Kramer., do you have any commnts you would
care to make on .your work on house fly diseases?

DR. -RAE: Our work is restricted to studying what happens to
the fly populations in the field.. and what microoorganisms might be
respnsible for the mortality we observed. W* have not run aewoe any
bacteria which are described and readily identified in the literature.
For example, the microorganim which was mentioned earlier by Dr.



Jenkins as MUclrosis not even listed in the latest
edition of Bergey's ftma•6 oftive Bacteriolou. So as
far as the bacteria are concerned, we have nothing to report.

DR. PRATT: Have you tried Bacillus thur ies. on cockroaches
and other household pests, using a lassive overwJhelming number of
spores in a given cubap of water or a ir space?

DR. BRIGGS: I have not tested this against cockroaches.

DR. DUTKY: We have been doing work with house flies and contem-
plate using the house fly larva as a screening organism. Som of the
pathogens, as picked up and tested by injection, are capable of kill-
ing larvae. The usual tim of death is within 17 hours. It is very
possible that the house fly larva is mich more susceptible than any
other stage. This would not limit the 'so of the organism for this
purpose. I think we can rather quickly scan quite a lot of organisms

*~~Ahia tsOhniquae-- __

DR. STEINHAUSt Speaking for mpself, I am sure that anything I
may know about Cosin so fungi I have learned from Dr. Couch's
writings; not only his formal publications, but from letters. He has
been most indulgent with us as far as identifying species is concerned.
I do not know whether he will appreciate iW pointing this out. Maybe
you would not want to be flooded with work of this kind, Dr. Couch.
But all of us in insect pathology owe you a real debt for the menu-
sental work you have dons in this field. So it is with particular
pleasure that I introduce Dr. Couch to speak on the entomogenous
fungi.
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SOME FUNGAL PARASITTES OF MOSQUITOES

J. N. Couch
University of North Carolina

A survey of the more important literature on Colom,-
s, a genus of aquatic fungi in the order Blasto-

cladiales, is given. The members of this genus are obli-
gate parasites on moequitoes usually in the larval stage
but sometimes in adults. The infected insect is recognised
by the presence of large, oval, yellowish to yellow-brown,
thick-walled sporangia in the body cavity of the insect in-
cluding the thorax and head. If the infection is heavy,
the body cavity may be rather closely padced with these
sporangia and the larva fails to change into an adult and
dies. Light infections do not prevent metamorphosis, and

ot f ....... has ben eports
Africa. The mycelium is without cell walls and is unlike
that of any known fungus. The development ct the fungus is
incompletely known but it has been reported by two workers
that the fat body surrounding the intestine is destroyed and
that as a rule the other body organs are left intact. Light
infections in adult females my be confined to the ovaries,
in which cases the eggs fail to develop. In some species
both thin and thick-walled sporangia have been reported but
in most only the latter have been observed. Muspratt re-
ported on the germination of both thin and thick-walled
sporangia and his observations have been confirmed on the
thick-walled ones. The agents of infection are unknown
but it is assumed that the zoospores are responsible. Some
information is presented on the geographical distribution and
seasonal occurrence of Coelomomyces. Some su'gestions for
future work are propoee•.

In our laboratory, we have done ccnsiderable work on fungi para-
sitic on various animals such as scale insects, flies, caterpillars,
liverflukes, crabs, nematodes, and mosquitoes. However, because of our
primary interest at this conference in fungi which attack insects of
medical importance, I shall limit my talk to Coelomomyces, a genre of
fungi parasitic mostly on mosquitoes.

An excellent discussion of the earlier work on this genus is given
in Stoinhaus (1949). Since a good zany of the original papers have
been published in journals which are not readily available, a sumway
of the more important work on Coelomowces is given here.
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The genus we described by Keilin (1921) from material found in
one infected larva of A alboictus sent to him in b~gland from
Yklaya by Dr. Lamborn. With is larva were five others of the same
species which contained a ciliate described by Keilin as o4
steomiae n.g., n. op. Keilin calls attention to the similarity of
the cysts of the ciliate to the thick-walled sporangia of the Colona-
woes. From sections he found that the larva thoug4h heavily inieti
y the fungus had apparently healthy internal organe but that the fat

body had completely disappeared. The myceliu wes well developed
around the viscera and beneath the hypoderm but there was little in
the body cavity. It we branched, multi-nucleate and without croes-
walls. The sporangia arose as terminal swellings which became separat-
ed from the mycelium and completed their saturation floating within the
body cavity. He described the mature sporangia as of two kinds, thick
and thin-walled. On the thick-walled sporangia a fine line was evi-
dent from pole to pole. He correctly predicted that the escape of the
spores results from the rupture of the sporangium along this line.
V-11.- ft-4ested that ti. fungus belouns 5 to, the Phyeamyeetes, sowfing
some resemblance to the Chytridineae. He pointed out that the mycelium
of Coelomomyces was better developed than in any known member of the
Chytridineae and that the structure of the sporangia of Coelomomyces
was different from that of the chytrids. He finally concluded that the
systematic position of Coelomoiuces cannot be finally established until
more abundant and living material is available for a detailed study of
its structure. It is of interest to note that Keilin had available
for consultation one of the leading mycologists, the late F. T. Brooks.

Bogoyavlensky, in 1922, unfamiliar with Keilin's work, described
a second species as a new genus and species, Zografia notonectae.
Keilin, in 1927, indicated that this was a species of Coelomomyces.
It is the only species of the genus so far described which was not
found on mosquitoes. He described the vegetative stages as consisting
of a plasmodium of irregular, much branched and anastomosing threads
without independent motion and covered with a scarcely noticeable pelli-
cle. The parasite destroyed the fat body, though not penetrating the
cells, leaving the rest of the insect intact, apparently causing no
real harm and not preventing the laying of eggs. fe described and
illustrated the sporangia but considered them as spores. He suggested
a relationship to the Iy-xomycetes, but finally concluded that it was
closer to S2orcpqU but should be an independent genus. It should be
noted that neither Keilin nor Bogoyavlensky mention a cell wall around
the Wcelium.

Nanalang (1930) described two varieties from the Philippines of
what he considered to be coccidla. One to two percent of all adult
mosquitoes dissected were infected. This is of interest since lyengsr
in India found that only rarely did an infected larva pupate and the
adult emerge. Walker (1938) was the first to point out that Wanalang's
coccidial infoctions were perhaps Coelomomyces.
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Iyengar, in 1935, described in some detail two new species which
parasitized A larvae in India. He described the myclum as
attached to the fat body by very thin hyphae, confirming for the most
part the observations of Keilin and Bogoyavlensky. He describes the
wall as very thin and membranous. One of the species of Coelomom as
described by Iyengar parasitized eight different species of Anopheles
larvae and the other, four species. Both were widely distributed over
India.

Walker in 1938, working in West Africa, recorded four forms of
CoesIM2o•c in the larval and adult stages of Anopheles costalis
and A. funestusI Infected larvae were much more abundant than were
infected adults. He tried to culture the fungi, using sporangia and
mycelium on various artificial media, but was unsuccessful. Most
interesting of Walker's results was his success in producing artificial
infection of laboratory-bred mosquito larvae.

DeMeillon and Huspratt, in 1943, first obtained germination of the
thick-walled sporangia in a species of Coelomomyces but were unable to
classify the fungus correctly from this very important observation. In
1946, Muspratt reported interesting results of observations carried on
during the rainy seasons of 1941 to 1945 in Northern Rhodesia. During
this four-year period, Muspratt estimted the mortality of the larvae
in these pools about 95 per cent caused by the Coelomosyces infection.
He states that the larvae may become infected in any stage of their
growth. In a later paper the same year (1946) he recorded the experi-
mental infection of laboratory-hatched larvae of Anopheles abia by
putting them in a concrete trough filled with rain water an contin-
ing mopane clay and several hundred dead larvae of A. gambiae, whose
bodies were packed with the thick-walled resting-sporangia of Coelomo-
myces. The mopane clay and the infected larvae (stored in jars in
soil from the breeding place) had been dried for eight months before
the experiment was started. The water was allowed to evaporate to
dryness every two or three weeks and the trough to remain dry for three
or four days before it was refilled and another batch of newly hatched
larvae put in. No infected ones were seen in the first lot, but about
fifteen out of 100 larvae of the second batch became heavily infected,
and a few in later batches. Muspratt thinks the zoospores are respon-
sible for infection.

Laird (1959a) reported from Singapoge successful laboratory in-
fection experiments with the larvae of Aeae&33&i when reared in
pans of distilled water buffered to an acidity of P9 6.6 into which
were put dried sporangia derived from parasitized Aides
and sediment from the container of the latter. In other papers (1956a,
1956b, 1959b) he has added a new species (a total of five), andM ex-
tended the host range and geographical distribution of several of the
old species. In a recent paper (1959b) he presents a key to the 21
species so far described.
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Since this conference is interested primarily in the posible use
of parasites, predators, etc. in the biological control of insects of
msdical importance, I will first give an exomple of a fungal parasite
of moequitoes which I think offers only minor opportunities as an agent
of biological control.

This fungus belongs to the genus Laxenidium, the other species of
which are parasites on algae and certain lowly, fresh and salt water
animals. It was first found (Couch, 1935) on Daphne and Copepods in
the lake at Mountain Lake, Virginia and a few weeks later was found on
mosquito larvae near Chapel Hill, North Carolina. The penetration of
the fungus into the imect larvae was not observed. It forms a seg-
mented, rather coarse mycelium which branches and extends throughout
the larva, eventually killing and destroying the internal organs. When
mature, each segment my form a sporangium. The sporangia develop
long tubes, one from each sporangium, which emerge through the cuticle
and are 6 - 10 microns thick and 50 - 300 microns long. These tubes
form a white fringp a-="ad the I a , T zosyp•_ e s.•_,•_q are trmsd Am
large quantities and are doubtless the agents of infection. Sexual
reproduction was not observed.

The fungus was isolated in pure culture from spores and cultured
on a variety of media for several years. A few experiments were carried
out to see if it would attack healthy mosquito larvae. The experiments,
though partly successful, were done on too small a scale to warrant
conclusions of any value. This fungus seems unsuitable for biological
control of mosquitoes since it is a weak parasite and has too wide a
host range. However, if we could find it again, we would test its
parasitic possibilities more throughly.

I am going to list what I consider desirable qualities in an
organism to be used for biological control.

First, it should be a virulent parasite capable of killing the host.

Second, it should be limited in host range and harmless to desirable
organisms.

Third, it should be culturable in large quantities either in pure
culture or on laboratory-reared hosts, or capable of being introduced
into a new area on a new and susceptible host (as done by Laird in the
South Pacific).

Fourth, it should be easily and cheaply dispersed owr the host
range. To do this it must have some sort of reproductive spores or
Sygotes which survive prolonged dessication and can be mixed with a
proper carrier.

I think you will see how well Coelomomyces fits these requirements.
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I first became acquainted with Co1l2 e during the second
World War. A slide showing two beautifully preserved larvae of
&IS i SuQdE culatus whose bodies were chock-full from head to

hoval-shad brown bodies was sent to me by H. R. Dodgefrom Georgia. In esie, shape and structure these suggested the resting

bodies of AllMSes but since there seemed to be no ycelium present,
I suspected that the bodies might be cysts of protozoa or worm eggs
and had them examined by our protozoologist, who suggested that the
brown bodies did not belong to any animal with which he was familiar.
Meanwhile in fresh living material from Mr. Dodge, I had found the
brown bodies germinating to form zoospores somewhat similar to those
in the Blastocladialeso Fortunately at this time I was working on
two species of Catenaris, one parasitic on nematodes and liverfluke
eggs and the other parasitic on all the species of Allomyces and some
species of Blastocladiella. As soon as germination of the resting
bodies in the mosquito parasite had been seen, the striking simi-
- - of the restin, bodies of CoelmMvte a and t+houe of s- of I --

as ocladiales was obvious. One of the most striking features in
common is the preformed line extending more or less lengthwise on the
wall of the resting sporangia of many Blastocladiaceous fungi. When
the spores are discharged, the sporangia crack and the wall spreads
open at this fissure because of internal pressure, thus permitting the
escape of the soospores. These thick-walled, ovoid, brown bodies are
thus homologous with the resting sporangia of Allomswes and the other
Blastocladiales.

In Coelomorces the thick-walled sporangia are formed from
hyphal bodies which are separated from the hyphas and float freely in
the insect's haemocoel. In all the rest of the Blastocladiales the
sporangia complete their development while attached to the parent
hypha. Indeed this peculiar method of sporangial formation seems to
occur only in Coslomouyces.

Our knowledge of Coelomomuces is very limited. For purposes of
classification all we have to go on at present is the structure of the
mycelium and the sporangia.

I will discuss the mycelium first. When the body of the larva
becomes filled with sporangia it is difficult or impossible to find any
mycelium since it has been used up largely in the formation ofeporangia.
Without some sporangia, it is hard to recognize an infected insect for
the hyphae are easily mistaken for some of the shredded structures on
the insect's body. To find the mycelium it is beat to select a larva
in which a few young sporangia can be recognized and then to dissect
the body in saline or in 7% formalin. If the living body of the insect
is torn apart in water, the mycelium rapidly swells and firm ly is
dissolved and disappears completely. If, however, the live larvae have
been fixed in formalin before dissecting, the mycelium does not swell
and disappear but persists. This dissolving of the mycelium in water
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indicates the absence of a cell wall and confirm the observations of
Dogoyavlsnsky (1922). Coelamowces is the only fungue known which
has a mycelium lacking cell walls. This is one of the reasons it
deserves family rank in the Blastocladiales.

Even though our knowledge of the mycelium is very scantj its
structure seems to be of some value in separating groups of species.
The more important features of the mycelium are the width of the indi-
vidual threads, the method of branching and the way in which the hyphal
bodies which develop into sporangLa are separated from themycelium.
The aid which mycelial characters may give in the recognition of
species is well shown in Coelomomyces quadrangulatus and C. enfta U-
tus. In the two species the resting bodies are about the sam sie and
are much alike in the structure of the wall. The main difference in
the resting bodies is that in the first they are four angled in end
viw while in C. pentanaulatus they are five angled in end view. This
difference alooe fight not .uetifyh.na h14-h--•i o' the two
separate species but in the two the mycelium is distinct. In C.
quadranAulatus the mycelium is the most vigorous of any seen so far,
averaging over twice the thickness as that if C. gsntangQlatus. Also
in the latter the hyphae break up into pieces with many short branches.
These two appear to be distinct species but since the two occur on
different hosts they may be physiologic races of the same species and
the differences in mycelium and resting sporangia may be the result of
different hosts. The only way in which this and similar problems can
be solved is by cross inoculation experiments.

The resting bodies or thick-walled sporangia in Coelomomyces
are bsparated from the hyphae and formed in a way that appears to be
unique in the fungi. On this, however, observations are needed with
living material since all studies on sporangial development so far
reported are from preserved specimens. In all species the sporangia
appear to develop from naked hyphal bodies which are pinched off or
otherwise separated from the mycelium without the formation of a cross
wall. In C. pentangulatue large pieces of branched mycelium are
severed from the mycelium and each branch is then pinched off and
develops into a sporangium, The hyphal bodies when first pinched off
may be rounded or irregular in shape but they soon assume a more or
leos oval shape and float in the hemocoele. As they mature into
sporangia they become smaller and take on a more regular oval or round-
ed shape. The thick-walled resting sporangia are usually surrounded
by the thin plasma membrane and the wall proper consists of two layers,
a thinner, hyaline, interral part and a thicker, yellowish to brownish,
sculptured, or rarely smooth external layer. A very distinctive
structural feature of the sporangia is a f ine line in the wall extend-
ing longitudinally. This performed line or fissure marks the place
where cleavage of the sporangium occurs when the spores ar mature and
ready to emerge.
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The site, shape and structure of the wall of the resting sporangia
are of prime importance in separating species. Indeed in several
species this is all the morphology we have to go on'at present.

The resting sporangia in the different species vary greatly in
size and considerably in shape. The smallest so far described are
those of C. africanus Walker occurring in Anopheles costalis. These
are 12-18 x 20-35 microns. The largest resting sporangia are those of
C. psorophorae on Theobaldia inornata, which are up to 58 x 119 microns.
In most species the resting sporangia are oval with a slightly flatten-
ed side, in some they are slightly allantoid and in one species some-
what kidney shaped. The most unusual shape of a resting sporangium so
far repnorted is that of C. anophelesica Iyengar which is discoid in
face view but with one edge flat.

The color of the wall, its thickness and its ornamentation seem
to be of great value in determining-Ppecies. The. wall i opa4.
-WO distinct lyers in all but two or three species in which the thin-
ner inner layer if present could not be made out. The pigment if
present is located in the outer layer and varies from a pale yellow to
a deep brown. In a few species, C. nutonectae, C. walkeri. C. solomonis,
the wall is unpitted and unornamentedo In Co stejomyiae the wall is
smooth in outline but with minute pits, this is true for C_. soro-
phorae, C. tasmaniensis and C. keilini. In C. lativittatus, C. d
and perhaps in C. ascariformis (as illustrated in MUnalang fig. 1 1930)
the outer wall is composed of several bands which extend longitudinally
or are irregularly arranged on the sporangial wall. C. punctatus which
is related to C. dodgei has narrow bands so closely and irregularly
arranged as to form rounded or elongated pits. These bands whether
wide or narrow a re closely arranged and low and thus readily enable one
to recognize the species in this group. Another very distinctive group
is the one to which C. bisymmetricus, Co sculptosporus, C. cribrosus
and C. africanus belong. In C. bisymnmetricus the bands are of two sizes-
low narrow and broad high ones, which alternate and encircle the
sporangium in such fashion as to give the sporangium a bilateral
symmetry. In this species most of the sporangia show this symmetry
but in some the symmetry is lacking. The other three species C.
sculptosporus, C. cribrosus and C. africanus appear to be related
to C. bisymmetricus but can easily be separated by the ornaments on
the wall. The two species, Co indiana and C. anophelesica, de-
ecribed from India by Iyengar stand out in comparison with all pre-
viously described species by having very prominent ridges spaced
widely apart and extending longitudinally or anastomosing to form a
net or arranged sometimes in C. anophelesica in concentric circles.
Another distinct group of species which are closely related is C.
cairnseneis, ,. macleavae, and C. finlayae all described from
Queensland by ardoThedistinctive feature of this group is the
sharp ridges which usually anastomose to form more or less regular
polygonal areas. In section these ridges appear in t-wo of the species

41



as equilateral triangles. Sometimes the ridges may extend almost
straight from one end of the sporangium to the other; again the
ridges may appear wavy. C. uranotaeniae may be related to this
group as suggested by Laird (1959). It has the sharp ridges but
these are fewer and they extend longitudinally on both sides of the
resting sporangia and never anastomose to form the polygonal areas
so distinct in C. cairnsensis and related species. A final and very
distinct group is the C. quadrangulatus, C. pentanaulatus series.
These have small resting bodies which show their distinctive features
best in cross section or end view. In the former the resting spor-
angium is four angled, while in the latter it is five angled in cross
section view.

Keilin (1921) and others have recorded the presence of thin
walled sporangia in C. stegom-iae and other species. The only re-
port of the germination of thin-walled sporangia was by Muspratt
(1945a) in his types a and c, The thin-walled sporangia germinate
if the larval remains containingr t the ftorangia i-4e-4Re .. . .
......t ri te-e--reeding-place, the zoospores usually emerging within
three to six days. In most of the species thin-walled sporangia have
not been observed. In related genera as Allowyces and Blast2cladi-
ella several types of life histories have been described. In all
species of these two genera except one, thin-walled sporangia have
been recorded. These always appear in advance of the thick-walled
ones, the thin-walled sporangia releasing their zoospores in large
quantities into the water and thus serving to disseminate and increase
the fungus. Since Coelomomyces is completely enclosed within the
body cavity of the insects, thin-walled sporangia discharging zoo-
spores in the body fluid would be of no survival value to the fungus
sunce the zoospores would be unable to escape and bring about the
dissemination of the fungus. The thick-walled sporangia are prob-
ably able to withstand prolonged dessication and are very likely the
condition in which the fungus is distributed in wind-blown dust and
by other agents. In some cases of light infection the insects may
reach the adult winged stages with resting sporangia in the coelom
(Manalang, 1930; Walker, 1938; Hdddow, 1942) and thus be responsible
for desseminating the parasite,

The germination of the thick-walled resting sporangia was first
observed by deMeillon and Muspratt (1943). In a later paper Mus-
pratt (19 4 6a) describes the technics used to get the thick-walled
sporangia to germinate. The larval remains containing the sporangia
of type "c" were dried on a slide two or three days after the death
of the larvae, when slight decomposition had begun. These were then
put in an incubator at 280 C for two to three months before being
placed in water again. In another experiment the dead larvae were
kept in water at room-temperature (Johannesburg) for three months;
then dried and incubated dry at 280 C for three weeks before being
wetted again. Both methods led to successful germination. Muspratt
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states: ".... failures have been experienced subsequently when trying
to repeat the above experiments; so it is evident that all the factors
involved in the germination process are not fully known.", It was
found by Muspratt that light-stimulus plays a part in the liberation
of the zoospores. Germination up to the splitting of the thick-wall
may proceed in darkness but the light of the microscope lamp seems
to hasten the extrusion of the sporangial contents and the liberation
of the zoospores, which may start after about 15 minutes of light-
stimulation.

The germination of the thick-walled sporangia was also observed
by Couch (1945) and was reported in some detail by 6ouch and Dodge in
1947. Germination was seen in three closely related species C.
doei, Q. Ductatue, and C. lativittatus. The most complete ob-
servations were on the latter species. Material colleited January
23, 1945 in Georgia was received January 26. The infelv.ed larvae were
4Aea4-b"-.*Ahsir. ba shabd-ot disintagrated. Ona. beavi!ý inf acted
larva was cut into three parts and each part put into a pe'6-'i dish
of charcoal treated water. After six days some of the sporangAi
had started to germinate. It is of interest to nmte that these
sporangia germinated without being previously dried. Since the pro-
cess of germination has been described in detail it need not be re-
peated here.

The zoospores are rather small for the Blastocladiales. When
quiescent and more or less rounded they are 4-5 microns thick and
when active they are elongated, 2.6-3°8 x 5.2-6°3 microns. There
is a single posterior flagellum, a distinct nuelear cap and a clump
of lipoid bodies close to the nucleus, all characteristics of the
Blastocladiales. In a medium sized sporangium of C. lativittatus
I would extimate there are from one to several hundred zoospores.
These are most likely the agents of infection. It is not known, hmw-
ever, what are the agents of infection or when infection occurs.

Coelomomyces has now been reported from all the continents
except South America. It doubtless occurs there but has not been
looked for. There do seem to be some areas in which Coelomomyces :.a
much more abundant than in others but before any sound conclusions
about its distribution and abundance can be drawn much more work
should be done. Manalang (1930) reported coccidial (Coelomomyces)
infections in about one to two per cent of each adult species dir-
sected in the Philippines. Muspratt (1946) worked at Livingston-s
in Northern Rhodesia during the rainy seasons of 1941 to 1945 orn the-
Coelomomyces infections of Anopheles gambiae larvae. He estimat•ed
the mortality to be as high as 95 per cent of the larvae which hatch
out during the rainy season. Laird (1959) from personal observationa
and studies by Colless reports that C. stegomyiae is established in
from three to five per cent of larval habitats of Aides albonictus
on Singapore Island. Shemanchuk (1959) reports from Alberta, Canada
that Coelomomyces psorophorae in larvae of Culiseta inornata
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(Williston) is widely distributed and well established in Southern
Alberta. Weekly samples were taken in 1957 in all irrigated dis-
tricts from July 8 to September 3 and twelve per cent of all larvae
of C. inornata examined were infected. Laird (1959) in his studies
of isolated Pacific atolls found that even intensive sampling has so
far failed to reveal-any infections. I have collected larvae in
considerable numbers in North Carolina from the coast to over 4000
feet but have so far failed to find Coelomomyces. One larva of
Anopheles crucians heavily infected with C. quadrangulatus was found
in a large number examined in the collections stored in the State
Board of Health Laboratory at Raleigh, North Carolina. It was in a
collection from Elizabeth City, North Carolina.

The collections made so far would seem to indicate that
Coslomomypces is more abundant on the species of Anopheles and Aedes
than other genern. At first glance this would certainly seem to be
the case in the collections from Georgia since of the eleven species
described from that state eight are a oiqnw o f . .A Ittmuat.
b-1ei-pf in mfnd, hovever, that the collectors were working for the
malaria control authorities in military areas and were looking for
the breeding places and abundance of the mosquitoes which transmitted
malaria. A general survey of the occurrence of Coelomomyces in all
kinds of mosquito larvae would doubtless present a different picture.

Muspratt (1946), in the studies referred to above in Northern
Rhodesia, found larvae infected with Coelomomyces only during three
or four months of the year, and these are the last months of the
rainy season which begins in October and lasts until the beginning
of May. There are no pools and no larvae during most of the dry
season. In Georgia where the rainfall is about evenly distributed
throughout the year infected larvae have been collected throughout
the year. They were most abundant during the month of May, followed
by June, April, March, July, September, November, December, October,
January, and February in decreasing order of parasitized larvae.
The number for May was almost twice that for June and about four times
that for April. The lowest records were for January and February
which were about the same, but for each of these months the numbers
of parasitized larvae dropped to about one ninetieth of the number
collected in May.

In closing, I would like to suggest some of the unanswered ques-
tions concerning Coelomomyces. Hjw wide spread and how common is
Coelomomyces and what are the factors that determine its distribution?
What are the agents of infection and at what stage in the insect's
life cycle does infection occur? What parts of the insect's body
are attacked? Will one species of Coelomomyces parasitize more than
one kind of mosquito larva, i.e. can controlled cross inoculations be
carried out? Is there an alternation of generations as in certain
other related fungi? Is there an alternation of hosts? Can
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Coelom es be cultivated on artificial media? Can it be grown in
quantity on mosquito larvae artificially reared in the laboratory?
Can any of the species of Coelomomyces be used for biological control
of mosquitoes?
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DR. STEINHAUS: Thank you, Dr. ý'ouch. Is there discussion?

DR. LAIRD: I understand that botanists still insist upon a
Latin summary of the characters of species, if these can be regarded
as valid. If this is so, I am afraid that Coelomowces does not
actually exist, because Keilin, when he described the species in
Latin, described nothing. I would like some botanical clarifica-
tion of this point.

DR. COUCH: The rule requiring a Latin description dates from
January 1, 1935. The Mycological Society of America voted to accept
this rule about 1940. All species of fungi adequately described
before 1935, and this of course includes Keilin's, are valid.
Species described since then if published without a Latin diagnosis
will be accepted provided they have been adequately described. Un-
fortunately as pointed out by Laird not all of the species that have
been given names have been completely described in any language.

But for the zoologists, who do not require Latin descriptions,
we very likely would know nothing about C ,elomomyces.

DR. STEINHAUS: Of course this also applies to some of the things
which have been described since that rule went into effect.

DR. JENKINS: I would like to ask Dr. Couch what he thinks of
the potential of the Entomophthoraceae for use against mosquitoes
or houseflies.

DR. COUCH: Some of the t•ntomophthoraceae as Conidiobolus are
weak parasites; many others are obligate parasites on certain insects
in nature and some of these strong parasites could probably be used
in biological control of harmful insects. I doubt, however, if any
of the Entomophthoras would be effective against mosquitoes since
these fungi are spread by airborne conidia, but apua xusca has
certainly been effective at times in killing house flies.
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WEDNESDAY AFTERNO0N SESSION

February 3, 1960

The meeting reconvened at one-thirty o'clock, Dr. Steinhaus pre-
siding.

DR. STEINHAUS: Certainly, when it comes to the subject of
protozoa, particularly the Microsporidia, associated with insects,
everyono knows the name and work of our next speaker. It is a real

PROTO0.OAN PARASITES IN CERTAIN INSECTS OF MEDICAL IMPORTANCE

R. R. Kudo
Department of Zoology

Southern Illinois University
Carbondale, Illinois

Abstract

The occurrence of microsporidian parasites in the
mosquitoes, the midges and the black flies, and their
geographical distribution are reviewed. The incidence
of infections in anopheline and culicine larvae, and the
effect of infection upon the host larvae are examined
and discussed. The possibility of utilizing microsporidian
parasites for control of insects of medical importance is
suggested.

A number of protozoan parasites are known to occur in insects of
medical importance. Coelozoic parasites do not, as a rule, hinder the
normal activity of the host insect. Some gregarines invade the host
cells during early development, but appear not to bring about serious
damage on the host body. Cytozoic protozoa, on the other hand, attack
the cells of various tissues and organs and grow and multiply at the
expense of the cell substances. Consequently the host insects when
heavily infected are visibly affected and not infrequently succumb to
death.
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Such appears to be the case with a group of protozoa known as
Microsporidia, which is characterized by the production of spores
that contain a sporoplasm and a coiled polar filament. Up to date
more than 300 species of Microsporidia are known. Of these some
48 species have been reported from mosquitoes, midges, and black
flies. This number includes some forms that were noticed in a
small number of host insects as well as others that were mentioned
incompletely by workers engaged in ahbther phase of research and,
therefore, their microsporidian nature has not been established
definitely.

The following list indicates the species of Microsporidia,
their hosts, and developmental stages and infected organs or tissues
of the hosts:
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Microsporidia Hosts Infected*
Stage Organ, tissue

Nosema aedis Kudo, 1930 Aedes aegypti LFat body

N. anophelis Kudo, 1924 Anop~eles quadrimaculatus L Gut
A Gut, fat body

N. culicis Bresslau, 1919 Culex Pipi~ens L

N. lutzi Kudo, 1929 Aedes c~uqiuwuA Gut
(.stegomviae L.& Sp., 1908)

N. stricklandi Jirovec, 1943 Simuliu sp. IL Fat body

N. zavreli Weiser, 1944 Chironomus- thunu L Mid-gut

N, . Martini, 1920 Aedes sp. L

sp. . Noller,. 1920 A, nemorosus; A, cantans L-

Thelohania bracteata (Strick., Simulium bracteatum;,
1913) Deb.& Gast., 1919 S.hirtipes; S. maculata;

5,ochraceum; S. venustum;
s..p.; Eusimul1um&1atipes L Fat body

T. breindli Weiser, 1946 Chironomus thumi L Mid-gut

T. chironomi Jirovec, 1940 C. plumosus; C,. thuxni; L Fat body
Trichocladius sp.

T, fibrata (Strickland, 1913) Simulium bracteatum; L Fat body
Debaisieux & Gastaldi, 1919 5,hirtipes; S. maculata;

S.ochraceum S. ornatum;
S.venustum 5, §R.

T, rassi Missiroli, 1929 Anopheles maculipennis A Egg, fat body

T. indica Kudoi 1929 A, h-vrcanus L Fat body

T. legeri Hesse, 1904 A, barbirostris;
(T, illinoisensis Kudo, 1921) Abifurcatus; A. crucians; L ,A Fat body

A.fuliginosus; A. funestus;
A, gambiae, A, hyrcanus;
A, maculipennis; A, jpuncti-
Dennis; A, cuadrimaculatus;
A, rainsavi; A, subpictus

51



IMicrosporidia Hosts In ected*
Staee Organ, Tissue

T. minuta Kudo, 1924 Culex leprincei L,P Fat body
7 muscle, ganglion

T. obesa Kudo, 1924 Anopheles cuadrimaculatus L Fat body

T.obscura Kudo, 1929 A.funestus L-

T.opacit Kudo, 1922 a? - , Fat body
C-.ter~ritans, Aedes
nemorosus

T.pinggis Hesse, 1903 Tanypus varius L Fat body

T.pyriformis Kudo, 1924 Anopheles sp. L Fat body

Trotunda Kudo, 1924 Culex Lejncei L Fat body

T.varians (Ijpger,.18Q7) Simulium ornatum; L Fat body

Debaisieux, 1919 S,. reptans; Ss

Ts p. Bresslau, 1919 Culiseta annulata L-

T. sp. Iturbe & Gonzalez, 1921 Oulex pipiens L-

]T. sp. Noller, 1920 Aedes nemorosus L Fat body

T. sp. Ross, 1906 A p.; Culex fatigans A Nerve chord

qL . Wenyon, 1926 Aedes nemorosus L Fat body

Stempellia man Kudo, 1924. Culex pipiens; L Fat body

(Thelohania maana Kudo, 1921) C. territans

Plistophora chironomi Chironomus A2.
Debaislieux, 1931 Camptochironomus tentans L Fat body

±..collessi Laird, 1959 Culex tritaeniorhynchus; A Egg follicles
q. gelidus

P., culicis Weiser, 1947 Culex pipiens; L Malp~.tubules
T.kudol Weiser, 1946) Anopheles gambiae; A. A Mal. tub., fat

stephensi body

P'. debaisieuxi Jirovec, 1943 Simuliuin maculata; ER.1~ L Fat body

P.jiroveci Weiser, 1942 Chironomus thumi; L Fat body
Prochironomus anomalus;
Glyptotendipes ER.
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Microsporidia Hosts I Infected*
Stae Organ, Tissue

P. simulii (L.& Sp., 1904) Simulium bracteatum L Fat body
Deb.& Gast, 1919 S. maculata;
(Thelohania multispora (Str. 1913) S. morsitans;

S. ochraceum;
S. venustum;
S. vittatum aR. s

P. stegomviae (Marchoux, Salim- Aedes aeuvpti L,A Various organs

beni & Simond, 1903) Chatton, 1911 Anopheles gambiae; A. melas A Various organs

P. thienemanni Weiser, 1943 Chironomus sp. L Gut
(Thelohania chironomi Deb. 1919

Coccospora micrococcus (Leger
& Hesse, 1921) Kudo, 1925 Tanypus setiger L Fat body
Cocconema micrococcys L.&H.)

C. octospora (L. & H., 1921) Tanytarsus sp. L Gut

C. polyspora (L. & H., 1921) Tanypus sp. L Fat body

Mrazekia brevicauda (L. & H., Chironomus plumosus; L Fat body
1916) C.'thumi; C. anthracinus

Octosporea chironomi Weiser, Camptochironomus tentans L Fat body

1943)
0. simulii Debaisieux, 1929 Simulium U. L Gut

Bacillidium bacilliforme (L. Orthocladius ER.; Chironomu L Fat body
& H., 1922) Jirovec, 1936 sp., Endochironomus junci-

cola

Toxoglugea chironomi Debaisieux, Chironomus p. L Fat body

1931

T. vibrio Leger and Hesse, 10922 Ceratopogon §. L Fat body

Spiroglumea octospora Leger Ceratopogon sp. L Fat Body

and Hesse, 1922

Caudosporo simulii Weiser, 1946 Simulium latipes; S. Sp., L Fat Body

*Stage: L - larva,
A - adult
P - pupa
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As noted above, the great majority of microsporidian parasites
of the insects under consideration are capable of parasitizing species
belonging to one genus; namely, they seem to be host genus specific.
For example, T legeri is found to parasitize the larvae and
less frequently adults of no less than 12 species of Anopheles in
various regions of the world, but has not been found in the mosquitoes
of other genera. This genus specificity is noticed even when Anopheles
larvae, some of which were infected with microsporidian parasites,
lived mingled with 2ule larvae with their own parasites in the same
body of water, there being no cross infection (Kudo, 1925). All
Culex microsporidians seem to manifest a similar specificity except
Thelohania oDacita, which was originally found in two species of
Culex in the United States, was reported later to occur also in a
species of Aedes in Czechoslovakia (Weiser, 1946).

Recently Garnham (1946) and Canning (1957) reported the occur-
reneef amicrosporidlan which paragitied- t6he epithelium of I . .

Malpighian tubules and adjacent fat bodies of 50 to 100 per cent of
laboratory bred adult Anopheles gamibiae and A. stephensi in London.
Canning maintains that it is probably the same as ?Iistophoi ) culicis
(Weiser, 1947) which parasitizes the cells of •alpighian tubules of
the larvae of Culex Dipiens (Weiser, 1946). Fox aiid Weiser (1959)
found a microsporidian in various organs of 50% or more of laboratory
bred adult Anopheles gambiae and A. melas in Liberia and considered
it identical with Plisto hora ste~omviae (Marchoux, Salimbeni & Simond)
Chatton, which had been reported to parasitize the larvae and adults of
Aedes ae•gpti. If these identifications are correct, it would indicate
that certain microsporidian parasites are capable of infecting mosqui-
toes belonging to different genera.
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The following list shows the host species, their microsporidian para-
sites and localities where infected hosts were found:

HOST INSECTS MCROSPORIDIA E

Nope~m aedis Puerto Rico

A. calopus Noem Jl&!z Brazil

A. catn f.22. Noller Germany

!. -.Noller G ermanay
Theohaia opacita Czechoslovakia

j. . Noller Germany

1. 2. T.2~. (?) Ross India

Culex fatigans T. gk. (?) Ross India

g. elidus Plistophora collessi Malaya

Q.leprincei Thelohania minuta U. S. A..
T. rotunda U. S. A.

C. iviens Nosema culicis Germany
,T. sv. Iturbe and Gonzalez Venezuela
Stempellia man U. S. A.
'Plistophora culicis. Czechoslovakia

C.territans Thelohania opacita U. S. A.
Stemvellimagna U. S. A.

C.testaceus Thelohania opacita U. S. A.

Q.tritaeniorhvnchus Plistophora coles Malaya

Culiseta annulatus Thelohania 12 Bresslau Germany

Anopheles barbirostris le&2r India
A. bifurcatus T.legeri France
A. cruciang T. legeri U. S. A.

A. fulginosu I. or India
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Moupuitoes: (Conttd)

A. unestus (A. vauna) T. g~er India
T. obscura India

A.gambae 1. gnurJ. Zululand
(Fantham et al)

Plistophora culicis England
E. stegoriviae Liberia

A. hvrcanus Thelohania legeri India
T. indica India

A. maculivennis T. leaeri France
Czechoslovakia

T. grassi Italy

mea lsohp&ae=A- U-berie.

A.punctipennis Thelohania. leaeri U. S. A. ,Canada

A. guadrimaculatus T. lezeri U. S. A.
T. obeaU. S. A.

A. rasy T. legeri India

A. stephensi Plistophora, culicis 'England

A. subvictus (A. rossi) Thelohania legeri India

A. 12 . pyriformis U. S. A.

Midzes:

Chironomus anthracinus Mrazekia brevicauda Czechoslovakia

D. iuosus Thelohania Phironomi Czechoslovakia
Plistophora Iiroveci Czechoslovakia
Mrazekia brevicauda France, Germany

C.thumi, Nosema zavreli Czechoslovakia
Thelohania breindli Czechoslovakia
1. chironomi Czechoslovakia
Mrazea brevicauda Czechoslovakia

C. .12- Ilistophora thienemanni Belgium
j. chironomi Belgium
Toxoizlume chironomi. Belgium
Bacillidium bacilliforme France
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Midges: (Cont'd)

Camptochironomus tentans Plistophora chironomi. Czechoslovakia
Octosporea chironomi Germany

Endochironomus iuncicola Bacillidium bacilliforme Czechoslovakia

Prochironomus anomalus Plistophora liroveci Czechoslovakia

Ceratonosron U. Toxozluizea vibrio France
Spiroglugea octospora

Gl-vptotendipes sp. Plistoiphora jiroveci Czechoslovakia

Tanvpuas seti~er Coccospora micrococcus France

-IlL I~j~&Czechoslovakia

T. p.Coccoapora polvspora France

Tanytarsus gR. g. octospora France

Trichocladius jR. Thelohania chironomi Czechoslovakia

Blackflies:

Simuliu bracteatu Thelohania bracteata U. S. A. Canada
T. fibrata U. S. A.
Plistophora simulii U. S. A.

~.hirtipes Thelohania bracteata U. S. A.
T. fibrata U. S. A.

S. latipes Caudosuora simulii Czechoslovakia

~.maculata Thelohania bracteata Belgium
2:. fibrata Belgium
Plitopora. debalajeuxi Belgium
P. simulii Belgium

~.morsitans j. simulii Czechoslovakia

~.ochraceu Thlhai bracteata Brazil
~.fibrata Brazil

Plistophora simulii Brazil

orna Thelbani varians France, Belgium
~.fibrata Czechoslovakia
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Blackflies: (Cont'd)

~.reptans T. varian Franc~e, Belgium'

veu. T . bractepta Brazil, Canada
I. fibrata Brazil, Canada
Plistophora simulii Brazil

~.vittatm P. simuiji U. S. A.

A.*U Nos srikln Czechoslovakia
Thlhn bracteata Belgian Congo

(Henrard)
. fibrata Belgian Congo

T. varians Czechslovakia
Plistophora debaisieuxi Czechoslovakia
E. simulii Belgian Conlgo
00ctoas~o sinuli Belgium
Caudospora simulii Czechslovakia

Eusimulium latioes Thelohania bracteata Czechoslovakia
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Incidence of Microsporidian Infection

The incidence of infestion in a natural population of the host insects
is unknown in many species. The following data appear in published papers:

In ected
Microsporidia and Hosts Number Number % Observer

Examined

Thelohania grassi
... ei c ujaullpennis (adults) 216 3 1.4 Missiroli (1929)

Thelohania legeri
in Anopheles maculipennis (larvae) 40 2 5 Hesse (1904)

A. punctipennis (larvae) 34 2 6 Kudo, 1921
A. punctipennis (larvae) 70 2 2.5 Fantham et all

1941
A. quadrimaculatus (larvae) 54 3 5.5 Kudo, 1922
A. quadrimaculatus (adults) 235 5 2.1 Kudo, 1925
A. quad., A. punct., A. crucian

(larvae) 1450 54 3.7 Kudo, 1925

Thelohania opacita
in Culex tetaceus (larvae) 51 3 5.9 Kudo, 1922

Stempellia maena
in C. pipiens (larvae) 60 7 12 Kudo, 1921

C. territans (larvae) 290 43 15 Kudo, 1925

Plistophora collessi
in C. tritaeniorhynchus (adults) 1000 11 1 Laird, 1959

Plistophora culicis
in C. pipiens (larvae) ,everal hundre s 2 Weiser, 1946

A. gambiae (adults) 50-100 Canning, 1957

Plistophora stegomviae
in Aedes aeavpti (adults) 300 40 13 Marchoux, et al,

A, aegvpti (adults) 200 3 1.5 1903
, aeypti (larvae) "less fr quent"

Anopheles gambiae (adults) 171 77 45 Fox & Weiser
1959

Thelohania bracteata
in Simulium bracteatum and

3o hirtipes (larvae) Ca. 10 Strickland,1913

Thelohania fibrata
in Simulium bracteatum and

S. hirtipes (larvae) Ca. 5 Stricklsnd, 1913

Thelohania pinguis
in Tanyous varius (larvae) 1000 2 Hesse, 1903
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These data, though meager, reveal that the infection rate of
microsporidian parasites among the insects under consideration is
low. This is not difficult to understand, as the spores freed in
water by disintegration of infected larvae, would disperse through
disturbances in water caused by current or wind and soon sink to
the bottom. Therefore, the host larvae will have little chance of
ingesting them. In addition, there appears to be a close microspori-
dia host relationship for many species so that the chance of ingestion
by host larvae of the spores of a microsporidian to which they are
susceptible, will be small.

It seems probable that the size of the body of water where host
larvae breed has a bearing on the incidence of infection. For example,
5.9% of Culex larvae collected from a slow flowing creek were infected
by Thelohania opacita, while 12% of Culex larvae inhabiting a small
pool and 15% of Culex larvae found in a small unused boat were infected
by Stempellia manna. Thus the incidence of infection is higher in a
dense population occupying a All area thn in a spares popletien. -..

The low incidence (2.5 to 5.5%) of Thelohania legeri infection
among Anopheles larvae may be due in part to their surface feeding
habit, since the fragment of dead larvae with the microspordian will
sink to the bottom and will be unavailable to the larvae, unless
there happens some obstruction such as a thick growth of filamentous
algae which would hold up the infectious material to be ingested by
healthy larvae. The two instances of extremely heavy microspordian
infection with infection rates of 45% and 50 to 100%, among laboratory
bred adult Anopheles are difficult to comprehend on the basis of infor-
mation we have regarding Microsporidia.
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The Effect of Microsporidian Infection Upon the Host

The fat body is the most common site of microsporidian infection.
In case of a heavy localized or general infection, the infected fat
bodies are completely filled with various developmental stages of the
parasite and the host cells become distended and their nuclei undergo
an extreme hypertrophy, a characteristic feature resulting from a
microsporidian infection.

Heavily infected larvae are opaque white or yellowish in color by
which they can be easily detected among the healthy or lightly infected
larvae. They show also deformities of body of all sorts. They may
diminish in size or become distended due to the pressure of enlarged
fat bodies.

The activity of host larvae decrease visibly as a result of
heavy infection. Even when the muscles are not infected, they appear
Tnot-to be able to futdtion normally. When uninfected and heavily in-
fected larvae that are kept in a glass jar, go down as the surface
water is disturbed, the infected larvae are usually slower in reaching
the bottom than the uninfected ones, and when they come up to the
surface sluggishly, they seem to have difficulty in orienting them-
selves. Several rearing experiments indicate that heavily parasitized
host larvae cannot pupate and perish sooner or later.

In the case of light infection, the larvae appear to complete
metamorphosis and emerge as infected adults, which seemingly disseminate
the infectious spores in breeding places.

How the Microsporidian Infections Begin

It is generally believed that the infection begins with the en-
trance of mature spor .s into the digestive tract of a specific host
animal. This has been experimentally established in a number of
Microsporidia including Thelohania legeri and Stempellia magna. In
addition in certain species such as Nosema bombycis, infected eggs
give arise to young infected larvae. The great majority of microspori-
dian infections among the insects under consideration also take place
through the entrance of spores into proper host insects. Three species
are known to parasitize ovaries of mosquitoes. Marchoux and coworkers
(1903) found that the eggs of Andes aegypti infected by a microsporidian,
which they considered would produce infected larvae upon hatching. How-
ever, in the case of Plistophora collessi which parasitizes exclusively
the ovaries of two species of Malayan Culex, Laird (1959) found that the
infection resulted in the destruction of eggs and mature eggs were free
from the parasite. He considered that "the spores are deposited in the
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larval habitat when infected females attempt to oviposit". A similar
situation was noted in the laboratory bred Anopheles by Fox and Weiser
(1959) who found no infected larvae, but as high as 45% infection
among adults. The microsporidian attacks and completely destroys the
eggs so that mature eggs are free from the microsporidian. The two
observers supposed that the infection takes place in adult mosquitoes
through contaminated water kept in the insectary. Thus germinal in-
fection which would give rise to young infected larvae is not definitely
known among these insects.

Conclusion

That the host larvae whose fat body is heavily infected by micro-
sporidian parasites are unable to pupate and perish, seems to be fairly
well established. Laird's and Fox and Weiser's observations point to
the- ieduetiew- ir r•mber Cf eggs- laid by--mosqUrttoes, due -t destruction
of eggs infected by microsporidian parasites. Unfortunately the infor-
mation on microsporidia in the insects under consideration is still
fragmentary and incomplete. In nature the incidence of infection seems
to be low, which led some to remark that Microsporidia and host now exist
in a state of static equilibrium. Why not then break upo this state by
mass production of microsporidian parasites thereby increasing the infection
rate? But before practical application of these organisms is undertaken,
experimental laboratory work and field observation and experimentation must
be conducted in order to find more about host-parasit-; relationship, means
of mass production of useful mlcrosporidians, and ecological factors in
relation to practical application.
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DR. STEINHAs Thank you, Dr. Kudo.

We have the usual problem of having a full schedule and trying to get
it all accomplished in the time allotted. I know there is a great deal
of interest in the subject Dr. Kudo discussed. I do want to bring it
back for discussion. If not today, then tomorrow when we have our
general discussion.

With Dr. Kudo's permission, we shall proceed with the next speaker,
who will tell us about an increasingly interesting subject with regard to
insect pathology; that is the nematodes pathogenic for insects.

Dr. Welch.
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POTUrLITIES OF NEMATODES IN THE BIOLOGICAL CONTROL OF INSECTS
OF MEDICAL IMPORTANCE

H. E. Welch
Entomology hesearch Institute for Biological Control

Canada Department of Agriculture
Dellville, Ontario, Canada

Most of the 150 records of nematodes parasitizing in-
sects of medical importance are mermithids in mosquitoes
and black flies. These nemtodes have much the eame type of
life history, reduce host activity during parasitism and
kill the host upon emergence, and have, as yet, an unde-
fined range of host specificity below the family level.
Rates of parasitism vary widely, and black flies appear more
generally attacked than mosquitoes. Most authorities con-
eider nematodes of less importance than protozoa in the

nematode, DD136, was tested in the laboratory against lar-
vae of Aedes aegyiti L., and found to kill the larvae in
36-4 hours at room temperature. Potentialities for the
utilization of mermithids consist of introductions into new
environments in much the same manner as insect parasites
and predators, and in the dispersal of DD136, and closely
related spacies of !1,.eaa in much the same manner as
microbes are disseminated against insects.

Medical entomologists are well acquainted with the more noxious
nemat-des and the diseases that they cause but may not be aware of
the existence of beneficial nematodes. These species, mainly pri-
mary parasites of insects, occur in nine families of the phylum and
are associated in a wide variety of relationships with insects of
most orders. Of the nine families, three, the Steinernematidas,
Allantonematidae, and Mermithidaes, are of chief concern as possible
biological agents for their species usually kill the host, or at least
reduce its reproductive potential.

The majority of the 150 host records of nematodes associated
with insects of medical importance are species of the family Nermi-
thidae. The taxonomy of this poorly known family has long been in
a state of confusion. I have just completed the first draft of a
tannomic review of the group. andvhpe that this may solve some of
the problemi. Much confusion arises from the fact that the commonly
encountered pirasitic stages are imuature and lack umeful taxonomic
characters. Nhe existing taxonomy of the family is based on adult
characters, and unless one is prepared tonar the larval mermithids
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until they mature it is impossible to provide specific, and in many
cases, generic Identification. Stiles (1903) sought to circumvent
this by erecting an artificial group, A, as a repository
for species based on 1*mture specimens. While it does serve a Use-
ful purpose, the group should be used with knowledge and caution.

Mermithid Parasites of Mosquitoes

Stiles description of an immature mermithid in Aedes sol-
licitans (Walk.) in New Jersey in 1903 is the earliestof some
fifty host records in the literature. Mermithid parasites are
recorded in species of Culex, Aedes, and Anopheles, and several
minor genera. The records areworld-wide with 13 from the Nearctic
region, 5 from the Paleoarctic, 11 from the Ethiopian, 12 from the
Oriental, and 4 from the Australian.

Only three of these records identify and name the mernithid.
Some species were, and most could be.,_ýand.,_

MY ... . -• y.--d•romermis and Liwnomermis. Welch

(1960b) examined the specimens recorded from the Nearctic region and
stated on the basis of his studies of Hydromermis churchillensis
Welch, (1960a) that three species were involved. Laird (19563)re-
viewed the world literature and pointed out that at least four species
were involved.

The life histories described by Iyengar (1928) and Welch (1960a)
are similar and probably indicate the pattern for most other species.
Freshly-hatched larvae, armed with spears, pierce the cuticle and
enter the haemocoele of first and second instar larval hosts in sin-
gle or multiple infections. The nematodes grow and eventually so
fill the host body cavity that they coil around and through the or-
gans. The nematodes usually emerge from the larval host just prior
to the time when pupation would normally occur. Parasitism of and
emergence from adult mosquitoes also occurs. Following emergence the
larval nematodes become free-living in the bottom of the pool. They
molt, become adults, mate, then the males die and the females ovi-
posit.

All authors agree that host larvae die following the-emergence
of the worms. Death may result from bleeding or from damapV to the
organs from the extensive parasite movement during emergence. Welch
(1960a) showed that parasitized larvae are less active than healthy
ones, and Stabler (1952) established that the presence of the para-
site inhibited histoblast formation and prevented pupation. Shakhov
(1927) noted that infected adults were sterile, while Iyongar (1928)
described their death following parasite emergence.

Evidence concerning host specificity is contradictory. Some
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data suggests specificity at the species and others at the generic
level. Specificity may arise less from adaptation and immunological
processes than from the cdncurrence of the hosts and parasites at a
time when metmithids are seeking hosts. In several instances murmi-
thids were found in culicids but not in other insects in the sanm
environment so that these mermithids may be specific to mosquitoes.
The problem awaits more adequate taxonomy and cross-infection experi-
ments.

Iyengar's (1928) observation that "in some ponds mosquito lar-
vae were parasitized to a large extent while in others the larvae
were free" summarizes the findings of most investigators. This wes
true at Churchill, Manitoba, where parasites occurred in the larvae
of one pool but not in those of a neighbouring pool, and pools in-
fested in one year were not infested in the next. Comparison of
temperature records, pH determinations, chemical analyses of the
bottom, and water levels showed no significant differences between

[nfested aduiesdpool popula t- i-o ns -.

Available data show that less than a third and usually near a
tenth of the pools contain parasitized larvae. Therefore, no matter
how high the percentage parasitism may be in a particualr pool, its
effect is reduced by the fact that this pool is only one of the many
from which the mcsquitoes of the area emerge. Redistribution of
parasites into previously unoccupied pools would be more beneficial
than measures to increase the parasite's abundance in a particular
pool.

The level of parasitism in pools where the parasite is present
usually ranges from 30 to 50 percent, but may reach 80 percent.
Percentage parasitism data should be accepted with caution, for in-
fected larvae develop slower, and do not pupate. Thus their numbers
tend to increase in proportion to the numbers of healthy larvae.
This was true at Churchill where the apparent percentage parasitism
rose from 25 to 60 percent in samples from one pool during the period
of pupation.

Little opinion is given in the literature on the value of nema-
todes in the regulation of mosquito numbers. This is not surprising
for there is little data on the value of any biological factor, the
main interest and consequently importance having been attached to
physical factors. Bates' view (1949) that predators are more im-
portant than parasites is supported by most authorities, though all
admit that the quantitative basis for such statements is inadequate.

Among the parasites the protozoa appear more abundant and gen-
erally distributed than the mermithids. This was apparent at
Churchill, where peritriche were found in all larval populations,
microsporidians in 75 percent, and nematodes in 40 percent cf the
pools in four study areas. The average infestation per pool of
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uicrosporidians was little more than that of nematodes so that the
level of parasitism of 'aicrosporidians in each of the four study
areas was not much greater than that of the pematodes.

Hermithid Parasites of the Simuliidas

At least 55 host records of mermithid parasites of simuliids
occur in the world literature. The hosts include species of the gen-
era Simulium, Prosimulium, vmnopais, and Wilhelmina. The records
are mainly from the northern hemisphere with 42 from North America,
10 from Europe, and 3 from the U.S.S.R. but one record from Sudan and
another from Brazil suggest mermithid parasitism also occurs in trop-
ical regions.

Two of the parasites were named but are inadequately described
and must be considered species indeterminata. Most of the mermithids
are probably, as in the case of the mosquito parasites, iumature forms

-oft-specter-of ttre-tw0-Vfaqux , genera imnoiwri uiidr

The life history of these mermithids is much the same as that
described for mermithid parasites of mosquitoes. A freshly hatched
larval mermithid penetrates the cuticle and enters the haemocoele of
the host. A fcw authors suggested that the black fly becomes infected
by consuming mermithid eggs. This is unlikely as this means of in-
fection exists only in one terrestrial and rather abberant mermithid
genus. Lhe parasite develops and eventually emerges to beginsa free-
living existence in the bottom of the stream. Adults develop, mate,
and oviposit. Parasitism occurs usually in all host stages, but may
be restricted to only larvae,

When the mermithids emerge from their aquatic hosts they are
carried a short distance dwonstream by the current. One would ex-
pect that after many generations the mermithid population wculd be
moved beyond the black fly breeding region of the stream, but this
does not happen. It seems probable that the parasitism of adult
black flies by a certain proportion of the mermithid population pro-
vides the mechanism whereby the nematodes maintain themselves in the'
stream. Infected black flies are often found and probably trans-
port the mermithids upstream. Grunin's observation (1949) of nema-
todes emerging fom females in ovipositing flight illustrates how the
cycle might be completed. This hypothesis may have some basis, as
Dr. B. V. Peterson, Entomology Laboratory, Guelph, Canada, informs me
in litt. that he finds higher incidence of mermithids in black flies
that breed on dams or waterfalls, and fly upstream to oviposit than
in those that breed away from dams or waterfalls.

Emergence of the mermithid causes the death of the larval and
pupal host. Strickland (1911, 1913) observed that the presence of
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the parasite often prevents histoblast formation and host pupation.
In bladk fMae the mermithids destroy the gonads and leave cavities
in the abdbimsn after smargin~g. Mockcing and: Pickering (1954) *were
the first to associate these cavities with parasite activity.

In surveying the literature one gains the impression that uer-
mithids; are found more often in black fly than in mosquito popula-
tions. This arises chiefly frma the fact that ~most references are
of general'occurrences in an area rather than a specific occurrence
in a place. This is truesat Churchill where murmithid parasites
occurred in all of the localities.

Percentage parasitism of larval hosts usually ranges from
five to 30 percent., but may reach 80 percent. Adult host parasitism
usually ranges from five to 20 percent with a few occurrences at
50 percent. Examination of black flies should include tallies of
adults with large abdominal cavities. At Churchill such numbers
revealed that parasitism was about 20_rather than 2 percent as shown.
by!U a Vi1* prsece or wors

Opinion varies on the value of biological agents in the natural
control of balck fly populations. Cameron (1922) considered them
minor compared to such physical factors as temperature and water
level, whereas Rubtsov (1950) suggested that imassive outbreaks of
black flies occurred in those regions of Russian rivers where the
topography of the river caused the absence of parasites.

More unanimity exists on the role of nemiatodes relative to other
biological agents. Davies (1957) felt that nenatodes ranked second
to aquatic hydracarina, and Cameron (1922) suggested that inverte-
brate predators were more important. Strickland (1911), Sommerian
et al. (1955), and Rubtsov (1950) placed mermithids second to proto-
soa in occurrence. This was true of S. venustum. Say at Churchill,
where micro sporidians occurred more frequently than nemnatodes in
larvae but loes frequently in pupae or adults. If the parasitism
percentages of all stages of the black fly population are totalled,
the nematodes are of equal importance to the m1i rosporidians.
Furthermore it must be remembered that a single nematode infection is
fatal to a black fly whereas multiple infection is necessary by the
protozoa.

Nematodes and Bacteria in Insects

In 1955 Dutky and Hough reported the discovery of a nerstode
and. an associated bacteria in the coddling moth . Their discovery
stimulated conoiderable interest by entomologists in entomophilic
nematodes, and refocussed attention on a ratbew unusual group of
nesitodes.
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Dutky's nematode, named DD136, gains entrance to the haemocole
of the host, and actively or passively releases the bacteria. The
bacteria multiplies rapidly and soon kills the heat. The nematodes
feed in the cadaver, develop, mate, and reproduce several genera-
tions. Larval nematodes eventually leave the host carrying with
them the bacteria.

Dutky's nematode is closely related to the eight species of the
genus Neoaplectana. Some evidence suggests that most of these nema-
todes also have bacterial associates, and that theoretically it might
be possible to chose a nematode and bacteria that were particularly
suited for a given host.

Dutky developed techniques of rearing and handling the nematode,
DD136, and succeeded in infecting many kinds of insects. In 1957
Dutky gave a culture of the nematode to the Belleville laboratory
and it was tested against several Canadian pests.

larvae of Aedes aegvpti L. in small dishes in the laboratory. When
infected, the mosquitoes died within 24-36 hours at room temperature,
while the nematodes take three to four more days to develop and to
emerge from the host cadaver. Several experiments were conducted to
determine what dosages of the nematode were necessary to cause both
mosquito mortality, and to infect a proportion of the host with one
male and one female per host so as to obtain reproduction* The LD 0
for mosquito larvae at equivalent field densities of 800 to 5000 Pr
square metre was found to range proportionately from 500,000 to
150,000 nematodes per square metre. At this dosage approximately 10
percent of the mosquitoes were infected with mating pairs that re-
produced in the host cadaver. As a gravid female reproduces 300 to
.00 larvae in a mosquito, these dosages would be sufficient to en-
sure establishment of the nematode. This work was conducted in
smooth-bottomed containers and no provision made for rough surfaces
such as leaf-strewn forest depressions, where the unevenness of the
surface would decrease the chances of the grazing larvae encountering
nematodes. Further laboratory studies and field trials will be con-
ducted in 1960.

Oldham (1933) was the first to formally suggest the use of
nematodes in biological control work. Since then other authors
discussed the possibilities of their use, the most recent discussions
being those of Theodorides (U950) and Welch (1958). Attempts to use
nematodes were made only with Neoaplectana. Girth, McCoy and Glaser
(1940) tested N. glaseri Steiner, 1929, against Japanese beetle in
the New England states and obtained establishment of the parasite.
Attempts to establish two species of Neoaplectana in New Zealand have
not been successful (Dumbleton, 1945). In field experiments at Belle-
vifle with DD136 limited parasitism of the Colorado potato beetle and
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an economically significant reduction of the population of the cab-
bags root maggot were obtained., These experiments have shown that
high moisture content in the environment, moderate temperatures,
and high host populations are necessary for introduction and estab-
lishment.

Nematodes would seem to have high potentialities for use a-
gainst mosquitoes and black flies, for ideal conditions seem to
occur in the habitats of these insects. Much more knowledge should
be obtained concerning their taxonomy, distribution, life history and
behaviour, before extensive trials are made.

There are sufficient data to indicate along what lines the po-
tentialities of nematodes may develop. The first family, the Mermi-
thidae, resemble insect parasites. Infections usually involve a
small number of parasites; there is no known method to mass-produce
them efficiently and economically; they kill or sterilize the host
more by their activity than by their number; each generation takes
iis~iv-ifii--H ili _Mp-ro~bably be t rans -
ferred from one country to another for biological control work in
much the same manner as insect parasites. tontrol of the host will
require considerable time.

The Neoaplectana on the other hand are more akin to microbes.
They infect the host in large numbers; they can be mass-produced
efficiently; they kill their host quickly by their numbers and
interference in the physiological state of the host; they reproduce
very quickly. They probably will be used in much the same manner
as microbes are utilized at present. Control of the host will
follow closely after release.
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M. STE8EHAUS: Thank you, Dr. Welch. There are so many things
which could be discussed on the matters raised. However, I think'we
would be remiss if we did not use our remaining minute to hear Dr.
Dutky's ideas on this general subject, in light of all the work he
has done in this field.

DR. DUTKY: There are many nematodes, many of this some group.
The organisms which are associated are different for each major
group of nematodes. The DD136 nematode is capable of attacking in
good numbers more than 130 different species of insects, occupying
almost all the orders we have tested. It is particularly desirable,
I think, to try it for some of these medically important insects.
The tabanids, for example, spend almost a full year in the soil, and
would be excellent targets for attack.

The control of mosquitoes, as Dr. Welch has pointed out, is a
challenge to the nematode, because it is heavy and sinks to the
bottom,. so that it is then not in co_.c _t the ho ..

We contemplate using one of the Sarcophawa as a host. It will
yield about 60,000 nematodes per insect, or about a third if the
yield we get from our present insect host. We have tremendous
yields of a million and a half nematodes from a gram of insect
tissue. In artificial culture we can achieve about one-fifth of
this yield in the better cultures. Dr. Welch pointed out that the
attack is a very rapid one. Oome of the insect species are invaded
by the nematode under certain conditions of population density inside
a half-hour; death ensues within 16 or 20 hours. Some of the in-
sects which are not killed for 24 hours will be prevented from
feeding almost immediately; that is, they cease feeding within a
few minutes after attack.

DR. STEINHAUS: Thank you very much.

We proceed now to what some people consider the more classical
area of biological control; that is, the area having to do with
insect parasites and predators. I am pleased to introduce Dr.
Sailer for this discussion.
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INSECT PARASITES AND PREDAMORS OF MEDICALLY IMPORTANT ARTWPODS

A. I. Sailer
Entomology Reoearch Division

Agricultural Research Service, USDA

All, insect pests, including those of medical im-
portance, are attacked in one or more of their stages
by one or more species of insect parasites or predators.
Despite the very considerable amount of work on the classi-
fication and biology of entomophagous arthropods that has
been accomplished, we have only a fraction of the infor-
mation needed to makle intelligent use of these organisms
as counterpests. Each pest species must be studied with
regard to potential ecological niches that it affords
parasites or predators, and the latter organism must be
studied and evaluated in terms of their ability to occupy

maximum biotic pressure can be brought to bear on pest
species and their abundance reduced to the lowest possible
levels.

As an example of an unoccupied niche, reference is
made to the temporary pools in the arctic and subarctic
that produce swarms of Aedes mosquitoes. It is possible
that a careful inventory of the predaceous culicids belong-
ing to the subfamily Chaoborinao would reveal species
suited to live in this niche, for at present only 15 of
the 75 known species have been found in North America.
Tozorhynchites is cited as another group of culicids that
are predaceous on mosquito wigglers and may be useful in
temperate and tropical regions. At least 20 families of
insects belonging to 7 orders include species that are
known to prey on mosquito larvae, pupae or adults. The
actual potential of this array of mosquito enemies" for pur-
poses of biological control cannot be fully assessed
until the identity of all species is known and the indi-
vidual habits and ecological requirements of each is
defined.

Entomologists in search of lethal agents to use against medically
important arthropods can scarcely hope to find a more numerous and
versatile array than those to be found among the insects. It can be
said with complete confidence that no arthropod vector of disase or
pest species escapes attack by another arthropod in one or more of
its life stages. In fact the great number of counterpests and their
diversity of habits has been an obstacle to their rational ue in
poest control.
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Little more is known about most of the species than the fact that
they were found at a certain locality and observed to parasitize
or prey on a pest species.

The entire complex of natural enemies of no pout has been
thoroughly studied. Extensive exploration has successfully located
surprisingly large numbers of parasitic and predaceous insects of
potential use against crop pests. Nine years work by U.S.D.A.
personnel in Japan and Korea on the oriental fruit moth (Grapholitha
molest& Busck) yielded 50 species of parasites, of which iat liest
halfwre primary in habit. Studies on the European corn borer
(Pyrausta nubilalis (Hbno)) in Europe, Japan, Korea, and Manchuria
provided similar results with 24 primary species being discovered.
In the case of the black scale (Saessetia oleae Bern) each instar,
as well as the egg and adult stages, was found to serve as the pri-
mary host for one or more of 35 species of parasitic H-7menoptera. Of
the 84 odd species associated with these three pests, 22 have actu-
ally[been established in the United States - six on the c ..
one on the oriental fruit moth, and 15 on the black scale. Of the
established species only two have been outstandingly successful in
reducing the abundance of their host. This is not a good record, and
we can properly inquire why greater benefits have not been achieved.

In view of the effort expended to find parasites of the three
above mentioned pests surprisingly little was learned about the biol-
ogy and behavior of the beneficial species. In fact, it is only a
fraction of what we should know if we are to make intelligent use
of the impressive array of counterpestso In the case of some of
the black scale parasites, there is evidence that strains originat-
ing from different localities have different host preferences and
different tolerance to weather conditions. These intraspecific
differences are highly significant for they suggest that by cross-
breeding and selection, superiorly adapted strains could be developed
that would be more effective than the wild parental stock.

It is also a recognized rule that few parasites are able to
occupy the full range of their host, Where several species are
competing for the same host they normally stake out a particular
stage of the host or a geographic area and will be the dominant
factor in controlling that segment of the host population.

If maximum benefits are to be obtained from a biological con-
trol program the entomologist must have as much information as pos-
sible about each member of a host-parasite complex. Without such
information, his efforts can only be of the trial and error kind in
which he reaches blindfolded into a bag and attempts to use whatever
comes to hand. It is scarcely cause for surprise that a majority of
the beneficial insects that have been introduced into the United
States in the past 75 years have failed to become established and
still fewer have succeeded in providing worthwhile control of their
hosts.
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Despite these handicaps there have been several highly success-
ful introductions. Notable examples in which the host was controlled
are the cottony-cushion scale (Icerya purchasi Mask.) by the vedalia
Rodolia cardinalis (Hula.) imported from Australia; the citrus black
fly (Aleurocanthus woglumi Ashby) in Cuba by Eretmocerus serius Silv.
from Malaya and in Mexico by Prostallella clyrealis Silv., P. opulenta
Silv., and Amitus hesperidum Silv. all imported from Western India
and Pakistan; the sugarcane planthopper (Perkinsiella saccharicida
Kirkaldy) in Hawaii by Tytthus mundulus (Breddin) from Fiji; the
Comstock mealybug (Pseudococcus comatocki Kuwo) in eastern U. S. by
Allotropa burelli Muss., PseudaDhvcus malinus Gahan and Clausenia
Durvurea Ishii from Japan; the satin moth (Stilpnotia salicis (L.))
in New ngland and Washington by Apanteles solitarius (Rats.),
Compsilura concinnata (Meig.) and Eupteromalus nidulans (Thoms.)

Many more examples, from many parts of the world could be named,
and taken as a whole, undoubtedly place biological control far over
on the credit side of the ledger. Strangely enough biocontrol has
zat~- vapita-lised Giv- this- ereditr No-douibt -the sp.etacular succeser-orf
DDT and later insecticides is largely responsible. However, it is
also in part attributable to the nature of a successful biological
control program. People soon forget that the problem ever existed,
while with chemicals they may see a threatened loss and a spectacular
control with every crop season.

It is also true that biological control projects have seldom
been carried out in a way that permitted proper evaluation of results.
Preliminary studies of host population dynamics needed to evaluate
the impact of new natural enemies are largely lacking and follow-up
studies are few. In fact, there is an inverse ratio between the suc-
cess of a biological control project and the amount of effort likely
to be expended in evaluating the results, Once a problem has been
solved there is generally a feeling that evaluation studies should
have lower priority than new studies needed to solve the pressing
problems that seem to be queued up waiting their turn.

Biological control of medically important insects has been con-
fronted by all these difficulties and others in addition. One prob-
lem stems from the fact that many, if not most, species having medical
importance are indigenous species; whereas many of the most imnortant
crop pests are introduced and presumably live in a new home largely
free from natural enemies that regulated their abundance in their old
home ranges,

This does not mean that parasites or predators cannot be manipu-
lated and effectively used against medically important insects. How-
ever, it may mean that biological control programs will require more
detailed knowledge of both pest and counterpest than is needed for
introduced crop pests and will demand more sustained effort to hold
ground that is gained.
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Biological control of medically important insects suffers an-
other handicAp that is less serious in the case of most crop pests.
Many arthropod vectors of diseases are normally represented in
endemic areas by populations so low that they will not sustain an
introduced counterpest. Furthermore, because of emergencies arising
from war or other disaster immediate control is often required. At
the present time, this cannot be achieved through use of any insect
parasite or predator. A long-term approach, perhaps coordinated with
other forms of environment modification designed to reduce breeding
sites, or adult shelter is necessary.

My contact with medical entomology has mostly been confined to
the problem presented by Aedes in the arctic and subarctic regions.
Here I have observed that predators such as chaoborines, dytiscids,
corixids, and Odonata effectively exclude mosquitoes from some semi-
permanent and most permanent pools (Sailer and Lienk 1954). Un-
questionably these predators prevent serious troubles from mosquitoes
in years when the temporary pools fail to persist long enough to
produce the early developing species.

In Alaska the importance of these predators is further emphasized
by a change that occurs, as one moves north, in the type of pool found
to produce the early-season species of Aedes. Few of the predators
normally attacking mosquito larvae are found in numbers beyond the
tree line. In treeless tundra such temporary snow-melt pool species
as kedes communis (DeGeer) and A. punctor (Kirby) thrive in semi-
permanent and permanent pools. -hence to attack the mosquito problem
in Alaska by biological methods, it will be necessary to find pre-
daceous species capable of living in these unoccupied niches. No
doubt the same situation prevails in irrigated lands and the coastal
areas of eastern United States.

It has been common knowledge since 1903 (Underwood 1903; Howard,
Dyar, and Knab 1912) that many species of the culicid subfamily
Chaoborinae are predaceous on mosquito wigglers. Yet prior to 1956,
we had no clear idea of how many species occurred in North America
or how they could be identified. Cook (1956), in his revision of
the Nearctic species of this subfamily, summarized the available in-
formation of 15 species belonging to four genera. From his account
it is evident that within the subfamily, individual species have
different habitat requirements and that there is a great diversity of
habitats represented when the entire group is considered. Furthermore,
as Cook mentions in his introduction, additional species found in the
rest of the world increases the number of known genera to seven and
known species to 75. Little is known regarding the habitat require-
ments of these species, but enough is known to assure us that almost
certainly there are species or adapted strains capable of living in
some of the habitats in Alaska where tremendous numbers of arctic and
subarctic Aedes are produced. For 57 years entomologists have known
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that some species of chaoborirus destroy mosquitoes; yet this knowledge
has not yet been put tV any practical use.

In another group of predaceous culicids, the culicine genus
Toxorhynchites, two species have been introduced into Samoa, Guam,
and Fiji (Hoyt 1957) for control of Aedes Polynegieneis, and into the
Hawaiian Islands (Bonnet and Hu 1951, Weber 1955) for control of A.
albopictus (Skuse). Here again there is evidence of great diversity
of habitats, for there are 57 known species of Toxorhynchites and
their distribution ranges from the tropics to Amur, Siberia (Stone,
Knight, and Starke 1959).

Certainly the entomologist looking for means to kill mosquitoes
will have no trouble finding them among the irsects. At least 20
families belonging to seven orders include species predaceous on
mosquito larvae, pupae, or adults (Hinman 1934). The problem is to
obtain and organize the information about the potentially useful
species. In medical entomology excellent progress has beIev nr e in n
miki'ng-known our biological liabilities; now it is necessary to in-
ventory our biological assets. Therefore, any concerted effort toward
greater utilization of biological methods must place first emphasis
on studies that will find and identify the potentially useful species
and provide information about their ecological requirements. Until
this information is available, control efforts through utilization of
insect parasites or predators will not only be inefficient but will

'contribute little to our basic understanding of the factors that regu-
late the abundance of the rests and their counterpests.

Well-planned work, adequately sunported and energetically
executed, can be expected to solve or at least alleviate many problem,
but no miracles should be expected. Anyone holding the view that
biological agents provide a poor man's method of pest control is
almost certain to be disappointed. The acquisition, storage, re-
trieval, and utilization of information essential for their successful
use in controlling medically important insects will be costly, though
perhaps no more so than the development of new insecticides to solve
such problems as increasing resistance and residue hazards.

Biological control is a natural phenomenon constantly function-
ing around us, and there is no organism that would not soon become a
problem if it were able to reproduce without the restraint of
natural enemies. To depreciate the usefulness of natural enemies
because they are not 100 percent effective, is tantamount to depre-
ciating the value of law-enforcement agencies because of the lawless
acts of a few hoodlums. Certainly insect parasites and predators play
an important role in control of insects that transmit diseases and
otherwise annoy man. Every effort should be made to use them more
effectively.
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Mt. STEINHAUS: Thank you, Dr. Sailer. We shall proceed to the
next talk, wbich will'be concerned primarily with the Coelomomyces,
by Dr. Marshall Laird.

83



COELOMOMYCES, AND THE BIOLOGICAL CONTROL OF MOSQUITOES 1

Marshall Laird 2

Much fundamental work rzmains to be done before we become able
to manipulate pathogens and other biological control agents to wide
advantage in the field of public health. Each individual ecological
situation offers its own distinct vroblems, whether prejudicial or
favourable to the successful establishment of introduced predators
and parasites, and must therefore be well understood before such
introductions are attempted. The present paper concerns mosquito
parasites of the fungal genus Coelomomyces, and the planning of a
pilot project in the South Pacific to test their usefulness in this
form of control.

Eleven of the 21 recognizable species of Coelomomyces were
described from material collected in Georgia during World War II
(Couch, 1945; Couch and Dodge, 1947). Astonishingly little atten-
tion has been paid to them elsewhere in the U.S.A., and only one
of them has been recorded from Canada. Six more were discovered in
Australasia where two others first described from India and Malaya
are Ulso known to occur (Laird, 1956, 1959). The remaining two
have only been reported from the type localities, in Russia and India.
Two of the American species have been recognized in the Oriental
Region, and there are several generic records frQm Africa and a
solitary one from South America. Although at first sight it would
thus seem that some extensive areas are conspicuously free from
Coelomomyces, closer examination of the data discloses that they
reveal to us not the geographical distribution of this genus, but
merely that of the relatively few people who happen to have interested
themselves in it.

iContribution from the Institute of Parasitology, McGill Uni-
versity, Macdonald College P.I., Que., Canada, with financial as-
sistance from the National Research "ouncil of Canada.

2 Associate Professor of Parasitology, McGill University. Mem-
ber of the Exoert Advisory Panel on Insecticides, World Health Organ-
ization.
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Nevertheless, although a great deal remains to be learnt about
these fungi, their virtual restriction to mosquito hosts is already
well established, as is the fact that they cause the death of most
infected larva before pupation. The single Russian and Iouth Amer-
ican records concern a back swimmer (Hemiptera: Notonectidae) and a
black fly (Diptera: Simuliidae) respectively, but with these ex-
ceptions Coelomomyces is known from the Culicidae alone. While some
species parasitize a wide range of mosquitoes, others appear to have
a high degree of host specificity. One of the latter is the genotype,
Coelmoces stegomyiae Keilin, the subject of the present project.
There is a recent record of this species from Singapore Armi eres
larvae sharing a tree hole habitat with infected Aedes (Stegonria)
albopictus Skuse (Laird, 1959), all other findings concerning mem-
bers of the subgenus Stegomyia alone.

Pacific Islands as Sites for Biological Control

One of these findings was made on Rennel Island, British
Solomon Islands Protectorate, which my wife and I visited during an
anopheline survey conducted for the Royal New Zealand Air Force and
the N. Z. Department of Scientific and Industrial Research in 1952-
54. The primary subject of our assignment was the distribution of
malaria and its vectors in the South Pacific, with particular
reference to the investigation of ecological factors that might
help to explain the absence of Anopheles from the islands east of
the New Hebrides and south of Aneityum in that group. Rapidly ex-
panding aviation in that part of the world had made it desirable to
establish whether conditions are in fact favourable to anophelines
in the extensive zone as yet free from these insects, as a back-
ground to disinsectization and airport insect control developments.
Our studies, %hich took the form of a detailed investigation of lar-
val habitat ecology in many islands on sides of the malaria perimeter,
revealed no natural barriers whatsoever to the establishment of
anophelines should these ever be accidentally transported beyond
"Buxton's Line",. They also highlighted some basic trends in the
dispersal of mosquitoes in general, and other aquatic organisms, in
Oceania.

Prominent among these trends is the progressive simplification
in insular freshwater faunae and floras with increasing distance
eastward from Indo-Australian sources. An insect order including
numerous predatrrs on mosquito larvae, the Hemiptera, furnishes a
good illustration of this. Its families Naucoridae and Nepidae do
not occur east of Queensland, Rhagovelia (Veliidae) drops out in the
Solomons, and the Belostomatidae do not range beyond New Caledonia.
The Hydrometridae and Corixidae reach their easterly limits in the
Loyalties, the Pleidae and Mesoveliidae attaining theirs in the New
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Hebrides and Samoa respectively. Of the three families ranging
further afield, the Gerridae and Notonectidae are strong fliers,
while minute veliids are subject to accidental transportation by
man (Laird, 1956).

Faunal and floral impoverishment on islands reflects not only
the presence of natural barriers to dispersal, but also habitat
restriction. Isolated Pacific atolls, lacking streams, large natural
ponds, and various other types of freshwater bodies, exemplify this.

Nukunono, one of the three atolls of the Tokelau group, some
300 miles north of Samoa, has no fresh water beyond that which
accumulates in natural and artificial containers. The former include
tree holes and coconut shells, the latter the palm-bole reservoirs
(Fig. 1) termed "tungu" by the islanders, andmatal drums. In these,
the only mosquito of the atoll, Aides (Stegomvia) polynesiensis Marks,
was found breeding in enormous numbers during a visit in June, 1953.
It was observed that the larvae were neither subject to any form of
irhrpbdjie6datr6n, - nor- irifet1~e -by lxYearfu para6ites- or e4en

epibionts common elsewhere.

Some 42 miles southeast of Nukunono and 53 miles northwest of
it lie the other two islands of the Tokelaus, Fakaofo and Atafu.
Approximate land areas are 1,350, 700 and 600 acres, each atoll
consisting of many small islets strung out on a roughly circular
reef. A. polynesiensis was the sole mosquito known from Atafu and
Fakaofo too, and, as elsewhere in Polynesia, this insect is the
vector of Wuchereria bancrofti throughout the group, the total popu-
lation of which was approximately 1,600. Here, then, was an island
group with a small-scale vector control problem awaiting a solution
that, once found, might prove referable to numerous similar situa-
tions throughout Oceania. At that time, the insecticide resistance
problem, and control difficulties arising from the non-selective
nature of modern larvicides, were beginning to cause uneasiness among
medical entomologists. It was accordingly suggested that advantage
be taken of the remarkable freedom of Nukunono mosquitoes from para-
sites and selective predators, and of the group's isolation and limi-
tation of fauna, flora, habitats and area, to plan field experiments
with biological control agents. Coelomomyces stegomyiae was recommend-
ed as the subject of the pilot project.

The Pilot Project in the Tokelau Islands

There the matter rested until November, 1957, when the Expert
Committee on Insecticides of the World Health Organization, at its
eighth session in Geneva, recommended that "attention should be
directed towards determining those factors in nature which are im-
portant inlimiting the population of vector species" and declared
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that "although naturalistic control measures cannot be expected to
give immediate widespread benefits, the continued development of
resistance demands that this field should not be overlooked" (WHO,
1958). It had recently been announced that the New Zealand
authorities were planning a solar eclipse expedition to the Toke-
lau Islands in September/October, 1958, in connexion with the
International Geophysical Year, and it was accordingly requested
that consideration to be given to integrating a small WHO expedi-
tion with this one in an attempt to establish Coelomomyces stesomyiae
on Nukunono. In the meantime it had been possible to do a little
work with this fungus at Singapore, while on the staff of the
Department of Parasitology, University of Malaya, following the
conclusion of the South Pacific assignment already discussed. My
former colleague at Singapore, Dr. DoH. Colless, undertook to collect
quantities of infective material, he and his field assistants de-
voting considerable time to this, and the necessary joint arrange-
ments having been agreed to by the World Health Organization and the
New Zealand Government we flew to Suva Fiai• to acmpany the 10
party to' he Toke1iaus-at-the-beginning of September, 1958.

Our plan was to introduce Coelomomyces stegoayiae sporangia
into the more permanent larval habitats of Abdes Dolynesiensis at
Nukunono, and to undertake a parallel experiment with an insecticide
at Atafu, where dieldrin-cement briquettes (as developed by Dr. L.
J. Bruce-Chwatt) would be placed in as many larval habitats as pos-
sible. Fakaofo would be left untreated as an experimental control,
preliminary estimates of larval and adult abundance of Aedes
polynesiensis being made on all three atolls, the group thus being
utilized as a greAt outdoor laboratory.

The fungal inoculum itself was recognized from the start as
the weakest factor in the project as well as the key to its success.
Although some laboratory infections had been achieved at Singapore,
the mechanisms concerned were inadequately understood and culture
techniques had not been developed. Nomvertheless, faced with the
prospect of a field experiment that would be both timely and compara-
tively inexpensive because of the special circumstances already
detailed, it was felt that the risk of failure should be accepted.
To cover as wide a range of possibilities as practicable, five
batches of inoculum were prepared. Two of them consisted of bottom
debris from laboratory containers in which the sporangia-rich remains
of parasitized Aides albopictus larvae, brought in from the field,
had been allowed to accumulate. Sediment from a tree hole from itich
infected larvae had been taken for several months (Fig. 2) formed
batch no. 3, all thB material being intermittently flooded and dried
before use in order to stimulate the hatching of any insect eggs
present. The remaining two batches were made up of the bodies of
parasitized larvae individually dried on to pieces of filter paper,
ardliving larvae exhibiting sporangia. Most of the latter batch died
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Fig. 1

A tungu, or reservoir hollowed into the lower part of the
bole of a coconut palm, at Nukunono. Note rainwater ducts.

Fig. 2

Collecting sediment from one of the natural sources of
c ste iae, at Singapore, prior to the

Tokelau introduction
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prior to arrival at Nukunono, but their bodies yielded a rich
concentration of what was hoped would prove infective material.
Inoculum No. 5 did in fact produce infections in second and third
instar Was polmnesiensis larvae kept under observation at the
field laboratory. Although these died prematurely due to unsat-
isfactory rearing conditions, evidence was thus obtained of the
susceptibility of the species to Coelomomyces stesomyiae -- the
only such evidence procured durin¶ the three weeks spent at Nu-
kunono. (Laird and Colless, 19595.

In these three weeks, all 45 islets of the atoll were systemat-
ically searched for larval habitats. Periodic microscopic examin-
ation of the inoculum proved that CoeloMoces sporangia remained
plentiful until the and, by which tire 761 larval habitats (tungu,
other tree holes, old and well dried coconuts and bracts) had been
seeded. None of the Afdes polynesiensis larvae sampled throughmut
the operation proved to harbour any parasites other than the cos-
mopolitan and supposedly harmless protozoon, Lankesteria culicis
(fos), of high- Incidence--n Steggm.yia populat 16hin- Wheeier 4 9is
searched for.

Population baseline estimates were made here as planned, also
at Fakaofo during five days spent there and at Atafu in the course
of a three-week stay. By the time we reached the latter island, at
the end of September, a sufficient stock of dieldrin-cement briquettes
had been prepared for us from Dr. Bruce-Chwatt's instructions by
members of the eclipse party under the supervision of the district
Officer, Mr. H. L. Webber. It was desired to obtain as high a kill
as possible, and a briquette was placed in each larval habitat
discovered, regardless of its permanence. In all, 6,500 breeding
places (chiefly rat-gnawed coconuts and tree holes) were treated,
in the hope that a perceptible reduction in the incidence of Addes
polynesiensis might be obtained for comparison with any such re-
duction achieved by the fungus. It was confirmed that Aedes 2o1y-
nesiensis is the sole mosquito present at Atafu also, but it should
be mentioned that a second species widdspread in the South Pacific
but new to the group, Aedes (Addimorphus) vexans nocturnus (Theobald),
was found breeding in the pools and ditches of a taro patch on one
of the islets of Fakaofo.

A return visit to the Tokelaus, for assessment purposes, is to
take place within the next few months. However, thanks to New
Zealand cooperation, an interim report has already been obtained.
On November 10-11 last, Wing ommander JoWoG. McDougall, Deputy
Director of Medical Services, Royal New Zealand Air Force, and Mr.
G.W. Gibbs of Victoria University of Wellington, briefly visited all
three atolls. Thirty-one water drums containing briquettes were
located on the village islet of Atafu. None of these held larvae,
in contrAst to 25 of 49 similar containers without briquettes. A

89



number of briquettes were taken away and forwarded to Dr. Colless
at Singapore, who tested them against AWdes albopictus larvae and
was able to confirm that they were still 10% effective despite
the fact that they had spent 13 months submerged in water. Also,
an hour's work on an islet at Nukunono dqclosed 11 larval habitats,
specimens from two of which exhibited numerous sporangia of Coelom-
omyces stegomyiae -- an encouraging result in the light of the fact
that the preliminary collecting at Singapore revealed parasitized
AWdes albopictus larvae in only 48 (2.0%) of 2,454 containers.

It is hoped that by the end of this project we will have learnt
something of the handling of these fungi for biological control
purposes, and that it may eventually be possible to use Coelomomyces
where required to cause mortalities comparable with those reported
from nature by Muspratt (1946) who observed that an undescribed
species of the genus caused the death of 95 percent of Anopheles
Rambiae larvae hatching in a complex of ools in Rhodesia over a
four-year period. The absence from the ýokelaus of selective pred-
atdrs on mosquitoes would, it is submitted, justify extending the
scope of these studies to investigate still further "those factors
in nature which are important in limiting the population of vector
species". Candidate predators include a Brazilian crane fly,
Sigmatomera shannoniana Alexander, the voracious larvae of which
devour large numbers of larval mosquitoes in tree holes, and an
emesine bug, Ba-auda gilletti Miller, which haunts tree trunks and
destroys Stegomyia adults as they leave their breeding places in
Uganda (Laird and Colless, 1959).

Data derived from such field experiments under carefully
controlled conditions, may prove not only of basic value but also
of real benefit to all small and underdeveloped islands where
filariasis poses the main mosquito control problem, the rate of this
disease, the severity of individual cases and the occurrence of
elephantiasis all being intimately linked with vector abundance.

Summary

Knowledge of these fungi, almost all members of which para-
sitize mosquitoes alone, is still very incomplete. The genus merits
serious study b, medical entomologists, its mosouito control poten-
tial having become evident almost twenty years ago when an unde-
scribed species proved responsible for a sustained larval mortality
rate of 95 percent in a Rhodesian Anopheles gambiae population.
Sound fundamental understanding of the particular problem concerned
is, of course, prerequisite to the profitable employment of Coelo-
momcces or any other biological control agent. 6uch understanding
is likely to be more quickly obtained under insular conditions thqn
continental ones. In the Pacific, progressive simplification of
island freshwater faunae and floras accompanies increasing distance
eastward from the Indo-Australian area. This trend reflects both
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the occurrence of successive natural barriers to dispersal, and
habitat restriction, the latter reaching its ultimate on Nukunono
(one of the three atolls of the Tokelau Group) which is without
fresh water beyond that accumulating Jn natural and artificial
containers. These are utilized as breeding places by but one mos-
quito, the Wuchereria vector A~des Dolynesiensis. A visit in
1953 indicated that larvae of this insect throve there in freedom
from pathogens or arthropod predators, and suggested that local
conditions would favour experiments in the biological control of
mosquitoes. The Tokelau Islands were thus chosen as the site of
the World Health Organization's pilot project, the rationale and
inception of which are outlined in this paper.
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DR. STEINH&US: Thank you, Dr. Laird. I feel badly that we
are not having time for discussion; lot us hope that we shall have
sufficient tims for this tomorrow. I am pleased to present to
you Dr. B. P. Beirne., speaking on "Biological-Control Research in
Canada."
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BIOLOGICAL CONTROL - RESEARCH IN CANADA

B. P. Beirne
Director, Entomology Research Institute for Biological Control
Research Branch, Canada Department of Agriculture, Belleville, Ontario

Abstract

In Canada biting flies are important because of their
direct attacks, and not as disease carriers. Their natural
enemies are being identified and their importance evaluated
as a preliminary to the possible introduction of additional
species from abroad. Mosquito larvae are attacked by many
predators. Parasites are of some importance in control of
tabanids, but natural enemies appear to be of lesser impor-
tance in eenti'l of ýblAzk flies. Effects of sounds and.
atmospheric electricity on activity of adult mosquitoes,
and of ultrasonics on the larvae, are under investigation.
Competition between biting and non-biting species of mos-
quitoes should be investigated as a possible control method.

The insects of greatest medical importance in Canada are biting
flies, and they are important because they bite and not because they
carry human diseases. They are thus primarily a major nuisance or
irritation, at times to an extreme degree in most parts of the coun-
try. To stop them from being a major irritation in a locality re-
quires the virtual elimination there of the biting fly population.
Biological control does not normally virtually eliminate a population:
when successful, it reduces the population from one level of abun-
dance to a lower level. With biting flies that are not disease
carriers this does not solve the situation in so far as human well-
being is concerned, though it may ameliorate it to some degree.
Probably for this reason relatively little work is in progress in
Canada on biological control of these insects.

The centre of research on biting flies in Canada is the Ento-
mology Research Institute, Ottawa, of the Research Branch of the
Canada Department of Agriculture. There ecology and behaviour are
studied by J. A. Dowries and his associates, and taxonomy by G. E.
Shewell and others, Biting flies are investigated at several of
the universities, notably by Professor B. H-ckinR at the University
of Alberta, Professor D. M. Davies at McMaster University, and at
certain Regional Research Stations or Laboratories, of the Re-
search Branch, notably at Guelph, Ontario, Lethbridge, Alberta, and
Saskatoon, Saskatchewan.
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However, there appears to be only one full-timn investigation
in progress on the biological control of biting flies; by H. G.
James at the Entomology Research Institute for Biological Control,
Belleville. This is also an Institute of the Research Branch,
Canada Department of Agriculture. In earlier work at Belleville,
Baldwin, James, and Welch demonstrated, by radio-active tracer tech-
niques, that predators can be important in causing decreases in
populations of larval mosquitoes, and Welch worked out methods, to
be published shortly, of estimating population sizes.

James is working out the identities and relative importance of
the native natural enemies of biting flies. This work was started
at Churchill, Manitoba, on various species but in recent years has
been done in the Belleville district where it is concentrated on
mosquitoes. The ultimate objective is to see if there are any
situations or any stages in the lifecycle where these insects are
relatively free from attack and where new natural enemies intro-
duced from abroad might be effective supplements to the native species,

A considerable number of predators on the immature stages of
mosquitoes were identified and studied and their importance -3val-
uated. Twenty-seven species of predators were found in the Qiurchill
area and 16 to date in the Belleville district. All the important
species, however, apparently require food additional to irmature
mosquitoes, and, with one exception, the predacious larval stages
of the more important predacious water-beetlep do not coincide ade-
quately with the presence of the aquatic stages of the mosquitoes.
However, predators, notably the water-beetles, are important in the
spring when they kill up to 40 percent of the immature stages of
the mosquitoes in certain pools. They give greater control in
permanent than in temporary pools.

In view of the ultimate objective of this work, we plan to
initiate similar studies in Europe this sumimr, through the (oanon-
wealth Institute of Biological Control.

Studies by James indicate that arthropod natural enemies are
not significant control factors for black flies in the Churchill
area. However, parasitic insects, especially egg-parasites, appear
to be of some significance in the natural control of tabanide in
both the Churchill and Belleville districts.

The primary research function of the Belleville Institute is
not to investigate the natural enemies of particular pest specieP
but to engage in basic research on principles of biological control.
In research on principles we sometimes use biting flies as tools,
and some results of this indicate lines of work related to the sub-
ject of this Conference that might be profitable to pursue further.
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In work on effects of sounds on insects G. Wishart and D. F.
Riordan analysed the sounds that attract male mosquit6es to females,
and identified and reproduced artificially the components that are
significant in this respect. The fundamental is the only tone that
produces good response, and it produces its effects even in the
presence of considerable amounts of background noise. The males
of Aedes asyti respond to sine sounds of 300 to 800 cycles per
second, with 500 to 550 the most effective; and they respond to
favourable sounds of 34 to 119 decibels, with 69 decibels producing
the greatest effect. By inserting an electrode in the Johnston's
organ, the hearing organ of the mosquito, Wishart, VanSickle, and
Riordan found that this organ acts as a true microphone that is
only receptive in the range that causes response. Both sexes of
the mosquito "hear" the same sounds, but only the male responds to
them.

Mosquito larvae in water could be killed by ultrasonics of
40I000 cycl+esper second. Deati results fron rupture of the tracheae
caused by sudden expansion of the enclosed air. 1"Ntu-re larvae dan ..d
pupae are more resistant than young larvae. The ultrasonics also
killed other aquatic organisms that contained free air within their
bodies, but organisms that did not were relatively unaffected. The
amount of power required and the short life of the transducers used
appeared to rule out any practical application of ultrasonics for
mosquito control with the equipment that we had available.

In investigations at Belleville on effects of atmospheric
electricity on insects M. G. Maw found that electrical potentials of
about 40 volts caused evasive flight patterns in both sexes of Aedes
aegypti, but that potentials of not less that 150 volts were neces-
sary to cause resting mosquitoes to fly. In the field electrical
potentials differ at different times and between different kinds of
plants. We might speculate on the possibility that, because of
this, certain kinds of plants at most times and most kinds at cer-
tain times may either attract or repel mosquitoes seeking resting-
sites. Information on this could have some practical application.

Of the work at Belleville that I have discussed, that by James
on arthropod natural enemies as well as that by Welch on nematodes,
will continue, but that with sounds and with static electricity will
not necessarily continue with biting flies as tools.

In my opinion effective biological control attempts by manipu-
lating natural enemies of biting flies usually will be both more
difficult and less feasible than such attempts against agricultural
and forestry pests. This is because, in general, biological fac-
tors may be of relatively much less importance than physical factors
in the control of biting flies, and consequently more difficult to
manipulate. The immature stages of these insects, and their natural
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enemies, usually inhabit water or water-logged situations and are
thus subject to frequent and severe harmful changes that do not
affect insects surrounded by air: the disappearance of their en-
vironment when it dries up; the appearance of harmful materials in
suspension or solution; the reduction of useful materials in
suspension or solution.

This is not an opinion that biological control of biting flies
might be so difficult and ineffective as to be a waste of time.
It is an opinion that, because effective control is likely to be
difficult to achieve, broadened and intensified investigation is
essential, not only in the more classic areas of biological control
-- the use of natural enemies -- but from new viewpoints.

I have indicated possibilities in the use of sounds and ultra-
sonics and of static electricity, and in conclusion I will suggest
that more attention be given to: the use of competition between
species of biting flies whose immature stages have virtually
i4entioeatl -hab-it. and-elotgic•r ?-requirements'. -Cain-we elilmnate a
species that bites man from a locality by introducing from another
part of the world a species that does not bite man, that has vir-
tually the same habits and ecological requirements and that, be-
cause of some advantageous attribute, auccessfully competes with
and eliminates the biting species when the immature stages of the
two occur together? The result would not be to reduce the total
fly population of the locality but to change it from a pest, or
biting population to a non-pest, or non-biting, population and
thereby to eliminate it as a medical insect problem.

In conclusion I will reiterate what has been indicated by
other speakers: we have only begun to explore possible ways of
controlling insects of medical importance by biological means,
and attention has centered on identification rather than eval-
uation. Much further exploration is necessary before we can say
that we can have biological control measures that appear both
practical and satisfactorily effective.
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ACTIVITIES OF THE COMM)NWEALTH INSTITUTE OF BIOLOGICAL CONTROL

F. J. Simmonds, Director,
Commonwealth Institute of Biological Control.

(Presented by Dr. Beirne)

Although the title of this paper would encompass the work of
the Commonwealth Institute in the field of biological control in
general, I think that in this instance it might be more to the point
to confine my remarks to ways in which our Institute might be of
value in connection with insects of medical importance°

There have been, in the past, relatively few attempts at bio-
logical control of insects of medical importance - for example the
use of the fishes Gambusia and Lebistes against mosquito larvae,
that of the predacious mosquito Megarhinus against mosquitoes in
Fiji and elsewhere, and in the same islands the successful intro-
duetion•-olPahycllter sinensis against house fies that breed ain
animal droppings in the field. In addition there has been some
tentative work done on the use of insect pathogens against mosquitoes.
The natural enemies of a number of medical insects have been in-
vestigated in different areas - mosquitoes, Glossina spp., house
flies, Simuliids, etc. However, it may certainly be claimed that
the field of biological control in this regard has been comparatively
neglected.

In general, in the last decade or more the control of a number
of medically important insects, and of other insect pests, by means
of chemical insecticides has been very spectacular, and the benefita
derived from this mothod of control have quite obviously been enor-
mous and far-re~ching. However in the medical, as in the agri-
cultural, field there is increasing realization that the use of
these modern highly effective insecticides has created a number of
additional problems - the most important in the pre sent connection
being perhaps the development of resistant strains of the noxious
species, with a consequent increased difficulty in controlling them.
It is quite obvious that the chemists, well aware of this situation,
are developing and will continue to develop, insecticides of dif-
ferent types aimed at counteracting this problem of resistance.

However, this development, as well as a widespread concern as
to the manner in which these modern insecticides may affect the gen-
eral ecology of a number of insects, and of other species living in
habitats treated with insecticides, has given rise to a very definite
trend of thought that we may perhaps be over-emphasizing the value
of chemical control, and that we should in fact look a little more
deeply into the possibilities of natural control, or of manipulating
the environment. This would include the introduction of additional
natural enemies of the pest species in such a way as to favour all

98



controlling factors and thus diminish the numbers of the noxious
species - utilizing chemical methods only where absolutely necessary
as an emergency measure and not as a routine procedure.

Such a trend of thought naturally raises the question as to
whether biological control might not possible be utilized more
effectively against some of these medical, as well as agricultural
and forest, pests. Even if the successful introduction of preda-
tors, parasites and diseases of individual pests into certain areas
might not of themselves give spectacular control, they might con-
tribute something towards the control of the pest in conjunction
with other factors.

For these reasons I think that it might be useful at this time
to consider and in some detail, on a world-wide basis, to what
extent biological control methods might be more fully explored in
relation to insects of medical importance, even though what little
w•rtk hae been done in the p"st in this field would-- itdi-cate- that-
possibilities may be rather limited.

Our organization, the Commonwealth Institute of Biological
Control, has carried out investigations in this general field with
regard to agricultural and forest pests for many years - with sev-
eral spectacular successes to its credit. We have not, however,
been active in the field of medical entomology because we have not
been requested to carry out such investigations by any of our con-
tributing Governments.

In view of the success achieved by Pachylister against Musca
in Fiji, I did try to colonize this predator in several West Indian
islands, British Guiana, and Mauritius, but without success, Last
year I was asked by Dr. Aarshall Laird whether it would be possible
to obtain material of a predacious Reduviid from Uganda and a pre-
dacious Tipulid from Brazil for trial against tree-hole mosquitoes
in the Tokela Islands in the Pacific. We could, I think, have ar-
ranged to get this material, but the project must have collapsed
since we heard nothing further about it.

I have recently been on tour through Pakistan, India, Ceylon,
Malaya, New Guinea, etc., and was very impressed with the varying
abundance of Husc__ sppo in different areas, and the fact that in
some places where apparently conditions appeared favourable for
rapid multiplication of the flies there were, in fact, very few
present. It seemed possible that this might be due at least in
part to natural control, and it appeared to be worth while pur-
suing further - if funds could be found to develop this line of
research.
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Whilst in Hawaii I saw the work being done there on the biologi-
cal control of water-snails, which it seems to me might be developed
considerably in other areas in view of the importance of a number of
species in this group as secondary hosts for organisms of medical
and veterinary importance.

Having sketched very briefly the general type of possibilities
for biological control in this field I may outline the organization
and facilities afforded by the Commonwealth Institute of Biological
Control, to give some idea of the opportunities Which this Institute
affords for research in this field -and in this instance, of course,
in that of insects of medical importance.

The Commonwealth Institute of biological Control has developed
gradually, from small beginnings as the Farnham House Laboratory of
the Commonwealth Institute of Entomology, which laboratory was es-
tablished in England in 1927. Its present organization consists of
hikkdqxivtore. in- ttdaa,_ Canada-(but this-is littlo mor-t~hain an of-
fice and library) and five Stations where active research is carried
out. These are the European Station at Delemont, Switzerland, the
West Indian Station in Trinidad, the Californian Station at Fontana,
the Indian Station at Bangalore in South India and the Pakistan Sta-
tion at RaWalDindi, West Pakistan. At each of these Stations there
are entomologists and adequate laboratory facilities for carrying
out research work into biological control problems - some 24 projects
over a wide field in 1958 - and from these Stations members of the
staff make exploratory and investigational trips to different areas
to study various pests and their natural enemies. If results werTarnt,
sub-stations of a temporary nature (which may be several years) are
set up. After general studies, selected species of parasites and
predators are colic cted in the field or bred in the laboratory for
shipment to the country where the particular pest occurs and where
biological control is required. There supervised releases of natural
enemies are made in attempts to establish particular biological con-
trol agents in the new environment, followed as far as the project
will allow by an assessment of the value of the parasite or predator
introduction.

This work is financed in part by annual contributions made to
the general Commonwealth Agricultural Bureaux organization by all
British Commonwealth countries. The size of these contributions
and the general work of the organization is reviewed at a Common-
wealth Conference held every five years. These contributions meet
the basic expenses of the organization and are sufficient to keep
it in existence. When a definite biological control investigation
is undertaken for any Commonwealth country additional funds have
to be provided by that country to cover the expenses incurred spe-
cifically in connection with that project - travelling, equipment,
labor etc. The possibility of utilizing the Institute has now been
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extended to countries. outside the British Commonwealth, and also to
international bodies such as F.A.OC., and W.H.O., with the proviso
that the projects undertaken do not interfere with work for the
Commonwealth.

Since many or most of the insect problemg of medical impor-
tance are of world-wide interest, or at any rate affect a number of
different countries, it would seem to me that if it were considered
worth while attempting the biological control of some of these
species our Institute might prove most useful, with its strategical-
ly situated Stations in different countries. It would seem worth
while carrying out investigations in as many areas as possible to
gain the mxim= knowledge of the possibilities of biological con-
trol, even where a priori these appear to be unpromising - house
flies, a number of species of mosquitoes, Simuliids, Culicoids,
certain Reduviids, tse-tse flies etc., with a beginning perhaps in
the preparation of detailed memoranda on prevoius work, and present
possibilities, in connection with each species.

I should be -very glad to assist in any way possible in this
regard if it is felt by this Conference that biological control of
insects of medical importance warrants further investigation - by
means of parasites, predators or micro-organisms.
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I sincerely hope that some work will be done in this field,
perhaps initiated or encouraged by this group, in a sustained effort
to ascertain why it is that in some of these places there is such
a low fly population. Sanitation must play a part, because during
the breakdown of normal sanitary practices in World War II there
were far more house flies, and a year or so after the War their
population was low again.

DR. STEINHAUS: Thank you, gentlemen, for your remarks. The
title of the next talk appears to me to be sceswhat deceptive; and
an example of modesty. Because of the very exciting work Dr. Lind-
quist and his associates have beer doing, I feel that the title
"Now Aspects of Biological Control" is much to mundane for such
highly exciting and important work. Dr. Lindquistl
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NEW ASPECTS OF BIOLOGICAL CCZTROL

A. W. Lindquist
Entomology Research Division, Agricultural Research Service, USDA,

Beltsville, Md.

Abstract

Increase of resistance to insecticides and grow-
ing concern over residues in meat, milk, and plants
have stimulated entomologists to seek new methods of
controlling arthropod enemies of man and animals. An
exciting new approach is the sterile-nmle technique,
by which reared males are rendered sexually sterile and
released to mate with native females, thus destroying
reproductive potential.

Recent successful use of this method in eradi-
cating the screw-worm from the Southeast followed a
research program directed to studies on the ecology,
habits, and incidence of this pest and the development
of artificial larval media for rearing them. Steri-
lization studies were begun in about 1950; these dem-
onstrated the amount of radiation necessary and the
optimum time for treatment. Research on extending the
sterile-male technique to other insects, following the
announcement in 1954 of the successful eradication of
the screw-worm from Curacao, has been slow. However,
studies have now been initiated with the Mediterranean
and oriental fruit flies, white pine weevils, common
malaria mosquitoes, boll weevils, codling moths,
European corn borers, and tsetse flies to determine if
the method is useful and practical.

Chemical sterilants are also being considered. In
theory, these could be incorporated in a bait and dis-
tributed to render males and females sterile without the
necessity of laboratory rearing in large numbers. Recent
studies have shown that a single feeding of amethopterin
prevents oviposition of house flies.

Other methods include release of inferior genetic
material and use of chemicals to interfere with normal
development.

The increase of insecticide resistance in insects and the grow-
ing concern over residues in meat, milk, and plants have stimulated
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entomologists to seek new methods of controlling arthropod enemies
of man and animals. An exciting new approach to insect control is
the sterile-male technique. This method of biological control con-
sists in releasing sterile males, which mate with native females
and destroy their ability to reproduce. The recent successful use
of this method in eradication of the screw-worm from the Southeast-
ern States marks one of the most important advances in man's struggle
to combat insect pests.

This eradication project followed a research program, including
a few small-scale field trials, that had been conducted over several
years. It was in August 1957 that the U.S. Department of Agricul-
ture joined with the State of Florida in providing funds for screw-
worm eradication. The U.S.D.A. Animal Disease Eradication Division
was charged with the administrntive responsibility of the project,
and the Florida Livestock Board carried out the State's obligations.
Because of the c'mplexity of the program, several entomologists from
the Entomology Research Division were asked to assist with its
t6ecdnical direction.-

An enormous rearing facility wrs completed in July 1958. Pro-
duction was aimed at having 50 million screw-worm flies for release
each week. The flies were released systematically in special card-
board containers over the entire State of Florida and parts )f
Georgia and Alabama. After about 7 months it was impossible to find
any screw-worm cases or adult flies of the species in Florida,
Georgia, and Alabana. Release of insects was stopped on Novembbr
14, 1959, and none have been found since that time. Therefore, it
is concluded that the species is indeed eradicated, It is possible
that it might be re-introduced into the Southeastern States, es-
pecially Florida, from infested areas in the Southwest, but a tight
quarantine of livestock shipments is enforced along the Mississippi
River.

Let us review briefly the research that made this eradication
possible. The sterile-male method did not suddenly appear as a
complete, ready-to-apply technique, as one might suppose from read-
ing popular articles on the subject. Many people had worked on the
biology and ecology of this pest since about 1915, but it was not
until about 1938 that E. F. Knipling (Lindquist 1955) began consid-
ering the possibility of controlling it by releasing sexually sterile
flies in a natural environment. In 1955 Dr. Knipling elaborated on
research pertaining to the sterility method. The research informa-
tion available at that time indicated that inparts of Texas the num-
ber of flies per square mile was in the order of a few hundred rather
than thousands as had been supposed. These small numbers suggested
to him that it might be practical to rear and release more flies than
existed in nature, at least in selected areas. Other biological and
ecological information also supported his theory that sterile males
could be used to control or eradicate this pest.
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Actual sterilization experiments were begun in about 1950.
Bushland and Hopkins (1951, 1953) found the optimum time for ster-
ilizing the screw-worm to be 5 to 6 days after pupation at 800F.,
or 2 to 3 days before adult emergence. A dose of 2500 r caused
sterility of males and 5000 r caused sterility of females without
interfering with their normal behavior. At first X-rays were used,
but later it was found that gamma rays produced by cobalt-60 pro-
vided a more practical means of sterilizing the numbers of insects
needed. Gradually other information was obtained that had an im-
portant, bearing on the problem. For rearing such obligatory para-
sites in large numbers an artificial medium had to be developed.
An important early finding was that a mixture of ground lean beef,
blood, and a small amount of formaldehyde provided a satisfactory
medium, which was kept at approximately 1000F. (Melvin and Bush-
land 1940). This was modified in 1957 so as to be practical for
large-scale operations. (Graham and Dudley 1959). It was also found
that the screw-worm females mate only once, which seemed to favor
use of the method. However, it should be pointed out that single
m*stige are nt t-rorequisite to the successfuI useo6o" the sterile-
male method, at least in laboratory experiments. Theoretically, it
is possible for multiple-mating species to be used, since a population
containing ten times as many sterile as normal males gives an ad-
vantage to the steriles.

A great deal of research conducted on the possible use of this
technique against the Mediterranean and oriental fruit flies has led
to the initiation of field experiments with these flies. The U.S.D.A.
has announced that island tests will be conducted near Guam in coop-
eration with the Navy and the Trust Territories. It is planned to
rear and sterilize about 3 million fruit flies each week for distri-
bution by airplane over the island selected.

eyries and Godwin (1957) studied the sexual sterilization of

multiple-mating white-pine weevils by exposing them to various levels
of gamma radiation. They found that normal females mated with sterile
males produced infertile eggs but subsequent matings of these fe-
males with normal males resulted in 81 percent egg fertility. The
normal males could in this way nullify insemination by irradiated
males. However, in this experiment the sexes were equal in number
and a high preponderance of sterile to normal males might have pro-
duced more favorable results.

Laboratory and small-cage tests have shown that the common
malaria mosquito responds to irradiation and mating in a manner
similar to that of the screw-worm. The laboratory work was so
promising that it was decided last fall to test the practicality of
rearing and releasing sterile males over a small area. A 5-square-
mile peninsula on the south side if Lake Okeechobee, in Florida was
selected as a test site. Releases were made at a rate of about 1500-
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2000 males per square mile per week, which should exceed by several
times the normal population. Checking the results of the releases
has proved to be exceedingly difficult. One of the methods employed
is the collection of females from resting stations and giving them
an opportunity to deposit eggs in small vials containing a few mil-
liliters of water. Failure of the eggs to hatch or the larva to
develop was believed to indicate a mating with a released sterile
male. The experiment has not yet been continued long enough to de-
termine whether the method of control will work or is practical.

The naucity of information on the habits of this m-,souito under
field conditions has hampered work in the release experiment. An
understanding of the normal situation in the field is of great im-
portance and often is absolutely vital to designing tests and to
determine if the method is nractical. For example, hcw far do re-
leased male mosquitoes migrate in search of females and how effective
are they in mating behavior? What time of day does mating usually
occur and under what conditions? This could be critical in relation
to time of day of releases. Does mating occur near emergence sites
or in some special ecological type of situation? This again has a
bearing on where release of sterile males will be most effective.

Preliminary research on the effects of gamma radiation and the
probable use of the sterile-male method has been conducted on several
other insects, such as the boll weevil, the codling moth, the Euro-
pean corn borer, and the ststse fly, but none of the work has ad-
vanced to a field-test stage. Furthermore, the method may never be
practical against these and other insects for a variety of reasons.

It is strange that so little attention has been given to ex-
tending the sterile-male technique to other insects, since the
successful eradication of the screw-worm from Curacao was announced
in 1954. One would expect that research entomologists would have
given immediate attention to exploratory investigations on many
different insect pests. Among the reasons for the slow progress
have been insufficient funds and incomplete understanding of the en-
tire problem. With any insect one naturally appraises the situation
in terms of requirements that must be met if the technique can be
used with any degree of practicality. In most instances much imag-
inative planning and intensive reýsearch will be required to explore
possible use of the method. The requirements to consider seem to
be rather severe and have been mentioned many times in various pub-
lications but they will be reviewed a!Tain.

(1) An economical method of rearinF large numbers of insects
must be available, or at least the problem must be reasonably amen-
able to development.

(2) The insect must be of a type that can be readily dispersed
by aircraft and other means, and the males must have the ability to
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search effectively for the opposite sex and mate in competition
with native malls.

(3) The sterilizing procedure must not adversely affect
mating behavior or injure the males appreciably.

(4) The species ti be controlled must have a comparatively low
population or be subject to reduction by insecticide or other means.
Advantage may be taken of seasonal fluctuations, since most insects
are less numerous at some seasons of the year than others.

(5) The area to be treated must be reasonably protected against
re-infestation, preferably isolated by water, mountains, or other
barriers.

(6) The males to be released must not be harmful to man, ani-
mals, or plants.

(7) Mechanical and low-cost means of separating the sexes before
release must be available in cases where the female is harmful. For
example, to release female mosquitoes in large numbers would create
an intolerable condition for man and animals within the area. This
problem could be exceedingly diffi cult, although progress has been
made in mechanically separating mosquito pupae.

(8) A thorough knowledge of the habits and ecology of the in-
sect is essential. This will include the number of annual generations,
the length of the various stages under different conditions, the rate
of emergence in natural habitats, the distribution of emerged broods,
when and where mating occurs, the population per unit area and other
factors. We know very little regarding the incidence of an insect
per unit area. Most assessments of population density are on the
basis of rates of incidence rather than total numbers. A great deal
of careful research is needed and it may be found that total numbers,
especially at the low level of annual incidence, are not nearly as
great as supposed. For example, the Anopheles quadrimaculatus adult
population may be about 200-400 per square mile of the land area in
Florida. These figures are based on estimates of numbers of adults
in resting stations and are to be considered guesses rather than an
enlightened estimate.

A great deal of effort should be directed to radiation effects
on different species of insects. One must know the best time to
irradiate and the best conditions under which to expose different
stages to radiation. or example, recent work on the screw-worm
indicates that anoxia, or absence of oxygen, may influence the amount
of radiation necessary to cause sterility. The infrluence of temp-
erature during radiation may be highly important. Perhaps other
gases, other chemicals, or physical conditions may affect somatic as
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well as genetic tissues. With the screw-worm we were fortunate that
a lack of knowledge of radiation effects did not hamper our progress.
It is now known that several plant-feeding insects have not responded
favorably to irradiation. The boll weevil, for example, is injured
greatly by an exnosure that will cause sexual sterility. A knowledge
of radiation effects, therefore, may help in devising ways of ex-
posure without harmful effects other than sterility. In order to do
this basic type of research much expensive equipment is required,
such as a good gamma ray source.

We are certain that the gamma-induced sterility technique will
not be applicable to all insects or in all situations. However, it
may have wider application than we now believe. The method is spoken
of as an eradication tool, but it may also have application as a tem-
porary or possible annual type of control in some situations--for
example where the mosquitoes causing trouble are short-range fli rs
and never move more than 2 or 3 miles from the source of breeding.
A copmunity having a disease problem might be protected by utilisimg
the sterile-male technique to either eradicate or bring the pop-
ulation down to nondangerous levels, If an area contains an estimated
1 million mosquitoes, half of which are females, perhaps only 5-10
million sterile males would need to be released per 7-14 days to de-
press the population. Of course, all of this is conjecture at this
time, but certainly research should be directed to exploring the
possibilities.

It has been known for many years that certain chemicals cause
sexual sterility in insects, or at least prevent ovarian development.
Recently, in view of the threats of resistance to insecticides and
residues In meat, milk, and food crops, attention has been given to
the finding of chemicals that have a sterilizing effect. In theory,
chemical sterilants that c-ould be incorporated into a bait -- for
example, house fly bait -- and nake both sexes sterile would provide
an ideal methid of control. The sterilized insects would act as
carriers of a factor preventing the development of progeny from
matings between normal field females and sterile males. This method
of control has interesting possibilities, but of course safe and
effective chemicals must be found.

Another approach is the use of chemicals that would interfere
with normal development of immature stages of insects. The effects
might include stunting of larvae, failure or delay in pupation,
mortality of pupae, delayed adult emergence, and deformity of pupae
and adults. Fublicity has been given to the powerful effects of the
so-called juvenile hormone of the Cecropia moth which prevents
insects from moulting.

About a year ago our Orlando, Ptrida, laboratory started a
screening program to find compounds having a sterilizing or growth-
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inhibiting effect on the house fly. Our fruit fly laboratories in
Mexico City and Hawaii are engaged in a similar screening program.

At Orlando approximately 300 compounds have been evaluated, and
some of them have biological effects that are of interest. One of
them, Methotrexate, prevents house flies from ovipositing but has no
effect on the males. A single feeding of this compound at a con-
centration of 0.5 percent in sugar baits prevents oviposition. Ovi-
position by flies maintained in a room with a choice of treated and
untreated food was only 2 percent as high as that by flies given
only untreated food. However, males are not sterilized, and it seems
that the full effectiveness of this method cannot be reached unless
males are also sterile. Furthermore, the safety to man and animals
or any compound used in this manner must be of a high order.

Another possible approach to the sterile male technique is that
of rearing and releasing strains of insects having a high percentage
of males. If a laboratory strain were available that would produce
a high percentage of um•les and ,tbywould mat.e with • e•& l field.
s5talnst off feTnmes, -he efficiency of rearing large numbers of males
would be considerably improved. It has been reported that crosses
between certain insect strains produce about 90-95 percent males.

If the characteristics of high male productivity is genetically
controlled, one could expect the first generation, at least, result-
ing from crosses with normal females, to reduce the number of females
within the wild population. If the characteristic is dominant, the
effects on a normal population could be great, especially if the
aberrant strain is released repeatedly in numbers exceeding the
normal population.

Dr. Knipling (in press) has proposed the develonment of inferior
strains for distribution in a natural population. The inferior
strain might be easily reared under controlled conditions and, in
the adult stage in nature, survive long enough to add its inferior
genetic material to the native population. Some of the useful genetic
deficiencies might include inability to diapause, inability to fly
while retaining ability to walk or crawl, and deficiencies in im-
mature stages such as deformed mouth parts. As far as is known,
very little research has been done on the development of insect
strains with one or more deficiencies that could be used in a prac-
tical way to destroy native populations. It might prove easier to
select a strain for characteristics that would prove inferior to the
species in its natural habitat, than to produce a strain with superior
characteristics such as insecticide resistance. It would be especially
easy to select the inferior strain if this inferiority were coupled
with increased ease of laboratory culturing.
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DR. STEINHAUS: Thank you very much, Dr. Lindquist.

DR. JENKINS: Are there any important parasites or predators
of the screw-worm fly?

DR. LINDQUIST: As far as we have been able to determine-
and there has been quite a bit of work on that--there are no parasites
of the screw-worm. There are predators (ants, for example) which will
take the larvae and pupae when they fall to the ground.

DR. WILLIAMS: What difference in the likelihood of success
would there be in releasing sterile males among an insect population
which copulates only once during the lifetime, versus one which
copulates many times?

DR. LINDQUIST: We have been giving a lot of thought to this and
have quite a bit of experimental work. The screw-worm female mates
only once and it was thought at first that the sterile male technique
would only work with species which mate but once. However, that is
not necessarily true since, in the multiple mating species, if you
release sterile males at a ratio of ten to one, you can reduce the
ponulation. There is someth:ing else which is very important. What
happens if a normal male mates with a female and then, a little while
later, a sterile male mates with that same female? Or vice versa,
what happens if sterile mating occurs first, followed by mating with
a normal male?

With fruitflies if the first mating is with a sterile male the
female will lay eggs for life which are infertile. If the first
fiating is with a normal male and subsequent mating is with a sterile
male, some infertile eggs result in spite of the fact that the first
mating was with a normal male. ihis will differ with different
insects and is a complicated problem.

QUESTION: We have been doing some work in the past few months
on the effect of radiation on the susceptibility of mosquitoes to
malaria. In this instance the radiation is of the larval stage and
applies to both males and females. We find that there is a three-
fold increase in susceptibility of Culex mosquitoes to Plasmodium in
this instance, which is statistically significant; furthermore, this
characteristic is passed on through at least four generations without
add'tional exposure to radiation. There is, therefore, the possibil-
ity that other factors will have to be taken into consideration when
we are attempting to sterilize insects with radiation.

DR. STEINHAUS: During the afternoon we have discussed proto-
zoa, nematodes, insect parasites and predators, and fungi. Apropos
of Dr. Kudo's talk he referred to Dr. Weiser, of Czechoslovakia,
who is concerned with microsporidian diseases of insects. Dr.
Weiser has a monograph on the Microsporidia, not only of insects
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but of other invertebrates, which was scheduled to be published in
February or March, but I think it may be delayed a few months.
But certainly, during the next year we can expect a very extensive
and highly illustrated monograph on Microsporidia, published in
the Czech language. He is also considering publication in German.
Ift any case this important publication will be one we should trans-
late into English.

DR. LINDQUIST: I would like to ask Dr. Laird, if any results
of distribution of the fungi are yet known and what in your best
judgment is going to be the result? Do you think you are going to
depress or annihilate the population?

DR. LAIRD: My initial feeling, and that of other members of
the 1957 Expert Committee on Insecticides, was that the chances of
total failure were high, perhaps of the order of 90%. We went ahead
with the operation because circumstances were such that the project
o-wA-Ube -car•i4d out cheaply. -Transportation was going to cost less
than would normally be the case, and if the fungal introduction
proved unsuccessful little would be lost.

However, we do have results to the extent of what the New
Zealand party found in November of last year, 14 months after the
introduction had taken place. It was found that two of 11 Aedes
polynesiensis breeding places seeded in 1958, contained numerous
infected larvae. In one case 20% of the larvae present were para-
sitized, almost twice the average Singapore figure.

We thus know that 4'oelomomyces stegomyiae is maintaining it-
self at Nukunono, although we must wait until this year's visit
to assess the percentage of larval habitats infected. It is of course
encouraging that two of 11 habitats yielded parasitized larvae during
so short a visit as last November's, for only 2% of Aedes albopictus
breeding places proved positive at Singapore.

At best, what it is hoped to achieve in the initial phase is a
perceptible lowering of the mosquito population at Nukunono through
the agency of the fungus. A material reduction in the vector pop-
ulation by Coelomomyces, perhaps supplemented by other biological
control agents, should be reflected by a corresponding decreaso in
the Wuchereria bancrofti microfilarial index over an extended period,
and a very substantial reduction might eliminate the possibility of
elephantiasis. This kind of approach to vector control would suit
the comparatively underdeveloped state of small, isolated Pacific
islands the economic status of which is not such as to support the
expense of a chemical control program.

DR. STEINHAUS: Dr. Welch, could you tell us whether you or any-
one else is doing any work on the mass-rearing of nematodes?
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DR. WELCH: Dr. Daugherty in California has developed tech-
niques for rearing. A significant feature of nematodes is that
few have been reared through their complete life history. There
are different stages in rearing. Nematodes can be allowed to
complete the life cycle in the laboratory; or go through one
generation in the laboratory; or insectary-rearing where the
host and the nematodes develop; or use of a chemical medium. Dr.
Daugherty is the only one who has suggested chemical rearing,
in vitro culture.

DR. STEINHAUS: Are you working on chemical rearing:

DR. WELCH: No, but We intend to try some techniques which
have been developed by Dr. House at our laboratory. He has been
trying to rear insect parasites in various media. The method might
be amenable to this same technique.

DR. STEINHAUS: Thank you very much. The meeting is adjourned.
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February 4, 1960

DR. 83TIUA3: We shall begin the program this morning by
bearing Dr. C. 0. Thompson, of the Laboratory of Insect Pathology
of the SbDA, speak to us on "Potentialities of Bliological Msthods
in the Control of Insects of-Public lealth Importance."
Dr. Thompson!
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lOTUALITZI 01 ISICL@CAL TUM IN MM CCOEOL OF DIUCS
OF OIULIC IUALI INWIMIAUC

C. 0. Thompson, intomology Research Division
Agricultural Research Service, USDA

Beltsville, Naryland

The insects of public health importance which appears to offer
the beat prospects for biological control methods are those in the
order Diptera. The lice and fleas, while not hopeless, do not appear
to be immdiate general prospects for biological control.

Biological control is commonly considered to be that control pro-
duced by parasitic and predacious insects. In recent years, the do-
velopment of insect pathology has emphasised the importance of the
microbial parasites of insects. The release of sterile males may also
be considered a msthod of biological control.

NDsquitoes, particularly in the larval steps, vould appear to
present promising prospects for biological control through the use of
pathogens. The results to date, however, have not been too encouraging
in seat cases. This probably reflects lack of intensive research in
the field rather than a failure of the method.

A nuer of diseases of various types--bacterial, protozoan,
fungus, and nematode diseases--have been reported from mosquitoes and
a orae active investigation would undoubtedly disclose more, perhaps
including virus diseases. The aquatic environment of most mosquito
larvae, while foming a barrier to some pathogens, form an excellent
means of dispersing others. The feeding habits of mosquito larvae
should render them highly susceptible to infection by microbial agents
that invade through the alimentary tract.

The artificial introduction of pathogens and insect parasites and
predators is muck less likely to upset natural control already in
effect then is the application of an insecticide. Nosquito-eating fish
such as dambus could be incorporated into biological control progrmms
much more readily than In chemical control programs. Controlled water
level fluctuations have been reported to be of value In aiding mosquito
control in the -TVA lakes.

Certain of the Rntomophtborales fungi have been commnly observed
killing adult mosquitoes. At times, oviposition and smorge8ce sites
are almost covered with fungus-killed mosquitoes. The artificial Intro-
duction of these fungi might be of considerable value in reducing adult
populations.
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Biological insecticides or toxins have been reported to have
killed mosquito larvae under laboratory conditions. Water extracts
of spores of Deauveria baesiana have demonstrated considerable
insecticidal activity. The possibilities of materials of this type
remain to be explored.

Sousa flies and biting flies are subject to a variety of
diseases. In addition, the sterile male release method is especially
promising as an eradication method for certain flies. The success of
screw-worm eradication in Curacao and in Florida has stimulated
interest in this type of control. The possibility of eradicating
the Tsetse fly is now under investigation in Africa. Since the suc-
cess of sterile male release depends on relatively low wild popu-
lations, chemical suppression of populations may be necessary, in
saew cases, before sterile male release.

With discovery of a virus disease occurring in crane fly larvae,
tbQt GAMaih ti. 40f, -other irtera- appear brihter.
zntomophthorales fungi are commonly found attacking adults of a
nunber of species of flies and undoubtedly account for considerable
reductions in adult populations. These fungi are generally difficult
to manipulate artificially and applied biological control would ap-
peer to lend itself more readily to measures against the larvae.

Current investigations with Bacillus thurinninsis Berliner
indicate a considerable value of this material in preventing emer-
gem of adult house flies from the manure of treated animals. The
possibilities of inducing epizootics of other diseases in breeding
sites have not been adequately investigated but there would appear to
be considerable potential in this field.

The pest and blood-sucking flies whose larvae develop in aquatic
environments should offer possibilities similar to those previously
discussed with the mosquitoes.

Potentially, the insects of public health importance offer the
same possibilities for biological control as found with pests of
agriculture and forest crops. As with these latter pests, some will
undoubtedly be much more easily manipulated than others. These
species which have a larval feeding stags not connected with a warm
blooded animal host appear to be the most promising, although para-
sites and predators undoubtedly play an important role in natural
control of many of those forms attacking mammalian hosts.
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QU7STION: I was interested, Dr. Theupson, in your remark that
the mosquitoes offered a reel potentiality for biological control.
It has been our experience in Canada that usually a mosquito popa-
lotion is the field is a tremendously complex association. I wader
if you have any coment to make on the fact that it is such a complex
factor.

DR. THOMPSON: I think that is the first problem we run into
in almost any biological control problem. It is a complex problem.
We are not working with a simple problem such as putting DDT on a
house fly, then seeing if it dies--but we are working with a very
complex ecology, an animal relationship. Each case is going to be
different. We nay have a biological agent which is quite specific.
In that case we say be somewhat restricting the organism involved,
but we also run into problems. For instance, if there are six
mosquito species operating as pests, and we can only kill one of
them, we are not doing very much.

DR. PRh• : Is your field work done on the basis of thorough
known ecology of the host in relation to the biological control
agent?

DR. THOMPSON: Not thoroughly. We go into the field before we
fully understand all of the factors. That may present quite a
hazard. For instance, anything which might tend to eradicat3 a
species, at the sms time eradicating all the biological enemies
of that species, would pose a tremendous threat if the host were
reintroduced into that enviroment. I regret to say we do not know
when we should go into the field. We are trying to got results fast;
maybe we are trying to get them too fast.

DR. PlhT: Do you think it is sometimes necessary to go to the
field to learn what soew of your enviromnental problems are, which
you night not perceive or know about until you have gone to the field?

DR. THOMPSON: We learn as we go along. In trying to alleviate
a pest situation we are doing some good, even though we do not know
all we are doing. I think probably we are running less hazard in most
cases with biological masures than we would be with a chemical-
insecticide measure. People who are putting insecticides out do not
fully understand what they nay be doing to that environment either. I
think they may be running more of a hazard than we are.

COLOUIL BUNO: I believe there has been a little work with insecti-
cide-pathogen combinations, apparently with some success; but I do not
believe I heard such comment on that. Nor has there been coment on
any work on the combination of pathogens.

118



DR. TBOIOI: Yes, there has been such work. Pathogens are
quite compatible. We have at tines tried combining several viruses
and bacteria; there has also been some work done in Europe and
Canada, combining chemical insecticides and pathogens, with the idea
that the requiremsnt of chemicals can be reduced considerably.

DR. BRIGGS: I visited recently with Dr. Baines in the Depart-
ment of Entomology at Michigan University; he did quite a bit of
work this past year on the combination of pathogens with various
insecticides on fruit tree pests and has published a report. He
had some surprising results; at least, I felt they were. There
seemed to be some synergistic effect. There was an increased benefit
from the combined treatment in a case using less insecticide than
using either the insecticide alone, at the larger rate, or the
pathogen alone. The insect pathogen "ead was a formulated com-
mercial preparation, Thuricide. As far as my own research is con-
cerned, I want to work with combinations of chemical and microbial

144neetinides .L s uee- u shem fe.--am-m4 quit , -. e hawve, eeod
situation in which to work in the central valley of California, where
we have increasing resistance to chemical insecticides.

DR. STDEUS: There is work in Czechoslovakia where a synergis-
tic effect between pathogens and chemical insecticides were noticed.
A Nos in Otiorrhynchus accelerated the effect of certain contact
insecticides.

DR. LAIUD: It has been my impression, Dr. Thompson, that a lot
of the trouble we have run into in the postwar period has resulted
from our preoccupation with chemical control to the exclusion of
naturalistic control practices developed in the pre-DDT era. I feel
that we should not think in terms of any sort of dramatic replace-
sent of chemical control by biological control; rather, we should
strive for appropriate blendings of these two, so as to have the best
of both worlds and slow down the development of resistance thereby.

DR. TEOCUSON: I think we will have to live with chemical control
insecticides. Of course, there will in the future be a large-scale
replacement of chemical insecticides, I do hope that some problems
can be solved by biological methods alone, others by a combination.

Some of our pathological work Is close to chemical-insecticide
work. Reports indicate that in some instances we almost have a
Chemical insecticide. Some of the fungus spores produce materials
which behave as Insecticides. I think when we evolve insect control
to a higher status than it is now, we will find a complete gradation
from pure chemical to pure biological control, with all steps in
between.

DR. LAIRD: It would sem to be apparent, then, that both chemi-
cal and biological control will have their place in future programs.
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31. STMIiUA: Thank you very mach. I sm. ging to ask Dr. olive
to recapitulate for us sams of the Ideas and thoughts which have been
"Secratius during the conference, and to add some of his ova.

John R. Olive, American Institute of Bio-
logical Sciences

I find seariing very difficult. There have been may things
said in the sessions yesterday and this morning. So I think it is
probably very inappropriate to call this a surazy, or even a recapitu-
lation. These are se thoughts I would like to express for your con-
sideration, to possibly stimulate some thinking as you go into the
session on recoimendations.

It would scm to ma that there has been one underlying theme
which all of you have touched upon, the ecological relationships with

tory. About a year ago I suggested establishing an international eco-
logical year. Such a program has some roots in the ICY. As I listen
to the things which are going on in far-flung places, it occurred to
me that this is an idea to which you could give some thought.

Vith regard to environment, as you have discussed it the last
day and a half; that once you change any factor, one single factor
within the enviroment, you have automatically changed them all.

A few concepts expressed by individuals I would like to bring
to your attention again. Dr. Steinhaus yesterday morning started out
with the idea of identifying and reporting true species. This seems
to be a very vital thing. This brings the matter of communication into
its proper focus, the problem of how to get the Information to the
people. This is something you can start thinking about as you go into
your deliberations and recomesndations today, the dissemination of the
literature and translation services.

Our own organization, AI38, is quite heavily involved in this
area, as Dr. Cox told you yesterday. Perhaps an organization such as
this can be helpful to you working in the field, possibly by centrali-
zation of literature. Then, as Dr. Laird mentioned, there is the
matter of centralization of techniques. This is not the term he used;
but, at least, he hinted at this. I hope I em not putting words in
your mouth, Dr. Laird, when I say you feel that there should be more
information going out to the field men as to how to Set specimens and
materials to the proper place at the proper time. This seems to be a
very important feature.
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Tbhe I hae takes the liberty of setting forth what I would like
to call the Couch postulates. Dr. Couch set forth these ideas yester-
day on the sequirmemats of parasites: that the parasite must be
virulent, It must be specific, it mast be calturable, and it wust be
easily and cheaply dispersed. This is quite a charge to place before
yeu, to find parasites or pathogens which would fulfill these require-
mauto because you are looking foward a parasite which actually kills
its hosts. This is not a good parasite in the scheme of things, if
we consider the over-all ecological picture.

Dr. Couch has (as have many of the following speakers) pointed
out the need for basic research. I me very happy to see that there
does not seen to be a conflict here between the so-called areas of
basic and applied researck.

On Dr. Kudo's very fine studies on the protozoans, here certainly
is basic research at its best. There are many, many things which wust

other areas of endeavor. All of this must come first or at least very
closely allied with the other research.

Dr. Welch has done very fine work on the nematodes. Here, working
in a rather difficult enviroinent (I got the impression that smch of
his work is in the aquatic environment) there are many, many problems
associated with the aquatic environment, which provides a continuously
changing dynamic situation. One factor which I would like to mention
is the possible role of antibiotics which may be released by algae. I
do not believe this one has been mentioned.

Then I think Dr. Sailer's comments yesterday certainly struck at
the heart of the problem, where he was talking about the inventory of
"assets and liabilities. In many instances here, we seem to be forcing
the organism into an ecobegical niche which is nonexistent; or at least
the relationships become very strained.

Dr. Laird's work in distributional problems seems to be on the
frontiers of very important findings. Dr. Thompson mentioned the
development of genotic strains. The term "lethal genes" I do not
believe has crept in here; but, certainly, this is an area which might
lead itself very well. I do not know how much work has been done.

Now let me turn just very briefly to a subject which has not ap-
peared anywhere in the program. This is what you as scientists are
doing in the area of education and recruitment. It seems that here is
am area which might bear critical scrutiny; i.e., what is being done
for the young graduate student, to bring him into a stimulating field
such as you are in? Are there scholarships? Are there fellowships?
What might you do to premote these? What is being done at your o
uaiversity or your own institution?
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DR. STIZUUS o: Thank you very much, Dr. olive.

QIRSTIOM: I think the impetus for this conference probably re-
sulted from the development of insecticide resistance. I have heard
no mention thus far of the potential for resistance or Immunity
developing in biological control. I feel that this is an area which
has been omitted, and I should like to hear the chairman's coments.

DR. STEINKAUS: I shall be glad to respond, but I can express
only my own personal viewpoint. There is no reason, theoretically,
why resistance should not develop, at least to some insect pathogens.
It may be a different story with the somewhat larger parasites. But,
if for no other reason than through the processes of natural selection,
we should expect some resistance to develop.

Of course, there are very puzzling instances which have been
mentioned on occasion. There is for example a virus disease, a

nuclear ~ ýof -o 1~ s the. Altalfa- catarpillar., whick_*ccurs..v4WY.
year in populations of this caterpillar. The disease usually breaks
out too late really to protect the crop, although sometimes it does.
This is the reason we are uaing the artificial distribution of the
,virus for control purposes. But it seemed only reasonable to ae that
surely this disease, which had been known to exist for fifty years or
more in populations of this insect throughout California, should have
left at least remants of resistant populations. So I went up and
down the state, sampling, expecting (naively, apparently) that, sooner
or later, I would find some resistant individuals. I never did. When
we artifically infected a group of larvae, there were usually some
survivors. Upon reinfecting these survivors, however, they succumbed
as readily as the others. Thus there was no evidence of imunity
being produced in individuals.

It is true that resistance has not developed in most of the cases
in which pathogens have been used against agricultural insects. There
has been some recent work in England and in this country to indicate
that perhaps a degree of resistance can develop or be forced. A
slight degree of resistance has been detected in cases of some virus
infections. Perhaps Dr. Thompson and others know of some examples
from their own work. But no really major instance of resistance, on
the level of that which develops with chemical insecticides, has so
far appeared. I would not be the least surprised, however, if at any
moment we hear that such resistance does develop, particularly with
some of the commercially applied material.

There is another thing we must realize: So far, these insect
pathogens have not been applied to the degree that chemical insecti-
cides have been; so there is not that pressure on populations for
resistance to develop. Of course, the microbial products Dr. Briggs
talked about yesterday are beginning to be applied in greater and
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greater numbers. Possibly, when the prs'eures which are formed by
these applications exert thesiselves, we shall see soew evidence of
resistance.

Dr. Thompson, do you have come nts?

DR. THOMPSON: I agree with what you said; but if we get to
working with something new, a new biological agent which has not
previously encouraged us, we might run into a situation like the
myxomatosis of the rabbits of Australia.

So far we have not had any indication of resistance. One of
our major problems is that transmission often eliminates the
progeny of survivors of the LD5o dose, so that we cannot reliably
maintain a population which has survived virus exposure.

MR. MUAD. What real hope have we that a pathogenic control of
insects will be any more successful than the one just r' .tioned,
the myxomatosis of rabbits in Australia, or the fact that, in human
infections, we have had some very severe epidemics, referring
particularly to the black plague in England and on the Continent in
the Middle Ages, which has taken a large toll in the populations of
the susceptible hosts, but never has completely eradicated this host?
Development of resistance to viruses is even less coamon than de-
velopment of resistance to bacterial infections.

DR. STEINHAUS: fow about ordinarly natural selection playing
a role?

MR. MEAD: This goes back to my first question: How about
natural selection in preventing biolcgical control? I am speaking
now of parasitic or pathogenic control of insects, because I wonder
if you will not get a natural selection in protection, as in
myxomatosis in rabbits. The breakdown of the balance of nature is
important. A microorganism or a pathogen which is going to be use-
ful in the control of pest insects must not be pathogenic for the
beneficial ones.

DR. STEINHAUS: With reference to your last statement, I might
volunteer a coumento Most insect pathogens (in fact, as far as we
know; all true insect pathogens) are nonpathogenic for vertebrate
animals. At least, this is true for all entomogenous microorganisms
that have been tested. There have been no cases of spontaneous
disease resulting in higher animals following application of
microbial insecticides. Since they contain protein, sensitivities
could develop, as can also happen with chemical insecticides. In
fact, there are one or two known instances where Beauveria bassiana,
one of the very common entomogenous fungi, has given a great deal of
trouble to insect pathologists because, in working with it, they
developed a sensitivity to it.
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should insist that all industrial groups who manufacture insecti-
cides get this sort of information.

As far as honey bees are concerned, a study was undertaken by
the University of California at Davis; they found that there was
absolutely no toxicity of Bacillus thuringiensis to worker bees° It
was tried in almost every conceivable manner to see if there would
be some toxicity when taken from flowers in the field back to the
hive. These are some examples of the work which must be done in order
to have confidence iu these new biological materials.

The Food and Drug Administration is set up for chemicals; there
are laws which certainly will cover microbial insecticides, But we
are really growing together on this. Everybody in tkis room can help
by making suggestions (1) to the companies which are iuvolved, as far
as information which is necessary is concerned; and (2) to the Food
and Drug Administration or gevernmental authorities, to bring up sm
points about what we might consider. Many of these man are so busy
with administrative duties, are not familiar with the biological areas,
and are really appreciative of getting the points of view of people
who have the perspective on this particular area.

DR. STEINHAUS: Dr. Briggs, your remarks applied primarily to
bacteria, didn't they? In general, however, this is true across the
board, But I should like to point out that perhaps there is more
apprehension with the bacteria than with the viruses and the ento-
mophilic protozoa; because the viruses, for example, although not
necessarily species specific, are nevertheless highly specific. It
is almost inconceivable that they would infect anything other than
an insect; they are so restricted in their range of pathogenicity.
Certainly, their wide-scale use in some areas already points out that
there is virtually no danger from the use of these viruses. But,
vihen you take a bacterial organism like the one Dr. Briggs is dis-
cussing, here the safeguards perhaps have to be emphasized all the
more,

Also, I should like to add that I assume Dr. Briggs was speaking
from the standpoint of the precautions taken by industrial concerns
manufacturing these materials on a commercial scale. I think also
that all of the laboratories of insect pathology (federal, state, and
otherwise), both in this country and in Europe, are more and more
taking these precautions, even on an experimental basis. In our own
laboratory, for example, we are now careful to run at least certain
basic or routine tests in experimental animals, just to be sure we
do not have something unusual.

DR. SAILER: We are dealing with one of the biological facts of
life when we are talking about the development of resistance. The
very process of evolution is a response to processes of selection
which reflect adaptation, two factors eliciting a resistance response.

125



In general, however, these entomogenous microorganisms are harm-
less to all types of life other than insects. Of course, the public
and government have a perfect right (and our Food and Drug Adminis-
tration has the duty) to see that microbial insecticides are safe, and
that the proper tests are made, and that the proper precautions are
taken.

I know that there are others here who could coment on this per-
haps more fully; so it would be more appropriate for me to call on
them. Dr. Briggs and his company ran most exhacitive tests in getting
their permit for comercial production of Bacillus thuringiensis.
Would you please comment about the safety of these materials, Dr.
Briggs?

DR. BRIGGS: In Agriculture and Food Chemistry (October 1959),
there is a paper entitled, "Toxicology of a Microbial Insecticide,
Thuricide" by Fisher and Rosner. These tests were done in close
cooperation with the Food and Drug Administration, and followed
their suggestions in locating any possible toxic effect of the spores
of Bacillus thuringiensis on vertebrate animals.

In getting clearance from the Food and Drug Administration for
use of a microbial insecticide on a food crop--(this is a new line in
some respects)--the materials must follow the Food, Drug, and Cosmetic
Act regulations; tests and residue analyses have to be made on that
basis.

But, more important, although there is a great deal of circum-
stantial evidence indicating that there is no toxicity of this
particular material to beneficial insects and wildlife, we found it
necessary to investigate this area quite extensively, particularly
with insects or animals that we would come in contact with in the
field.

For example, honey bees, trout, pheasants, earth worms and others
have to be tested because, in every area where you are going to use
this material, people are going to ask "Well, it does not hurt
Gambusia; but could it hurt rainbow trout?"

We have had to test many of these things, and have been vary
fortunate in having close working relationships with the California
Fish and Game Coimission, for example, and with the laboratories for
biological control in Canada and the Midwest, as far as the dipterous
parasites are concerned.

These are the questions people ask; you have to try to antici-
pate them, or at least get as much information as possible. Obtain-
ing this information is the job of an industrial group which is in a
position to make quantities of the material in question. I think we
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It is valuable to look at what is happening in the wheat-
breading problems. It has been recognized for a long while that
there has been a race between the wheat breeders and the rust-disease
organism in this process of developing and responding to resistance;
that is, the wheat breeders are trying to breed resistance into the
wheat, while the rust organisms are constantly evolving new strains
of ruit which will attack the previously resistant strains of wheat.

What can be done about it? Apparently, we Just continue doing
what the wheat breeders are doing. They are trying to evolve new
strains of wheat which will have broader resistance. I think we can
make a flat statement that we will find resistance to any of these
factors. The Canadians here can, I believe, speak to the develop-
ment of resistance in larch sawflies to an insect parasite.

If we work at these long enough, expose them to sufficiently
efficient parasites or predators, our pests will become resistant to
them; we will have to take countermeasures.

COLONEL TRAUB: The question has been raised as to whether there
is limunity or resistance to viruses. It has been suggested there
is not. If we regard resistance to insecticides as analogous to
imunity to disease, we may come up with some useful comparisons.
For example, human viruses were mentioned, polio in particular.

If we consider Japanese encephalitis in Malaya where we worked,
infection was very common. Virtually everybody (about 99 percent of
the people) have neutralizing antibodies to the virus. Yet the
disease is very, very rare clinically, both in the Asian and the
non-Asian populations. We have an analogous situation with polio.
We are all concerned about the numbers of polio cases; but we forget
that, for everyone who gets sick, there are probably 10,000 who have
been infected and did not realize they had anything but some mild
disease. So there is some sort of immunity or resistance to viruses.

Then the question was raised as to whether we would aim at
eradication with bWlogical control. Often do not need eradication;
it can only be hoped for in certain special instances, but adequate
control may prove tantamount to eradication epidemiologically. Let
us consider what happened to malaria in the United States. It is not
so many years ago that this disease occurred as far north as Ithaca,
New York, and the northern Midwest. It has been unknown in those
areas for fifty years, except perhaps in returning soldiers. At
least a few years ago, you could still find Anopheles quadrinaculatus
in those areas where cases had once occurred; but the number of
mosquitoes was so low that they could not maintain malarial infection
of people. I am sure that in many other instances, if we can effect
a suitable reduction of the number of vectors or insects of economic
importance, we will have achieved a great deal.
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I am glad the point was brought up that we must consider the
public response when we start working with some of these agents,
because undoubtedly the question will be raised as to whether some
of these organisms are pathogenic to man.

DR. LAIRD: In connection with this matter of resistance, I
would like to suggest that perhaps we are getting away from the
really important basic difference between the use of chemical in-
secticides and that of biological control agents.

Insecticides, even the residuals, have to be reapplied from
time to time. After their effect has worn off, there is likely to
be, at least temporarily, a greater abundance of the vector or pest
species than there was before control commenced, because of the
destruction of natural enemies.

On the other hand, once having injected a biological control
agent of some kind into a population of insects previously free
from that particular enemy, the biological balance finally achieved
is established to the permanent disadvantage of the vector or pest
species. Even if the resultant degree of control does not exceed
five or ten per cent, the numbers of the insect concerned show
lasting reduction.

I think that the fundamental issue in biological control in
our field should be to devise combinations of pathogens and preda-
tors, suited to individual control problems, by which vector popu-
lations can be reduced to a point where, as Colonel Traub suggests,
transmission of disease organisms ceases to be likely. Of course,
even after attaining such an objective, the tangible and immediate
benefits that chemical insecticides can confer will ensure their
retaining an important place in control,

DR. STEINHAUS: I think before we go on to the formulation of
recommendations we ought to talk a little bit about some of the
points Dr. Olive raised, about organization, more liaison, and more
cooperation.

Host of you know that in Europe they have organized quite
formally their biological control work. The CILB (Commission Inter-
nationale de Lutte Biologique) in Western Europe is quite a large
organization established for the express purpose of exchanging
materials and information. They have a journal called Entomophaga
which publishes papers relating to biological control. Other
journals in Europe also carry such articles.

At the First International Conference for Insect Pathology and
Biological Control held in Prague in 1958 some of us enjoyed very
much meeting for the first time a number of the Russian insect
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pathologists. We were able to learn at first hand some of what is
being done in this field in Russia. At this meeting, the Eastern
countries organized their own group similar to the CILB, with the
hope that eventually they could establish a strong liaison with the
Western grdup.

In all of this discussion at Prague what was particularly
interesting was realization that America, or the New World, had no
such organization; indeed, many of the authorities in the United
States have expressed themselves strongly that they want no such
organization. So there was no attempt to establish formalliaison
with the New World. Fortunately, however, the Commonwealth Bureau
of Biological Control serves us in a very good capacity. When I say
"us", I mean all of us, not just the Conmonwealth, because they do
have liaison throughout the world, which help many of us in areas
where an organization of the type I am describing would be beneficial.
Also, both the USDA and our own biological control group in Cali-
fornia have by themselves established foreign contacts and mechanisms
by which foreign sources can be made available.

Dr. Olive mentioned the matter of journals and other means of
communication. Perhaps I may be permitted to mention that we now
have a Journal of Insect Pathology. It has just finished its first
year of publication. It is published by the Academic Press. The
pages of this journal are available for papers pertaining to original
research on diseases not only of insects but of all invertebrates.
If your library does not get this journal, you m4.ght be interested in
seeing that it does, because we are trying to put out a high-quality
journal which will serve your interests in this area of biological
science.

DR. BEIRNE: Most of us use the Review of Applied Entomology,
published by the Bureau of Applied Entomology in England. The
activities of this Institute are reviewed every five years. At one
of the review periods this summer we can suggest changes and improve-
ments in any of the activities which are of comnon interest. I wonder
if anyone here has any suggestions as to how the Review of Applied
Entomology might be improved or changed in any way to make it more
effective.

COLONEL TRAUB: I think it would be appropriate if this group
expressed its appreciation for the very useful Review of Applied
Entomology. The interested parties who subsidize it are always glad
to have people say that.

DR. STEINRAUS: I think we unanimously agree to that suggestion.
Please relay these sentiments, Dr. Beirne.
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Another matter in which I know Dr. Olive is interested is that
of education, the training of people in this field; the training of
specialists. By way of introduction, the University of California
has one of the strongest programs, in the teaching of biological
control subjects, with courses being given in both the predator-
parasite aspects and in insect pathology. Dr. Sweetman at Massa-
chusetts has also been teaching a course in biological control, and
one or two others may be doing so. I know that one or two univer-
sities are considering initiating courses in insect pathology. So
there is at least the genesis of this development taking place.

I do not know how other institutions are in this respect, but
as far as our laboratory is concerned our primary need is space. It
is getting to be that we can obtain adequate research money, but try
to get room to do it in--that is a problem! This year alone we have
had to turn away ten requests from visiting scientists who wanted to
come to study with us. This hurts badly.

Does anybody else have comments on this subject of education or
training?

COLONEL TRAUB: The problem you have mentioned is a very grave
one. In the armed services, we are faced with an additional diffi-
culty. Not only can we not get space; but we cannot get the
personnel, because of congressional ceilings. I would like to point
out that the Surgeon General of the Army is much interested in sup-
porting new approaches in the field of insect control, particularly
with respect to arthropods which are of interest to the military.
We hope to get additional funds to support this type of work. The
Army can now issue grants as well as contracts, contracts on an
annual basis, grants for up to five years. If any of the men here,
or their colleagues, want to submit projects, we would be very glad
to receive them for consideration. They can be sent to the Army
Medical Research and Development Comand, Main Navy Building,
Washington, D.C.

DR. LINDSEY: Is this support you have mentioned limited to
United States institutions?

COLONEL TRAUB: No; we have contracts awarded to activities
overseas,

DR. STEINHAUS: I would like to call on Dr. Wessel for dis-
cussion on the communications matter before we start our discussion
on recommendations. Dr. Wessel.

DR. WESSEL: I would like to follow up the coment made by
Dr. Olive on the scictce-coamunication part of this problem. In
looking back over this meeting, the first paper was by Dr. Jenkins
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in which he reviewed the literature. This sort of set the stage for
the whole conference.

This matter of scientific coamunication today is becoming more
and more important, and is being recognized in all scientific fields.
This has led to the formation of information centers. I speak now not
as an entomologist or a mycologist. By training, I am a biochemist;
but, by work, I am an information specialist. We run an information
center on deterioration of materials due to natural climatic factors,
such as mildew, some of the insects, chemical deterioration, and so on.
The point I want to make is that this field of biological control
could utilize the services of an infor-ation center. There are many
such centers now in existence. I mentioned to Dr. Olive one which
came to mind at Battelle. This is called the Defense-Metals Infor-
mation Center; it has an annual budget of a million dollars. It is
supported by the Department of Defense to provide information in the
field of metals important to the defense efforts.

About two years ago the Air Force put out a list of information
centers or organizations dealing in that sort of thing. This listed
more than 100 organizations throughout the country which are handling
information.

It would be a wonderful thing if you had such a service available
to you in your own field, so that you would have better means of com-
munication with each other and with the many,many other people in this
field who are not here today, and in related fields which would help
in this effort.

DR. STEINHAUS: Thank you, Dr. Wessel. I wonder how many of you
noticed that one of the recent Science Newsletters included pre-
dictions for the next decade. One of them was to the effect that
there would be great advances in biological control of pests. I do
not know the basis of their prediction, but perhaps it is worth
noting.

DR. JENKINS: I strongly corroborate Dr. Wessel's statement
about the need for some sort of coordination center. As a result of
quite a bit of effort in reviewing the literature, I doubt if we
have brought together much more than half of the known information
in the world. The data are scattered in obscure journals dealing
with a wide variety of subjects. Also, new data are coming out very
rapidly from many scattered sources.

DR. REID: Dr. Olive has suggested that we should have an
international ecological year. I have been proposing for something
over a year now an International Biological decade. I think it is
time for the biologists to start thinking in broader terms. The
geophysical year was a pretty good one; it ran eighteen months.
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Biologists have a lot more to do and a much bigger problem. it seems
as though something should be done along this line. I am delighted
that this group has heard the proposal made by Dr. Olive; I hope they
will give us at least their opinion or backing on going ahead with
something of this nature.

DR. STEINHAUS: Can you encourage us on this wonderful idea by
telling us if the AIBS is responding to your agitation for this? I
think they would be one organization which would support it.

DR. REID: As I say, I have not talked to Dr. Olive about it,
but I think they will respond with enthusiasm.

DR. STEINHAUS: On the matter of recommendations, the sponsors
have requested that the conference make recommendations which would
not only reflect what we have discussed here, but also light the way,
for the future in this area of biological research.

Actually, a group met informally last night, discussed these
matters and have developed some tentative ideas; but perhaps it would
be better to have a plenary discussion of this matter before those
subjects which were thought about last night are discussed. So I
would like all of you to respond with any ideas you might have, both
generally and with regard to your own specialty, as to what you think
should be recommended.

COLONEL TRAUB: I am sure the group will want to support more
research in this field. Rather than generalities, I hope we make
some specific recommendations, at least along the lines of coordi-
nation and integration for collection of specimens. Some of the
speakers pointed out that many of the disease organisms we work with
are those which cropped up during rearing programs and by other
rather artificial means. It is very difficult to get any sort of
entomological specimens in from the field, and here we want special-
ized specimens--diseased insects. This means that we should educate
potential sources as to what we want rather than continue working in
a haphazard way. For instance, if we in the Army could get the
brochure from the University of California and from others, we could
request that the man in the field send in any specimens they see.
We could get them either alive or frozen (a category that was pre-
sumably not mentioned), or dead. I think the Navy can do that, too.

The drug houses, in their search for new antibiotics, have a
tremendous screening program, collecting soil from all over the
world, and have thus found new medicines of tremendous value. While
we have a lot of contacts overseas, we probably are overlooking a
lot of disease organisms right in our own back yard. Instead of
waiting for a man overseas to send something which looks like an
antibiotic, we should consider establishing a definite program of
research and consider local sources as well.
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I know that the Agriculture Department has a definite program
to send personnel to look for insect parasites overseas. Perhaps
these representatives of the Department are already looking for
diseases of insects. If this is being done, is the search restricted
to agricultural pests or are collectors on the alert for parasites
and predators of uedical pests?

I have a strong suspicion that the agriculture entomologists al-
ready have more work than they can handle, and I would like to see
some sort of program set up involving not only the Army, Navy, and
Government, but universities, at home and abroad, which would be an
integrated affair, utilizing a planned screening program, not merely
blind screening where you test every microorganism, but one where you
look for leads first, then study that organism and its relatives.

DR. SAILER: As many of you know, the Insect Identification and
Parasite Introduction Research Branch of the Entomology Research
Division does keep a certain number of people in foreign fields,
searching for parasites or predators which would be used primarily
against agricultural pests. In the last ten years, they have been
alerted to examinations of insect diseases. As they have found these,
they have occasionally sent in specimens to be diagnosed. This whole
problem, I think, boils down to a question of proper support for
taxonomy. We have talked around this problem; but there is nothing
which is more discouraging to the field man who is collecting material
and sending it in than to get absolutely no response from the people
who are receiving it. They welcome the material for research col-
lections but it does not receive prompt attention. Twenty or thirty
years from now, somebody may be very grateful to the individual who
collected it. We need a staff who can promptly classify the material
which is sent in from field personnel. They should compile a bio-
logical inventory, or at least make a start at it. The inventory
would not be complete until something was known about the value of
the material.

At the present time, our own insect identification staff is com-
pletely swamped with requests for identification services; better than
90,000 lots were submitted last year to a staff of less than thirty
people. There are many unfinished lots waiting for attention. Un-
fortunately, a number of those which have been reported have not been
reported as completely as they should have been. They have been
"Genus sp." or sometimes only a family identification. This does not
encourage the field man,

With regard to recommendations, a group such as this cannot do
better than to recommend that better support be given to the people
who provide the means for communicating this information we are
talking about. As Dr. Steinhaus mentioned, there are bacteria which
have been named and mentioned once and no one has been able to
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recognize them again. With 800,000 insect species named, the
probabilities are that there are a million and a half in existence.
We therefore face a difficult problem in this matter of communi-
cation in talking about organisms discussing their biologies.

DR. LINDQUIST: Someone mentioned this morning the need for
laboratory space to conduct research. That leads me to wonder
about our assets as far as money is concerned. I wonder if anyone
has ever figured out Just how much goes for entomological research
in federal, state, and private institutions, not counting industry.
I have not, but just as a rough guess it may be on the order of 25
or 30 million. That is not very much in comparison with the sum
total of insect damage. Then one might raise the question of how
many of the available research dollars go for biological control?
These things have a bearing on the question of how we can stimulate
and increase activity in this field.

DR. THOMPSON: I hope to put one man on full time on handling
diagnoses; seeing that they are performed and that the sendee is
informed of the results, We have been very remiss in some of our
work as we have been putting diagnosis aside.

DR. STEINHAUS. The diagnostic service which our laboratory
offers, similar to that in other laboratories, is designed with the
idea of trying to handle all types of disease in insects. From many
of these diseased insects we isolate cultures of various types,
particularly bacteria and fungi. We are also developing means of
preserving some organisms which are not cultivable on artificial
media, such as the protozoa and viruses. This has presented another
problem, What type of culture collections can we or should we
maintain? I am aware that the American Type Culture Collection in
this country will receive cultures. But sometimes we could flood
them with various strains or with similar cultures from different
insect hosts.

We have a limited culture collection in our own laboratory.
What we usually do, however, is to send most of our cultures for
storage to the American Type Culture Collection. There is a col-
lection of bacteria isolated from insects located in Prague,
Czechoslovakia. It is being maintained by Dr. Lysenko of the
Czechoslovakian Academy of Sciences. A similar collection is being
maintained at the Sericulture Station in Ales, France. There are
other general culture collections in other countries.

As far as the United States is concerned there are still some
difficulties involved. It is largely that we need curators, space,
and storage facilities. Many of our laboratories do not have these
facilities. Finding these pathogens and studying them for a while
does not finish the problem at all; we must properly maintain these
cultures, and make them available to all workers.
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DR. COUCH: May I take a minute to emphasize the need for main-
taining support of the Bureau of Plant Industry collection of fungi
at Beltsville; and, secondly, to support this American Type Culture
Collection in Washington. We deposit all of our living material
with this national type culture collection. There is another sup-
ported by the United States Department of Agriculture, the Northern
Regional Research Laboratory at Peoria, where they have one of the
finest collections of living fungi in the world.

This to me is a tremendously important thing, the depositing of
type material of Coelomomyces, which I have not yet done, and of
other fungal types at Beltsville, then sending living cultures either
to Peoria or the American Type Culture Collection. I do not think we
need any new organizations. We just need to support the things we al-
ready have and see to it that Congress gives enough money to support
the type culture collections.

1"t. STENHAIgS: Dr. Couch, what do you think of the idea of
individual investigators (particularly those having organisms that
are not easy to maintain in culture) preparing enough slides of their
material for distribution to interested workers in the field, so that
they can make comparisons. Not necessarily type slides, but slides
which would give some idea as to the characteristics of the different
species. Could we recommend that people working with noncultivable
material do that; or would it be too much of a burden?

DR. COUCH: It is a burden; but I think it should be done.

DR. PRATT: Many of you may know that the Quartermaster of the
Army maintains a culture collection of fungi. They have available
in culture many organisms of this type and mail them all over the
world.

The suggestion that this could be done for insect pathogens
would be a very fine service. It might well be possible that they
could add insect pathogens to the Quartermaster's culture collection.

DR. STEINHAUS: Dr. Kudo, what about microsporidian slide
material? I refer to the general availability of such material to
workers in this field.

DR. KUDO: I think the type specimen should be selected.

DR. STEINHAUS: How about slides of examples of various species
of microsporidia?

DR. KUDO: Perhaps that could be also undertaken; but, as to the
collection, as you know, no culture is possible.
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DR. WILLIAM: Mr. Chairman, wouldn't it be appropriate for this
organization to strongly recommend that funds be provided for wider
research on the ecology of insects and their predators and their
infections? It seems to me that the lack of funds for students to
make this kind of study, the fact that these studies are mostly made
in conjunction with or incidental to some field projects aimed at
something else has inhibited the search for both predators and
infectious agents.

DR. STEINHAUS: I certainly agree with the point you make. Of
course, as Dr. Traub pointed out, some of this is a matter of
personnel. How do you think we should solve that? As far as our
own situation is concerned, we are doing all we can, with limited
space, to train people. Is there any way which occurs to you by
which we may obtain more space and personnel to do what you suggested?

DR. WILLIAMS: I wish a real drive could develop aimed at getting
a much larger scholarship fund from the United States Government.

DR. STEINHAUS: We should remember that some fellowships in
biological sciences are available through the National Science
Foundation and the U.S. Public Health Service.

DR. PRATT- I would like to second Dr. Williams' suggestion that
one of our specific recommendations be that funds be provided from
various governmental agencies and state agencies for this purpose.
Those concerned with getting the work done can then worry about where
to find the people and the space.

COLONEL TRAUB: Some of the support should be earmarked for
undergraduates, too, because a lot of them are going into other
fields where support is available. We can get support for the few
who now are working along these lines; but we want to steer more
into it. I think we should recommend undergraduate support as well.

DR. STEINHAUS : That is a very good point0  For example, in
entomology, the University of California has some 70 graduate stu-
dents, but only two or three undergraduates.

DR. WESSEL: How many here are familiar with the program at
the National Academy of Sciences on oceanography? This was a problem
brought to the National Academy of Sciences by a large variety of
people in oceanography. This resulted in the setting up of a com-
mittee to study the matter. As a result of the study and recommenda-
tions of this committee, it became a subject for Congressional study
and action and a program is now in force called Oceanography 1960-
1970. I think the magnitude of this is in the area of 650 million
dollars for ten years. Perhaps, if this group wanted to follow a
similar technique, you could attract the necessary support to carry
through the kind of program you envisage.
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COLONEL TRAUB: This is true; but, unfortunately, this is
another instance where we are starting very late. We should take
advantage of this approach, emphasize the strategic value, and
point out the obvious value of knowing about diseases of insects.
It may pay to stress how much other countries have done in this
field.

DR. PRATT: You cannot support an undergraduate in insect
pathology in most entomology departments in this country, because
the professors are non-existent. Therefore, I recommend that we
urge entomology departments of universities to establish professor-
ships in insect pathology and biological control as a very urgent
phase of entomology.

DR. BRIGGS: I would like to comment on the possible role of
industrial groups in the development of this program. We have a
research laboratory, a small one; but it is growing. Publications
will be coming forth. I think one of the greatest services these
industrial groups can render is to provide the facilities for making
biological control materials available for the research scientist.

It should be kept in mind that there are industrial groups which
have the personnel, organization, and facilities for handling this
sort of job, whether it is special diet for a predator, or a fungus
or bacterial preparation which has some promise in the eyes of an
investigator.

As you saw from the pictures presented, Bioferm has a very
flexible physical plant and an Insect Pathology facility made up of
specialized laboratories.

DR. STEINHAUS: In the interest of impartiality, in addition
to Bioferm, there are some other companies in this field, such as
the Nutrilite Corporation and Rohm and Haas; and some of the bio-
logical houses are interested. There is an extending interest in
this field among commercial concerns.

If there are no more suggestions or recommendations, I shall
call upon Dr. Jenkins to review what transpired at the informal
meeting last night.

DR. JENKINS: Apparently some of the specialists have not made
comments now, because they made them last night at an informal
meeting of Dr. Kudo, Dr. Couch, Dr. Welch, Dr. Laird, Dr. Lindsey,
myself, and some others. The general conclusions and recommendations
are as follows:

1. Pathogens, parasites, and some predators offer a real
potential for natural control of medically important insects.
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2. Tests and experiments to date have shown promise, and have
also demonstrated the absolute requirement for basic knowledge of
the ecology and life history of the pathogens, parasites, or
predators, and insect hosts.

3. Direct basic research should be intensified on selected
pathogens and parasites presently appearing to have a potential for
natural control.

4. Emphasis should be placed on coordinated, intensive survey,
collection, identification, and screening of pathogens, parasites,
and predators.

5. Type-culture collections of promising pathogens and para-
sites should be established and maintained.

6. The need for accurate, quantitative field studies and field
assessments is recognized.

7. Field-assessment sites should be carefully selected. Con-
sideration should be given to selecting the sites where the para-
sites being tested do not occur.

8. Pathogen-free or specific pathogen-free colonies of
mosquitoes and other medically important insects should be established
and used in parasite and other studies.

9, Combinatious of pathogens, and pathogens and insecticides
should be considered.

10. Industrial groups should make available facilities and
personnel for studies in this area.

11. Microorganism specimens should be distributed for identifi-
cation and teaching.

12. Funds should be provided for study of pathogens, parasites,
predators, and the ecology of medically important arthropods. This
should include scholarships, teaching, and establishing programs in
insect pathology and bi logical control at universities. More
laboratory space is ur&ently needed.

COLONEL TRAUB: How are these recommendations to be implemented?

DR. JENKINS: Funds will be required. It is planned that the
proceedings of the conference will be sent to granting groups,
universities, and federal groups where research may be initiated
and supported.
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MR. HUTTON: I was struck by the broadness of the recommendations
made by Dr. Reid, Dr. Wessel, and Dr. Olive concerning a rallying
point, which not only the entomologist but the mycologists and many
other scientists can rally around--an ccological year or biological
decade, or a similar action. This is the type of suggestion which is
extremely difficult to comprehend or act upon in such a meeting as
this. Therefore, I suggest that the group consider establishing an
informal working group comprised of the previously named gentlemen and
Dr. Steinhaus and Colonel Bunn, to explore the possibility of bringing
about such an effort in which heavy emphasis would be placed upon
biological control.

DR. STEINHAUS: Dr. Reid, what do you think of that idea?

DR. REID: It sounds good to me.

COLONEL BUNN: Perhaps part of this has been implied; but some-
thing specific which might follow this conference would be a recom-
mendation to the effect that an information circular be prepared for
distribution to field biologists, which would list available diagnos-
tic services for biological control agents, and provide information
on detection, collection, handling, and shipping of specimens. This
would be subject to the will and the desires of the available diagnos-
tic services; but I am sure that information on this point is lacking
to a large extent among the field biologists.

DR. STEINHAUS: Is it the sense of your suggestion that in-
cluded in such a recomnmendation would be a call for people who are
interested in receiving material to notify some central group?

COLONEL BUNN: Yes. To accomplish this one would have to form
an informal work group under the auspices of an organization such as
AIBS to serve as the focal point for receiving information to be com-
piled.

DR. KERR: International organizations should not be forgotten;
I am thinking particularly of the information circulars of the World
Health Organization on malaria and insecticides--those are information
sources--and these activities are international.

DR. JENKINS: I would recommend that a national organization be
established in the United States under some agency such as the AIBS,
NRC, a special group in California, the Armed Forces Pest Control
Board, or other body. This would be very valuable to stimulate de-
velopment of this field, and would also provide a national center to
coordinate with international groups,

DR. LINDSEY: This may be perfectly obvious, Mr. Chairman, but
I wonder whether anything of a very general nature might be included,
something to the effect that we should, in any way we can, be
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cognizant of other information on insect control when we are con-
sidering biological control measures. In other words, we should per-
haps try to incorporate or coordinate our biological control program
with other types of control programs, including chemical.

DRV STEITNAUSo Tn aome areas this is now being called integrated
control.

DR. JENKINS: This was mentioned in one of the conclusions, but

Dr. Lindquist's other biological methods could well be included.

DR. STEINHAUS: These suggestions are all being recorded.

DR. PRATT: Perhaps the international aspects could be taken
care of if this body wished to recommend that the World Health Organi-
zation set up an expert committee on biological control.

DR. STEINHAUS: Certainly one can learn much from the Common-
wealth Bureau and Canadian work.

Do you wish to proceed with the specific recommendations, Dr.
Jenkins?

DR. JENKINS: We have specific recomnendations for various
groups of medically important insects. It would take too long to
go through all of them; so specific recommendations for mosquitoes
will be presented as an example.

1. No presently known viruses, rickettsiae, and perhaps bacteria
appear to offer immediate potential for control of mosquitoes.

2. Fungi appear to offer the greatest potential for control.
These include Beauvaria and Entomophtkora, but Coelomomxces appears
to have the greatest immediate potential and highest priority. Some
of the major research problems--for Coelomomyces--include (a) research
on taxonomy and specificity to hosts; (b) determine geographical and
ecological distribution; (c) develop methods of culture; (d) determine
infective stage and tissues of hosts attacked; (e) learn full life
history and methods of spore germination; (f) study of ecology with
relation to other organisms; (g) establish and maintain type cultures;
(k) carry out quantitative field assessments.

3. Of the many associated Protozoa, only the Microsporidia ap-
pear to cause high mortality. The most promising genera include
Nosema, Tkelokania, Stempellia, and Plistopkora. The major research
problems include (a) study of number of species in nature; (b) learn
full life cycle and development; (c) develop rearing method; (d) de-
termine host-parasite relationship and specificity; (e) determine
factors affecting geographical aid ecological distribution; (f) carry
out quantitative field tests.
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4. The M1rmithid nematodes appear to have real promise, and
deserve investigation. The major research problems are (a) conduct
taxonomic studies; (b) develop rearing methods and carry out life-
history studies; (c) conduct field studies on geographical and eco-
logical distribution; (d) determine host specificity; (e) determine
requirements for infection in the field, and methods of dissemi-
nating nematodes.

5. Studies on field effectiveness of larval and adult predators
are needed. Additional studies, including quantitative field assess-
ments on Toxorhynchites and larvivorous fish, are merited and should
be tarried out in carefully selected test sites to give valid and
critical data.

We also have specific recommendations for houseflies, which
include recommendations about fungi, especially E.mjp muscae and
the various parasitic wasps attacking the larvae and pupae, and cer-
tain promising predators. In the interest of time, we will not pre-
sent specific recommendations for other groups.

In no way are we trying to tell the specialists what they should
be doing, but from the combined standpoint of entomologists and
specialist protozoologists, we are pointing out some of the major
problems. Carrying out the program is up to the specialists. How-
ever, we thought it advisable to be quite specific in indicating some
of the major problems with some of the most promising parasites and
predators.

DR. STEINHAUS. Dr. Jenkins, you would be happy to receive,
wouldn't you, anyý suggestion which participants might think of after
they leave the group here?

DR. JENKINS: I would appreciate any comments now or by corres-
pondence.

COLONEL TRAUB. Mr. Chairman, may we assume that there will be
a committee to continue this type of integration and plan for a
future meeting; or should we make such a recommendation?

DR. STEINHAUS: I know of no such plans; probably some of the
sponsors do. Dr. Olive, does tLe AIBS have any?

DR. OLIVE: I know of no such plans; but I think this is cer-
tainly a must, We are talking rather broadly in terms of eventually
getting together again, but I think we should definitely go on record
with something to this effect.

DR. STEINHAUS: Colonel Traub, would you care to voice such a
recommendation?
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COLONEL TRAUB: I recommend that the organizing committee con-
tinue functioning after the meeting, not only to collect and dissemi-
nate the information which has been presented; but to implement such
recommendations as have been made in the most practical manner, and
to coordinate future activities and plan a future session.

DR. STEINHAUS: The Chair will entertain a motion approving the
recommendations which Dr. Jenkins has read. I realize that they have
been presented only tentatively; but I think it would lend strength
to them if this group would go on record approving these recommen-
dations.

Do I have a motion?

MR. HUTTON: I so move.

The motion was seconded by Dr. Thompson, put to a vote, and was
passed unanimously.

DR. STEINHAUS: In bringing this meeting to a close, do any of
the representatives of the sponsors have anything they wish to say?

DR. REID: Mr. Chairman, as a representative of one of the
sponsors, I want to express our thanks to everyone who is here: the
Chairman for conducting the meeting very efficiently, the speakers,
and all participants. This has been a spendid meeting; I hope a great
deal of good will come from it. I trust it will set the pattern for
future meetings of this sort.

DR. STEINHAUS: Thank you. I should like to return the compli-
ment for the group in expressing our thanks and appreciation to the
sponsors for making all the arrangements, and certainly to the
speakers. Rarely have I been surrounded by so many excellent and
outstanding speakers and agile minds. It has been really inspiring
to me; I thought, as I heard the various speakers, what an excellent
selection the program comittee had made. So I certainly wish to
express our thanks to them,

I declare the meeting adjourned.
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